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Welcome Message from the General Chair

It is a great pleasure and honor to gregiu to the annual
conference, R16 IEEE International Conference on Syste
Man, and Cybernetics (SMC 2016) at Budapest,gkiyn
SMC 2016 is the flagship conference of the IEEE Syst
Man, and Cybernetics Society. It provides an internatio
forum for researchers and participants report upto-the-
minute innovation and development, summarize state
the-art, and exchangeédeas and advances in all aspects
systemsscience and engineering, humamachine systems, |
and cybernetics. SMC2016 is dedicated to the Hungarni®
02Ny W2KyYy @2y bSdz¥lyy aF tA2ySSNI 2F az2RSNYy [/ 2YL
conferenceh & d! GKS2NE GKI G (NI yaTwadoEe bat thik &nfegrehddprividés2 |
I322R LA FGF2NY F2N) @SFfdzzofS YSSGAy3a YR &2dz gAff

t I NAa 2F aARRf S 9 dzNigaldSdécultaral hefisye. A G KIF & NAOK KAaG2

We are pleased to report that more than 900 papers have been registered for presentation at SM@&t2016.
GKA&a &SI NRa O2yFTSNByOSs GKSNBE oAttt 0S OGKNBS {(Sey
Carmena (UBerkeley, A (i 6 A f f AdvErc€daBraiMgthirte Interface Systeris® ¢ dzZSA R @ Q&  °
2y G{LATAYI DbSdNI-ESYSZMERN] & hlyRafQKAKEaY aSiK2Ra
presented by Nikola Kasabov (Auckland University difi@ogy). The final keynote talk on Wednesday will be
GbSUB2N] SR [/ 2y U0NERf { @ &0 SY agivea byl Kuijurl Gd® dgdlaibiRimstitute ol JLJ
Technology).

In the conference, there will be 7 tutorials and 3 workshops:

1 Workshop onBrainMachine hterface SystemgBMI) Michael H. Smith, University of California, USA,
SeongWhan Lee, Korea University, Korea; Vinod A Prasad, Nanyang Technological Universi
{AY3FILERNBT wAOFNR2 /KFE@GFINNAFIIFET 902tS t afaddsS
Trajkovic, Simon Fraser University, Canada

f 22NJakKz2L) 2y 22YSy Ay 9,y 3xdzEEHI HAdhgady[Ceud Byesics, Gheatd-
University, Belgium)

1 Workshop onBig Data based Technological Innovations on igesit Health Service in the Clouds
(Hamido Fujita, Iwate Prefectural University, Japan; Enrique Hevtiedma, University of Granada,
Spain; Ali Selamat, Universiti Teknologi Malgysimedeo Cesta, Research Council of Italy (CNR);
Francisco Chiclana, Montfort University, England)

SMC 2016 progranncludes 49 special sessions in three topics: systems science and engineering; humal
machine systems, and cybernetics; and 24 poster sessions as well. The padgpamcludes a panel session
dedicatedto Joyf @2y bSdzYlyy aF tA2ySSNI 2F a2RSNY / 2 YLzl €
GKFG GNIYyaF2N¥YSR (GKS ¢2NIR G2 F /@0SNELI OS¢ oY2I
Society, Hungary)
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We are pleased to present you that IEEE SMi@or 2016 will be held for the first time as a new initiative of
L999 {a/ {20AS(G&s S6KAOK 6Aff &ASNPSE la abdsSttAads
Graduated Students and Young Professionals. This new establishment will Hel gardbut not separated

from the SMC 2016 conference.

A wide range of social events are scheduled for you to make the conference more enjoyable, including
Welcome Reception, Opening Ceremony, Horse Show, Conference Dinner and Junior Post Conference Tour.

Lastly and most importantly, weould like to thank all the committee members, session chairs, reviewers, and
authors; without their participation and help, this conference could not run successfidywish for everyone
a pleasant and useful experienaeSMC 2016.

Imre J. Rudas
SMC 2016 General Chair
] 0 dzR I : )/)\(ZéNﬁAGéZ
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Conference App

The SMC 2016 provides a u$eendly webbased application in sake of convenience for SMC Attendees. The
application is able to provide easy sessj paper and authortracking during the conference.

In the Information menu youcan find basic and important information about the conference, venues and
transportation.

Askinga questionafter large sessionsvill be possiblevia comments. The sessiochair will select some
guestions at end of thpresentation Every single participant can write ten comments to ey@gsentation

We created a comment policy to guarantee the smooth operation. Inappropriate comments will be removed.
To navigate to thectual paperthe best choicdsthe Calendar Mew. In theProgrammenu you can find sae

options to order sessions. Using tBy Venueéview, you can select your venueaghichyou interested in. The
selected venues will be staden your browser session dronly these venues will be showim the calendar

page.

In the Map View we collected all the important POls like hotels, restaurants and bus stops. Every POI has
description (popup will be showatter clicking.

Link for the applicationnmww.smc2016.hu

QR code for the application:
[m] = [=]

L -
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T ' YRNBFa bNNYyoSNBSN] T 'yAls {TF{¢t¢t
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Yuan Ze University, Taiwan jodzRI | YAGSNBEAGE S | dzy
f Dél NHé 9A3IYySNJ
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j 0dzRI tyyHus&WNE A
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f Maria PiaFanti jodzRI ! yYAGSNRARAAGERZT | dzy
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Conference Digest Editor
T W2KIyylF {1t LA
jodzRF | yAGSNBRAGET | dzy
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5t yASE | yYRNI

Danielle Costa Morais

Aniruddha Sinha ChangHwan Lim Dapeng Tao
Anjali Awasthi ChangYong Lee Dat Tran
Annabel Latham ChaeHsien Lee David Naso
AnneMarie Brouwer Chee Kong Chui David Sislak
Antonio Dourado Cheng Deng David Steyrl
Antonio Liotta ChengFa Cheng Deepu Rajan
Araceli Sanchis ChengHsiung Hsieh Degang Wang
Arpad Takacs ChengMing Huang Dewen Hu
Arvaneh Mahnaz ChengPei Tsai Dimitar Filev
Asim Bhatti Chet Moritz DingguaZzhang
Atilla Elci ChiaFeng Juang Dirk Soeffker
Atul Negi ChiaHsin Cheng Dong Liu
Aurora Pozo ChiaWen Chang Dongpu Cao
Autilia Vitiello ChikMing Hsu Dongrui Wu

Conference Details SMC 2016 Budapest

&
mye
M



Dosam Hwang

Dov Dori

Dusan Kocur

9 RA (-Latfer (i K
Edward Tunstel
Edwin Lughofer
Ehsan Kamrani
Eileen Lew

Elpida S. Tzafestas
Emil Pricop
Emmanuel Adam
Emmanuel Vander Poorten
Engin Yesil

Enrique Herrerd/iedma
Enso Ikonen

Erlan H. Feria

Ewa Szlachcic
Fabien Lotte

Fabio Cuzzolin
Faiyaz Doctor

Fang Dong

FangYie Leu

Fazal Syed

Fazhi He

Federico Pala

Fei Gao

Feng Chu

Ferat Sahin

Filippo Molinari
Francesc Josep Ferri
Francisco Chiclana
Francisco Javier Cabiay

Giovanni Di Orio
Giovanni Pedroncelli
Girijesh Prasad
Giuseppe Di Fatta
Giuseppe Fenza
Giusep Stecca
Gongfa Li

Gongping Yang
Goran Martinovic
Goran Nenadic
Goutam Chakraborty
GuoMing Sung
Guoping Liu

GwoRuey Yu
Dé | Nifnér
Gyula Hermann
Haibin Zhu
Haibo Wang
Hailing Zhou
Hamid Abdi
Hamido Fujita
Hanene Elleuch
Hani Hamdan
HanXiong Li
Haoqgi &n
Haoxiang Xia
Hariharan Ranganathan
Harold Soh
Haruhiko Sato
Hayet Mouss
Heikki Koivo
Heli Koskimaki

CN}ye2Aia /I 06Sail AMeInut Andreas Mayer

FuRong Jean
FuwYi Yang
Dt 62NJ YA

X!
Dt 62N {T SRSN] S

Gabriel Radulescu
Gabriella Cortellessa
Gajo Svetozar Petrovic
Ganesh Krishnasamy
Gao Liang

Gary B Parker

Gary T. Anderson
Georg Frey

George D.C. Cavalcanti
Georgi Marko Dimiroks
Gerald Schaefer
Gerald Steinbauer
German Gutierrez
Gernot Kronreif

DSNYy 20 -RutzaNf f SNJ

Giacomo Cabri
Giancarlo Fortino
Gianmaria De Tommasi
Giovanni Acampora

Heming Zhang
heming Zhang
Henri Frederico Eberspacher

y € A Heri Subagiyo

Hesam Sagha
Heungll Suk
Hideaki Kawano
Hideyuki Takagi
HiroakiKikuchi
Hiroki Takada
Hiroki Tamura
Hironobu Takano
Hiroshi Nakajima
Hisayuki Sasaoka
Ho-Lung Hung
Honghai Liu
Hongli Dong
HsiangCheh Huang
Huaglory Tianfield
Huaijian Zhang
Huansheng Ning
Huber Flores
Hubert Cecotti

Hui Yu

Huijun Gao

Huiyu Zhou
HuoshendHu
Huseyin Seker
Hyongseop Kim
Hyun Joong Yoon
lakov Korovin
I-Hsum Lee

Ilhem Kallel

Imre Felde

Inaki Iturrate
Incheon Paik

Inchul Choi

Ing Ren Tsang
Ing-Chau Chang
Irene Cheng
Ireneusz Czarnowski
Isao Nambu

Ivan Volosyak

J. Octavio Gutierre@arcia
JackyTeng

Jan Faigl

Jan Nikodem

Jan Platos

Jan Van Erp

Janos Abonyi

Janos Botzheim
Janos Lajos Grantner

WEAaAYAY =St 3A0

Jason Liang
Javier Ibanetzuzman
Jayanta Basak
JeanMarc Frayret
Jefferson Xu
JerrHsiang Chou
JenWei Yeh
JenYung Lin
Jeremie Mattout
JeremyHilton
Jianbo Lu
Jiangtao Cao
Jianhua Ma
JiannDer Lee
Jiangiang Li
JingSin Liu
Jinshan Tang

Jiri Kubalik
Joanna Kolodziej

W2A2 5AF& CSNNBAN

W2 KIyYyyLlr {1t LA
John Dolan

John S Fitzgerald

John Sum

John W.T. Lee

John Y. Chiang

SMC 2016 BudapepfiConference Detail



John Yannis Goulermas
JongHwanLee
Jose Antonio Iglesias

Jose Antonio Tenreiro Machado

W23S .l Nb2at

W23a4S RSt wod aifft

Jose L Contreragidal
Jose M Azorin

Jose Merigo

Josef Faller

Jozsef Kazmer Tar

Ws1T aSF¥ YfSaLmnail

Juan C Moreno
Julien Bourgeois
Julien Mineraud
Jun Kayano
Jun Sasaki
JunYu

Jungpil Shin
Junichi Kushida
Junpei Tsuji
Junping Sun
Justin Dauwels
JyhHorng Chou
JzauSheng Lin
Kai Keng Ang
Kai Wang

YIEYAE al (2dz0S81

Kamran Igbal
KaoShing Hwang
Katsutoshi Yada
Katsuya Kondo
Kavitha P Thomas
Kazuo Kiguchi
Keiichi Tamura
Keiichi Wéanuki

Keiji Tatsumi

Ken Chiu

Kenneth James Mackin
Kensuke Kanda
Kianoush Nazarpour
Kit Yan nil Chan
Knut Hinkelmann
Koichi Tanno

Koichi Yamada

Koji Murai

Kosuke Kato

Kouki Nagamune
KucHo Su

KuoKai Shyu
KuoMing Chao
Kurosh Madani
Kwang Mong Sim
Kyongsikrun
Kyuhwa Lee
Lakhoua Mohamed Najeh

[+ &l ts5 | 2
[talTfts t2
Laurence T. Yang
Laurence Tianruo Yang
Laurent Bougrain

ie Hoang Son

Leandro dos Santos Coelho
Lei Wei

Leida Li

Lenka Lhotska

Leonid B Sheremetov
Leonilde Rocha Varela

[ SOSYy S Y2 Ot
Lhasane Idoumghar
LiangKuang Chen

Lida Xu

Linkden Kau

LikKwan Shark

Lino Costa

Linyuan Liu

Liping Fang

Lipo Wang

Liu Weifeng

Lixian Zhang

Ljiljana Trajkovic

Long Han

Luca Ferrari

Luca Randazzo

Luciana Alencar

Lucio Camara Silva

Luigi Benedicenti

Luis Gomes

Luis Macedo

Luis Martinez

Luis Montesano

Luis Ribeiro

Luisa Mich

Lukas Sekanina

Lutz Schubert

Maciej Huk

Madijid Fathi

Maiko Sakamoto

Maisa Silva Mendonca
Makoto Itoh

Makoto Itoh

Mali Abdollahian

Manabu Nii

Marcele Elisa Fontana
Marcelo Hazin Alencar

a t NJBpardecida Fernandes
Marcin Maleszka

Marco Aiello

Marcos R S Borges

Marek Obitko

Marek Reformat

Margaret Claire Thompson

Maria Laura Blefari
Maria Pia Fanti

Maria Pia Fanti
Mariagrazia Dotoli
Marija Uscumlic

Mario Koeppen

Mario Vento

Mark Last

Markos Papagorgiou
Martin Seeber
Masahito Kurihara
Masakazu morimoto
Masaki Kurematsu
Masamitsu Onishi
Masanobu Numazawa
Masato Noto

Matt Kurihara

Matteo Corno
Matthew L Bolton
Matthias Treder
Maureen Clerc

Maxim Chen

Md. Atigur Rahman Ahad
Mehdi Roopaei
Mehmet EminAydin
Mehrdad Saif
Mei-Yung Chen

Mellal Mohamed Arezki
Mengchu Zhou
Mengchu Zhu

Michael O'Grady
Michael Pereira
Michael Tangermann
Michele Nappi

Mihaela Dinsoreanu
Mikael Collan
ahlfsa aSi SaA
Milan Rollo

Milton Pires Ramos
Ming Hou

Ming Li

Ming Zhang
Ming-Chang Chen
Ming-Yih Lee

MingZen Yang
Miroslav Kulich
Mohsen Moradi Dalvand
Mojtaba Ahmadieh Khanesar
Monica M S Matsumoto
Monica Vitali

Moritz GrosséNentrup
Mourad Oussalah
Mozafar Saadat
Mu-Chun Su

MuDer Jeng
Muhammad Younas

Conference Details SMC 2016 Budapest



Mubhittin Yilmaz PingKeng Jao Samee Khan

Mumin TolgeEmirler Pingkun Yan Samer Hanoun
Musa Mailah PingLang Yen Sanaz Mostaghim
Naiming Xie PingTsai Chung {tYR2NJ {1 Syt &aa
Naiyang Guan Piotr Jedrzejowicz Sarah Chrigh Freytag
Naiyang Guan t A23GNJ Wt RNJ S22 ¢ A OS8areh Saeedi
Nannan Wang Pitoyo Hartono Satoshi Endo

Naoki Tsuchiya Polei Lee Saugat Bhattacharyya
Naotake Kamiura Prakash Shelokar Sebastian Bosse
Naoyuki Kubota Punam Bedi Sebastian Ventura
Narasimhan Sundararajan Qi Wang Seiichi Ozawa
Naruaki Toma Qi Zhao Seiichiro Katsura
Nastaran Dadashi Qiangfu Zhao SeongWhan Lee
Natthakan larfOn Qinggang Meng Serafeim Perdikis
Nazmul H. Siddique Quang Thuy Ha Sergio Matteo Savaresi
Neethu Robinson Quoc Viet Sergio Ochoa

Neha Rungta w R 2 AidirKatarayniak Shafig Abedin
NengChung Wang RaduEmil Precup Shahram Payandeh
Ngoc hianh Nguyen Raffaele Gravina ShangMing Zhou
Nguyen Ngoe Quan Rahim Soleymanpour Sherif Abdelwahe
Nguyen Van Truong Rainer Heinrich Palm Shigeaki Sakurai
Nicola Pio Belfiore Raul Cristian Roman Shigeo Abe

Nicolaie PopescBodorin Reinhold Scherer ShirChia Huang
Noboru Takagi Reinmar Josef Kobler ShihPing Chiu

Olga Stepankova Ren Guey Lee ShikYi Chien

Oliver Alan Kannape Revna Acar Vural Shin'ichiro Kanoh
Oliviu Matei Ricardo Chavarriaga ShinMing Cheng
Oscar Castillo wA OF NR2 aSyR2ycl ShojiHirano

Paolo Piciocchi Ricardo Rabelo Shuaigiang Wang
Partha Sarathi Khuntia Ricardo Sanz ShuangHua Yang
Pascal Berruet Richard Mithell Shubha Sharma
Patrick Ofner ws 0 SNII  Cdzf £ SNJ Shubhalaxmi Kher
Patrick Siarry Robert G. Reynolds ShuChing Chen
Pael Campr Robert Kozma Shun Yuan Wang
Pavel Ircing Robert Leeb ShunrFeng Su

Pavel Tichy Robert Legenstein Shusaku Tsumoto
Pavel Vrba Robert P. Biwdghai ShyiMing Clen
Pedro Antunes ws 0SNI tSiKSa ShyueLiang Wang
Pedro J Sanz Robert R. Brennan Siamac Fazli

Peng Shi w20SNI2 | 2Ny SNR { SifeOfl il

Peter Baranyi Robin C. Purshouse SiHao Du

t SGSNI DFfFYoz2a Robinson Neethu Silvia Erika Kober
Peter | Rockett Rogelio de J. Portilis St S1 Silvia Siri

Peter Jakubik Rosa Rodriguez Sima Noghanian
Peter Lin Ruck Thawonmas Simona luliana Caramihai
t SGSNJ hRNE Rudblf Andoga Simona Sacone
Peter X Liu Rui Jorge Almeida Sinan Kalkan

Peter Xu RungChing Chen Sinha Nishant

Petr Berka Runtong Zhang Sirikan Chucherd
Petr Bouchner Ruslan Aydarkhanov Sisil Kumarawadu
Petr Horacek Ryszard Klempous Smitha Kavallur

Petr Kadera Sadasivan Puthusserypady Snehasis Mukhopadhyay
Philip Smith Saeid Nahavandi Songcan Chen
Phillip Waker Said Mammar sotiris Kotsiantis
Pierluigi Plebani Salvatore Flavio Pileggi Stephanie Martin
Ping Guo Samantha Kumara Stuart H Rubin

SMC 2016 BudapepfiConference Detail



Sung Chan Jun
Suresh Sundaram
Suwin Sleesongsom
Suzana Daher

Suzana de Franca Dantas Daher

Syoji Kobashi
Szilveszter Kovacs
Tadahiko Murata
Tadatsugi Okazaki
Takahiro Miura
Takashi Hasuike
Takashi Imamura
Talkayuki Fujita
Takehiro Inohara
Takehisa Onisawa
Takeshi Furuhashi
Takumi Ichimura
Tamara Bonaci

¢FYta CSNByOA

Tamas Haidegger
TangKai Yin
TanHsu Tan

Tarek M Sobh
Tarek M. Hamdani
Teresa Hsu

Tetsuya Shigeyasu
Tetsuyou Watanabe
Thanh Nguyen
Thoa Thi Mac
Thamas |. Strasser
Thorsten Oliver Zander
Thrishantha Nanayakkara
Tiffany Corbet
Tobias Kaufmann
Tom Carlson
Tomohiro Hayashida
Tomoko Tateyama
Tomoo Inoue
Tomoyuki Araki
Toshihiko Watanabe
Tossapon Boogoen
Tricia L Gibo
TsungYing Sun
Tulay Yildirim
TunWenPai
TzungPei Hong
TzuuHseng S. Li
TzyyPing Jung

U Rajendra Acharya
Vaclav Jirkovsky

Vasile Palade
Vasily Moshnyaga
Vernon Lawhern
Vesna Ojleska Latkoska
Vicenc Torra
Victor Shih

Vijay Rao Duddu
Vikram Shenoy Handiru
Vincent Ng
Vincenzo Loia
Vincenzo Pit
Vinod Achutavarrier Prasad
Vo Bay

Vu Le

W. J. Zhang

Wael Ouarda
Wallace K.S. Tang
Walter Ukovich
Wei Lun Lim
Wei-Chiang Hong
Weidong Huang
Weidong Li
Weifeng Liu
Weiming Shen
Weisi Lin

Wen Yu

Wen Zhang
Wen-Chang Cheng
WenTsai Sung
WenYang Lin
Wilfredo Alfonso
Willy Picard

Wing Yin Ng
Witold Pedrycz
Wojciech Samek
Wu Ligang

Wuhui Chen
Xiang Su
Xianghua Xie
Xiaojun Zeng
Xiaorong Gao
Xijin Tang

Xin Xu

Xinghui Zhao
Xinheng Wang
Xinjun Mao
Xinmei Tian
XinShun Xu
Xiyuan Hou
Xizhao Wang

Xuan Chen
Xuelong Li
YanrJun Liu
Yasuhiko Takemoto
Yasuhiro Wada
Ye Sun
YenChing Chang
YenlLin Chen
Yeung Yam

Yi Zeng

Yi Zuo

Yicong Zhou
YiHsing Chien
YiHsing Chien
Yijun Wang

Yin Sheng
Yingjie Yang

Yisi Liu

Yiyu Yao

Yong Luo
YoPing Huang
Yoshiyuki Tanaka
Yu Zhang

Yuan Yaiang
Yubing Tong
Yuhong Li
Yuhua Li

Yuhua Luo
Yulong Wang
YungFa Huang
Yusen Li

Yutaka Hata
YuWang Chen
Zahra Khaliliardali
Zaili Yang

Zhang Haihong
Zhaohao Sun
Zhengtao Yu
Zhenni Li

Zhibin Hong
Zhigang Cao
Zhigang Zeng
Zhiwu Li
Zhizhong Li

Zirui Lan

Zd Gty +tY23ae

Conference Details SMC 2016 Budapest



Conference Venue

IEEE SMC 2016 and SMC Junior 2016 will takegilage luxurious Sstar hotels,InterContinental and Sofitel

promenade, whih is one of the most frequenteplarts of Budapest.

and in the Spoon Boat Restaurandituated one next to the otheand located on the enchanting Danube

Venues & Restaurant

lagpart Y
o Sofitel Chain Bridge Hotel

g Pier m
o Intercontinental Budapest

O Spoon Boat Restaurant

Walking routes
£

4. Intercontinental-Spoon

‘{, Intercontinental-Sofitel

Entrances

O Entrance of Intercontinental

O Entrance of Sofitel

Bus departure

Bus departure to Lazar
Equestrian Park
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InterContinental Budapest

How to get there

GPS coordinates:

bY nTtec

)

npQTTPMPpE
From West: Highway M1/M7
CNRBY b2NIKY YIAY NRBIR bcH

From East: Highway M3
From South: Highway M5

Budapest Ferenc Liszt Interriahal Airport (BUD)

m Distance: 0.3 KM / 0.19 MI

B P

Distance: 24 KM / 14.91 Mi
¢FrEA / KIFINBS
Time by taxi: 35 minutes
Railway Stationy  YSY YSft SGA
Distance: 4.4 KM/ 2.73 Ml
¢FEA CSS CNRBY ¢NIAY {GFEGAZ2YY e€enpdnn 69! wo
Undeground § I G A2y Yy I YIB& &I NI &[YAWS amo

62yS 41

9Y

Mpc nNnnQTcdTnNE

euvyY enndnn 69 wo

ttfel dzZRAI NJ

Undeground § I G A2y Yy I YLS¥ M5 82 ahavd) S NJ
Distance: 0.9 KM / 0.58 MI

InterContinental
Ballroom Il

InterContinental
Ballroom |

InterContinental
Ballroom Ill

Floor plan
FIRST FLOOR
SPA InterContinental E g & S
we | |0
— XIXIXIX £
1
[y ' rosk
Club InterContinental Salon IV wc Pre-Function Aregqﬁt 1
LAl = == Poster
— g W ' Spolz
Duna Duna Duna
Salonll | Salonll | salon! §
RIVER DANUBE
Internet Access

Registration

Desk

Pre-FunctionArea |

- Y Y -d Y-

Panarama | Panarama '’ Panorama 'y Pancrama | Panarama
Room Room 4 Room g Room Room

| I D n D v

1. With your computer turned ON, choose from the wireless networks which is called:
InterContinatal_Budapest

/£ A0 G2

NOoOOA~LDN

Click on: Connect

Launch a web browser.

iKS

at /

Click on the button: Conference
Chose your conference name as specified hBrec2016Bp
Enter your password as given hefmc2016Bp

{ONBSyé¢ a NBI|dzSaidsSR
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Sofitel Budapest Chain Brigk
How to get there

GPS coordinates:
Lat: 47.4983758 Long: 19.0479402
M1 Vienna highway, M2 Slovakia, M3 Ukraina, M4 Romania, M7 Croatia

Budapest Ferenc Liszt International Airport (BUD)

Distance: 24 KM / 14.91 MI

¢FEA / KFENBS 02RS 61 &0Y enndnn 69!

Time by taxi: 35 minutes

{dFrGA2yY yFYSY YSESOGA ttfel dzRII NI

Distance: 4.4 KM/ 2.73 MI

¢EA CSS CNBY ¢NIAY {GFEGAZ2YY e€enpdnn 69! wo

{GFGA2Y yIFYSY 5St M2a0EME2 WD +i BINIJAK] NFi® dig NI ¢
10 minute walk from Fashion street throughl NJ & & iSthidi réight and go straight onto
Dorottya utca, on the left you will fintthe hotel.

B Y 1

Floor plan
MEZZANINE

BELLEVUE ROOM IlI
76 M?

- BELLEVUE ROOM II
81 m?

ACADEMY

30w .IIIIIIIII 0¥ g

ROOM Il ROOM llI

Internet Access

UsernameSMC2016
PasswordBudapest2016smc
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Spoon The Boat Restaurant

Events

Conferencelunch on October 10 (Mondayrom 12:00Q, October 11 (Tuesdayrom 12:3Q and October 12
(Wednesdayfrom 12:30Q will be served in parallel in the following places:

9 InterContinental PanoramaIV/, PreFunction Area, Duna Salon |

1 InterContinental Corso Restaurant

1 Sofitel Terrass&estaurant

1 Spoon Boat Restaurant

How to get there

Spoon Boat Restauraig 45 minutes faron foot from InterContinental and Sofitel.

SMC 2016 BudapepfiConference Detail



Registration Desk Open

The registration deswill be open at Hotel InterContinentat the following times:

October9 (Sunday): from 8:00 till 18:00
October 10 (Monday): from 7:00 till 17:00
October 11 (Tuesday): from 7:00 till 14:00
October 12 (Wednesday): from 7:00 till 14:00

= =4 -4 A
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Social Events

Welcome Reception
October 9 (Sunday), 18:3.:00, InterContinental Budast, Ballroom HII, Panorama IV, PreFunction Area,

Duna Salon |

Please join us at the SMC 2016 Welcome Reception. Enjoy foor
drinks, network with colleagues, meet the organizing committee
old friends and get access to the exhibitors.

Opening Ceremony
October 10 (Monday), 08:608:30, InterContinental Budapest, Ballrooshl |

/s

< At

ShunFeg Imre J. Dimitar ‘} Barry L. [+t al £ Domokos aA Kt f

Su Rudas Filev Shoop Palkovics {1+t &l wS3SN.
Technical General President of President® Secretary of Vice President of
Program Chair IEEE SMC |IEEEE State, Presidentof j © dzR |
Committee Society Ministry of ~ Hungarian  University
Chair Human Academy of
Capacity Sciences
Banquet

October 11 (Tuesday)7:0021:00,[ + T+ NJ 91lj dzSa G NR Yy t I NJ

Transmrtation to the Banquet
October 11 (Tuesdy14:1 . dza RSLI NI dzNB G2 [+ T4+ NJ 9ljdzZSAGNRF Yy t

[+ T+ NJ 9l dzHoréeNsRawy t I NJ

{AlGdza 6SR op 1Y FNBY . dzRILISadGzZ A
Equestrian Park is owned by the cbadriving world champions, Vilmos ai
w2t Gty [+THNWP ¢KS NBaz2Nl ySadafSa
Hills.

LT LA T
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Program:
1 Fourin-hand driving, pony carriage driving, horsemen
| Display of nomad warrior archerarchery on horseback, throwing ¢ I,

spear ‘

1 Skills of the horsemegmaking the horse lie down, cracking the

whip, competition between the horsemen

Fun competition involving the guests: knocking a bottle with the w =

Cart pulled by four oxen

Humorous show with trained donkey

Wy dzSSy QAaA& &SAEKNRI Y aK2g Ay

in a sidesaddle with hussars

Pusztafive

Finale

= =4 -4

= =4

Award Ceremony

: AR

R . ’ p .
Imre J. Dimitar  Barry L.  Philip Cha Michael H. Ljiljana  T.T.Lee De | NH

Rudas Filev Shoop General Co Smith Trajkovic Chair of SMIEigner
General President of President of Chair of SM(Chair of BMI General Co 2016 Award General Co
Chair |IEEE SMC |IEEEE 2016, Chair workshop Chair of SM(Committee Chair of SM
Society of SMCS 2016 2016 Junior
Award
Committee

ConferenceDinner
¢CKS /2yFSNBYyOS 5AyySNI gAff 06S KSEtR 4 GKS [+T+NJ 9 |j dz

Transportationfrom the Banquet
21:00 Bus transfer back to Hotel InterContinerftaises will come back earlier if required).
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Welcome speech at Openingeremony
October 10 (Monday), 08:608:30, InterContinental Budapest, Ballrooshl |

Welcome speech at Award Ceremony
October 11 (Tuesday), 18 MdYnn X [+ T+ NI 91ljdzSEAGNAI y t

Barry L. Shoop

2016 IEEE President and CEO

Professoiand Department Head

Department of Electrical Engineering and Computer Science
U.S. Military Academy

West Point, New York, USA

Biography

Barry L. Shoop is Professor of Electrical Engineering and Head of the Department of Electrical Engineering
Conputer Science at the United States Military Academy at West Point. In this role, he is responsible for a
undergraduate academic department with over 79 faculty and staff supporting ABET accredited programs |
electrical engineering, computer science, anfbrmation technology and serving over 2300 students annually.
During his tenure at West Point, he has served in a number of leadership positions including Director of th
Electrical Engineering Program and Director of the Photonics Research Geanter.in his career, he was a
satellite communication engineer responsible for the design and installation of a high capacity, global digit
communication network, and the CTO for a US$4.5B organization addressing the Improvised Explosive De\
(IED) challege worldwide.Barry received the Ph.D. from Stanford University and B.S. from the Pennsylvanic
State University, both in electrical engineering. He is a Fellow of thetheEBptical Society of America (OSA),
and the International Society for Opticaldtmeering (SPIE), and a member of Phi Kappa Phi, Eta Kappa Nu, an
Sigma Xiln 2008, OSA recognized Barry with their Robert E. Hopkins Leadership Award, and in 2013 he earr
both the SPIE Educator Award and the IEEE Haraden Pratt Award. He holds apaibatonic analogo-

digital conversion and has authored over 150 archival publications as well as eight books and book chapters.
is a licensed Professional Engineer in Virginia, USA.
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General Information

For more information, visitattp://visitbudapest.travel/

Important telephonenumbers in Hungary

1 Ambulance: 104

1 Fire Service: 105

1 Police: 107

1 S.O.S. (General): 112

Hungarian Currency

The Hungarian currency is the Forint (Ft, HWhich has the followig denominations:

1 notes 500Ft, 1000Ft, 2000Ft, 5000Ft, 10000Ft and 2000Ft

1 coins 5Ft, 10Ft, 20Ft, 50Ft and 100-t.
Prices, such as hotel rates, sightseeing tours, etc. are often quoted in Euros. Many businesses, even including
some seatct supermarkets accept Euros. Don't forget to check their exchange rates, as you might be better off
exchanging your currency first and paying in Forints.

Exchange Rate, ATMs & Credit Cards

ATMs are easy to find in Budapest, and there are many opfimngxchanging cash. Most often, currency
exchange kiosks located in tourist areas or shopping malls offer the best exchange rates. Currency exchange is
also available at banks at a surcharge. ATMs dispense Hungarian currency at your bank's daily eatehange
however, you may be charged a foreign fee on top of the service fees. Many international banks have branches
in Hungary. Currency exchange is available at the airport at a significant surcharges@)9t-ollowing is a list

of kiosks and websites faaily exchange rates and locations in Budapest and around the country:

CorrectChangéas five locations in Budapest. CorrectChange publishes its exchange rates online, along with a
complete list of locations and a currency converter.

Northlinehas sevbll f OdzNNBy Oé SEOKIy3aS o6220Ka Ay . dzRFLSadGe ¢
useful for their complete list of locations plus there is a handy currency converter in the sidebar.

The Exclusivechain of foreign exchange companies offers laws in Budapest. They have downtown
exchange booths in Budapest as well as locations in shopping plazas, malls and supermarkets. Each company
has its own tab on their website and lists both exchange rates and locations.

Interchange offers several locatias across Budapest including the major train stations and both airport
terminals. Their website does not have a currency converter.

OTR the National Savings Bank, offers daily cash and foreign exchange rates on their website. You can also
check the Hung#@an National Bank's (MNB) official daily exchange rates. While the MNB does not carry out
foreign exchange activities and only shows the-puéht rates, it's a good indicator of daily exchange rates.

Post offices also offer cash advances on most magditccards, as well as for American Express travelers'
checks. Please avoid using any type of travelers' checks, they are a thing of the past and will not be accepted in
most places. You will also find that even if travelers' checks are accepted thetwenaaee charged.

Credit Cards, such as Visa, Master Card and American Express, are widely accepted. You will be able to use
them at most hotels, shops and restaurants. You may find that most museums, smaller shops, and even some
restaurants do not acceredit cards.
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Budapest Public Transportation

Most of Budapest's city center and historic districts are suitable for walking. There are pedestrian precincts i
downtown Pest and traffic is restricted on Castle Hill, so walking is probably the bgstowget around.
However, Budapest also has an excellent public transportation system.

Subway (Metro)

Budapest has four subway lines.
f M1 or Milennium Underground (yellow line) NHzya dzy RSNJ ! yRN} aae ! ¢
+| NI AYFNIGeé GSNIFYyR aSEAlsA ¢i
 M2(redliney NXzya Sl ad ¢Sadz o0SisSSy 5StA LAftel dzRII
 M3(blueliney NXzy & y 2 NI K &2 dzii K | AlyLI2tySia i 3KiBpeSviil 563 §/ye |7 2 LIS
 M4(greenliney Nlzya 0Si6SSy YSESyTFIERA LA t&FdzZROINI I Y

Yellow StreetcafTram)

Budapest has a vast system of streetcars. Here are some useful routes:
f No.2NHzya |t2y3 GKS tSad NAGSNFNRBYy(d O2yySOilAy3a &
f No.4runs onthe Grand BoulevWNR O2yySOUAYBYRI Bl lis ¥ BNV H YOI &ND
f No.Grunsalsoonthd® NI yR . 2dzf SHFNR O2yySOdAy3a {1 Sttt Yt

Buda

f No.19NHzya | f2y3 GKS . dzRI NAGSNFNRBYy(d O2yySOilAy3
YSt Sy¥Il fR

f No.49NHzyd o0SiGoSSy . dzRII FyR t S&0A yO2 yayRSOGIAYWRE 5YSSH1S

Trolley Bus
Trolley bus service is available on 13 routes in Pest only.

Bus

The majority of people in Budapest using mass transit travel by bus. There are over 200 routes, and expre
buses with red number signs servieet busiest routes in the city. They travel along the same route as the
regular buses with black number signs, but make fewer stops. Buses are also prevalent in the Buda Hills.

Tickets
Tickets are valid for the metro, buses, streetcars, trolley busesCgwheel Railway (service in the Buda hills)
FYR (GKS &adzodzNbBly | ; + f )anSare abadaylé at ang subiwkyAstationi RoSavoio nésg

buy tickets from street stands and newsstands. It is also possible to buy tickets fromtavéinklang machine.

The basic ticket is good for one trip; if you transfer, you will need to validate a new ticket or use a transfe
ticket. Be sure to validate your ticket using the orange or red tipkiching machines as controllers may ask

to see yourticket, and will fine you for having an invalid one. Some tighatching machines on buses and
streetcars are manual. Be sure to insert your ticket into the top slot and pull the punching mechanism towar
you.

Most important ticket types:
1 Single ticketHUF 350
Valid for a single uninterrupted trip without transfer on the whole lengthlines only within the
adminigrative boundaries of Budapest.
Block of 10 tickets: HUF 3,000
Transfer ticket: HUF 530
Valid for a single trip including one transfer oretwhole length of lines only within the administrative
boundaries of Budapest.
1 Budapest 2sour travelcard: HUF 1,650
Valid for 24 hours from the indicated date and time (month, day, hour, minute) for an unlimited
number of trips within the administrativeoundaries of Budapest.

=a =9
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Budapest 7hour travelcard: HUF 4,150

Budapest fay travelcard: HUF 4,950

Budapest Card for 24 hours: HUF 4,900

The Budapest Card for 24 hours provides discounts for a single person. The Budapest Card is
personalised and not trafsrable. During the validity of your Budapest Card, you are entitled travel
free of charge and take an unlimited number of trips within the administrative boundaries of Budapest.
In addition to free public transport, several other services are offeredudjinothe card, such as free

and discounted entry to museums and thermal baths, discounted meals and cultural events. For more
information, please visittps://www.budapestcard.com/hu/

1 Budapest Card for 48 hos: HUF 7,900

i Budapest Card for 72 hours: HUF 9,900

ERE

For more information about ticket types and prices, please igit//www.bkk.hu/en/tickets-and-
passes/prices/

BudapestTaxis

Taxis ca be fast and cheap in the city, especially late at night when there is limited public transportation. Taxis
can be hailed on the street, but it is cheaper to call ahead of time. Residents in Budapest rarely flag down taxis
in the street and our advice ie always call one of the recommended companies.

Base fare: HUF 450
Price per minute: HUF 70
Price per kilometer: HUF 280

The following are the phone numbers of reliable taxi firms charging fair rates, not 'tourist tariffs' (operators are
Engliskspeakim).

9 Citytaxi: (+361) 2131111

 C! (I E-A)22282B2 c

1 Budataxi: (+36.) 2333333

1 Tele5 taxi: (+36) 3555555

T wt RAs (HENXNM7Tdboc

C! (¢ the bfficially appointed taxi company to service the airport

C!'iFEAZ GKS (I EA GaRiNobd (fguadeds1WIBXKin Hurigary tfarispoespassengers between

0KS GSNXYAYlFfa YR . dzRFLISalded C!'iFEAQE &aSOSNIf Kdzy RNEX
oraira G2 alrdra¥e LIFaaSyaSNrQ ySSRa Fd F KA3IK adl yRE
Taxi drivers speaking &tS 1 a4 2y S F2NBA3AYy fFy3Idzad IS INBE Ay &aSNBBAOS
years. All cars are equipped with a POS terminal; therefore credit cards are also accepted.

wSasSNBldazya OFLy 68 YIRS Ay LISHSEET¢rmihals 241 0E2B QA theltakii A~ 6 2
rank in front of the stands, taxis are parking continuously waiting for passengers.

From 1 September 2013 a new Taxi Decree was introduced in Hungary regulating the price* of the taxis at a
fixed tariff of 280 HUKm (0.95 EUR/Km) in addition to the eoi# basic fee of 450 HUF (1.50 EUR) and
waiting fee. A ride to the city center should typically cost around 6500 HUF (22 EUR) depending on traffic
conditions.

Please be aware of exposing yourself at risk by usingregulated taxi service providers soliciting at the
terminal buildings.
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Driving in Hungary

Driving in Hungary is on the same side of the road as in North America. Traffic jams are frequent and parking
can be challenging, as it is often hard tadfi spot. If you do succeed and find space, parking must be paid for
between the hours of 8am6pm Monday to Friday. (Parking is free on Saturdays and Sundays.) Tickets must be
purchased from the nearest parking meter.

Hungary has a zero tolerance poliioy driving under the influence. Police often conduct routine roadside
checks where breathalyzer tests may be administered and often are. It is against the law to usehaldaoall
phone while driving anywhere in Hungary and seat belts are mandatogvéryone in the car.

The speed limit for cars and motorcycles on the motorway is 130 km per hour (approximately 80 mph); on
highways the limit is 110 km per hour (approximately 65 mph); and in town and village areas the speed limit is
50 km per hour (aproximately 30 mph).

Mobile Apps for Route Planning

. YY Cdzlit NI 62FFAOALE Llzoft AO GNIFYyaLR2NI L) 6AGKAY . dzR
Play:https://play.google.com/store/apps/details?id=hu.webvalto.bkkfutar&hl=hu
Appstore:https://itunes.apple.com/fi/app/bkkfutar/id916193835?mt=8

Vonatinfo 0 NI Ay AYF2NXI GA2YI aa#+é0
Play:https://play.google.com/store/apps/details?id=hu.mavszk.vonatinfo&hl=hu
Appstore:https://itunes.apple.com/hu/app/vonatinfo/id969467518?mt=8

Menetrendek.hto & dz0 dzZNB 'y o6dza AYTF2NX I GA2Yy S azx2ft yéu
Play:https://play.google.com/stoe/apps/details?id=app.mav.menetrend&hl=hu
Appstore:https://itunes.apple.com/hu/app/imenetrendek/id797449676?mt=8

Weather inBudapestin October
The climate in octioer in Budapest is quite dry (with 56mm of rainfall over 8 days). The weather is worst than
the previous month since in september there is an average of 52mm of rainfall over 7 days.

The climate is relatively fresh there this month, but it is endurabtenvdressing warm. The thermometer

I SN 3SR YIFEAYdzY 2F wmMTtc/ ® Ly GKS Y2NyAy3a GkKS GSyLd
I SN} 3S 2y (KA& Y2yUuK 2F 20020SNJ Ay . dzRILJS&ad A& wmoc
those observed y . dzRI LISaiG Ay 2030G20SNJ 6AGK | YI EAYdzy-mbslb O2 NR
AY HAMH®  2dz Oy SELISOG G2 KI@S I62dzi op RIFIeéa 6AGK

On this month of october, day length in Budapest is generally 10:54is8us at 6:02am and sets at 4:56pm.

¢CSYLISNI G§dzZNB F2NBOIad 3INI LK 2F . dzRIFLISEAGZ hOUG206SNI Hawm
30

20 N -
- -
!
*
Y
N \-\ ‘...---._____‘.-huj"
- T T R V===~ 5
0 -~ \ h
‘ -
LY
LY =
- P ——— ]
‘__"'*-__-_--“"'--"" ‘\N._
-
]
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Avg. Hi Avg. Lo = = = = Forecast Hi = = = = Forecast Lo

Conference Details SMC 2016 Budapest


https://play.google.com/store/apps/details?id=hu.webvalto.bkkfutar&hl=hu
https://itunes.apple.com/fi/app/bkk-futar/id916193835?mt=8
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Program Schedule

Color legend of the program schedule:

Panel

_ Keynote Talks

Tutorials
Workshops
Ml

B
© Sessions

Breaks
Social Events

_ Best Paper Award Sessions

October 8 (Saturday)

InterContinental Budapest

Pano Pano Pano Panc Panc Duna Duna Duna Baliroom 1| Ballroomll Baliroom Il
rama | rama I rama Il rama IV | rama V | Salonll| Salon lll | Salon IV

09:00 Brain

18:00 Hackathon
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October 9 (Sunday)

InterContinental Budapest

Pano | Panc Balk
Panc Duna Balk Balk
rama | rama | Panorama IV| Panorama V| Duna Salon Il Duna Salon IV,  room
rama | I i Salon Il | room Il | room Il
08:30
09:00
Tutorial Il
Tutorial | Cognitive Workshop
Auto- Phase on Workshop on
matic Transitions in| Women in Tutorial IV Big Data basec
Affective the Cerebral | Engineering Human Technological |EEE
9:00- and Task Cortex: Brain () Machine Innovations on Stan
10:30 | Analysis Imaging WIE session Intelligent
; Intera . dards
for Experiments, on ction Health Service
Wearable Graph Theory| Fractional in the Clouds
Comput Models, and Order ()
ing Engineering Systems
Applications
iggg Coffee break
Tutorial Il
Tutorial | Cognitive
Auto- Phase Wogfhop Workshop on
matic Transitions in . . Big Data basec
. Women in Tutorial IV .
Affective the Cerebral . . Technological
. . .| Engineering Human . IEEE
11:00 | and Task Cortex: Brain . Innovations on ;
: ; ) (I Machine . Brain Stan
12:30 | Analysis Imaging . . Intelligent Hack
¢ ; WIE session Inter- . acl dards
or Experiments, - Health Service
on action . athon
Wearable Graph Teory . in the Clouds
CyberMedic
Comput Models, and (D)
. . . al Systems
ing Engineering
Applications BoG
: Meeting
iggg Lunch* Lunch*
Tutorial V Tutorial Il
BMI Tutorial | Honest | New Ways to
IEEE Mobile BCI Evalua Look at
13:30 Stan application: tions of | Similarity and
15,'00 dards Neuroscience Shared Association
' (breakout based design an¢ Human | Measures and
IEEE
room) neuro- Machine | the Methods Stan
rehabilitation Control of their dards
Systems | Construction
iggg Coffee break
15:30
16:00 Tutorial V Tutorial Il
. Honest New Ways to
IEEE £ T lE .” Evalua Look at
Why bother with | Lo
Stan tions of | Similarity and
advanced 2
) dards modeling in BCI Shared Association
16:00 (breakout Lessor?s from Human | Measures and
17:m room) neuroimadin Machine | the Methods
ging Control of their
Systems | Construction
17:00
18:00
;igg Welcome reception

* Closed coffee break for invited attendees
** Lunch is seftovered
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October 10 (Monday)

InterContinental Budapest

13:30
14:15

14:15
15:00

15:06
15:30

15:30
16:15

16:15
17:00

17:06
18:30

18:30
21:00

Coffee break

Panc Panc Panc Panc Panc Duna Duna Duna Balt Balt Balt
rama | ramall | ramalll | rama IV| ramaV Salon Il Salon Il Salon IV room | room Il | room Il
08:00
08:30
Panel dedicated to John von Neumal
. aF tA2ySSNI 2F a
i {OASyOSE
’ a! i K S gaNdormiedktheiworld
2 | [/ &0 SN&L]
10:30
11:00 Coffee break
11:00
12:00
12:00
13:30 Lunch

IEEE President's talk
BMI Opening,
Disruptive
Innovations as a
Vehicle to Develop
Critical Thinking,
Creativity and
Innovation Skills ,
IEEE Presidearry
L. Shoop

BMI Panel Important
Topics in Designing
and Building Real
World BMI Control
Systems: What is
New?

BMIInvited Speakef
w2as RSt
Neuroprosthetics:

The Role of the
Brain's Error
Monitoring Sgtem
BMI Founders
Keynote Sessioft)
From Research to
Scientific
Breakthroughs to
Improving

the Lives of People:
Six Unique Paths

BMI Founders
Keynote Sessiofil)
From Research to
Scientific
Breakthioughs to
Improving

the Lives of People:

Six Unique Paths
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Sofitel Budapest Chain Bridge

Bellevue 1 Bellevue 2 Bellevue 3 Academy 3 Academy 4

12:00:13:30 Lunch

13:30:15:00

15:00-15:30 Coffee break

15:306-17:00

17:00:18:30
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October 11 (Tuesday)

InterContinental Budapest

11:06
11:45

11:45
12:30

12:30
14:00

14:00
15:30

17:00
18:00
18:00
19:00
19:00
21:00

Panc | Pane | Panc Panc
Panc Duna Duna Duna
rama | rama | rama rama Ballroom |
rama | Salon Il Salon lll|  Salon IV
1l 1 \Y \%
08:00
09:00
09:00
09-30 Coffee break
BMI Papers
Perfor BMI Papers
mance Adaptive and BMI Papers
. Metrics and - .
09:30 Human SelfCalibrating Health and
11:00 Ly BMI Systems NonInvasive
BMI Training for Indepen Wearable BMI
Gl dent Use
Operation

BMI Invited
speakef
Paul Sajda
Neural
Correlates of
iKS 4!

Computer
Interfaces for
Labeling Our
Environment
BMI Panel
How Researc
and Metho
dologies in
Systems,
Human
Machine
Systems, and
Cybernetics
can be Applied
to BMI
Systems

|EEE Brain
Initiative
Meeting
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Sofitel Budapest Chain Bridge

Bellevue 1 Bellevue 2 Bellevue 3 Academy 3 Academy 4

09:00:09:30 Coffee break

09:30-11:00

11:00-12:30

12:30-14:00

14:00-15:30

17:006-18:00

18:00-19:00

19:00-21:00
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October 12 (Wednsday)

InterContinental Budapest

Panc Panc Panc Pano Pano Duna Salon | Duna Salon Ballroom Ballroom Ballroom
Duna Salon ||
rama | ramall | ramalll | rama IV| rama V 11 \Y | Il 1Ll
08:00
09:00
09:00
09:30 Coffee break
Bl\/!l;eezers BMI Papers BMI papes
o -BMIfor | ¢ Neuro
Appli iy science BMI Papers
09:30 PPl Cogniive | Based p
. cations of . R BMI for
11:00 . Rehabik Design: o
Brain - Neuradriving
tation and | Fundamen
eI Assistance
Interface ) tals and
Systems (I Applications
BMI P BMI Papers
apers - Brain and
- Real BMI Paper BMI Papers | Human
- BMI for .
World / Multi-modal | Machine
Appli Motqr_ Brain | i
11:00 ! Cognitive nteraction
: cations of o Computer
12:30 . Rehabili
Brain —— Interface and|
Computer P Physiological Tribute to
Interface ) Computing | Walter J.
Systems (Il Freeman
12:30
14:00 ———
BMI Papers BMI Invited
speakers
oL (Sensors
World Council BMI Papers
. Applicatbn " - Recent
14:00 s of Brain Sensor Advances
15:30 Technologies| .
Computer f in BMI
or
Interface . Speller
Multimodal
Systems r
(i Brain
Interfacing"”
15:30
16:00 Coffee break
BMI Invited
speaker
Jose C.
Principe
16:00
16:45 Tow_al"d
cognitive
integration of
prosthetic
devices
BMIPanel Il
(part a)-
) What Have
i?jgg We Learned,
’ Where Do we
Go from
Here?

BMIPanellll
(part b) -
What Have
We Learned,
Where Do we
Go from
Here?
Strategic
Roadmap

17:30
18:15

18:15 Discussion fo
19:00 BMI:
Audience

Participation
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Sofitel Budapest Chain Bridge

Bellevue 1 Bellevue2

Bellevue 3 Academy 3 Academy 4

Coffee break

BMI Papers
Neurostimulation and
BMI

BMI Papers Sensor
Systems for BMI and
Prosthetics

09:00:09:30
BMI Papers
Machine Learning
09:30:11:00 Methods for Brain
Computer Interfacing
0)
BMI Papers
Machine Learning
11:0012:30 Methods for Brain
Computer Interfacing
(n
12:30:14:00
14:00:15:30
15:30:16:00
16:00:17:30
17:30:19:00

Coffee break

Lunch
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Panel

tySft RSRAOFGSR (G2 W2Ky @2y
G! GKS2NEB GKIFO OGN yaFz2NNX¥SR
October 10 (Monday 08:30-10:30, InterContinental Budapest, Ballrootil |

Ferenc .+ f A yDomokos JackGallanWs | & ST Katalin [+ aTlf:

Friedler 51 Y| € {1+ &1 The ComputelQuantum Hangos Ys Ol &
Moderator Computer Mathematics and the Brain Mechanics, Quantum Game Theory
President of Séence VicePresident Professor, Quantum Contro Mechanics, Hungarian
Johnvon  Honorary of Hungarian University of Member of the  Quantum Academy of
Neumann  President of Academy of Califonia, Presidency of  Control Sciences,
Society, Johnvon  Sciences Berkeley Hungarian Professor, Centre for
Hungary Neumann Academy of University of  Economics
Society, Sciences Pannonia, and Regional
Hungary Hungay Studies

Each speaker delivers his 15 minute presentation, summarizes the key contributions of von Neumann within a given
topic and eplains how it affects research today, including his own, within Cyberspace and Computer Science
perspectives.

ProfessorFerenc Friedle(1953) graduated in mathematics (1977eceived CSc degree (1990) and DSc degree
(1995) in chemical engineering. tesearch interests include process systems engineering focusing on mathematical
modeling and optimization. Together with Professor L.T. Fan, he isfaucder of the Pgraph framework for
process systems engineering including process network synthesigsHgublished more than two hundred papers

in international journals. He has been the founder, the chair aneéhzir of several international scientific
conferences. Dr. Friedler is the current president of the John von Neumann Computer Society inyHtdagara
member in the Computer Aided Process Engineering Working Party of the European Federation of Chemical
Engineers. He is the founder of academic organizations at University of Pannonia including department, faculty, and
PhD program. Heisnow p®& &2 NJ I 4 GKS tt T Ytye t SGSNJI / présiienfoktde | yA DS
National Research, Development and Innovation Office of Hungary. Dr. Friedler is honored with several awards
including Knight's Cross Order of Merit of the Republic ofgdnn John von Neumann Prize, Egervary Prize, and
Szechenyi Prize.

.t £ Ay G . 16195769 participated in the building of the first electronic computer in Hungary, later held several
leading positions in the Hungarian software industry. Managed agpieddent software house (IQSOFT Ltd.) in the

90s. After retirement, performs advisory activities in various national bodies and professional organizations, as well
as in EU R&D programs. In 2ableads a technology foresight project (Technology Persmectf the Information

Society- IT3) at the National Council of Communication and Information Technology (NHIT). Was president of the
John von Neumann Computer Society (JvNCS) in9d@®8&ince then its Honorary President. Founded the IT History
Forum ¢ JVNCS in 2009. Member of IFIP WG9.7 (History of Computing). Joined IEEE Computer Society in 1988, now
Life Member.

Technical PrograinSMC 2016 Budapest



52Y21 24 { V¥ @KSYIGAOAlIYZ SINYSR KAaa a{O G 91 G311 & | yi
University, Moscow in 197 His main interests are stochastics, statistical physics and dynamical systems. He founde
world class schools in mathematical statistical physics and the theory of hyperbolic dynamical systems in Budape:
Several of his been students are professorprastigious research centers at home and abroad. He is a member of the
Hungarian Academy of Sciences (since 2011 he has been itPrégdent and between 2005 and 2011 he was the
President of its Section of Mathematics). He served as the Director oMithematical Institute of the Hungariag
Academy of Sciences (192996) and as the Director of the Mathematical Institute of the Budapest Universi
Technology (1998 nnpo® {1+ &l KF& Ffa2 oSSy I YSYoSNI 2 profdsgoila
Dartmouth College, Goethe Y A S NEAGNG OCNI y {1 FdzNIivZ t NAyOSiG2y | yAL
leading research centers like Institute for Advanced Study (Princeton), IHES-gBriYestte), IMPA (Rio de Janeir(
Mittag Leffler Institute (Stockholm), ICERM (Providence, RI). He gave the 2014 Abel Science Lecture in Oslo.

Jack Gallanth & / Kl yOSftf2NRa tNRFS&aa2N) 2F taeoOKz2ft23e 4 @
Department of Electrical rigineering and Computer Science, and with the graduate programs in BioengineSiig
Biophysics, Neuroscience and Vision Science. He is also a Senior Member of the IEEE. Gallant's research program foc
on functional mapping and computational modeling betbrain. These computational models of brain activity describe
how information about the external and internal world are mapped systematically across the surface of the cerebral
cortex during complex, naturalistic tasks. These models can also be usedddedinformation in the brain in order to
reconstruct mental experiences. Further information about ongoing work in the Gallant laboratory, links to talks and
papers, and links to an online interactive brain viewer can be found at the lab weblggmé&dallantlab.org).

Ws 1 a S Freceivgd tBeNDr. Eng. and Pd.D. degrees from the EE Department of Budapest University of Technology a
Economics. He is Professor and former Head of the Automation Department, Facultansportation and Vehicle
Engineering, Budapest University of Technology and Economics. He is also Research Director of the Computer :
Automation Research Institute, Hungarian Academy of Sciences. He spent the year 1976/1977 at the Imperial College
Sience and Technology, Computing and Control Department, London, England, the 1990/1991 year at MIT Laboratory |
Information and Decision Systems as visiting Fulbright professor. His research included identification of space structur
and design of muivariable robust control. He continued working with MIT under a JoinHUSgarian Research Program

in 19921995. He has a strong collaboration with the Laboratory for Measurement and Control, Technical University Delft
The Netherlands and with the Deparént of Aerospace and Mechanics, University of Minnesota, US, MN where he is an
adjunct research faculty. His research includes the theory of LPV systems, fault detection, isolation and reconfiguratic
and applications to various modeling, identificatiamdacontrol problems related to spacecrafts and automotive control.

Katalin Maria Hangoseceived her MSc in chemistry (1976), BSc in computer science (1980), DSc (1993), and habilitatio
(chemical engineering, 1994, engineering informatics, 2000), réispéc She is a reseaerch professor at the Systems and
Control Laboratory of the Research Institute for Computer Science and Control of the Hungarian Academy of Sciences «
a full professor at the Department of Electrical Engineering and Informatioer8gif the University of Pannonia, both in
Hungary. Her main field of interst is modelling, analysis and control of phkgsjgsed nonlinear systems, including
process and quantum systems. She is-auathor of three books, and over 200 of research paper

[+ al t 5 gtaduatddsfron the University of Cambridge reading mathematics and computer science, but turned to
economics completing his M.Sc. and Ph.D. at the Catholic University Leuven under the supervision of Luc Lauwers. He
spentsomeyears U al F AGNAOKG | YyAOGSNEAGE o0ST2NBE NBGdzNYyAy3I G2
social scientist to obtain the prestigious Momentum Grant of the Hungarian Academy of Sciences allowing him to set u
his Game Theory Research Group atth& Yy i NB F2NJ 902y 2YAO0a |yR wS3IAz2ylt {i
scientometrics and social choice, but his main field of research is cooperative game theory: cooperative games wil
externalities and power indicesCooperative game theory is ond the two fundamental branches of game theory
introduced by von Neumann and Morgenstern, but the classical development ignored externalities: effects on third
LI NIAS&ad [dzOF aQa LI NGAGAZ2Y TFdzy OGA 2y T 2iNgvthedeamuditi Hirst Stgp2 dz:
was to get rid of externalities, despite the fact that in many applications the externalities are a very important element of
GKS LINPofSY®d Y5Ol eQa NBOAzZNEAGS O2NB T2 N LMHidedbrie dfire yhairf dzy
solutions, the core to such games without such simplifications. It has since been widely applied to problems ranging fro
public good problems to communications networkst &1 f 5 #® Ys Ol & Ad&d YSYo0 SN 2yfori KS
Social Choice and Welfare and a founding member and former president of the Hungarian Society for Economists. He |
published over thirty papers in journals including Games and Economic Behavior, European Journal of Operatiol
Research and Journal Bathematical Economics.

SMC 2016 BudapeffTechnical Progra
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Keynote Talks

KeynoteTalk I:Advances in BraWMachine Interface Systems
October 10 (Monday 11:00-12:00, InterContinentaBudapest, Ballroomlil

Jose M. Carmena

Helen Wills Neuroscience Instie

Department of Electrical Engineering and Computer Sciences
UC Berkeley, USA

Abstract

Brairnrmachine interfaces (BMIs) is a novel technology that holds great potential to aid large numbers of people
with sensory, motor and cognitive disabiliti®&MIs provide also a framework for examining basic neuroscience
questions, especially those related to the understanding of how neural plasticity relates to the acquisition and
consolidation of neuroprosthetic skills, i.e. accurate, readiballed contrd of disembodied actuators
irrespective of natural physical movement. In this talk | will postulate that achieving skillful, natural control of a
multi-degreeof-freedom prosthetic device will entail synergizing two different types of adaptation processes:
natural (brain plasticity) and artificial (decoder adaptadiaas well as providing realistic sensory feedback from
the prosthetic device. | will present recent work from our laboratory showing that 1) neuroplasticity facilitates
consolidation of neuroprsthetic motor skill in a way that resembles that of natural motor learning; 2)
corticostriatal plasticity is necessary for neuroprosthetic skill learning, and 3) diospdiecoder adaptation
(CLDA) techniques can expedite the learning process by adab&éndecoder parameters during closkbp

BMI operation (i.e., while the subject is using the BMI). We believe that BMI systems capable of exploiting both
neuroplasticity and CLDA will be able to boost learning, generalize well to novel movements/aadreants,

and ultimately achieve a level of control and dexterity comparable to that of natural arm movements.
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Short Biography

Jose M. Carmena is Professor of Electrical Engineering and Neuroscience at the University of -California
Berkeley, and CDirector of the Center for Neural Engineering and Prostheses at UC Berkeley and UCSF. His
research program in neural engineering and systems neuroscience is aimed at understanding the neural basis
of sensorimotor learning and control, and at building theesce and engineering base that will allow the
creation of reliable neuroprosthetic systems for the severely disabled. Dr. Carmena received the B.S. and M.S.
degrees in electrical engineering from the Polytechnic University of Valencia (Spain) in 1988 &mversity

of Valencia (Spain) in 1997. Following those he received the M.S. degree in artificial intelligence and the Ph.D.
degree in robotics both from the University of Edinburgh (Scotland, UK) in 1998 and 2002 respectively. From
2002 to 2005 he wasa Postdoctoral Fellow at the Department of Neurobiology and the Center for
Neuroengineering at Duke University (Durham, NC). He is senior member of the IEEE (RA, SMC and EMB
societie$, Society for Neuroscience, and the Neural Control of Movement So&etyCarmena has been the
recipient of the Bakar Fellowship (201#he IEEE Engineering in Medicine and Biology Society Early Career
Achievement Award (20)1the Aspen Brain Forum Prize in Neurotechnology (20th@ National Science
Foundation CAREER Adg2010Q, the Alfred P. Sloan Research Fellowship (200@ Okawa Foundation
Research Grant Award (200The UC Berkeley Hellman Faculty Award (30@nd the Christopher Reeve
Paralysis Foundation Postdoctoral Fellowship (2003). More information aff Barmena can be found:
http://www.eecs.berkeley.edu/~carmena

Technical PrograinSMC 2016 Budapest
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KeynoteTalk II: Spiking Neural Networks and Spafiemporal Data

Machines: Methods, Systems, Applications
October 11 (Tuesdyy08:0009:00, InterContinental Budapest, Ballroomlll

Nikola Kasabov
Knowledge Engineering and Discovery Research Institute
Auckland University of Technology, New Zealand

Abstract

All areas of science and human activities nowaddepend more and more on efficient and effective data
wh

analysis, modelling and event prediction. It has become obvious that the big data challenges, especiall
we have to deal with massive temporal or spatio/spedgmporal data (SSTDcould not beaddressed
properly with the use of traditional statistical and machine learning methods, nor with the use of tradi
computational architectures. Spiking neural networks (BMbimbined with brain infortion principles for larg
scale information procgsing, offer hope to address this problem. The talk introduces a new computa
architecture, called here spatiemporal data machine (STDMwhich uses brain information processi
principles, such as: integrated and distributed memory and informapeoscessing among thousands «
millions of spiking neurons and their connections; sp&timporal learning rules; massive paral
computation; learning time and space interactions from multiple sources of data; predictive data processing
dynamic clusteng and visualization; dynamic information exchange; model interpretation and knowledge
extraction, and other, and doing all this in an energy economical way. The talk describes the details of the fir
implementation of a STDM, called NeuCube, developed 1S I dzi K2NDa 106 Y95wL®
development system that makes it possible to develop applications across domain areas using various types
SSTD. It includes modules for data encoding, unsupervised learning, supervised classificategressibn,
visualization, pattern discovery, model optimization. It has been implemented on both von Neumann
computers and on neuromorphic systems. Some examples and demonstrations of STDM developed in NeuCl
are: brain data models (EEG, fMRI, DTI); Bramnputer interfaces (BCI) for cognitive games and rehabilitation;
multiple sensor odine data modelling and event prediction; dynamic personalized models for stroke and CVLC
prediction; seismic data modelling system for earthquake prediction; financ@k sprediction; radie
astronomy data modelling. A student version of NeuCube development system, along with several data se
and exemplar applications, can be downloaded froutp://www.kedri.aut.ac.nz/newcube/.

Keynote Talks

Short Biography

Professor Nikola Kasabov is Fellow of IEEE, Fellow of the Royal Society of New Zealand and Distingui
Visiting Fellow of the Royal Academy of Engineering, UK. He is the Director of the Knowledge Engineering :
Discovery Reseeh Institute (KEDRI) at Auckland University of Technology (AUT). He is Chair of Knowled
Engineering in the School of Engineering, Computing and Mathematical Sciences. Kasabov holds adju
positions at several other universities, such as: ShanghaiTdiag University, ETH/University of Zurich, RGU
Aberdeen. Kasabov is a Past President and Governor Board member of the International Neural Netwo
Society (INNS) and also of the Asia Pacific Neural Network Society (APNNS). Kasabov holds MSc and PhD
the TU Sofia, Bulgaria. His main research interests are in the areas of information sciences, neural networ
intelligent information systems, soft computing, bioinformatics, neuroinformatics, data mining. He has
published more than 600 publications thatcinde 15 books, 180 journal papers, 28 patents and numerous
conference papers. He has extensive academic experience at various academic and research organization
Europe and Asia, including: TU Sofia, University of Essex, University of Otago, Uri¥eTsinto, TU
Kaiserslautern. Prof. Kasabov has received several awards, including: the AUT Medal for 2015; APN
Whdziadl yRAYy3 | OKAS@SYSyidGa ' 461 NRQT Lbb{ DIFo0o2N ! g
FLILJX AOFGA2ya 2F vy S deNd FHellowslip) BageNJpcieizd Inndvatiora Awhkdl; RSNZ Science
and Technology Medal. He has supervised to completion 38 PhD students. He has been involved in t
establishment of several spinff companies at the University of Otago and AUT. More informatib Prof.
Kasabov can be found on the KEDRI web [sitg://www.kedri.aut.ac.nz
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KeynoteTalk Ill: Networked Control Systems with Industrial

Applications
October 12 (Wednesday08:0009:00, InterContinental Bud&st, Ballroom Hil

Huijun Gao
Research Institute of Intelligent Control and Systems
Harbin Institute of Technology, China

Abstract

In recent years, the analysis and synthesis of networked control systems (NCSs) havel recedasing
attention from both scientific and industrial communities. Compared with traditional pifgoint control
systems, the main advantages of NCSs come from their low cost, their flexibility and easyigarability,

their natural reliabilityand robustness to failure, and their adaptation capability. Consequently, NCSs have
been finding applications in a broad range of areas such as power grids, water distribution networks,
transportation networks, haptics collaboration over the Internet, ri@lsensor networks, and so on. However,

the introduction of communication channels in the control loop also brings some netiwddced critical
issues or constraints such as variable transmission delays, data packet dropouts, packet disorder, quantizatio
errors, etc., which would significantly degrade the system performance or even destabilize the system in
certain conditions. This talk will first introduce some elegant approaches to nethas&d control and
estimation problems. Then, a novel tdayer network-based architecture for operational control of industrial
processes will be discussed. It will be shown that under the proposed framework, the overall optimal
operational control of networked industrial processes can be achieved.
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Short Biography

Huijun Gao received his Ph.D. degree in control science and engineering from Harbin Institute of Technology,
China, in 2005. He was a Research Associate with the Department of Mechanical Engineering, The University of
Hong Kong, from November 2003 to Agg2004. From October 2005 to October 2007, he carried out his
postdoctoral research with the Department of Electrical and Computer Engineering, University of Alberta,
Canada. Since November 2004, he has been with Harbin Institute of Technology, whereumetly a

t NEFSaa42N) YR 5ANBOG2NI 2F GKS wSASFENODK LyadAddziS
interests include networbased control, robust/intelligent control, robotics and their engineering applications.

He is an IEEE Felloan IEEE SMC Distinguished Lecturer and received the IEEE IES David Irwin Early Career
Award. He is Caditorin-Chief of IEEE Transactions on Industrial Electronics and Associate Editor of
Automatica, IEEE Transactions on Cybernetics, IEEE Transacti®ostant Systems Technology, |IEEE/ASME
Transactions on Mechatronics etc. Prof. Gao is an IEEE Industrial Electronics Society (IES) Administration
Committee (AdCom) member. He is a Thomson Reuters Highly Cited Researcher and was listed among the top
17schdl NB Ay G¢KS 22NIRQ& az2ad LYyFtdsSyaalt {OASYUGAFTAO
Prof. Gao can be founditp://homepage.hit.edu.cn/pages/gaohuijun/2
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Tutorials

Tutorial I: Automatic Affective and Task Analysis for Wearable
Computing
October 9 (SundgyinterContinental Budapest, 9:612:30, Panoramé&

Julien Epps
University of NewSouth Wales, Australia

Abstract

I RIFE& Ay I yeéseghfeal inb A Jedes @ brgadlyodsfined tasks: you begin a task, become loaded to some extent by the objects
movements, communication and/or mental challenges that comprise that task, then at some point you switch to or are dittraated task,

anR a2 2y® ! aillalé Aa INBdZdofteée GKS Y2ad TFTdzyRFEYSydlf dz/yavdonBF K
extremely limited means by which to detect when a human has changed tasks and to estimate what level of emotion |@ysicantal load

and other load types they experience during tasks. The growth in wearable computing presents both an opportunity and ativériper
O2YLJzi SNE (2 aA3ayATAOFydte o0SGGESNI dzy RSNA (I y Rtimé R&entreSahbsilike IGbdyle |- N.
Dt Faa FyR 98S8S{ L] aK2g GKS FdzidzNBY O2y (i Sy iz 7T dzy Oiisohg dppokui® tol y R
position nearfield sensors directly where they are most useful for tasklysis; in front of the eye, near the mouth and fixed to the head. T
analysis at present offers virtually no automatic means to detect the points at which a user transitions from one taské¢attber one
emotional or mental state to the next) &S LJ0 6 KSy +ff 2F GKS dzASNDA LINAYINB (I ajia

being monitoredg this is an increasingly unrealistic view of computer use. An automatic alternative to the very dated manual analysis 1

for task trangion detection and task load level estimation is needed, and behavioural signals are preferable because they are non
HeadY2dzy i SR ¢S NI 6f S aSya2NB o6NAyAY @Ay YIINE G LY (IKISe AIN2 22 B GSke

based on signals such as speech, eye activity and body movement. Human task analytics of this kind represent a hugéydpportiividual

users to empower themselves and interact more seamlessly with machines in the age of big data.

This tuorial introduces and examines some of the key research problems in using behavioural signals in particular to autcemaficsglyasks

and emotions: understanding the psychophysiological basis of signals during speech production, eye activity antbvewdgnt; pre
processing and calibrating signals like eye video and accelerometry data; extracting suitable features; reducing feahiliy \care to
illumination, movement, speaker and linguistic content; developing machine learning methods foringtesk transition and for estimating

the level of affective intensity and of particular types of task load; comparing and evaluating diverse methods; condiatetiages for
developing and evaluating systems of this kind; and system design for comsirand robust automatic task analysis. The discussion of task
analysis and task load estimation is framed within a recognition that there is a need to move beyond classifying a linoftpdesdefined,
applicationspecific task, emotion or mental statategories, to a more general dimensional framework of assessing the levels of various types
of affect and task load. The discussion includes perspectives from the wider context of affective computing andbnmater interaction,

and some key insightsom the signal processing domain will be covered, particularly in the areas of feature extraction, modelling, and
variability compensation. The tutorial will also discuss system design, engineepligations and the use of other biomedical signalsidad
measurement. Participants will be exposed to likely future challenges, both during the tutorial presentation and duringuing eiscussion.

Short Biography

Julien Epps received the BE and PhD degrees in Electrical Engineering from UNSW, Aud®8lf and 2001 respectively. After working as a
Senior Research Engineer at Motorola Labs and then as a Senior Researcher at National ICT Australia, he was appoiited estar&eat
UNSW Electrical Engineering and Telecommunications in 2@0than as an Associate Professor in 2013. A/Prof Epps is also a Contributed
Principal Researcher at Data61, CSIRO, and been a Visiting Scientist at the A*STAR Institute for Infocomm Research ($ngagore
authored or ceauthored around 180 publicatis and three patents, which have been collectively cited nearly 3000 times. He has delivered
invited tutorials to INTERSPEECH 2014 and 2015, and invited keynotes to the 4th Int. Workshop-visAaidionotion Challenge (part of ACM
Multimedia 2014) andte 6th Workshop on Eye Gaze in Intelligent Human Machine Interaction (part of ACM ICMI 2013).

A/Prof Epps is serving as an Associate Editor for IEEE Transactions on Affective Computing and for Frontiers in {Ul€diidunteraction
sectior), and has se/ed as a Guest Editor for the EURASIP Journal on Advances in Signal Processing Special Issue on Emotion and Mental .
Recognition from Speech. He is currently a member of the Advisory Board of the ACM Int. Conf. on Multimodal Interabtiérhéridn Area

Chair for the ACM Multimedia (Emotional and Social Signals in MultiimdNiRERSPEECH (Paralingu)st®€ M ETRA and ACM UMAP
O0'RILIWIAGSE LyGSttA3ISyds 3 adZ GAY2RIE | SN LYGSNFIRO$ 20 ROZ WRS NRiyN
Wiley Handbook of Humah 2 Y LJdzi SNJ Ly G4 SNI Ol A2y wHamcI YR O22NRAYIGAY3 |y AYQD
NBfFGiSR RAE2NRSNE o6FaSR 2y O0SKI @A2dzaNI f &A Ifgcks{20¥7. Ay GKS !/ a || yR
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Tutorial Il: New Ways to Look at Similarity and Association

Measures and the Methods of their Construction
October 9 (SundgylinterContinental Budaest, 13:3617:30, Duna Salon 1V

lldar Batyrshin

National Polytebnic Institute, Mexico

Abstract

Similarity and association measures (SAMs) are used in different areas like Pattern Recognition, Knowledge
Acquisition, Machine Learning, Medical Informatics, Information Systems, Computational Intelligence etc. The

sdection and usage of SAM that is adequate to the type of the analyzed data and to the specific data analysis
problem is the crucial point of any research based on the analysis of the possible relationships between data.

The tutorial discusses the new yw&to look at similarity and association measures and considers the methods
of their construction recently developed by the author. The tutorial usesgtatistical approach to analysis of
SAMs considered as functions satisfying some reasonable prapeftie general methods of construction of
association measures on sets with involution operation using similarity measures and miffatence
operations associated withdonorms are discussed.

The survey of SAMs and their construction on different domm is considered. The new methods of
comparative analysis of SAMs for binary variables and 2x2 tables such as Jaccard & Tanimoto, Sokal & Sneath,
Ochia, Yule, Hamann, Barchirbani etc. are considered and new SAMs are proposed. The measures of
associatdn on [0,1], on bipolar scales, on the sets of fuzzy sets, time sefieplas etc are considered.

Short Biography

lldar Batyrshin graduated from the Moscow Physitathnical Institute in 1975. He received PhD and Dr. Sci.
(habilitation) degrees in983 and 1996, respectively. During 192W03, he served as professor and Head of
Department of Informatics and Applied Mathematics of Kazan State Technological University, Russia, and as a
Leading Researcher of the Institute of Problems of Informaticscaflédmy of Sciences of the Republic of
Tatarstan, Russia. Since 2003 he was with Research Program of Applied Mathematics and Computations of
Mexican Petroleum Institute as Invited Distinguished Researcher, Leading Researcher and Project Head.
Currently he g a Titular Professor "C" of the Center for Computing Research of Mexican National Polytechnic
Institute. He is the Past President of the Russian Association for Fuzzy Systems and Soft Computing, member of
the Councils of the International Fuzzy Systemsogiation (IFSAMexican Society for Artificial Intelligence
(SMIA) and Russian Association for Artificial Intelligence, Senior Member of IEEE (Cl and SMC Societies) and the
member of the Board of Directors of NAFIPS. He is a member of editorial boarelgeodl scientific journals.

He served as a dohair of 10 International Conferences on Soft Computing, Artificial Intelligence and
Computational Intelligence. He is an author and editor of 20 books and special volumes of journals. He was
awarded by the tate Research Fellowship of the Presidium of Russian Academy of Sciences for Distinguished
Researchers; he is an Honorary Researcher of the Republic of Tatarstan, Rudd@anorary Professor of

j O szVRJhiversity, Budapest, Hungary, the Fellow of SMIA #rel member of the National System of
Researchers of Mexico. He presented Plenary, Invited Talks and Tutorials on several international conferences:
FSSCEF 2004, MICAI 2013, CINTI 2015, FCDM 2015, WCSC 2016 etc.
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Tutorial Ill: Cognitive Phase Transitiomsthe Cerebral Cortex: Brait
Imaging Experiments, Graph Theory Models, and Engineering

Applications
October 9 (SundgylnterContinental Budapest, 09:Q2:30, Panorama IV

Y
!

o I

Robert Kozma
University of Memphis, USA

Abstract

This tutorial provides a comprehensive overview of novel brain imaging results for cognitive monitoring. It
introduces mathematical and computational models to interpret the experimental results, and describes
several engineering applications of the findinggth special focus on bracomputer interfaces. The following
main areas will be covered:

1. Overview of new experimental developments in brain imaging, including EEG, ECoG, fMRI, and ME
which indicate discontinuities in brain dynamics at theta rate8 Hz). The observed neural procesgan
are interpreted as neural correlates of cognition.

2. Mathematical theories of brain dynamics, in which brains are viewed as open thermodynamic s
converting fluctuating sensory data into meaningful knowledge. Randgaphs have uniqu
advantages by characterizing cortical processes as phase transitions and transient pert
processes in probabilistic cellular automata. Criticality andaglnization are key components
the model of cortical phase transitisn

3. Engineering applications include novel principles of building autonomous, intelligent robotic sy
Of special interest are neimvasive Brain Computer Interface (BCI) techniques to monitor cognitive
activity of the user and to support healthy braiperation.

The presented material is selontained and it will be accessible to an audience with basic knowledge of signal
processing and neural modeling. The tutorial aims at scientists interested in the newest developments of bral
monitoring and it$ supporting the conference focus area on BCI.

This presentation is dedicated to the memory of Walter Freeman, a pioneer of brain network dynamic:
O2FdziK2NJ 2F GKS F2tft26Ay3 NBEFSNBYyOS YI (S Nanhabyg o/
0KS bSd2NBY 5200NARYS o0& az2RSfAy3 bSdzaNIf CAStRaz a

Short Biography

Robert Kozma (Fellow IEEE, Fellow INNS) is Professor of Mathematics, Director of the CenterSufalearge
Integration and Optimization Netwks (CLION at the University of Memphis, TN, USA. Dr. Kozma holds a
Ph.D. in Physics (Delft, The Netherlands, 199® M.Sc. degrees (Mathematics, Budapest, Hungary, 1988;
Power Engineering, Moscow, Russia, 1982). He serves on the Board of SMC8|2816 is PresiderElect of

INNS (2016). He conducts research on spatioporal brain dynamics and advanced optimization techniques
inspired by brains. His main focus is neuropercolation approach to brain networks, based on random gray
theory and percolBon processes to describe brains as reguilibrium systems at the edge of criticality. He
has published 6 books, and over 250 research papers.
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Tutorial IV: HumarMachine Interaction
October 9 (SundgyinterContinental Budapest, 09:Q02:30, Duna Salokhl

Hermann Kaindl
TU Wien, Austria

Abstract

Usually, courses are given on hura@mputer interaction these days, while in recent years there was a major
shift towards (mobile) devices and machines, with new human intesfa®f course, they include embedded
computers and software, but their interaction with users poses many new challenges and offers new solutions.
Unfortunately, previously educated embedded engineers are often unaware of them and only focus on the
functionality and other technical properties of devices and machines.

This tutorial shows manifold usability problems as observed by the proposer in daily life, beyond those usually
known from graphical user interfaces (GUIs) of traditional PCs (including lepioputers). It explains them by
human factors usually unknown to embedded engineers and motivates user experiencecedtaed and
Usagecentered Design are compared with the result that they typically overlap but have a different focus each
on Interadion Design. Usability Test and Usability Study are explained and contrasted as well. In addition, this
tutorial explains key properties of Multimodal Interfaces and Uls of Mobile Devices. Finally, it culminates in a
sketch of specific challenges of Hurriaabot Interaction.

Short Biography

Hermann Kaindl is a full professor, the director of the Institute of Computer Technology and a member of the
senate at TU Wien. Prior to moving to academia in early 2003, he has gained nearly 25 years of industrial
experience at Siemens Austria. Kaindl is a Senior Member of the IEEE and a Distinguished Scientist Member of
the ACM.
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Tutorial V: Honest Evaluations of Shared Humsiachine Control Systems
October 9 (SundgyinterContinental Budapest, 13:31¥:30, DunaSalon Il
o T

| ? -

Tricia Gibo  Erwin Boer  David Abbink Makoto ltoh Tom Carlson wSy S @1

Delft University Delft University Delft University University of University Paassen

of Technology, of Technology, of Technology, Tsukuba, Japan College London, pelft University

The Netherlands The Netherlands; The Netherlands UK of Technolgy,
University of The Netherlands
California in San
Diego

Abstract

As designers of support systems, we often evaluate our systems in controlled environments, showing fa
performance under conditions for which they were specifically developed. However, there is little agre

on how to honestly evaluate such a system and especially how to compare what appear to be very di
types of support systems. The focus of this tutorial will be on how to evaluate and compare different |
support systems (shared control systems) iealistic manner, thereby honestly exposing the limitations of |
proposed support system. This approach towards evaluation addresses the fact that people will pus
usage/application of support systems beyond their intended boundaries and that suppatsfisictioning is
based on a large number of assumptions, all of which will not always be true in reality. The goal is to develop
framework/ontology that will give attendants: i) a way to place their type of support system in a broader
context of other sipport systems (focus on types/levels of humaachine interactiolp ii) a means to
characterize how a support system alters the task structure (focus on the hierarchical decomposition)of tasks
and iii) a set of methodologies to evaluate their systemdsily by exploring its limitations. This framework
facilitates comparison between apparently different systems, such as manual versus autonomous control ¢
manual control versus shared control. We demonstrate the need and utility of the evaluation taxdmahey
context of driving and then apply it to the shared control application most prevalent within the audience (e.g.
teleoperation, brain machine interaction, medical).

Short Biographies

David A. Abbink PhD (1977) received his M.Sc. degree (2002) Bh.D degree (2006) in Mechanical
Engineering from Delft University of Technology. He is currently an Associate Professor at Delft University
Technology in 2009, heading the Delft Haptics Laboratory (www.delfthapticslab.nl). David was awarded th
best Ph.D. dissertation in the area of movement sciences in the Netherlands )(20@® two prestigious
personal grants VENI (2010) and VIDI (2015). His research has received continuous funding by indust
(Nissan, Boeing). Currently he is aRloon the FHgptics project (www.khaptics.n), where 16 PhD students

and 3 postdocs collaborate on designing hurtentered haptic shared control for a wide variety of
applications. David is an IEEE senior member, an associate editor for IEEE Transaction cMatinmean
Systems, and cfiounder of the IEEE SMC Technical Committee on Shared Control.
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Erwin R. Boerreceived his MSc in electrical engineering from Twente University of Technology in The
Netherlands in 1990 and his PhD also in electrical engineering frerdiversity of lllinois in Chicago in 1995.

In 2000, Dr. Boer founded his own automotive human machine interaction consulting company Entropy
Control, Inc. in La Jolla, CA. Currently he holds a part time associate professor of mechanical engineering
position at Delft University of Technology, is Visiting Professor at the Institute for Transport Studies at the
University of Leeds in the UK as well as part time associate professor of Ophthalmology in the medical school at
the University of California in S&ego. His research interests include computational driver modeling, shared
control, performance assessment, virtual prototyping in driving simulators, and employment of virtual reality
for medical diagnostics and rehabilitation. IHe is now serving aschaio of IEEE SMC Technical Committee on
Shared Control.

Tom Carlsorn(1984) received his PhD in Intelligent Robotics (2010) and his MEng in Electrical and Electronic
Engineering (2006both from Imperial College London, UK. Tom is currently a Lectassistant prof.) at the

ASPIRE Centre for Rehabilitation Engineering and Assistive Technology, University College London. He is also a
Visiting Professor at the University of Valenciennes, France aditexis the INRIA associated team ISI4ANAVE.

His research focus is on developing assistive robotic technology for people with spinal cord injuries. In addition

to his academic partners, he collaborates with Invacare Europe, Dynamic Controls and Rex Bionics. Previously,
he spent 3.5 years as aresearchycieA a G | 0 GKS ; 02tS t 2f & i 9 CWigekldhdzS CSR
where he worked extensively to combine brain computer interfaces (BCI) with robotic wheelchairs and other
assistive technologies. His Ph.D. thesis dealt extensively with both #igndend user evaluation of shared

control systems and he was subsequently invited to present his research to members of the UK Houses of
Parliament at SET for Britain 2009. Tom has been an IEEE Member since 2007 andCIE&ttety member

since 2010He cefounded the IEEE SMC Technical Committee on Shared Control in 2012, with whieh he co
edited a Special Issue of JHRI in 2015. He has published in the IEEE Transactions on Systems, Man, and
Cybernetics: Part B and acted as a reviewer for all partstlaeid successors. Furthermore, he is on the
program committee for the annual IEEE SMC Conference andganised special sessions at HESREC 2012

2015 as well as accompanying workshops/tutorials each year.

a®ad® OwSy SV regklved the MISG de€ey{cum laude) from the Delft University of Technology,

Delft, The Netherlands, in 1988, and a Ph.D. in 1994, both on studies into the neuromuscular system of the
pilot's arm. He thereafter was a Brite/EuRam Research Fellow with the University of kasseny, where he

worked on meangnds visualization of process control dynamics, and a-gostat the Technical University of
5SYyYIFN]® wSyS @ly tFlFraaSy Aa Fy Faa20AF0S LINRPFS&aaz
Technology, working onuman machine interaction and aircraft simulation. His work on humachine

interaction ranges from studies of perceptual processes, haptics and haptic interfaces and human manual
O2y iNRf (2 RSaAdIy 2F | yR AyidSNI Gdisknoymedbeiiok EEE2nGLE SE ¢
AIAA, and an associate editor for IEEE Transactions on HJiachine System.

Tricia L. Gibaeceived the BS degree from the University of Southern California (California, USA) in 2007, and
the MS and PhD degrees from Tlaéids Hopkins University (Maryland, USA) in 2009 and 2013, respectively, in
mechanical engineering. She is currently a postdoctoral research fellow at Delft University of Technology
(Netherlands). Her research interests include human motor control anditegrhumanrobot interaction, and

haptics. She received the Graduate Research Fellowship from the US National Science Foundation in 2007 and
the Link Foundation Fellowship in Advanced Simulation and Training in 2011.

Makoto Itoh received his B.S., M.&nd Doctor's degrees in engineering from University of Tsukuba in 1993,
1995, and 1999, respectively. From 1998 to 2002 he was a Research Associate at the University of Electro
Communications, Japan. After coming back to University of Tsukuba in 2008cd&md a Professor with the

Faculty of Engineering, Information and Systems in 2013. His research interests include shared control,
adaptive automation, and building of appropriate trust as well as prevention of-towst and distrust. He is

now serving aga cochair of IEEE SMC Technical Committee on Shared Control. He is also a member of IFAC TC
9.2 "Social Impact of Automation."

Technical Prograh SMC 2016 Budapest



BMI Tutorial I: Mobile BCI application:

Neurosciencebased design and neurorehabilitation
October 9 (Sunday), InterContin@hBudapest, 13:306:00, Duna Salor

Reinhold Scherer
Graz University of Technology, Austria

Olga Sourina
Nanyang Technological University, Singapore

Abstract

Mobile BCI application has attri@dl recently more attention from the research community and industry as wireless portable EEG
devices became easily available on the market. Now,-ti#S€d technology has been applied in anesthesiology, psychology,
rehabilitation, serious games, design, even in marketing. This tutorial will provide an overview of mobile BCI applications with
emphases on neurorehabilitation and neuroscief@sed design. Statef the art Electroencephalogram (EEG) signal features &
machine learning tools for BMI will besdussed. BMI technology has been increasingly studied in recent years with the aim to help
individuals affected by neurological injuries and disorders (e.g. stroke, spinal cord injury, cerebral palsy) to imprduadtienal
outcome. First results ahis very experimental approach suggest that the combined use of BMIs that detect imagined or attempted
movement, robotized rehabilitation devices and virtual reality positively impact on functional outcome. Another appraacisesBMI
technology to stdy and model neuroplasticity with the aim to characterize mechanisms of motor learning and motor control. This
second approach requires recording of behavioral and neural data from people while they are engaged in motor (rehalgis&son)
This allowdor brain and body imaging. With the rising interest in neurorehabilitation andweald BMI applications, obtaining high
quality data during ambulatory/mobile use is crucial. Recording clean brain signals, however, is very challenging. Motitanenas

well as interferences from dynamic environments can make an analysis difficult. We will discuss current noni
electroencephalograrbased (EEG) BMhsed neurorehabilitation protocols, provide insight into methods and technology, and adi
current open issues. Neuroscienbased or neuroscieneaformed design is a new area of mobile BCI application. It takes its roc
study of human welbeing in architecture and human factors study in engineering and manufacturing. We will share ourhes®l
development of an EERased system to monitor and analyse human factors measurements of newly designed systems, he
and/or working places. The EEG is used as a tool to monitor and record the brain states of subjects during human fagt
experiments. In traditional human factors studies, the data of mental workload, stress, and emotion are obtained t
guestionnaires that are administered upon completion of some task or the whole experiment. However, this method onlyheff
evaluatian of overall feelings of subjects during the task performance and/or after the experimenttiRedEE@ased human factors
S@Ltdzd GA2y 2F RSAAIYSR aeaitsSvya ltft2ga NBaASHNOKSNAE (2 vakiosl t & a
tasks. We discuss retine algorithms of emotion recognition, mental workload, stress recognition from EEG and its integration in
humanmachine interfaces including car driving assistant systemdradfic controller stress assessment and cadets/capastress
assessment systems. The tutorial includes demos of algorithms integrated in CogniMeter system, serious games demos, etc us
Emotiv Epoc device.

Short Biographies

Reinhold Scherereceived his M.Sc. and Ph.D. degree in Computer SciencedramUniversity of Technology, Graz Austria in 2001 and 2008,
respectively. From 2008 to 2010 he was postdoctoral researcher and member of the Neural Systems and the Neuroboticsdsahotator
University of Washington, Seattle, USA. Since 2011, Assistant Professor and Deputy Head of the Institute of Neural Engineering, Laboratory
for BrainComputer Interfaces (BChb) at the Graz University of Technology, Graz, Austria and member of the Institute for Neurological
Rehabilitation and Research dtet clinic JudendoiBtrassengel, Austria. His research interests include BCls based on EEG and ECoG signa
statistical and adaptive signal processing, mobile brain and body imaging and rebetieted rehabilitation.

Olga Sourinaeceived her MSc in @guter Engineering from Moscow Engineering Physics Institute (MEPhI) in 1983, and her PhD in Computel
Science from NTU in 1998. Dr Sourina worked as a software engineer, then as a Research Scientist in MEPhI. For fehésiemiéots Dr.
Sourina waswarded the honorary diploma of the Academy of Sciences of USSR, the Silver Medal of the National Exhibition Centrndf USSR,
the Medal of the Ministry of Education of USSR. After receiving her PhD from NTU she worked as a Research Fellow mftreGCaypitics

and Imaging Technology (CGIT), NTU. Then, she worked as a Senior Scientist in Institute of Computing for Physics ayd i dRtssi.

Since 2001 Dr Sourina she worked as an Assistant Professor in NTU. In 2013, she created a Cogmiti€edpuater Interaction research lab

in FraunhoferIDM@NTU Center, and currently, she is Principal Research Scientist of NTU and is leading research angrojecistrial
Interactive Digital Media (IDM) and Biomedical Engineering in FraunhoferIDM@&\ITier.GHer research interests are in braiomputer
interfaces including regime emotion, stress, vigilance and mental workload recognition, neuroscibased design, visual and haptic
interfaces, serious games, visual data mining and virtual realitysddrina has more than 150 publications including more than 40 research
papers in international refereed journals and 3 books. She gave 15 invited and keynote talks at International conferenses ng&mber of
program committee of international confences, a senior member of IEEE, a member of Biomedical Engineering Society and a member o
International Organization of Psychology.
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BMI Tutorial II: Why bother with advanced

modeling in BCI? Lessons from neuroimaging
October 9 (Sunday), InterContinengdidapest, 16:04.7:30,
Duna Salon Il

Maureen Clerc

Inria Sophia Antipolis Mediterranean, France
WSNBYAS al (d2dz

Lyon Neuroscience Research Center, France

Abstract

The objective of this tutorial ito describe the benefits which neuroimaging models can bring to BCI.
Computational and neurophysiological models as developed in neuroimaging provide features that are closer
to the neural activity and the mental processes of interests than features tlirebservable at sensdevel.

Priors can then be incorporated (e.g. as to the location or polarity of a neural activity of interest), which may
yield more relevant and more robust features.

In the first part of this tutorial session, Maureen Clerc piisent the process of estimating brain activity from

EEG or MEG data. For this purpose, the relationship between sensor measurements and source activity will be
presented. Methods for source reconstruction will focus on those that are applicable wtimealfor BCI
applications. Guidelines will also be provided on when it may be wise to use neuroimaging in BCI.

Ly GKS aSO2yR LINIG 2F GKA&a (dzi2NAIf aSaaizys WSNBYA
human electrophysiology. Bagian inference as a powerful and generic framework for model selection and
model fitting will be highlighted. It will be shown how source reconstruction models, as introduced in Part 1,

can be extended to explain electrophysiological activities in terhmaarlulations of effective connectivity in a

cortical network. As an example often encountered in BCI, auditory oddball paradigms will be used to illustrate
concrete applications of advanced computational and neurophysiological models. In particuldrhé shiown

how such models can address questions pertaining to mental processes such as attention or learning. Finally,
the usefulness of this general framework for online use, in BCI, will be advocated through concrete examples.

Short Biographies

Maureen Clerg research director at Inria, Sophia Antipolis, where she develops new methods for extracting
dynamic information from the living human brain, and in particular, Brain Computer Interfaces. In 2014 she was
awarded the Pierre Faurre prize from tReench Academy of Sciences, recognizing her work in the application
of mathematics and computer science to the life sciences. She had recerdljited a 2volume reference

book on BrairComputer Interfaces."

WS NB Y A S isaah INSERMzEsearcher at thgon Neuroscience Research Center in France. He is working

on methods in human electrophysiology and computational neuroscience applied to cognition and brain
computer interfaces for basic research and clinical applications. He developed advanced moaledin
inference approaches for EEG and MEG data analysis that have been implemented in the SPM (Statistical
Parametric Mapping) software.
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Workshop onWomen in Engineering
October 9 (SundgylinterContinental Budapest, 09:aIP:30,
Duna Salo Il

[ SOSY (S Y20t 04
j 0 dzBrdiversity, Hungary

ClaraM. lonescu
Ghent University, Belgium

Abstract

Inspired by the liaison of IEEE Women in Ergging (WIE) and IEEE SMC Society, and following its mission to
AYaLANBXY Sy3r3asS FyR ROIYyOS 62YSy Ay {al Qa (GSOKy,
in Engineering for the SMC 2016 conference is to promote WIE. As such, it reprefesttisidéiative within the

SMC conferences.

The core of the workshop will focus on CyiMedical Systems topic, and will cover topics in physiological
control systems (tumor control, diabetes confxolmodetbased healthcare applications (anesthésia
knowledgebased systems (cybenedical systemso dziT gAff Ffaz2 SYOoNIOS | 6N
engineering applications (adaptive control, robust control, model predictive control, fractional order control).

Invited Speakers

PasikDuncan Bozenn@University of Kansas, USA)

Maria Pia Fanti (Polytechnic of Bari, Bari, Italy)

ClaraM. lonescu (Ghent University, Belgium)

loana Nascu (Imperial College London, United Kingdom)

W2 K I Yy yij 6 dzZBih@rsityd Hungary)

Rita Dominika Fleinej (0 dzBriversity, Hungary)

Carla M Pinto (Polytechnic of Porto, Portugal)

Cristina I. Muresan (Technical University of Cluj Napoca, Romania)
EvaHenrietta Dulf (Technical University of @igpoca, Romania)

Workshops
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Short Biographiesf the Workshop Organizers

Dr.h- 6 A f & [ S Jdddtyhis BIScYey@é iDelectrical engineering at "Politehnica” University of Timisoara,
Romania in 2000. He received his PhD from Budapest University of Technology and Economics (BME) in 2
From 2005 he was fulktime instructor at BME, Department of Control Engineering and Infion
Technology; from 2010 he wa® associate professor. He defended his habilitation with excellent mark at the
j 0 dzRriversity in 2013currently he is a professor. S & | & BoW4i Re&earch Fellow of the Hungarian
Academy of Sciences between 2012 and 2016mF2012 he wasin associate professor jn 6 dzBriversity.

He established the Physiological Controls Group in 2013. He is vice dean for education joD tteR |
UniversitRd W2 Ky @2y bSdzYlyy CI OdzZf Gé 2F LYyF2NXYFiGA0ad |
and Medical Systems" member form 2010 and IEEE CSS TC on Medical and Healthcare Systems from -
From 2010 he is Membership Development officer of theElEENgary Section and elected vateir of the

IEEE Hungary Section from 2013. From 2015 he has been elected as new chair of the IEEE SMC Hur
Chapter as well. He is IEEE SMC member from 2012 recruiting several young women researchers. His fielc
interest are modern control theory and physiological controls; he has published more than 250 articles havin
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an hindex of 11 and supervised 6 PhD students. In 2015 he is winner of the highly prestigious ERC StG grant of
the European Union.

Dr. ClaraM. lonescugot her PhD degree in 2009 from Ghent University and subsequently the prestigious post
doctoral award for excellence from Flanders Research Foundation (FWO) in Belgium. She has coined the term
WFNF QlGA2y Lt 2NRSNJ AYLISRIy St ammlysis kddyas sick, er publicikicds azeT NI
leading in this domain reported in Web of Science. She is member of the IEEE Engineering and Biology Society
and IEEE Control Systems Society since 2007. She became an IEEE SMC member from 2014CIBEE CSS
aSRAOI f YR | SIHfGKOFINS {eadsSya YSYoSNJ FNBY wnny |-
member. She is also IEEE member in the CSS TC on Standards since 2016. Her research aims to bridge the gap
between mathematical modeling concepts anthiclal practice, therefore bringing an added value to the state

of art in emerging disciplines in engineering. The topics of research cover modeling respiratory system,
classification of respiratory diseases, modeling drug diffusion in anesthetized gatindtdepth of anesthesia

control. Her papers cover application areas in both biomedical engineering as well as process control and
mechatronics. She has 90 publications in Web of Science, a citation index of 11 and shditier af several

special isses in various fields of research.

She is senior researcher and holder of the prestigious Flanders Research Foundation Fdd@tpratfellow

at Ghent University. She is author of more than 150 scientific papers, of which 90 cited in Web of Science with
a citation index of 11. She is PhD supervisor since 2009 and she is currently guiding 8 PhD students. Currently
she is involved in 5 international projects with both industrial and biomedical applications, for identification
and control. Her main researchtéerests include biomedical applications, with identification and advanced
control objectives with special focus on anesthesia control.
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Workshop on Women in Engineering §WIE session on Fractional Order Systems
hNBFYAT SNAY , Glafid. ogfec8 Y2 Ot O&

October 9 (Sundgy09:00-10:30, InterContinental Budaped®anorama V

Session Chair€lara lonescuCristina Muresan

#1718 From viscoelastic models to lung function devices

Clara M.lonescuBE)

This paper presents a systematic overview of models describing viscoelastic properties in respiratory tissue during tid
breathing and affeent lung function testing devices. A technological development timeline is given and current state of
art is evaluated with clinical data in healthy subjects and chronic obstructive pulmonary disease diagnosed patient:
Further technological and methoddaaal improvements are suggested.

Why | care- Personal Story about Balancing Career, Family Life, and Giving Back
PasikDuncan Bozenn@JS)
The talk focuses on the challenges and opportunities faced bynaawacientist moving from Poland to America. It shows
how she balanced career and family life in two different cultures. The excitement and passion for integrating research an
teaching in stochastic adaptive control, a field that spans science, technatogjneering and mathematics (STEM) is
shared. The lecture addresses how all women in science and engineering can make an important change in the mode
world. It describes why she cares about giving back to different communities in different settidigisparthe students in
America have made her happy.

#1128 Coupled fractional spiking neurons
Carla M PintdPT)

We propose a fractionadrder model of two symmetrically coupled Hodghkiluxley equations and study the patterns of
0KS ySdNRByaQ FANAY3I NIridSaed 28 FAYR (GKIF G ¥F2 Nhasésaldticha S
(neurons show the same behaviour at the same time). Also, the spike amplitude decreases with the order of the fraction:
derivative, alpha. This is observed for the three values of the temperature studied. Moreover, for smaller temperatures,
the periodic solutions are sustained for smaller values of alpha. For negative values of the coupling constant the neurol
show antiphase synigronization for the integeorder model (neurons show the same behaviour with a-palfiod phase
shift). In the case of the fractionakder model, we see the disappearance of these -phtise symmetric solutions, &
alpha decreases from 1. Another bifaton seems thus to occur, namely a symmeingaking bifurcation, being agai
alpha a bifurcation parameter.

#1688 Accessible Indoor Navigation based on Linked Data in Hospitals

Rita Dominika FleindHU), Gabriella Simn-Nagy(HU,. | Ny I o t(l®U) { T + &1
The paper provides a data model in the form of ontology which includes the indoor location description of hospiti
indoor navigation features and the accessipildttributes for people with motion disabilities. The possible use of the
ontology is demonstrated by outlining some SPARQL queries for the navigation features of future applications.

Workshops

#1712 Fault Tolerant Distributed Control System with Robust Fraotb Order Controllers

Eva Henrietta DuUffRQ, Daniel T. Timi€RQ, Cristian 1. lacobRQ, Cristina MuresaifRQ, Roxana BottRO)

Fault tolerance or resiliency aspects of lagpale systems with networked embedded sensors and actuators need to be
taken into consideration at design time and not be an aftex-fact addition to an already completed (not necessarily
fault-tolerant) design. While there has been some important progress in4algtrant distributed control systems, most of

the recent work has focused on specific systems and provide answers in particular domains, but offer little insight fo
other applications. The pa&p presents such fautblerant distributed control system architecture, using robust fractional
order controllers. The controller design algorithm is based on dnsipired optimization method. The simulation results
highlight the advantages of the cootrsystem in different fault scenarios.
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Workshop on Women in Engineering (§WIE session on CyberMedical Systems
hNBFYAT SNEY, Glafid. Sopec8 Y2 gt O&

October 9 (Sundgy11:00-12:30, InterCotinental Budapest, Panorama V

Session Chairs: loana Nascu W2 K piy y I { }

#1743 A Natural Ventilation Control in Buildings Based on-Sinulation Architecture andParticle Swarm
Optimization

Maria Pia Fanti(IT), Francesco lannonglT), Agostino Marcello Mangini(IT), Alessandro Rinald{IT),
Michele Rccotelli(IT)

This paper presents a building automation strategy for natural ventilation control and reducing building energy
consumption. An off control is proposed in order to manage the windows opening and realize aatatemtilation flow
guaranteeing indoor thermal comfort. The control logic is based on activation thresholds that are optimized to reduce the
discomfort for overheating and undercooling. In particular, the temperature comfort range dynamically variediagcor

to the adaptive thermal comfort theory. To this aim, a-simulation architecture is proposed: the thermal building
behavior and ventilation dynamics are simulated by TRNFLOW within the TRNSYS software and a Particle Swarm
Optimization algorithm is eployed to optimize the thresholds of windows opening. A case study focusing on a residential
building situated in the Mediterranean climatic context is presented: the thermal comfort analysis shows that the
optimized control logic significantly reduces theerheating discomfort.

#1836 Multiparametric Model Predictive Control Strategies of the Hypnotic Component in Intravenous
Anesthesia

loana Nasc{GB, Efstratios Pistikopoulq®JS)

This paper premnts the development of multiparametric model predictive control strategies for the control of the
hypnotic part of the depth of anaesthesia. Based on a detailed compartmental model featuring a pharmacokinetic and a
pharmacodynamic part, two different cortl strategies are employed and tested comparatively with the nominal mp
MPC. The designed strategies: a simultaneous multiparametric moving horizon estimation and model predictive control
and a multiparametric model predictive control using a switch fog administration of the drug infusion, are able to
tackle some of the most important challenges in control of anaetshesia. The performances of the designed controllers are
tested on a set of 12 patients in the induction and maintenance phase and analgagghratively. The simulations show

good performances and satisfactory behavior.

#1936 An Analysis of a New Continuode-Discrete Time Operator for the Approximation of Fractional
Order Systems

Cristina MuresaifRQ, Robin De Keser(BE)

One of the methods for discretiime approximation of fractional order systems consists in an indirect approach in which a
continuoustime rational transfer function is firstly derived. Then, using different mapping tigcias, the s plane transfer
function is converted to the z plane. In this paper a new mapping technique is proposed. The tuning parameter of this
continuousto-discretetime mapping operator balances the discratme approximation between the classicall&uand

Tustin rules, ensuring an increased flexibility compared to these classical methods. An analysis of the effects of the
changes in this parameter is given, along with some general guidelines for its proper selection. The authors show that for
digital approximation of fractional order systems using the indirect approach, Tustin rule can lead to ringing and should be
avoided. The inverse discrete-continuous time operator is also presented. Numerical examples are provided. The
results show that highaccuracy of approximation is obtained and that the proposed method can be considered as a
suitable solution, compared to classical discretization methods (Tustin).
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#2141 Comparison of protocol based cancer therapies and discrete controller based treatmanthe case

of endostatin administration

W2 Kl yYHU, 5 YAASE |y BN &S SSSNEBRHYNM Gt Oa

In the medical practice, there are several methods to administer-garicer drugs. A commonly used method is the
intermittent bolus doses (BD) administration when the patient receives drug on given days and the therapy has rest
periods between the injections. The amount of bolus doses can be the maximum tolerated doseqiM&4$3. Antcancer

drug can be administered in low doses over prolonged periods without extended rest periods which is calledlaselow
metronomic therapy (LDM). In addition, continuous infusion therapy is applicable within clinical environmepét st a
portable device. The major disadvantage of these methods is the empiricism associated with determining the optimal
biologic dose (OBD). In order to solve the problem, we have designed disioneteontrollers which realize automated
optimal treatments.
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Workshopon Big Data based Technological Innovations on Intelligent Health Serv

in the Clouds
October 9 (SundgylnterContinental Budapest, 09:a2:30, Duna Salon IV

.

Hamido Fujita Enrique Herrere Ali Selamat Amedeo Cda.  Francisco Chiclana

iy

Iwate Prefectural Viedma Universiti Teknologi Research Council o De Montfort
University, Japan University of Malaysia Italy (CNR) University, England

Granada, Spain

Abstract

Big Data technology is new challenges to createn&in profiles, monitor social behavior, provide decision
support based on social trends or discover new service providing opportunities. The objective of this workshc
is to highlight new research directions in providing healthcare services granulesasta@dn Cloud Semantics
based on IoP (internet of People) preferences. The loP cloud will provide ordered preference on people
connection to health needs and crisis services. These two services are represented as knbadedge
systems in loH (internef Health) in cloud semantics, and also internet of Crisis (I0C) in another cloud. Thest
collaborative clouds provide health services to user (specially the elderly) based on semantical analysis
relation to their preferences. System handles theseatibnal (different scenarios) predictions for diagnogi
and healthcare services. We discuss what kind of problems and solutions tacking such technologi
discuss the physical and mental features surroundings elderly situations and representing sditaxd criteria
for decision making. We also discussstelf robots like Nao and Pepper to be used for handling hom
transaction for elderly as application domain. We discuss mutilal sensing to collect physical data
elderly, transfer the di to the cloud, for reasoning and prediction, and then provide mechanism scenari
download to onshelf robot that can handle help tasks for the elderly. We discuss knowlealged system
data mining techniques, multdimensional feature extractioon multidata stream. The best papers from t
workshop will be invited for extended version as journal article for special issue in Knovidadgd Systems
Journal on the topic on these of the workshop.

Indicative Topics

Aspects that are to be discsed in this workshop are:
1 Cooperative clouds, policies and securities
1 Sentimental analysis prediction and subjective criteria of 0P, user preferences extracted from Social Network
1 Trust based decision making models and consensus processes in Socialek@ditng the preferences and
opinions and data from social networks.
Recommender systems in social contexts.
Structure of the cloud based big data context and the most representative crisis evaluation decision
Data source clustering schemes or clasdificeof data sources by attributes
Feature extraction for medical multidimensional data streams in the clouds.
Health predictions based on ndimear data analysis, (Epilepsy prediction, heart diseases, -agsariated
sickness and diseases, etc.)
Emotionspace model for sentiment classification in social media on health informatics
Structured sentiment classification via social context regularization on health informatics
Automatic FAQ generation from social media content support on health informatics
Seniment Analysis of multiple language tweets related to health informatics

=A =4 =4 4 A
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1 Data Mining for medical diagnosis
1 Model based health care for elderly and ICT robotics for health care.

Short Biographies of the Workshop Organizers

Hamido Fujitais Professor atwate Prefectural University (IBUwate, Japan, and director of Intelligent
Software Systems. He is the EditoiChief of Knowledg8ased Systems, an Elsevier journal of high impact
FLEOG2NI ondman0od |'S NBOSAGSR (K 8y in52013, (i Ne fitle of Adddrady / | dz&
t NEFSa4a2N) FNRY jodzRlI ! YAGSNEAGES . dzRIFLISAGZ | dzy 3t NE
many distinguished universities. He is an Adjunct professor to Stockholm University, Sweden, University of
Techndogy Sydney, National Taiwan Ocean University and others. He has supervised PhD students jointly with
the University of Laval, Quebec, Canada; University of Technology, Sydney, Australia; University of Paris 1
PantheonSorbonne, France, University of Gendtly, and others. He led a number of projects including
Intelligent HCI, a project related to Mental Cloning as an intelligent user interface between human users and
computers and the SCOPE project on Virtual Doctor Systems for medical applications.

Enique HerreraViedmareceived the B.Sc. and Ph.D. degrees in Computer Sciences, from the University of
Granada (Spain) in 1993 and 1996, respectively. He is currenthPisielent for Research and Knowledge
Transfer of University of Granada, and Profesaith the Department of Computer Science and Artificial
Intelligence at the University of Granada, Videan of Research in Library and Communication Faculty, and
Director of the Quality Evaluation and Information Retrieval Research Laboratory (SECABAn Hesociate

Editor of several ISI journals: IEEE Transaction on Systems, Man, and Cybernetics: Systems; Knowledge Based
Systems; Applied Soft Computing, Soft Computing; Journal of Intelligent Fuzzy Systems; Fuzzy Optimization and
Decision Making, anbhformation Science. He has published extensively in leading international journals in this
field more than 110 papers in ISl journals. Hisdéx is 41 and he presents more than 5500 citations in Web of
Science. In 2014 he has been identified by ThonRReunters and Shanghai Ranking Center as a Highly Cited
Researcher.

Ali Selamathas received a B.Sc. (Hons.) in IT from Teesside University, U.K. and M.Sc. in Distributed Multimedia
Interactive Systems from Lancaster University, U.K. in 1997 and 1998ctigsly. He has received a Dr. Eng.
degree from Osaka Prefecture University, Japan in 2003. Currently, he is the Director, Center of Communication
and Information Technologies (C)CUTM. He is also a professor at the Software Engineering Department,
Faalty of Computing UTM. Previously he was an IT Manager at School of Graduate StudiddT(dPBe is

the editors of International Journal of Digital Content Technology and its Applications JJD®FAational

Journal of Advancements in Computing Teadbgy (IJACT) and International Journal of Intelligent, Information

and Database Systems (IJIIDS). His research interests include software engineering, software agents, web
engineering, information retrievals, pattern recognitions, genetic algorithms, alenetworks and soft
computing.

Amedeo Cestds a senior research scientist in Artificial Intelligence at CNR and Group Lead at ISTC. He has
founded and currently coordinates activities of the Laboratory on Planning and Scheduling Technologies (PST).
He ha& conducted research in several Al areas like Miggnt Systems, Intelligent Hum&omputer
Interaction, Planning & Scheduling and always pursued the synthesis of innovative Decision Support Systems.
His work focuses on the integration of planning ankestuling in software architectures, the use of constraint
programming for specialized tasks such as temporal and resource reasoning, the synthesis of planning and
scheduling heuristics, the interactive solution of complex planning and scheduling probtesnsvork in

Artificial Intelligence also emphasizes the re@lrld aspects of automated reasoning, in particular focusing on
research topics like robust and flexible problem solving, execution monitoring and -nikatlve interactive
systems. He is cuently exploring the integration of planning and scheduling techniques in new applicative
areas (e.g., crisis managers training) and the synthesis of new cognitive aids for old people by integrating ICTs
and robotics.

Francisco Chiclaneeceived the BSc andhD degrees in Mathematics, both from the University of Granada
(Spain) in 1989 and 2000, respectively. In August 2003, he joined De Montfort University (DMU) as a Senior
Lecturer. In August 2006, he became a Principal Lecturer and in October 2007 lagvavded the title of

Reader in Computational Intelligence. In May 2012, he was appointed Professor of Computational Intelligence
and Decision Making.
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Big Data based Technological Innovations on Intelligent Health Service in the Clouds
Organizers: Hardo Fujita, Enriqgue Herrefdiedma, Ali Selamat, Amedeo Cesta, Francisco Chiclana
October 9 (SundgylnterContinental Budapest, 09:a10:30, Duna Salon IV

Session Chairs: Hamido FyjitéerreraViedma

#1076 Improving queries and representing heterogeneous information in fuzzy ontologies using rgudthular fuzzy
linguistic modelling methods

Juan Antonio MorentMolinera (ES, Ignacio Javier t S NB(EJ, Cabrerizo Francisco JavienES,
Carlos PorcdES, Enrique Herrera Viedm&S)

The appearance of Fuzzy Ontologies hgzaved the way that crisp ontologies use to represent information. Thanks to them, it is possible to represent
information in an imprecise and linguistic way using linguistic modelling and fuzzy sets. Nevertheless, there are alillestnietions thatmust be
overcome. For instance, ontology queries must be performed using a linguistic label set with an specific granularityamfirenments where several
people have to deal with the same ontology, this can be an inconvenient since the chosesergption does not have to be suitable for all of them. In
this paper, multigranular fuzzy linguistic modelling methods have been used in order to deal with heterogeneous information coming fremt differ
sources and to allow experts to choose the lisgjoilabel set that better fits their needs.

#1142 Automated Characterization of Arrhythmias Using Nonlinear Features from Tachycardia ECG Beats
U Rajendra AcharygdSG, Hamido Fujita(JB, Muhammad Adam(SG, Oh Shu Lih(SG, Tan Jen HongSgG,
Vidya K Sudarshg$G, Joel EW KofS8G)

Arrhythmias are abnormal heartbeat rhythms, categorize@i#tser harmless or lifghreatening. Commonly, elderly people are more vulnerable te life
threatening arrhythmias, namely Atrial Fibrillation-E&), Atrial Flutter (AFL) and Ventricular FibrillationR¥). Electrocardiogram (ECG) is the primary
diagnosic tool that can be used to detect and diagnose cardiac abnormalities including serious arrhythmias. Therefore, usigaEatsi we have
proposed a computeaided diagnosis (CAD) system for automated diagnosis of serious arrhythmias. The E@f2 laeatlyzed using thirteen nonlinear
features namely, Shannon entropy, Fuzzy entropy, Tsallis entropy, approximate entropy, Permutation entropy, ModifiedaMuttntBapy, Wavelet
entropy, Sample entropy, Renyi entropy, Signal Energy, Fractal DimeKsiomogorov Sinai entropy and Largest Lyapunov Exponent. Subsequently, the
extracted features are ranked using ANOVA and subjected to automated classification usingleheest Neighbor (KNN) and Decision Tree (DT)
classifiers. In addition, the extracideatures are trained and tested with tenld cross validation analysis. DT classifier yielded 96.3% accuracy, 99.3%
sensitivity and 84.1% specificity with 14 features and the KNN classifier yielded 93.3% accuracy, 97.5% sensitivity specifieiBpdsing 12 features.
Positively, the proposed CAD system is able to assist the clinical staff in the arrhythmias diagnosis by making theapteccessl fsimpler.
Consequently, the necessary treatments can be given expeditiously.

#1144 Automated Diagnos of Coronary Artery Disease using Nonlinear Features Extracted from ECG Signals
Chaitra Sridha¢IN), U Rajendra AcharygsG, Hamido FujitgJP, G. Muralidhar BairgIN)

Coronary Artery Disease (CAD) is one of the hazardous heart disease which results in angina, Myocardial Infarctiorufdd8ra@dr8iac Death (SCD).
CAD is a cardiac disorder in which a plague develops in the interior wall aftérees resulting in blockage of blood reaching to the heart muscle
Electrocardiogram (ECG) is the cardiac signal which represents cardiac depolarisation and repolarisation regulatedaattio the chest. The minut
variations in amplitude andutation in the ECG wave specifies different pathological conditions which are tedious to interpret visually. Hence cqd
aided diagnostic systems are used to monitor ECG signals. In the present work, automated diagnosis of CAD is doneetsiipigistiTransform
(DWT) and nonlinear feature extraction techniques like; Multivariate Mchile Entropy (MMSETsallis entropy and renyi entropies. The extract
features after DWT are ranked based ewatue and fed to K Nearest Neighbour (KNBupportVector Machine (SVMProbabilistic Neural Networl
(PNN) and Decision Tree (DT) classifiers for automated classification of normal and CAD classes. This technique prnahest dbeuracy of 98.67¢
using KNN classifier. Hence, the proposed systenaichdlinicians in faster and accurate diagnosis of CAD and thereby provide sufficient time for
treatment.

Workshops

#1378 Proactive Healthcare and an Early Warning Mechanism for Coronary Artery Disease Patients using lrdér
Thing Devices

TunWen Pa(TWw)

Ubiquitous Internet environment and matured key technologies of sensing devices provide diversified applications of dfit@imag (IoT). IoT in
intelligent healthcare is one of the major topics for convincing powerful functiérieToregarding the promotion of national health policies, strategies,
and plans. However, according to statistics reports, annual global mortality for cardiovascular diseases remained @9%igbfaghich coronary artery
disease (CAD) is accounted ###%. Unfortunately, almost half of the patients not knowing they are at risk of cardiovascular diseases until serious
symptoms occurred. Here, we proposed an early warning system by integrating 10T, big data, and cloud computing techhatbgieysicly linked

among personal communication devices of patient/doctor, cloud systems, and hospital medical information systems. Theoligsterpersonal heart

rate and metabolic equivalent (MET) features from calibrated fithess devices wore by userspresponding fitted curves are dynamically calculated
and compared to previously trained curve patterns from 213 patients with heart diseases and 124 healthy individuals otyemgstem was already
successfully developed and validated by a coupkesting cases with excellent performance. To ensure the robustness of the proposed system, now we
are evaluating system reliability and trying to collect more testing samples for further validating effectiveness of tiwg@ituealthcare mechanism.

#1450 Collaboration Patterns of Researchers Using Social Network Analysis Approach

Nur Hazimah Khali(MY), Roliana Ibrahin{MY), Ali Selama{MY), Mohd Rashdan Abdul KadMmY)

Researchers create larger networks of contacts through research collaboration, known as collaboration networks of reskaocterso promote and

to have effective collaboration among researchers, the collaboration patteeesl to be accessed and analysed to elevate research and publication
(R&P) performance. However, the collaboration patterns have not been accessed in the context of Universiti Teknologi (Malstysiasearchers.
Thus, it brings the aim of this researah &nalyse research collaboration patterns among UTM researchers using Social Network Analysis (SNA)
Researchers from Faculty of Electrical Engineering (FKE) were chosen for our analysis. We have 1446 cleaned publiésfonssearthers to
construct collaboration network of FKE and its departments. Our findings show that FKE researchers have fevaeparterents collaboration.
Department of Control and Mechatronic Engineering (CMED) has denser network compared to other FKE departments. Besidandlsainfluential

and reliable researchers were identified based on SNA measures. The findings derived from this study are very helpégitodsitession makers in
UTM to have a strategic plan in empowering research collaboration efforts. Itajivaklernative to existing methods in evaluating R&P performance of
researchers in UTM and promotes researchers to conduct research collaboration.
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#1965 Interval Type2 Fuzzy DSS for Unbiased Medical Diagnosis

Marco Pota(IT), Massimo EspositfiT), Giuseppe De Piet(oT)

Technological innovations coupled with the rapidly expagdamount of medical data digitally collected and stored have
made possible to develop advanced Decision Support Systems (DSSs) able to aid physicians in medical diagnosis, by
helping them in classifying among different diseases. Building this typoloD$$$§ preliminarily requires the extraction

from huge sets of clinical data of hidden relationships between possible classes and known features. This task is very
thorny due to information uncertainties affecting features as well as biases regarding pabalglities of classes,
depending on the environment and conditions of data collection. To address these problems, this paper presents an
approach for building an interval tygefuzzy DSS able to handle information uncertainties and perform unbiasedahedi
diagnoses, by adapting interval tyefuzzy sets to a medical dataset. A proof of concept is given by applying the
proposed approach on a benchmark medical dataset. A comparison is performed between i}lafogzy system with

prior probabilities ettacted from the dataset; ii) an interval tyge fuzzy DSSs modelling nbiased prior probabilities;

and iii) the best known classification methods. This comparison is made both when prior probabilities are fixed, i.e. when
the system is evaluated by aratified crossvalidation technique, or while no assumption is made about prior
probabilities. Results show that the proposed approach reach good performance in most of the cases, thus evidencing the
usefulness of extracting an interval ty@efuzzy systemot based on biased prior probabilities, for obtaining more reliable
results.

#1979 A hybrid reasoning system for mobile and intelligent health services

Aniello Minutolo(IT), Massimo Esposit@iT), Giuseppe De Pietr@dT)

Recently, innovative and mobile health services have been developed by embedding knohdsddesystems, with the

aim of remotely promoting wellness and healthy lifestyle, monitoring patients' chrongasés and improving their
adherence to therapies. Even if different knowledugsed systems have been proposed for mobile devices, they are
typically based on precise production rules built on the top of ontological primitives for describing the donratierest.

Thus, they are not able to handle medical knowledge graded and affected by uncertainty, which often underlies medical
decisionmaking processes. In order to address this topic, this paper presents a hybrithasgd reasoning system for
mobile devices aimed at enabling the realization of intelligent health services. This system is essentially characterized by
two main features: i) a hybrid knowledge representation approach for modelling productions rules involving both precise
and vague informabn by integrating ontological and fuzzy primitives; ii) a lazy reasoning algorithm able to efficiently
process this hybrid knowledge and timely produce answers. A case study has been arranged in order to evaluate the
effectiveness of the proposed systenitlin a mobile application for detecting heart arrhythmias.

0
Q.
(@)
e
%)
-
S
(@)
=

#2101 Cloudbased Health Monitoring System Based on Commercial®é Shelf Hardware

Gajo Svetozar Petrovidh, Vladimir Dimitriesk{JB, Hamido FujitaJP)

In this paper we propose a thrdayered architecture for the implementation of clodmhsed health monitoring sysem

that utilizes ubiquitous commercial health measuring diees. The main advantage sxich a solution over the solutions

that use proprietary medical hardware, is the availability and number of existing health devices and relying on the
expertise of their vendor. We also identify critical issues and problems that could arise in eachflayeh @ system.
Finding a solution for these issues will be a main requirement for the future implementations of the system.
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L999 {al H N Mc @& BrainW&chine hidfadekSgstems will be held October-8#th, 2016 in

Budapest as part of the program of SMC 201i6e flagship annual conference of the IEEE Systems, Man, and
Cybernetics Society. This event will also host the second IEEE Braiivén&nnual Meeting. The theme of this
8SINDa ¢2N] akKz2LE ¢gKAOK Ay@2t @Naghingl BySemd, vnd Cybbichetics, 2sy 2 F
dbSs wSaSI NOK hLILRNIdzyAGASE YR LYRdZAGNARLFE ! LILIX A O @

IEEE President and CEO Barry Shoop will open the BMI Workshop and give an invited Datkuptive
Innovations as a Vehicle to Develop Critical Thinking, Creativity and Innovation Skills".

We would like to welcome all SMC 2016 delegates who are dithielved or interested in learning more about
the state of the art and future challenges in Bidlated topics including sensor technologies, machine learning,
big data, neurorehabilitation and standards to attend this workshaich is offered free oftwarge.

The workshop is organized by the IEEE SMC Technical Committee eN&thine Interfaces Systems and is
technically cesponsored by the IEEE Brain Initiative, IEEE Computational Intelligence Society, IEEE Consumer
Electronic Society, IEEE Coundil Electronic Design Automation, IEEE Engineering in Medicine and Biology
Society, IEEE Magnetics Society, IEEE Robotics and Automation Society, IEEE Sensor Council, IEEE Sign
Processing Society, IEEE Society on Social Implications of TechnologylidEFt&teSCircuits Society, the IEEE
Standards Association and the IEEE Systems Council.

The goal of the workshop is to facilitate the interaction and intellectual exchange between all researchers,
developers and consumers of this technology. The tatelvances, innovations, and applications will be
presented. Topics such as decoding accuracy, task performance, human factors, decoding algorithms, and
feedback represent both challenges to the field and a tremendous opportunity for collaborative and
multidisciplinary research, involving not only peers with expertise in the field of BMI, but also expertise in
systems engineering, humanachine systems, cybernetics, and/or other disciplines. Thedfyeworkshop

will feature multiple activities includingutorials, a special session on standards, three panels, a number of
prominent invited speakers from industry and academia, presentations of contributed papers anddaywo

Brain Computer Interface Hackathon.

A highlight of the workshop is a session omaaercialization of technology held on October 10th, entitled
CCNRPY wSaSIFNOK G2 {OASYGAFTAO . NBIF]TOKNRdIZAKA Witk L Y LIN.
speakers Reese Jones, Founder Farallon, Netopia, BMUG; Joel Libove, Founder Furaxa; Bttractidtason

Dambrot, Founder Transinopia, Critical Thought | TV; and Bernt R. Wahl, Founder Factle, Datahunt, Dynamic
Software.

We are also pleased to have the following invited speakers:

T w2asS /IN¥YSylF 6!/ . SNJ St Se 0 =mafiad intedHatausysteinsS Begr@ingg S & LJ
toactinthecybetJK @ aA Ol f 62NI Ré" KStR 2y hOGi206SN) mn

1 w2aS RSt w®dNearaptosthetics: Bhe tol€ pf th¥ brain's error monitoring systemK St R 2 y
October 16

f Paul Sajda (Chair IEEE Brain Initiative; Columlyfish S NEA 1@ 0Y dabSdzNF £ O2 NNBf |
Enabling brair02 Y LJdzi SNJ Ay G SNFI OS& F2NJ f+F6St"™My3a 2dzNJ Sy dA N

1 Jose C. Principe (University of Florid8)oward cognitive integration of prosthetic deviédseld on
October 1%

Moreover, there will be two focused special sessions. The IEEE Sensors Council has organized a special session
GAGK FAGBS LINPYAYSY(dl AYy@GAGSR aLISIF{SNBR ¢oK2 gAatft Gl €]
on October 12. In addition, a fultay special session focused on BMI and neurotechnaielgyed standards

will take place on October™ This session, supported by the IEEE Standards Association, will discuss how
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standardization of technologies such as BMI, Augmented Reality (AR)\Reakty (VR), and other wearables,
is needed to support integration and help accelerate the translation of these devices to commercialization.

The Brain Computer Interface Hackathon will be held on Saturday, Oct8kemBSunday, October™ It is
sponsored and organized by VSP, VSP the Shop, Vizzario, Qusp, IEEE Brain Initiative, and IEEE SMC S
There are over $8,000 in prizes in cash and hardware prizes donated by the sponsors and organizers.

Two tutorials are held on the afternoon of Sund&ctober g:
1 Mobile BCI application: Neuroscierbased design and neurorehabilitation
1 Why bother with advanced modeling in BCI? Lessons from neuroimaging

¢tKS 2Nyl akKz2L) faz2 FSFdidNBa GKNBS LI ySt a&alankBy a
Berkeley):
§ dmportant Topics in Designing and Building Real World BMI: What istNevi®Sf R 2 y" h O 26
1 d&How Research and Methodologies in Systems, HulMachine Systems, and Cybernetics can be
applied to BMI" held on October 11
T G2 KI G258 ¢S NYySRZ 2KSNB 52 28 D2"CNRY | SNBKé K

This year we also have 80 contributed papers. All of them were carefullyr@éerved by at least two experts

and will be published in the conference proceedings. The IEEE Brain InitiatiRapestAward will be given to

the best paper at this workshop, and five IEEE Brain Initiative student travel grants will be awarded. Besidi
this, all papers in the workshop will be eligible for SMC's Franklin V. Taylor Memorial Award and Best Stude
PaperAward. Contributions will be presented in technical sessions addressing a variety of topics including:
Adaptive and sei€alibrating BMI systems for independent use

BMI for motor/cognitive rehabilitation and assistance and for neurodriving
Brain and humammachine interaction

Health and norinvasive wearable BMI

Machine learning methods for bratomputer interfacing

Multi-modal brain computer Interface and physiological computing
Neuroscience based design: fundamentals and applications
Neurostimulationand BMI

Performance metrics and human factors for BMI training and operation
Real world applications of brain computer interface systems

Recent advances in BMI Speller

Sensor systems for BMI and prosthetics

BMI Workshop

=4 =4 =4 =8 -8 -8 -8 a8 a8

Finally, we would like to thank all the orgaaiions and individuals who worked hard in organizing this
Workshop. We especially thank the IEEE Brain Initiative for their generous funding and support of thi
workshop. We also thank the Brain Computer Interface Hackathon supporters: IEEE SMC Sibtiety EERE
Brain Initiative (sponsors, prizes, and funding), Vizzario (organizer, management, equipment, funding ar
prizes), Qusp (management, equipment, and prizes), Hardware/software manufacturers: (equipment an
funding) Gtec, VSP the Shop, and Intergxhardware) Brain Rhythm Inc., Cognionics, Emotiv, InteraXon, NCU,
Neuroelectrics, NeuroSky, OpenBCl, Wearable Sensing, Thalmic Myo, Oculus Rift, HTC Vive, and DBglove.

SMC 2016 BudapeffTechnical Progra



Michael H. Smith

Char

m.h.smith@ieee.org

University of California, Berkeley, USA

SeongWhan Lee
CoChair
sw.lee@korea.ac.kr
Korea University, Korea

Vinod A Prasad

CoChair

ASVinod@ntu.edu.sg

Nanyang Technological University, Singapore

Ricardo Chavarriaga

CaChair

ricardo.chavarriaga@epfl.ch

902tS t2f@0SOKYAIl dEPFI0RiRGNddE S RS [ | d

o
o
e
0
4
—
=
>
m

Ljillana Trajkovic

Technical Program Chair
ljilja@cs.sfu.ca

Simon Fraser University, Canada

I IsETEENmns 22 .

Al ] IEEE
SMc 50 4 IEEE @ MAGNETICS @ — g Iti:,t':‘lllii':)':lltcl:“l||
Systemns, Man, and Cybernetics Society 4 IEE - IEEE Council on Electronic Design Automation S‘ocw ety

== \/ Robotics &
IEEEDrQIn E!'E C?ﬁt’éza"’""" fzwmmw%ﬂ SSIT

Technical ProgralnSMC 2016 Budapest



A gathering such as IEEE SM@626rings together great minds. We invite you to be a part
of the Brain Hackathon, where participants are engaged in a brainstorming and
collaborative rounehe-clock marathon, designed to rapidly produce working prototypes.
The goal of this particular 8in Hackathon is to stretch the boundaries of Brain Computer
Interface (BCI) technology, to put creative minds from many disciplines together, and to
provide an environment for innovation, entrepreneurship, and creation of
applications/products that havergat potential for commercialization. Participants will have
the opportunity to participate in a number of challenges. Cost to participat&ESE

Over $8,000 in cash and hardware prizes, including at least $5,000 in Vizzario/VSP Brain Hackathan Prize
$1,000 IEEE Brain Initiative Brain Hackathon Prize, a $1,000 IEEE SMC Brain Hackathon Prize, and a $1,00(
Prize will be awarded. Individual or team participants (each up to 5 persons) are welcome, with a limitation ¢
130 individuals/26 teams. |IEERembers will be given priority. Seéttps://abc-accelerator.com/budapest
hackathonlearn-more-page!.

Preliminary Schedule
October 8, 2016
9:00 Introduction, overview, indusy talk, group formation, general rules and

guidelines, choosing topic of work, starting preparation work
11:00 Submission of Project Title and start of work
12:00 Lunch Break (1 hour)
16:00 WdzNE YI{1Ay3 NRBdzyRa 6 OKSO{ peyt&am)ii S| Y
18:00 Dinner Break (1 hour)
22:00 WdzNE YI{1Ay3 NRBdzyRa 6OKSO{Ay3a GSIY §'
00:00 Midnight Break (1 hour) 2
October 9, 2016 o)
8:00 Breakfast Break (1 hour) =
10:00 WdzNE YI {1 Ay3 NRBdzyRa ¢ OKxSSOriinkpef Bam) S| Y S
12:00 Lunch Break (1 hour) @
13:00 WdzNE YI{1Ay3 NRBdzyRa 6OKSO{Ay3a GSIY
14:00 Project Submission, followed by Project Demos and Jury Evaluation
15:30 Awards Presentation
16:00 Hackathon ends
18:30 Sekcted winners have projects on display/demos at SMC reception
October 10, 2016
13:00¢ 18:30 Selected wnners have projects on display/demos at SBI@I Workshop

Contacts:Jakob Gajsek jakob@abeacceleraor.com; Khizer Khader Khizer@vizzario.com

October 8 (Saturday), 09:a1B:00, InterContinental Budapest, Ballroom I
October 9 (Sunday), 09:a3:00, InterContinental Budapest, Ballroom Il

IEEE SEEn

s .. o
SMC___  ebroin vse. e Qusp
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Special Sessian Standards

IEEE STANDARDS ASSOCIATION

2016 IEEE International Conference on
Systems, Man, and Cybernetics (SMC2016)

BMI Standards Session
October 9 (Sunday®8:30-17:00,InterContinental BudapesBallroom Il and panorama |

The SMC 2016 provides an international forum for researchers and practitioners to reptrithgminute
innovations and exchage ideas and advances in all aspects of systems science and engineering, human
machine systems, and cybernetics.

During this session on BWHlated standards, organized by thHE&EE Standards Associatiothe use of
neurotechnologies for invasive and nmvasive practices will be discussed. How this technology is
implemented for surgery, Augmented Reality (AR)/Virtual Reality (VR), or wearables, and how standardization
of the technology is needed to support integion and help accelerate the translation of these devices to
commercialization. This session is open to the attendants to IEEE SMC conference.

Topics to be discussed:

What is a BMI standard?

Should there be a separate set of standards for clinicalremeclinical applications?

What would a framework for standards on diverse topics, plus their interoperability look like?
What are the biggest challenges to using these technologies?

What are the highest priorities or the biggest challenges that can beeaddd by standards?
What needs be addressed in the next 3 years?

Is there a need for standards on the reliability of these systems in terms of performance?
Should standards be set to protect from thiparty access?

Is it the role of standards to definehich information should or should not be stored? Or whether
encryption/anonymization is required.

BMI Workshop

=4 =4 =4 =8 -8 -8 -8 -4 -9

This session will be composed of short presentations and panels with different stakeholders from the private,
academic, and regulatory sectors. Ample times lgeen reserved for discussions with contributions from the
attendants, including breakout discussion sessions on standards gaps for clinical amtiniceh BMI
applications. Plenary sessions will take place on the Ballroom lll. Breakout roundtab881@:30) will take

place in the Ballroom Il and Panorama I.

Contact personsBill Ash w.ash@ieee.ors, Carole Carey.carey@ieee.ors,
Ricardo Chavarriagaisardo.chavarriaga@epfl.ef Cherry Tomxstom@ieee.org

The outcome of this workshop will be used to drive establishment of the standards committee on
Neurotechnologies.

http://go.epfl.ch/smc2016 bmi_standards
http://standards.ieee.org

Technical ProgralnSMC 2016 Budapest
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Program Special Session on Standards

9:00 AM Welcome: Michael H. Smith, Chair SMC2016 BMI Worksho
Ballroom Il Opening Remarks and Moderation: Ricardo Chavarriaga (EPFL)
Signal acquisition and stimulatiefPanel |
Aureli SoriaFrisch Neuroelectrics Barcelona, Starlabs, Spain
9:15¢ 10:30 Christoph GugéFrancisco Fernandes, g.Tec, Austria
Ballroom Il Brain, Behavior and AR/\¢APanel |l
1 Gangadhar Garipel[TBD), Mindmaze, Switzerland
1 Khizer KadetMohan ReddyVizzario/VSP, USA
10:30¢ 10:45 Break
Data analysis and sharinganel Il|
T Tim Mullen Qusp, USA
10:45¢ 12:00 1 Louis MayaudMensia Technologies, France
Ballroom Il BMI evaluation with endisersc Panel IV
1 wW2as |/ idal MBoNstod, USA
I Reinhold SchereiTU Graz, Austria
12:00¢ 13:00 Lunch
Why do standards Matter? Moderator Bill Ash (IEEE Standards)
1 Carole Carey Standards & Braimitiative overview
13:00¢ 14:30 1 Hasan Ayag Brain, Behavior gnd AR/VR
Ballroom III T May Wang; Needs and gaps in standards
1 Felipe AguelNIH/NINDSWhy standards are needed in medical
devices
1 Walter Besia; EEG, sensors and signal processing
Roundtable discussion: Weabes, fMRI, MEG, Invasive and hdnvasive
technologies
BMI systems are composed of several interconnected devices (e.g., EEC
acquisition, AR/VR lhlsets, etc.)
14:30¢ 15:15 1 Clinical and Noxlinical applications
Panorama | 1 How should BMtelated standards address the interoperability of
Ballroom Il these (heterogeneous) devices?
1 How are technologies that are different able to be integrated?
Current data formats (e.g., EDF) were cdn@@S R T2 NJ a2 NR y
f221X aStidAay3laod LA GKSNB | ySSR
information gathered during BMI experiments and operations?
15:15¢ 15:30 Break
15:30¢ 16:00
Panorama | Roundtable discussion: Wpup and readout preparation
Ballroom Il
16:00¢ 16:30 Readouts from the roundtables
Panorama |
16:30¢ 17:00
Panor;ma I Wrap up

SMC 2016 BudapepfTechnical Progra
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From Research to Scientific Breakthroughs to Improving the Lives of Pe&pla:Unique Paths
Organize: Bernt Wah|Chair: Michael H. Smith
October 10 (Monday), InterContinental Budapest, 1618530, Ballroom {lil

Reese Jones Joel Libove Stuart M. Dambrot Bernt R. Wahl

Founder: Farallon, Founder: Furaxa, Founder: Critical Founder: Factle, Datahuni
Netopia, BMUG Ultraview Thought|TV Dynamic Software

billions of people and feed it in meaningful and selectively tailored ways to others, enalbli
global collaboration in an augmented environment?

What dces it take to create, invent, and develop revolutionary new technologies that most cannot even envision? Some
factors behind scientific breakthroughs are:

1 A burning need and passion to see a longstanding problem solved.

1 A wide breadth of expertise in thi®under and colleagues, crossing multiple disciplines, are needed to devise a
viable solutionc often where others have failed.

1 The tenacity to stick with a tortuous development path riddled with technical challenges, naysayers, lack of
capital and otheresources, regulatory issues, etc.

1 The ability to quickly alter course along the way, as well as knowing when to stay the course despite
overwhelming difficulties!

1 Creativity- the gift of being able to visualize and analyze problems in unconventioagd.wMay be enhanced
through exposure to external stimuli, such as art, listening to or playing music, hiking in nature and conversing
and collaborating with others.

1 A creative and dedicated team given the freedom to invent and take risks, tempered vidange and
encouragement from the founder.

I The ability to recognize when research results become sufficiently significant and mature to be developed into a
product, and when they are not.

In this session, founders from companies collectively worth o&ebiffon will share tales of pathways from research ideas
to scientific breakthroughs to consumer/user produetsow they went from identifying and finding solutions to scientific
problems, ascertaining/recognizing/discovering customers, and buildingeh&rprise using various models including:

1 Grow as you gq letting early customers finance development Al

1 Partner(s), consortia and virtual corporations =it

1 Leveraging existing technologies to develop new products i A

1 Licensing out technologies to provide revenu

1 Raising investment capital

From a founder who repurposed ICs developed for defense to enable a wearable brain imager that unexpectedly shows
promise for functional brain imaging, to another founder who used the power of computing to visualize chaos
mathematics,to another who created high level security for mobile platforms, and finally, to another who analyzes deep
structure conceptual and neural connections between multiple areas of knowledge and creaty; story will be
exciting and unique.

Fou such scientific product genesis successes, some carefully planned, others serendipitous, but all with the potential to
help mankind, are briefly presented by the founders who helped make them happen.
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Second IEEE &n Initiative MeetingHeld During SMC 2016 BMI Workshop
October 1L (Tuesday, 14:00-15:30, InterCatinental Budapest, Ballroom |
Chair Paul SajdaCaeChair:Jose Carmena

The IEEE Brain Initiative [brain.ieee.org] was launched with the .-'-'..—';
mission to facilitate crosdisciplinary collaboration and o—.—.:-
coordination to advance research, standardization and -_ -

development of technologies in neuroscience to help improve t
human condition. After the success of the first IEEE Brain InitlaIE E E rO l n
Meeting which took place December 2015 at Columbia Universi

we invite you to participate in the second IEEE Brain Initiative Meeting, where you will hear abdatette
brain reseach and developments from various IEEE Societies and Councils involved in this initiative, and b

part of the strategic discussion to plan for new endeavors and identify new opportunities

It is free to attend the IEEE Brain Initiative Meeting, whicheisl during the SMC 2016 BMI Workshop. We
highly encourage participants to the IEEE Brain Initiative Meeting to also register and attend the SMC 2016 B
Workshop. The IEEE Brain Initiative is a technicalpoasor of this Workshop, along with eleven 1EEE
Societies and Councils and the IEEE Standards Association.

/ A E‘ IEEE
‘-A}E | IEEE Antennas and Propagation Society S “IEEE oC’ c Computational

CAS Intelligence
IEEE Commummzmns Society

Plor o Society

IEEE

computer V &IEEE 7 = i
psocuety EON‘_B MAGNETICS ¥ @ q. Soey

IEEE
/ e R IEEE SOLID-STATE
e e SSIT - (8] " S o SIVIC

Slgnal Processing Sockly Systems, Man, and Cybernetics Society

BMI Workshop

IEEE
DigitaIan‘leF

Chair, Paul Sajda, Ph.D., Columbia University
CoChair, Jose Carmena, Ph.D., University of California, Berkeley
Senior Advisor, Metin Akay, Ph.D., Universitijdouston
Senior Advisor, Michael H. Smith, Ph.D., University of California, Berkeley

SMC 2016 BudapepfTechnical Progra



9:00- 18:00
81h
October Brain Computer Interface Hackathon
Satur Room:Ballrooml|
day
9:00¢ 9:15 9:15-10:30 9:15-10:30 10:45-12:00 10:45-12:00 13:00- 14:30 14:30¢ 16:00 16:00- 17:00
BMI Standards BMI Standards| BMI Standards| BMI Standards BMI Standards BMI Standards BMI Standards
Session, . . . . Sesgin . BMI Standards
Openin Session Session Session Session Discussion: Session Session
P g. Panel I:"Signal | Panel II:"Brain,| Panel Ill:"Data | Closing Panel | ,, ' Roundtable
Remarks: L . . N . 'Why do . . Readouts from the
) Acquisition and| Behavior and | Analysis and | "BMI Evaluatior] Discussion
Michael H. : - N - . " Standards ) Roundtables and
h . Stimulation AR/VR Sharing with EndUsers " Room:
9 Smith . . . ) Matter?" Wrap up
. Room: BallroonfRoom: Ballroon|Room: Ballroon] Room: Ballroon| ) Panorama | .
Octobe Room: Room: Ballroom| Room: Panorama
1 11 1 1] Ballroom 11l
Sunday| Ballroom Il 1
9:00- 16:00 13:30- 15:00 15:30-17:00
. Tutorial i _Mob||e BCI App_llcat|on: Tutorial ll: "Why Bother with Advanced Modelir|
Brain Computer Interface Hackathon NeuroscienceBased Design and . . .
] S in BCI? Lessons from Neuroimading
Room:Ballrooml| Neurorehabilitation -
) Room:Duna Salorl
Room:Duna Saloril
13:30-14:15 14:15-15:00 15:30- 16:15 16:15-17:00 17:00- 18:30
BMI Opening SessiarBarry L. Founders Keynote
Shoop panell: "Important Topics Invited Lecturel: Founders Keynote Sessiq  Sessiorl: & C N2
10" 2016 IEEE President qu CH in Dein ni: and BuiIFZjin db SdzNR LINE & I: 6From Research to Research to Scientifig
G5AaNVzZLIG A 38 U gning Role of the Brain's Error| Scientific Breakthroughs { Breakthroughs to
October : - Real World BMI Systemsg 7 . . . A
Vehicle to Develop Critical . . a2y Au2NRAY 33| Improving the Lives of | Improvingthe Lives of
Monday L o What is New? o . ) . ) i
Thinking, Creativity and Room: Ballroom HII W2 &S RSk y v[People: Four Unique Patty People: Four Unique
LYy2@0lF A2y ' Room: Ballroom HIl Room: Ballroom HIl tFiKaé
Room: Ballroom HII Room: Ballroom HII
9:30- 11:00 11:00- 11:45 11:45-12:30 14:00- 15:30
11" Invited Lecture I1: [ 5 oecoo
Octobe BMH BMI-II GbSdNF £ /2N ) =
" o . BMI-II . . ~ | and Methodologies in IEEE
Tuesda) "Performance Metric{ "Adaptive and sek N a! KI € aBhablhy L
A . Health and Non . Systems, Human Brain Initiative
and Human Factors calibrating BMI . BrainComputer . .
. Invasive Wearable . Machine Systems, ang Meeting
for BMI Training and systems for " Interfaces for Labeling ?
o . W BMI . A Cybernetics can be (open to all)
Operation independent use ; our Envirorty Sy U ¢ . " )
(©F ) . Room: Ballroom | : Applied to BMI Room:Ballroom|
o Room: Panorama || Room: Panorama V Paul F. Sajda )
. Room: Ballroom |
-% Room: Ballroom |
x 9:30-11:00
§ BMHV BMIV BMIVI BMIVII ,,Macﬁmg\fgamm BMLIX
"Real World Application; "BMI for Motor/Cognitive|  “"Neuroscience Based "BMI for ng " . .
— . S - .. .| Methods for Brain | "Neurostimulation
S of Brain Computer Rehabilitation and Design: Fundamentals aif Neurodriving Computer Interfacing and BMI"
m Interface Systems I" Assistance " Applications" Room: N .
) ) ) | Room:Bellevue3
Room: Panorama | Room: Panoram& Room: Duna Salon Il Ballrooml| .
Room:Bellevue2
11:00-12:30
BMI-X BMI-XI BMI-XII "Brair?';/lrll_é(ll!lluman BMI-XIV
"Real World "BMI for "Multi-Modal Brain ab OKAYS L "Machine Learning BMI-XV
Applications 6Brain Motor/Cognitive  |Computer Interface an ¥ Methods for Brain | "Sensor Systems fq
12" Computer Interface Rehabilitation and Physiological X _ ,_: o Computer Interfacing|BMI and Prostheticg
" ; " P al ¢ NA 0 dzu S h ;
Odober Systems Il Assistance Il Computing A& 1l Room: Bellevue 3
; - . CNBSY!l Y .
Wedned Room:Panoramal Room:Panorama V Room:Ballroom | . Room:Bellevue2
d Room:Ballroom |l
-oay 14:00- 15:30
BMI-XVI Invited Speakers (Sensors Council): BMEXVII
"Real World Applications of Brain Compute| "Sensor Technologies for Multimodal Brair " )
" o Recent Advances in BMI Spéller
Interface Systems Ill Interfacing ]
. . Room: Ballroom ||
Room: Panorama | Room: Ballroom |
16:00- 16:45 16:45-17:30 17:30- 18:15 18:15- 19:00
co Ig\igit/eedirl;sedfargglr; onOVrv:sr?hetic Panellll (part a) Panellll (part b) "Strategic Roadmap Discussid
9 gre P "What Have We Learned, Where |"What Have We Learned, Where g ) P DISCUS;
device$ " N for BMI: Audience Participatior
. we Go From Here we Go From Here .
Jose C. Principe ) ) Room: Ballroom |
. Room: Ballroom | Room: Ballroom |
Room: Ballroom |

* Room Information:
- Hotel InterContinental: Ballroom, Panorama, Di8&on
- Hotel Sofitel: Bellewa
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BMI Panell
Important Topics in Designing and Building Real World BMI Control Systems: What is New?
October 10 (Monday), 14:155:00, InterContinental Budapest, Ballroorilll

Abstract

The godof this panel is to hear about the current challenges and hot topics in BMI research from experts ot
the design and use of BMI/BCI systems. By identifying the challenges confronting the successful clinic
translation and commercial application of BMIABSystems in realvorld situations, this panel should identify
some opportunities for SMC and other efforts to dramatically improve BMI/BCI system performance anc
benefits for the patients and/or users.

Session Chair
MichaelH. Smith(University of California, Berkeley)

Moderator
W23S RSH;WRtSAftRIEEISOKYAIdzS CSRSNIfS RS [FdzalyyS

Panelists

Jan Rabaey(UC Berkey), Jack GallanUC Berkeley), Jose Luis Contrévatal (University of Houston,
¢SOy2ts53A02 RS a2y i(GhNRitersiy of F&ANgIdGRW. ReeKdded SmilBraity)

BMI Panel Il
How Research and Methodologies in Systems, HurMaxchine Systems, and Cybernetics can

applied to BMI Systems
October 11 (Tuesday), 11:42:30, InterContinental Budapest, Ballroom |

BMI Workshop

Abstract

The goabf this panel is to engage leading researchers within SMC and elsewhere to discuss exploring
topics that are relevant to the development of robust and Rghtformance BMI systems, and to encourage
the collaboration between researchers involvedBNlI directly with those working in the domains of SMC and
the IEEE Brain Initiative. We will also discuss whether and how SMC and IEEE Brain Initiative research lines
methodologies are becoming part of BMI.

Session Chair
MichaelH. Smith(University of California, Berkeley)

Moderator
W2aS RSH;WRISAGtREWISOKYAIdzZS CSRSNI S RS [Fdzal yyS:

Panelists

Barry L. ShoogEEE President and CEQO), Dimitar FilekE SMCS President), Ricardo Chavaf{$d& BMI
TC), Paul Sajdehair, IEEE Brain Initiativépse C. Principe (University of Florida)

SMC 2016 BudapeffTechnical Progranm
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BMI Panel llI
What Have We Learned, Where Do We Gork Here?
October 12 (Wednesday), 16:48:15, InterContinental Budapest, Ballroom |

Abstract

This is the final session of the workshop, in which the panelists and audience members share insights gained
regarding the statef-the-art BMI methods premnted in this Workshop. Furthermore, modifications / updates
to the set of relevant BMEMC metrics and a technologgvelopment road map will also be discussed.

Session Chair
MichaelH. Smith(University of California, Begley)

Moderator
Paul Sajdé&Columbia Universily

Panelists

Phillip Alvelda(DARPA program manager), Ricardo Chavarrj@gater for Neuroprosthetics, EPFL), Vinod
PrasadNanyamy Technological University), Christoph GU@&EO of g.tec), Dongrui WGEO, DataNova), Joel
Libove (CEO, Furaxa), TimulNen (CEO,Qusp), FeiYue Wang(Chinese Academy of Scienge&angadhar
GaripelliiMindMazs.
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Disruptive Innovations as a Vehicle to Develop Critical Thinking,

Creativity and Innovation Skills
October 10(Monday), 13:3614:15, InterContinental Budapest, Ballroor-ll|

Barry L. Shoop

2016 IEEE President and CEO

Professor and Department Head

Department of Electrical Engineering and Computer Science
U.S. Military Academy

West Point, New York, USA

Abstract

A desirable goal of engineering education is to teach students how to think critically and be creative an
innovative. However, the speed of technological innovation and the continual expansion of disciplinan
knowledge leave little time in the cuculum for students to formally study innovation, particularly at the
undergraduate level. We have developed a novel ugfieision interdisciplinary undergraduate engineering
course that delivers disruptive and innovative applications of commercial téoies to an external funding
agency and simultaneously develops the critical thinking, creativity, and innovation of these students. Th
course is structured as a deliberate interactive engagement between students and faculty that employs th
Socratic Melod to develop an understanding of disruptive and innovative technologies and a historical contex
of how social, cultural, and religious factors impact the acceptance or rejection of innovation. The cours
begins by developing the background understandifigvhat disruptive technology is and a historical context
about successes and failures of social, cultural, and religious acceptance of technological innovation.
develop this framework, students realK S Ly y 2 @ (iby BEyéton NB. Thiri§enseiihe Structure of
Scientific Revolutionsy Thomas S. Kuhithe Discoverersy Daniel J. Boorstin, ariche Two Culturelsy C.P
Snow. For each class meeting, students survey current scientific and technical literature and come pre
discuss current eves related to technological innovation. Each student researches potential disr
technologies and prepares a compelling argument of why the specific technologies are disruptive so t
defend their choice and rationale. During course meetings esttsl discuss the readings and spec
technologies found during their independent research. As part of this research, each student h
opportunity to interview forward thinking technology leaders in their respective fields of interest. |
presenttion we will describe the course and highlight the results from teaching this course over the pa
years.

BMI Workshop

Biography

Barry L. Shoop is Professor of Electrical Engineering and Head of the Department of Electrical Engineering
Computer Sciencat the United States Military Academy at West Point. In this role, he is responsible for an
undergraduate academic department with over 79 faculty and staff supporting ABET accredited programs |
electrical engineering, computer science, and informatiechihology and serving over 2300 students annually.
During his tenure at West Point, he has served in a number of leadership positions including Director of th
Electrical Engineering Program and Director of the Photonics Research Gt in his caer, he was a
satellite communication engineer responsible for the design and installation of a high capacity, global digit
communication network, and the CTO for a US$4.5B organization addressing the Improvised Explosive De\
(IED) challenge worldwid®arry received the Ph.D. from Stanford University and B.S. from the Pennsylvanie
State University, both in electrical engineering. He is a Fellow of thetlieEBptical Society of America (OSA),
and the International Society for Optical EngineeringEgRnd a member of Phi Kappa Phi, Eta Kappa Nu, and
Sigma Xiln 2008, OSA recognized Barry with their Robert E. Hopkins Leadership Award, and in 2013 he earr
both the SPIE Educator Award and the IEEE Haraden Pratt Award. He holds a patent on phatogio-

digital conversion and has authored over 150 archival publications as well as eight books and book chapters.

is a licensed Professional Engineer in Virginia, USA.
SMC 2016 BudapeffTechnical Progra



From Research to Scientific Breakthroughs to lmoying the Lives of People:

FourUnique Paths
Organizer: Bernt R. Wahl

Chair: Michael H. Smith
October 10 (Monday), InterContinental Budapest, 161850, Ballroom Hi|

BMI and Brain Imaging: Gateways to Breody-Internet
Convergence

Reese Jones
Founder: Farallon, Netopia, BMUG

Abstract

Like a mirror, the Internet is already a reflection of who we are and how stherceive us, like our internet

digital twin or an extension of our biology. From a lifetime of credit reports to medical records, from social
media to recorded phone conversations, the Internet may know more about us than we know about ourselves.
Today'srenaissance includes our Internet twinand to be selaware, we must also know and care for our
digital self as part of our mind, body and spirit. Brain computer interfaces are as simple as keyboards, screens,
and phones. Brain imaging technologies, amdre abundant, myriad, and sophisticated sensors, are
exponentially enhancing the commingling of brain, body and Internet.

Biography

Reese Jones is a biophysicist, inventor and entrepreneur. He has contributed to the IPOs, acquisitions and
growth ofover a dozen startups, including Farallon, Netopia, Smaato, Genome Compiler, Cambrian Genomics,
and Singularity University at NASA Research Park in Silicon Valley. Reese has served on boards at Santa Fe
LYadAddziSz | I NBI NR a S RandSingulafitfOigetsiyQd DSy SGAO& [/ 2dzy OA
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Transforming a HigiRisk Idea into a Prototype

Joel Libove
Founder: Furaxa, Ultraview

Abstract

Bringing a useful but risky new technology to life can be a detmue R&D effort that requires &meme
perseverance, unconventional funding, piggybacking, and collaborative strategies, for what. VCs and oth
equity funders, and agencies like NIH and NSF, may not have the needed patience and risk tolerance, of
wanting an idea to be proven beforedh will fund it. Nevertheless, interim revenue and crucial intellectual
partnering can be obtained by selling elements of a new technology intecaopeting defense, education

and commercial applications. This presentation will describe how new IC atcinée and data acquisition
boards we developed for immediate military markets are now forming the basis for a wearable picosecond
pulsebased brain imager prototype. The same tiny 1.5@mtenna/radarlC assemblies designed for short
range radar can be myed to create rudimentary readings of rdathe vascular and probable neural activity in
the brain. Preliminary operating results will be presented, along with a roadmap for achieving a usable spati;
image and ultimately creating a wearable 2Kg, -l&, reaktime internetconnected functional
BMI/neuroimaging helmet for clinical and operational environmeRistential futuristic applications not
possible with fMRI will also be proposed.

Biography

Joel Libove specializes in analog and microwaleetronics, MMIC design, picosecond amplifiers, p
generators and samplers and high dynamic range data acquisition systems. He is founder and pres
Furaxa, Inc., where he leads development of a wearable #adsed helmet system for redime brain
imaging.

BMI Workshop

Libove is also chairman of Ultraview Corp, where he designedinealparallel VMEbus and PClbus proto
and timing violation analyzers, which won three industry awards and were used by hundreds of gove
agencies and corporations. Hdso led design of six generations of high speed data acquisition boards, with
zerodeadtime hardware averaging. These boards are used in military, R&D and medical applications. A 1
channel Ultraview imagesn-a-board is used in the Furaxa imaging hetse

Joel has 13 patents and one patent pending. He received a Ph.D. and MSEE in engineering from Universit
California, Berkeley, and a BSEE from Cornell University.
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Beyond Innovation: Imagination, Intuition and Insight

Stuart Mason Dambrot
Founder: Critical Thought|TV

Abstract

Innovation¢ the action or process of creating a novel method, product or igeaquires a number of key
factors to be successful. Those factors typically mentioned include passiontisxptmacity, flexibility, and
creativity. That being said, however, not only are there two types of innovatidmat is, sustaining and
disruptive ¢ but there are a number of critical factors associated with the latter, these being imagination,
intuition and Insight. This presentation will focus on disruptive innovation and the often downplayed value of
these three related factors in the successful creation, development and adoption of breakthroughnuear
mediumterm future technologies that are notey possible. In addition, examples of renowned scientists and
other individuals who have taken this approach to deliver watdnging innovations will be cited.

Biography

Stuart analyzes deegtructure conceptual and neural connections betweenltiple areas of knowledge and
creativity, synthesizes convergent and emergent trends in a wide range of research disciplines, envisions long
term future scenarios, and creates probabilistic pathways to arrive at or avoid these scenarios. His primary
interest is evolutionary neurobiology within a technological and sociocultural context. Stuart is giving a talk on
Exocortical Cognition at SMC 2016, and as an invited speaker and panelist has spoken about Augmented
Cognition, Synthetic Biology, Philosophy deSae, Sociopolitical Futures, P¢&tarcity Economics, and other
topics at New York Academy of Sciences, Cobjméon, World Technology Summit, Science House, and other
venues. His publications includée Zeitgeist of Chang@&he evolutionary neurobiolggof political behavior

and Of Mind and Money: Postcarcity economics and human natusndhascontributed to IEEE Spectrum,
Nature, Science, Nature Biotechnology, Scientific American, Photonics Spectra, New Scientist, Chemical Week,
Electronics, Electmic Engineering Times, Japan Times, 01 Informatique, Economist, International Herald
Tribune, Financial Times, InfoWorld, Managing Automation, Asian Venture Capital Janthather journals

and publications.
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Bernt R. Wahl
Founder and Director, Brain Machine Interface Consortium
Founder: Factle, Datahunt, Dynamic Software

Abstract

A combination of many elements (technological breakthroughs, market adaptations, strong innovation teams
sufficient resource allocation) determines whether innovation is successful when they interact in a new an
effective manner with appropriate timing and convergent creation of a product market. The speaker will
discuss life events that helped him navigdihrough five technology revolutiorsPersonal Computers, Chaos
Theory, the Internet, Big Data/Machine Learning and Bké@chine Interfaces; each time building on prior
experience to lay the foundation for yet unproven future ideas. He will sharehissigarned from personal
knowledge (including stories from his years of teaching entrepreneurship to over 2,000 engineering students ¢
over the world) as well as methods learned from fellow innovators, these encompassing some of Silico
+ | £ £ S& QtpioneedsMBEWER as a new generation of innovators.

Biography
Bernt Rainer Wahl is a mathematician, mentor, entrepreneur, author, and. currently a founder and director o
Brain Machine Interface Consortium. He has served as CEO of Factle Gampd@atahunt, and Dynamic

Software, and is a former UC Berkeley faculty member. Wahl teaches entrepreneurship and engmeerlr
around the world, served as an Industry Fellow at the Center of Entrepreneurship and TechnoloGitms
Executive in Residence ditet Skydeck, and in 2002 was awarded a Fulbright Fellowship to Malaysia. He
early pioneer in the fields of chaos and fractal geometry, authoring Exploring Fractals (1994}aantaring
The Fractal Explorer (1991). His first company was in matheahatsualization at Dynamic Software, which
co-founded with Peter Van Roy in 1987, where his work was showcased in the fashion industry, incluc
g2N] 2F RSAAIYSNI WKIYS . FNyYySa FyR 41 & FSI G§dz2NBR

BMI Workshop

In 2001, Bernt Wahl tethe management buyout attempt of the search engine company Infoseek throug
firm Datahunt. In 2002 he started Factle, a search engine focused on specialized search and loc
demographics. Wahl worked for United Nations on ecotourism and helped ®eNational Park Service build

its first website. He is also involved in social causes, including the work done by The International Justi
aldaArzys yR O NA2dza 2G0KSNJI 2NHIFIYATFGA2YEaQ 62N 2\
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Neuroprosthetics: The Role of the Brain's Error Monitoring System
October 10 (Monday), 15:306:15, InterContinental Budapest, Ballroonfill

W24S RSt wo aAiAffty
Defitech Foundation Chair in Brditachine Interface
EcoleP@ 4 SOKY A lj dz§ CS RS NI, fa%anReSwitpetladzii | Yy S 069

Abstract

Future neuroprosthetics will be tightly coupled with the user in such a way that the resulting system can
replace and restore impaired upper limb functions because controlled bysime neural signals than their
natural counterparts. This means that, as in natural motor control, -doatted behavior is dynamically
modulated by perceptual feedback resulting from executed actions. Current-boanputer interfaces (BCI)
partly emuhte human motor control as they decode cortical correlates of movement paraniefesm onset

of a movement to directions to instantaneous velotity order to generate the sequence of movements for
the neuroprosthesis. A closer look, though, shows thatl-goi@nted motor control also incorporates the
output of cognitive processes that dynamically modulate volitional interaction. A prominent example of such a
kind of perceptual cognitive process is error monitoring. In this talk | will describe recenegsagrour lab on
decoding errorelated brain potentials in a variety of paradigms, including novel BCI paradigms and continuous
motor actions.

Biography

5N W2aS RSt wo aiaffty 22AySR GKS ; O2f tBe fitsthiofessc® OK y A |j
of the Center for Neuroprosthetics where he holds the Defitech Foundation Chair. He received a PhD in
computer science from the Technical University of Catalonia, Barcelona, in 1992. Previously, he was a research
scientist at the JoinResearch Centre of the European Commission in Ispra (Italy), a senior researcher at the
Idiap Research Institute in Martigny (Switzerland). He has also been a visiting scholar at the Universities of
Stanford and Berkeley as well as at the Internationah@Qter Science Institute in Berkeley.
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5N aAffty KFIa YIFERS aS@SNIt a Sonpytdr interf@ces/(BAONA esmimialy? v &
based on electroencephalogram (EEG) signals. Most of his achievements revolve around the design of brain
controlled robots. He puts a strong emphasis on the use of statistical machine learning techniques so as to
achieve a seamless coupling between the user and the {o@itrolled device. A key element is the design of
efficient and robust algorithms for reéime decoding of patterns of brain activity associated to different
aspects of voluntary behaviour. He also builds on neuroscience findings to design new interaction protocols to
operate complex devices. During the last years he is prioritizing the ttemmskaf BCI to endisers suffering

from motor disabilities. In parallel, he is designing BCI technology to offer new interaction modalities for able
bodied people.
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Interfaces for Labeling @ Environment
October 11 (Tuesday), 11:40:45, InterContinental Budapest, Ballroom |

Paul Sajda

Departments of Biomedical Engineering,
Electrical Engineering and Radiology
Columbia University

Abstract

As we move through anneironment, we are constantly making assessments, judgments, and decisions about
the things weencounter. Some are acted upon immediately, but many more become mental notes or fleeting
impressionst our implicit "labeling" othe world. In this talk | wildescribe our work using physiological
correlates of this labeling to construct a hybrid brammputerinterface (hBCIl) system or augmented
navigation in a simulated-B environment. Specifically, we record electroencephalografiti«s), saccadic,
and pupllary data from subjects as they move through a small part offa\8rtual city under freeziewing
conditions.Using machine learning, we integrate the neural and ocular signals evoked by the objects the
encounter to infer which ones are efibjective mterest. These inferred labels are propagated through a large
computer vision graph of objects in the city, using seapervised learning to identify other, unseen objects
that are visually similar to those that are labelled. Finally, the system plogsfiaient route so that subjects
GAaA0 AAYATI NI 202S00Ga 2F AyuSNBadgod 2SS aKzgseadhl (
precision is increased from 25% to 97%, and the median subject need only travel 40% of the distance to s
84%of the objectsof interest. We also find that the neural and ocular signals contribute in a complementary
FlrakKazy (2 (GKS Of I a¥AVABNDQAIAYFSISBEYYS 02 yva dedFTON
signalgeflecting subjective asses&nt of objects in a -® environmentan be adaptively integrated with
models of that environment, resulting in an hBCI system that improves navigatioimfanthation delivery
ALISOATAO (2 GKS dzaSNDa AydSNBadao

Biography
Paul Sajda is a professarthe Departments of Biomedical Engineering, Electrical Engineering and Radio
Columbia University and Director of the Laboratory for Intelligent Imaging and Neural Computing at Cc
University. Much of his current research focuses on using mottal neurocimaging and behavioral measu
to track selective attention and the dynamics of cognitive state during rapid decision making. He also
these basic scientific findings to engineer neurotechnology systems that improve huaarine interation.
He is a Fellow of the IEEE, EditeChief of IEEE Transactions on Neural Systems and Rehabilitation and Cha
of the IEEE Brain Initiative. Contact hinpsajda@columbia.edu
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TowardCognitivelntegration of ProstheticDevices
October 12 (Wedneatay), 16:0016:45, InterContinental Budapest, Ballroom |

Jose C. Principe
Departments of Electrical Computer Engineering and Biomedical Engineering
University of Florida

Abstract

We are at the brink of a revolutionary tecarf 2 38 &GF 38X 6KSNB YI OKAYyS&a Yl & 6
human experience, manipulated and controlled through direct brain processes in virtually the same way as we
see, walk or grab an external object. But unlike the current generation of braghine interfaces, this is done

through a dialogue that requires the transfer of goals between the machine and the user. The vision is a new
kind of implanted prosthetics that senses intentional brain processes (e.g. moving an arm) and translates the
spato-temporal neural signals into models that control external devices. Through the perceutimm-

reward cycle the brain is made aware of the machine existence and actions, which will provide the basis to be
considered a body extension. Several key tetbgical and scientific developments will be discussed to
implement this vision.

Biography

W2aS /o t Nay@Awsh voad@yd 5S5Aal0Ay3IdAaKSR t NRPEFSaaz2N 27
Biomedical Engineering at the University of Flondaere he teaches advanced signal processing, machine
learning and artificial neural networks (ANNs) modeling. He is BellSouth Professor and the Founder and
Director of the University of Florida Computational NeuroEngineering Laboratory (@N&Ldnel.ufl.edu. His

primary area of interest is processing of time varying signals with adaptive neural models. The CNEL Lab has
been studying signal and pattern recognition principles based on information theoretic c¢atimpy and

mutual information).

Dr. Principe is an IEEE Fellow. He was the past Chair of the Technical Committee on Neural Networks of the IEEE
Signal Processing Society, PRstsident of the International Neural Network Society, and Eattor in Clef

of the IEEE Transactions on Biomedical Engineering. He is a member of the Advisory Board of the University of
Florida Brain Institute. Dr. Principe has more than 700 publications. He directed 87 Ph.D. dissertations and 65
Master theses. He wrote innnn 'y AYyGSNI OGA@S St SOGNRBYAO ‘221 S
published by John Wiley and Sons and more recently dall K2 NBR 4 S@SNI f 62214 2V
OYIAYSSNAY3IE a2NBlIY YR /flFeLR2fI BYRTAXNBNITSRY! RK
Wiley.
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Sensor Technologies for Multimodal Brain Interfacing
October 12 (Wednesday)4100-15:35, InterContinental Budapest, Ballroom |

Organized by the IEEE Sensors Council
OrganizerWalt Besio
Session Chairs: Michael H. SmWfalt Besio

Toward Multimodal Massively Parallel Multichannel BratBensing Interfaces
Mohamad SawanPolytechnique Montreal, Canada

BrainSensing Interfaces are emerging approaches and devices intended for . .
understanding and subsequent treatment of complex neural vital functions which are //
provoked by Neurodegeneratlve D|seasé'$us talk covers Wearable Multimodal and

respectively at action potential (AP) and neurotransmitter levels. Multichannel
neurorecording of APs is achieved through compressampling and other compression
techniques. However cell manipulation, detection, and characterization is based on ’
dielectrophoresis or magnetophoresis techniques followed by capacitive sensing g\
frequency monitoring. The wearable multimodel systeffers measurement by up to 3

EEG and 256 fNIRS channels. However, for the implantable devices they are built around custom ma
Laboratoryon-Chip (LoC) platforms which include microelectronics and cell interfaces (microelectrode array:
and/or microfludic structures). These circuits require power management;gower circuit, highkdata rate

and reliable wireless energy and data communication. The microfluidic structures group microchannels an
interfaces to bioelectronics and to in situ medium througkets/outlets. Case studies include: 1) epilepsy on
set seizure detection, 2) monitoring pH levels in cell culture medium through arrays of complementary (P&N
ion-sensitive field effect transistors (ISFETS); 3) Biosensing through magnetic immuHzssssayicrosystems
for detecting protein toxins in environment. Planar microcoil arrays and system packaging technique
among the challenging issues.

ar

Nanocomposite hydrogebased chemeoptical transducers and amplifiers:

Towards neurochemical sensing
Mike McShangTexas A&M University, USA

BMI Workshop

Neurosensing has traditionally emphasized theasurement of biopotentials, with more
recent developments in optical and fMRI imaging of blood volume/oxygenation changes
as well as electrodes/aays for electrochemical sensing of neurotransmitte@ptical
devices, including fiber optic probes, are complementary tools that offer someg.
overlapping and some complementary features. For example, some optical methods can;
employ enzymes and monitor reamh products or cesubstrates like enzyme electrodes.
GwSlF ISy it SafaNs Siéy Ra SytalzaNGt | N Y2 a I LILINEZ <
also more challenging to achieve because of the need for selective capture molecu Q
complex spectral analysts obtain target specificity. This talk will discuss opportuniti

and limitations of optical devices in neurochemical sensing of energy substrates and neurotransmitters
including use of micro/nanoparticlenabled systems, from functionalized fiber prebéo implantable
hydrogels that may be addressed by different interrogation stratedirs. current research emphasis is on
developing miniature, injectable biosensor implants with microscale and nanoscale organization to enabl
observation of interstitiabiochemistry. These materials provide specificity through use of various receptors
and enhance sensitivity through optical amplification; specifically, the hydiwaged biochemical sensors
exhibit sensitive response by luminescence intensity and litetim Raman scattering. Further, they employ
materials that can integrate naturally with tissue, such as porous gels and microparticle suspensions, enhanci
prospects for accurate, rapid response and lbeign monitoring. Researecbrade and early commerdia
prototype instrumentation to interrogate the implants will also be discussed. To conclude, the major remaining
challenges to longerm in vivobiochemical monitoring with these systems will be highlighted.

SMC 2016 BudapeffTechnical Progra



Microfabricated Sensors and Devices for ChroBmain Recording and Stimulation
Vanessa Tolosdawrence Livermore National Laboratory, USA

The market for neuromodulation devices for scientific discovery and clinical therapig
quickly growing. Increasingly, the demandawards more complex technologies that ca
record and stimulate at high channel counts for months to years at a time. To meet t
demands, the neural engineering community has adopted microfabrication technio
from the integrated circuits industry to @elop chronic, implantable neural interfaces fo
brain recording and stimulationAt Lawrence Livermore National Lab (LLNL), we
developing advanced neural interface technologies that aim to provide closgd
neuromodulation therapies in humans androhic, largescale brain recording in smal
and large animal platforms. We design and fabricate microelectrode arrays using fl
polymer substrates and loAgsting electrode materials. We perform extensive electrical and electrochemical
testing of thearrays and electrodes to determine failure modes and lifetile are developing devices for
ASOSNIf LI AOlFGAZ2ya AyOf dzRA Y FHoop nedramedulbitiors usifig.4{8x d& a i S
greater channel count than commercially available DBScdsviThis allows clinicians to treat brain disorders

using a larger treatment parameter space. We are also developing a system that can recordrsisgdeross
thousands of channels across the whole brain. To date, we have shown high qualitysihgdeordings in rat

for greater than 9.5 months, with nehuman primate studies underwaye are developing biocompatible,

high channel count, chronic neural technologies designed to advance clinical therapies and scientific
knowledge.This work was perfored under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory, contract humber-BE5207NA27344LLNL Team: V. Tolosa, A. Tooker, T.
Delima, K. Lee, S. Chen, D. Soscia, A. Belle, A. lvanovskaya, M. Crosetti, J. Pelttsles, Sundaram, E.

Wheeler, A. Spernrormer Members: S. Pannu, K. Shah, S. Felix

Concentric Electrodes for Noninvasive Bidirectional Brsdachine Interfaces
Walt Besio University of Rhode Island, USA

Epilepsy affets more people than multiple sclerosis, cerebral palsy, muscular dystrophy:
and Parkinson's combined. Although there are @eizure drugs and surgical
interventions around 30% of the people with epilepsy still have seizures. Paralysis afie
approximatey 1 in 50 US citizens. There are no known cures for paralysis. This talk will
describe the use of unique concentric ring electrodes for noninvasive neural activity _
sensing and, the reverse, electrical stimulation. We have developed focal noninvasive
directional interfaces for automatic seizure control. We have been able to noninvas
stop acute seizures from penicillin, pilocarpine and pentylenetetrazol. Further, we
shown that electroencephalography (EEG) from tripolar concentric ring elect(@@4Es),
or tEEG, result in significantly better rémhe computer cursor control. The addition of functional near infrared
spectroscopy (fNIRS) with tEEG further enhances the ability to recognize imagined movérhesnResearch
supported in part by NSkward 1539068 to WB. The content is solely the responsibility of the authors and does
not necessarily represent the official views of the National Science Foundation.
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Opticatbased Technologies for Brain Imaging and Manipulation
Jun OhtaNara Institute of Science and Technology, Japan

Recently, combination of genetic engineering and optical technology makes it possible to
bidirectional optical communication with brain. By introducing gene transfer technology
fluorescent protein sch as GFP enables an optical tag, and photoactive protein such
ChR2 enables optical manipulation. Conventionally, a fluorescent microscope has b
used for imaging and optical stimulation. It is, however, difficult to apply the method to
freely-moving mouse due to its requirement of fixing the mouse under a microscope®
stage. We have developed a miniaturized optoelectronic device which employs @
dedicated CMOS image sensor and micro light emitting devices (LEDs), and -
implanted in the deep brairof a mouse to optically measure and control the braffH&s

functions of the mouse. The device is so light in its weight that a mouse implanted the device can move freel
In this presentation, | introduce some kinds of optoelectronic devices for measuringoatiltng biological
functions of freelymoving mice. Next, | describe our developed optoelectronic devices that can be implanted
in a mouse deep brain. The fundamental device structure and performance are mentioned and som
experimental results in vivora demonstrated. Finally, future direction is addressed for achieving bidirectional
optical communication with brain.

BMI Workshop
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You are welcome to join SMCS Technical Committee on-Bia@shine Interface Systems. You dat have to
be a SMC Society member to join our TC, although we do encourage you to become one in order to benefit
from a wide range of professional activities and privileges.

To join SMC's BMI TC, contact vima&il a BMI TC GBhair and provide your namétle, position, affiliation,
and a seHlintroduction.

We hope you will enhance your professional skills and potential through your activities in our Technical
Committee.

Our Goal

BrainMachine Interfaces (BMI) are about transforming thought intoicagt or, conversely, sensation into
perception. One example of this paradigm contends that a user can perceive sensory information and enact
voluntary motor actions through a direct interface between the brain and a prosthetic device in virtually the
sameway that we see, hear, walk, or grab an object with our own natural limbs.

The primary objective of the BMI Systems Technical Committee is to bring together specialists from the
different areas that will be required as paof any realworld BMI systemsystems neuroscience, system
integration, sensors, integrated circuits, machine learning, control, robotics, biology, clinical studies,
neurologists, system engineers, cybernetic experts, humaghine professionals, and other computer
scientists and engeers working in this interdisciplinary environment. The goal of the TC is to provide a basis
for the exchange of information and resources among these diverse communities, to enable interactions
between groups from these fields and to bring a systemspextive to the field of BMI.

Join Us
1 Interact with experts in Brain Machine Interface Systems, which is a relatively new and rapidly growing
research field. Both invasive and nimwasive techniques (BCI) for interfacing the brain are included.
1 Paticipate in interesting conferences and workshops.
1 Make friends from different regions of the world.
1 Exchange research ideas and possibly share research resources.

Additional Information:
http://www.ieeesmc.org/technicakctivities/humanmachinesystems/brainmachineinterface-systems

Technical Prograh SMC 2016 Budapest
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BMI Paperd ¢ Performance Metrics and Human Facto BMI Training and

Operation(BMI Workshop Special Session) Vi

Organizers: R. Chavarriadga Lotte C. Jeunet

October 11(Tuesday, 09:3611:00, InerContinental BudapesRanorama |
Session Chairs:. ZanderC. Jeunet

#1225 Supervision of timefrequency features selection in EEG signals by a human expert for grain
computer interfacingbased on motor imagery

F'foly GQIINE aC NI y 0d2Cwa) 2/ IV@ZM}J wA2ydzh £ f | NR

In the context of braipcomputer interfacing based on motor imagery, we propose a methodwailows an expert to select
manually timefrequency features. This selection is performed specifically for each subject, by analysing a set of curves the
emphasize differences of brain activity recorded from electroencephalographic signals during thetiexef various motor
imagery tasks. We will show that expert knowledge is very valuable to supervise the selection of a sparse set of digméficant
frequency features. Features selection is performed through a graphical user interface to allowy @atesss to experts with no
specific programming skills. In this paper, we compare our method with threedutymatic features selection methods, using
dataset 2A of BCI competition IV. Results are better for five of the nine subjects compared tatlcernpeting method.

#1394 Mastery confidence influences P300 based Br&lomputer Interface (BCl) Performance
Sonja KleiliDE)

In this study we investigated the effect of mastery confidence manipulation on BCI performance anahif8ifdde. We used a

6x6 P300 speller matrix and participants spelled words containing five letters each. Using a cover stosixtpatyicipants

were misinformed that they would use classification algorithms of diverse difficulty in three experintdmtls (easy, medium,

hard condition). According to classification accuracy, a varying number of mistakes would occur. To support our cover story,
implemented a fake feedback which fed back one mistake in the easy condition, two mistakes in the roeddition and four
mistakes in the hard condition per word. We found no significant effect of our mastery confidence manipulation. Neither P30C(
amplitude nor performance accuracy differed between conditions. We conclude that either we could not subcessfipulate
mastery confidence or mastery confidence as a psychological variable cannot contribute to substantial explanation ofing
BCI performance.

#1918 A Taskindependent Workload Classifier for Neuroadaptive Technology: Preliminary Data
Lauens Ruben Krol(DE), Sarah Christin FreytaPE), Markus FlecKDE), Klaus GramanrDE),
Thorsten Oliver ZandéDE)

Passive bra®2 Y LJdzi SNJ Ay i SNF I OAy3 | fft26a O2YLMziSNI acadsSya RA
computer system can gain information about its user without this user needing to explicity communicate it. Based
information, humancomputer interaction can be made more symmetrical, solving aradddut still fundamental problem o
presentday interaction techniques. For practical reabrld application of this technology, it is important that cognitive states
can be idenified accurately and efficiently. Here we present preliminary data demonstrating it is possible to calibrate a task
independent classifier to identify when a user is under heavy workload across different activities. We used differenf types o
mental arithmetic and even a semantic task. Tas#lependent classification is an important step towards +#eafld practical
application of this technology.

BMI Workshop

#2083 Towards a Spatial Ability Training to Improve Motor Imagery based Bi@omputer Interface (M

BCI) Pedrmance: a Pilot Study

Suzy TeillefFR), Fabien Lot{ER), Bernard N'Kao@BR), Camille Jeun@R)

Although Mental Imagery based Bra@omputer Interfaces (MBCIs) seem to be very promising for many applications, they are
still rarely used outside laboratories. This is partly due to suboptimal training protocols, which provide little helpstteasaing

how to control the system. Indeed, they do not takéoiraccount recommendations from instructional design. However, it has
been shown that MBCI performances are significantly correlated to certain aspects of the users' cognitive profile, such as thei
Spatial Abilities (SA). Thus, it remains to be eluediathether training the SA of BCI users would also improve their BCI control
performance. Therefore, we proposed and validated an SA training that aimed at being included isBén tké&lining protocol.

Our prestudies indeed confirmed that such a trainidges increase people's SA abilities. We then conducted a pilot study with 3
participants, one with a standard MACI training protocol, one with the proposed SA training integrated into a standaBCMI
training, and another control integrating anotheratning, here verbal comprehension tasks, into a standareBM training.
While such a small population cannot lead to any strong result, our first results show that SA training can indeed Hedntegra
into MI-BCI training and is thus worth being furthievestigated for BCI user training.
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BMI Paperdl ¢ Adaptive and SeHCalibrating BMI Systems for Independent Use

(BMI Workshop Special Session Il)

Organizers: R. Chavarriadg Scherer

October 11 (Tuesday)9:3611:00, InterContinental Budapest, Panorama V
Session Chairs: R. Chavarri@aScherer

#1123 Restricted Boltzmann Machines in Sensory Motor Rhythm Br@mmputer InterfacingA Study on IntefSubject
Transfer and Ca\daptation

Reinmar Josef Kobl@AT), Reinhold Scher@&T)

Naive users often perceive calibration of a Sensory Motor Rhythm (SMR) basedC@mguter Interfaes (BCI) as tedious and lengthy. The lack of
feedback during training is assumed to be a major cause. l.e. if one had already a reasonable model to start with, feegnibgckauld be started
immediately. One concept to address this issue is learnigenaral model and adapting it to new observations. In this study we applied this concept by
utilizing a generative model entitled Restricted Boltzmann Machine (RBM). We investigated its feature extraction capgbifittesy a RBM to
recordings of 9 sbjects. Generalization was assessed in an online coadaptive study, covering 12 volunteers (10 naive). An overall ntadiaofaccu
88.9% (83.5% naive) with a standandor of 6.5% (6.6% naive) was achieved for a classical hand versus feet motor itaagefhe online cadaptive
training itself lasted approximately 25 minutes. Feedback was already presented after a one minute setup run, whose msgosestimate initial
statistics and to train an online artifact detection system.

#1196 Spectral Mea-Leaner for Regression (SMLR) Model Aggregation: Towards Calibrationless BCI
Dongrui WUUS), Vernon Lawhe(S), Stephen Gord@udS), Brent Land®JS), ChiTeng In (TW)

To facilitate the transition of brainomputer interface (BCl) systems from laboratory settings toweald application, it is very important to minimize or
even completely eliminate the subjespecific calibration requiraent. There has been active research on calibrationless BCI systems for classification
applications, e.g., P300 speller. To our knowledge, there is no literature on calibrationless BCI systems for regressitonapplg., estimating the
continuous dowsiness level of a driver from EEG signals. This paper proposes a novel spectigmetafor regression (SMLR) approach, which
optimally combines base regression models built from labeled data from auxiliary subjects to label offline EEG datefrosntgect. Experiments on
driver drowsiness estimation from EEG signals demonstrate that SMLR significantly outperforms thresf-that@rt regression model fusion
approaches. Although we introduce SMLR as a regression model fusion in the BCI denheiigve its applicability is far beyond that.

#1646 Multi-Task Logistic Regression in Br&llomputer Interfaces
KarlHeinz Fiebi¢gDE), Vinay Jayara(DE), Jan Pete(BE), Moritz GrsseWentrup(DE)

A brainrcomputer interface (BCI) is used to enable communication between humans and machines by decoding elicited brain aetinity ldattrever,

these patterns have been found to vary across subjectsven for the same subject across sessions. Such problems render the performance of a BCI
highly specific to subjects, requiring expensive and itmesuming individual calibration sessions to adapt BCI systems to new subjects. This work tackles
the aforenentioned problem in a Bayesian muitisk learning (MTL) framework to transfer common knowledge across subjects and sessions for the
adaptation of a BCI to new subjects. In particular, a recent framework, that is able to exploit the structure afhaulél electroencephalography
(EEG), is extended by a Bayesian hierarchical logistic regression decoder for probabilistic binary classification.dlmederigeable to explicitly learn
spatial and spectral features, therefore making it further appliedbt identification, analysis and evaluation of paradigm characteristics without relying
on expert knowledge. An offline experiment with the new decoder shows a significant improvement in performance on cafizatiecoding
compared to previous MTLpproaches for rule adaptation and uninformed models while also outperforming them as soon as -spiejefit data
becomes available. We further demonstrate the ability of the model to identify relevant topographies along with signpblandeatures tlat agree

with neurophysiological properties of a common sensorimotor rhythm paradigm.

#2269 Unsupervised Adaptive Transfer Learning for Stedtate Visual Evoked Potential Brafbomputer Interfaces

Nicholas R WaytowicfyS) Josef FallefuS), Javier O GardidS), Jean M Vett@dUS), Paul Sajd&JS)

Recent advances in signal processing for the detection of S@tdy Visual Evoked Ruwttials (SSVEPs) have moved away from traditionally
calibrationless methods, such as canonical correlation analysis, and towards algorithms that require substantial tregnihgy giexteral, this has
improved detection rates, but SS\VVE&sed braircompute interfaces (BCIs) now suffer from the requirement of costly calibration sessions. Here, we
address this issue by applying transfer learning techniques to SSVEP detection. Our novel-&8#ptivethod incorporates an unsupervised adaptation
algorithm tha requires no calibration data. Our approach learns SSVEP templates for the target user and provides robust class sepfeaedtion
space leading to increased classification accuracy. Our method achieves significant improvements in performancamuadaCCA method as well as

a transfer variant of the statef-the art CombinedCCA method for calibrationless SSVEP detection.

#2278 Closedloop regulation of user state during a boundary avoidance task
Josef FallefUS), SameeaBroo (US), Victor ShifuS), Paul SajdaS)

Pilot induced oscillations (PIOs) are potentially catastrophic events that occur during flight when pilots attempt to apn#iotraft close toa
performance or physical boundary. Plike behavior is typically observed in boundary avoidance tasks (BAT), which simulate tight performance or
physical boundaries and induce high cognitive workload. Our previous research linked the occurrenelikefti@i@avior to network level activity in the

brain, where higher states of arousal reduce the flexibility of decision making networks such that less environmentationfosas incorporated to
dynamically adjust action. This led us to hypothesize tltrdregulating arousal via closéabp audio feedback of a user state could improve piloting
performance by enabling increased decision flexibility. Here we show our initial results testing this hypothesis, wheseaws/lorid brain computer
interface fBCI) to dynamically provide feedback to a pilot" that facilitates their ability to reduce their state of arousal. Wet @ystematic
comparison relative to control and sham conditions and test to see if this feedback increases the time a "pillgtbefore a catastrophic P1O. We find

that hBCI feedback, which includes CNS components consistent with theta activity in the anterior cingulate (ACC), eluaiged firght relative to
closedloop control and sham feedback. We also find that théifeack induces changes in pupil diameter which are absent in-lmognconditions and
closedloop conditions when feedback is not veridical. Pupil diameter has been reported as a surrogate measure of activitycinsteedleus
norepinephrine (LAE) gstem which is also linked to a circuit consisting of the ACC. We conclude that the feedback we induce with our hB€I provide
preliminary evidence that setegulation of LANE/ACC is possible and can be used to dynamically increase decision flextieititynder high cognitive
workload.
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BMI Paperdll ¢ Health and Norlnvasive Wearable BMI

(BMI Workshop Special Session 1l1)

Organizer: KKhaderi
October 11 (Tuesday), 09:30.:00, InterContinental Bud&st, Ballroom |
Session Chairs: Khaderj J. Libove

#2254 Cellular Wireless Energy Harvesting for EEG Applications on Smart Contact Lens

Luyao Chef(CA), Ehsan Kamig(CA), Huayi Ga&A)

An energy harvester for a smart contact lens that monitors epilepsy is developed here. The energy harvester is designed
rectify a portion of a cellular phone emitted uplink signal into fi@@er for the operations of otens EEG hardware. An
electrically realistic human eye model is designed and fabricated using 3D printing technologies to assist in variol
measurements of the proposed energy harvester. A dipole antenna is fabricated aasurad on the eye model to
validate the power available for EEG to function.

#2280 The Visual System as a Proxy for Evaluation of Brain Function

Khizer R. KhaddtUS), Anna E. Nideck&fS), Peter Y 8h(US), Jeff H Pett€WS), Mohan K Red@yS)

Purpose: Show how the visual system can be a proxy for brain function. Design: Original observational experime
Methods: Normal subjects werwent measurement of visual motility, pupillometry, and electroencephalogram for
comparison with established and reported values Conclusion: The commercially available eye tracker and EEG band tes
delivered values consistent with published normal g¢ohtalues. Further work with these devices on mild traumatic brain
injury patients may provide important diagnostic and prognostic data for these injuries.

#2393 Auto-Powered Intraocular Lenses for MulMlodal Brain Computer Interfacing
Ehsan KamrarfCA)

A novel braiamachine interface (BCI) system for monitoring brain activities using functional intraocular lenses (IOL) ha
been introduced in this paper. It uses the correlation between the ocular signals with neural and hemichatévities

to monitor and translate the brain dynamics to electric signal and then wirelessly delivers the data to the environment
including external reader device or smartphone. A-pelfvered dualmodal BCI device embedded in an accommaodative
intraoaular lens for electroencephalogram (EEG) and functional near infrared spectroscopy (fNIRS), is presented.

#2136 Wearable Brain Imager/BMI Technology for Structural, Vascular and Functional Extraction

Joel Libov€US), David Schriebm@JS), Mike IngldJS), Bernt Wal{US)

Portable, low power, lovcost, flexible wearable Brain Machine Interfaces (BMIs) for real time brain imaging, wi
higher potential spatial resotion than EEG, are being designed and prototyped using new chip architectures. Preli
depth-indexed readings of redgime vascular and probable neural activity in the brain have been demonstrated
arrays of ultrahigh dynamic range (160dB DANLjn2 Ultra Wide Band (UWB) pulser/antenna/sampler assemblies.
ICs generate 800ps pulses and detect the resulting reflections from brain tissue boundaries. They cancel out 1/
and are sensitive enough to detect energy reflected from deepdissas well as the signal transmitted through even the
longest dimensions of the head, and display vascular pulsation and, for the first time, rudimentary indications of functiona
brain activity.
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#2013 RealTime Step Detection Using the Integrated Sersof a HeaéMounted Display

Polona CasermafDE), Patrick Hubert KrabfRE), Janis Wojtus¢BE), Oskar von StryRE)

Recent improvements in virtuadeality technology and heathounted displays have led to a number of novel and
innovative applications in entertainment, education, science and healthcare. The primary goal in most of these
applications is to give the user a sensation of being part of/itteal reality. This focus on presence or immersion requires

to create a connection between the user and the virtual environment but also between the user and his virtual avatar
Synchronizing the body movement of the user and his avatar can help towmghne feeling of presence by enhancing the
experience of agency and body ownership over the avatar. A typical example is the combination of-raceded
display and a treadmill to create a realistic walking or running simulation in a virtual environmetis scenario, the
synchronization of leg movement improves the feeling of presence and allows to further enhance the virtual experience
for example by adjusting gait parameters of the avatar or triggering customized stepping sounds. This peguEs @re
robust realtime step detector that uses the integrated sensors of a st#téhe-art headmounted display and allows to
recognize the pattern of individual steps. No additional sensors on the trunk or lower body are required. By applying
coordirate transformation and straightforward signal processing, it is possible to discriminate between left and right steps
and detect the current walking speed. This information is used to animate a virtual avatar by scaling a predefined walkir
trajectory andto control the walking speed within a virtual environment.
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BMI PaperdV ¢ Real World Applications of Brain Computer Interface Systems (1)

(BMI Workshop Special Session 1V)

OrganizerV. A.Prasad
October 12 (Védnesday), 09:30.1:00, InterContinental Budapest, Panorama |
Session Chair¥. A. Prasad'. Mullen

#1007 Brainrmachine Interfacingbased Teleoperation Control of Wheeled Mobile Robot

Suna Zhad¢CN), Zhijun I(CN)

This paper describes the development of teleoperation control framework of a mobile robot throughrbaainine interface.

Utilizing the remote images of environmertransferred to the human operator, visual compressive feedback loop produces
imagine errors in noivector space, where images are considered as a set without image processing of feature extraction. Given
an initial set and a goal set, EEG motion commaardsevoked to make the error of the two sets converge to zero. The online

BMI (Brain Machine Interface), utilizing steady state visually evoked potentials (SSVEP), analyzes the human EEG data in such
format that human intentions can be recognized by BdastSVM classifier and motion commands produced for the
teleoperated robot. Bezier curve is utilized to parameterize the motion commands and the low level motion controller to track
the reference trajectory. Extensive experimental studies have been doaedess the performance of the proposed BMI system.

#1448 Voice Familiarity Detection using EEfased BraiRComputer Interface

Mahesh Kalleli{IN), Smitha Kavall{6G), Vinod Achutavarrier Prag&ds)

BrainComputer Interface (BCI) is a direct communication pathway between brain and external devices bypassing the natural
pathway of nerves and muscles. BCI enables an individual to send commands to a peripheral deyités usrain activity.
Electroencephalogram (EEG) is the most commonly used brain signal acquisition method as it is simple, economical and portable
Feasibility of detecting familiar vs ndamiliar voice signals using EEG signals has been investigatieid paper. The results

show that combination of features such as mobility and complexity of the signal gives an average accuracy of 72.2%ng classif
between familiar and unfamiliar voices among 8 subjects.

#1811 A Novel Supervised Locality Senséi¥actor Analysis to Classify Voluntary Hand Movement in Multi
Direction Using EEG Source Space

Vikram Shenoy Handi($G), Vinod Achutavarrier Prag&fs), Cuntai Gud8G)

Recent advances in Ef@sed braiqcomputer interfaces (BCls) have shown that brain signals can be used to decode arm
movement intention and execution in multiple directions. Conventional approaches use sensor space EEG for classifying
movement reated tasks. Sensorspace EEG can reveal only limited information about the trivial but complex tasks that involve
higher degrees of freedom of the movement. On the contrary, source space analysis is expected to provide more information
about the neurophysilmgical mechanism relevant to the task. To this end, we propose a novel sspace feature extraction
technique based on supervised locality sensitive Factor analysis which approximates the neurophysiological functioning of our
experimental data in a b&r way than that of a solely dadriven approach. EEG recordings in the sensor space are
transformed into source space using the Weighted Minimum Norm Estimate (WMNE) method. We show that fordassilti
classification problem of classifying the EEGaliintary arm movement in 4 orthogonal directions, the source space features
offer a significant improvement in the classification accuracy compared to sensor space featureger€iseest (OVR)
approach is used for multiclass classification with Fi@er [ Ay S+ NI 5Aa0ONAYAY Iyl 6C[50 & GKS

#1839 Brain-Computer Interfacing for Multimedia Quality Assessment

Sebastian Bos{®E), Klausy 2 6 S NIi (DBE) Nrhom&sNViegarfBE), Wojciech Sam¢RE)

Multimedia quality assessment is a central research field in information and media technology. Recentlycdmrginter
interfacing (BCI) based methods have been proposed to assess perceiveyl dudtis paper we give an overview on the state
of-the art and discuss open questions and challenges relevant to the BCI community.

#1947 EEG based Stress Level Identification

Guo JurfSG), Smitha Kavall(8G)

This paper investigates detection of patterns in brain waves while induced with mental stress. Electroencephalogranth@&EG) is
most commonly used brain signal acquisition method as it is simple, economical and portable. An automatic EEG based stress
recognition system is designed and implemented in this study with two effective stressors to induce different levels of mental
stress. The Stroop colowvord test and mental arithmetic test are used as stressors to induce low level and high level of stress
respectively, and their relevant C# applications are developed in Microsoft Visual Studio to interface with Emotiv Epoc device.
Power band features from EEG signals are analyzed and using the relative difference of beta and alpha power as feature along
with Support Vector Machine as classifier, thilegels of stress can be recognized with an accuracy of 75%. Fdevelostress

analysis, accuracy of 88% and 96% are achieved for Stroop-eaboditest and mental arithmetic test respectively.
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BMI Papers/ ¢ BMI for Motor/Cognitive Rehabilitation and Assistance (1)
(BMI Workshop Special Session V

Organizer: R. Chavarriaga
October 12 (Wednesday), 09:30.:00, InterContinental Budapest, Panorama V
Session Chair&. Prasad]. M. Azorin

#1070 Evaluating decoding performance of upper limb imagined trajectories during cewotgrreaching tasks

Andres Ubed¢éES), Jose M AzofiES), Ricardo Chavarriagd | 0 > W2 & CHRSt wd aArftt y

In recent years, several studies have shown that there is a correlation between electroencephalographic (EEG) stwrads and
reaching kinematic parameters after applying linear decoders. These studies have been generally conducted using actual upj
limb movements, but so far there has been little discussion about the possibility of applying these decoders to motor imager
tasks. Moreover, the use of these decoders is rather controversial and there is no general agreement about the metrizs used
compare decoded and real kinematics. In this paper, we have applied this methodology to upper limb imagined movement
using a cater-out protocol. Our results show that, although decoding performance is poor, there are significant components,
particularly in horizontal imagined movements, that could be translated into reliable output commands. For this purpose, we
have proposed aidcrete classification of reached targets showing significant classification rates when the number of classifiec
targets decreases.

#1198 The adjustment of muscle synergy recruitment by controlling musclecontraction during the reaching
movement

Hiep \i Nguyen S{JdP), Isao NamkdP), Yasuhiro WadaP)

Muscle synergy is defined as a combination of the limited number of muscle activities, which has been considered useful f
contralling a large number of degrees of freedom in the musculoskeletal system. In previous studies, the robustness of musc
synergy recruitment across biomechanical tasks has been reported, i.e., the central nervous system controls -eofgarpred
musclesynergies corresponding to a specific motor behavior. In contrast, the present study considers a different hypothesi
wherein muscle synergy recruitment can be affected by muscle contraction. In our experiment, the subjects were instructed f
perform an adlitional muscle contraction during the eight directional peiatpoint reaching movement, on the basis of visual
feedback of four levels of contraction. The result of extracted muscle synergies from electromyogram across contraction leve
that as the leel of contraction increases, so does the number of recruited muscle synergy. Moreover, we found a high similarity
between shared muscle synergggise first synergy under different levels of contraction. The result revealed the hypothesis that
pre-organizedsynergies may be responding to the specific motor task but this coordination of existing muscle synergie
adjusted by muscle contraction. This adjustment can be useful to develop the more complex myoelectric interfaces e
which could contol not only arm motion but also arm force.

#1444 Analyzing electrode configurations to detect intention of pedaling initiation through EEG signals
Marisol Rodriguet/garte(ES), Alvaro Cos(gS), EdzZl NR 2 (EB)| J§s8 M Azo(iES)

Restoring the gait cycle is vital in motanpaired people. To accomplish this, it is necessary to study the brain signals in di
areas. This work analyzes EEG daflinefand pseudepnline for different electrode configurations and different processiinge
windows to detect the pedaling start initiation. Premotor cortex is the area related to movement intention. Therefores
study, the FZ electrode, which istded in this area, was included in the analysis of the electrode configurations, testing w
it plays an important role in the detection of pedaling start intention. Results show that using time before and after the
movement onset for processing isgferred. The presence of the FZ electrode seems to be desirable when analyzing data offline,
but is not statistically significant when analyzing data pseodiine. This suggests the FZ electrode could be ignored when
analyzing data in real time, since thecessing is the same as psetmidine.

#1589 EMOHEX: An Eye Tracker based Mobility and Hand Exoskeleton Device for Assisting Disabled People
Yogesh Kumar MeengGB), Anirban ChowdhurgIN), Hubert Cecotti (GB), KongFatt WoHgn (GB),
Shyam Sunder Nish#liN), Ashish DuttéiN), Girijesh Prasg¢B)

People suffering from &ariety of upper and lower limb disabilities due to different netmascular diseases or injuries, often

find it difficult to perform dayto-day activities of mobility and grasping (pick and place) objects. This paper presents the
feasibility and utility 6 a newly developed assistive device nhamed EMOHEX, for disabled people to perform some activities o
daily living (ADL). EMOHEX is an integrated platform that combines a low cdasa@kirg device with a poweredtheelchair
mounted handexoskeleton, whickcan assist disabled people in grasping objects while moving around. A dual control panel
oF &SR 3INYLKAOFE dzaSNJ AYyiSNFI OS Aa RSaA3dIySR gKSNBAYy (KS d
tracking. The dual control consists of @dichair control panel and exoskeleton control panel, which are interchangeable by a
switch button common to both the panels. The haexbskeleton is capable of assisting grasp, hold, and release action.
Experiments conducted on 16 healthy subjects revagateat performance metrics were significantly (p<0.01) similar for the
same task complexity while for different task complexities the performance metrics were significantly (p<0.01) differeat acro
all the subjects. These results showed the feasibility stability of the system, respectively. Moreover, the information transfer
rate (ITR) of eyracker was found satisfactory at 55.281.29 bits/min and 51.021.72 bits/min for simple and complex task,
respectively. Thus, EMOHEX has the potential as a qaasisgtive device for disabled people.

BMI Workshop
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#1256 Evaluation of a Neurofeedbackased Cognitive Telerehabilitation System for Neurological Patients
Silvia Erika Kobe(AT), Daniela Pintef(AT), Siegrid Fuch§AT), Christa Neupe(AT), Christian EnzingefAT),
Guilherme WoodAT)

Aim of this study was to provide a preof-principle for a nerofeedbackbased cognitive telerehabilitation system. Here we describe the
implementation of the system and its application and evaluation in two neurological patients with multiple sclerosisgtiftenircognitive deficits. The
portable telerehabilitaion system consists of a small EEG amplifier, an-teasge semidry EEG headset and a laptop enabling hdrased
neurofeedback training. The patients performed ten hebresed neurofeedback training sessions, which were supervised remotely by an EEG exper
During neurofeedback training, participants tried to voluntarily increase the amplitude of the sensorimotor rhythm (S¥RH%2 in the EEG. Before

and after neurofeedback training, cognitive functions were assessed using standardized neuropsyalttektgidResults demonstrate the feasibility and
efficacy of the neurofeedbadiased cognitive telerehabilitation system on different levels. On the technical level, we could show that the system works
flawlessly and can be easily used by neurologicdi gy 6 & 2y GKSANI 26y |G GKS LI GASyiaQ K2YSod hy GKS
of the homebased neurofeedback training are comparable to effects of conventional neurofeedback training performed in a standarclitatabr
envionment. The patients were able to voluntarily modulate their own brain activity in the desired direction and they showéiyedagprovements

after neurofeedback training compared to a preeasurement. Hence, our study demonstrates the great potentimievaf such a neurofeedbadiased
telerehabilitation system for future cognitive rehabilitation.

#1499 Brain-Computer Interface adaptation for an end user to compete in the Cybathlon
Andreas Schwai@T), David Steydl | ¢ 0 = DS NFuz(AT)w a Nt £ SNJ

Nonrinvasive braircomputer interfaces (BCI) aim to assist severely motor impaired persons in their daily life routine, however only a eweBGésle

it out of the laboratory. Tdoster further development, the Cybathlon, an international mdigcipline tournament, has been founded. One of the
disciplines is the B@&ace, where end users control avatars in a virtual race game by their thoughts. The game supports 4 differemtdsomimch
accelerate the avatar and increase the chance to win. So far, no gold standard procedure has been established on haey taenaibd individualize
multiclass BCI control for users. In this work we presenstade procedure to closely tail a multiclass BCI to an end user who will participate in the
Cybathlon. In stage | we test for basic -B&pability, in stage Il we evaluate the most suitable mental tasks for the user and in stage Ill we test user
compliance while perceiving feedbadkinally in stage IV the user is playing the competition game. Our procedure provides a promising way to guide
users from first contact with BCI technology to actually play a videogame by thoughts. We demonstrate the feasibiliprafeslure at the pilbof the
GRAZBCI racing team MIRAGE91.We believe that an evidence based procedure, maybe similar to the one presented in this woeksisyame
introduce BCI technology in the daily life of potential end users.

#1722 Using Support Vector Regressitm Estimate Valence Level from EEG

ZiruiLamd { DO = D S NFz(AT)wip@aWeih(5®),Ndsi Li$G), Olga Souri{8G), Reinhold Sche(AT)

Emotion recognition is an integral part of affective computing. An affective ‘m@imputerinterface (BCI) can benefit the user in a number of
applications. In most existing studies, EEG (electroencephalogbagkll emotion reognition is explored in a classificatory manner. In this manner,
human emotions are discretized by a set of emotion labels. However, human emotions are more of a continuous phenomendscrétan A
regressive approach is more suited for continuous g@omtecognition. Few studies have looked into a regressive approach. In this study, we investigate
a portfolio of EEG features including fractal dimension, statistics and band power. Support vector regression (SVREi ienigipgtudy to estimate
sueSO0GQa @rtSy0S tSgSt o0& YSIya 2F RAFTFSNByld TSI ddNBa di#hRE Nainidgg2 SJI  d
resources, whereas in the second scheme, a SVR only receives minimal training resources. MAE (mean abjaluerayesrof 0.74 and 1.45 can be
achieved under the first and the second scheme, respectively, by fractal feature. The advantages of a regressive appassifmatory approach lie

in continuous emotion recognition and the possibility to redua@ring resources to minimal level.
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#1894 Assessing Haptic Video Interaction with Neurocognitive Tools

Shahzad Raso(6G), Xiyuan HA$G), Yisi L{$G), Alexei Souri8G), Olga Sourin(&G)

Haptic interaction is a form of a useomputer interaction where physical forces are delivered to the user via vibrations, displacements and rotations of
special haptic devices. When quality of the experient¢he haptic interaction is assessed, mostly subjective tests using various questionnaires are
performed. We proposed novel neurocognitive tools for assessing both overall experience of the haptic interaction, apawitiuéer timestamped
activities. Our assessment tools are based on recognition of emotions and stress obtained from Electroencephalograms (EEG). We imsed them
feasibility study on adding haptic interaction to Skype video conversation.

#2112 Lets play Ti€TacToe: A BraiRComputer Inerface case study in cerebral palsy
Reinhold Scherer(AT), Andreas Schwarp ! ¢ 0 X DS NY Piitz (AV), \dkiofiaf BaimeBchindler (AT),

Mariano Lloria GarciéeS)

Operating BrairComputer Interfaces (BCls) that are based on the detection of changes in oscillatergwasive electroencephalogram (EEG) typically
involves learning. Commonly, the learninggess is distributed between the user (reliable EEG pattern generation) and the machine (robust EEG pattern
detection). Standard training approaches, however, typically do not allow users to gain meaningful levels control. Anblettstanding of brain
functioning or the use of sophisticated machine learning are ways to enhance control. Rethinking training paradigms igptmathén this paper, we
enhance our gaméased training approach by adding competitive elements. Winning is a powerful motihatoincreases user engagement of the
typically boring BCI training experience. We report on an end user with cerebral palsy who successfully gained BCldcptayaldathe classical Fic
TacToe game against his caregiver.
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#1221 Dynamic PotentiaModel-Based Feature for Lane Change Prediction

Hanwool WodJP)

We propose a prediction method for lane changes of other traffic participants. Accordmgt@us research, over 90% of car
crashes are caused by human mistakes, and lane changes are the main factor. Therefore, if an intelligent system can predic
lane change and alarm a driver before another vehicle crosses the center line, this cabhuterttsireducing the accident rate.

The main contribution of this work is to propose a new feature describing the relationship of a vehicle to adjacent watgcles.
represent the new feature using a dynamic characteristic potential field that changesstnduwation depending on the relative
number of adjacent vehicles. The new feature addresses numerous situations in which lane changes are made. Adding the n
feature can be expected to improve prediction performance. We trained the prediction modelhatdated the performance

using a real traffic dataset with over 900 lane changes, and we confirmed that the proposed method outperforms previous
methods in terms of both accuracy and prediction time.

#1417 Classification of Movementelated Cortical Potetials for Multi-Command Control based on Brain
Machine Interface

Ji Yong KinfKR), Seong/han LedKR)

Decoding of various motor intentions for generating command is one of the important factors indas@uwheelchair system.

The goal of this study focuses on classifying four types of trelaited motor execution and imagery intentions. By brain
components which are related to the truaklated movements (waist, shoulder, and trunk) are generated in thg serall and

very close brain areas; therefore, decoding of truelated motor intentions are not easy for providing reliable system
commands. To the best of our knowledge, the problems mentioned above have not been explored in the literature. Inyhis stud
we first validated the decoding accuracy of trumated motor intention based movememelated cortical potential. A set of
binary classification performance which are shoulder extension (SE), waist rotation (WR), trunk flexion (TF), and res (RE) h
validated in respect to execution movement as well as imagery movement across six subjects. All binary classification resu
showed performance that is higher than the chance level. The best decoding accuracy shows 68.5% in the motor imagery task
shaulder extension vs. waist rotation.

#1496 A Hand Gesture based Drivé&fehicle Interface to Control Lateral and Longitudinal Motions of
Autonomous Vehicle

Udara Eshan Manawad@JP), Mitsuhiro KamezaKiP), Masaaki Ishikaw&P), Takahiro Kawan@P),
Shigeki Sugan@P)
Autonomous vehicles would make the future roads safer by keeping the human driver out of the loopeflawduced degree
of humancontrol could result in loss of the feeling of driving for some drivers. Therefore, in this study we proposed a me
AYGSNI OdAz2y 06SG6SSy GKS RNAGSNI I yR | dzii 2y 2 Y 2 dedal a@dSldagit@ing
Y2iA2yad 2SS | R2LIISR KFyR 3S&aidNBa Fa Ayldzi Y2RIFIfAdGe oS
derived seven fundamental vehicle maneuvers to improve driver experience, and related them to seven indepgement
gestures. We then created a hand gesture interface to control an autonomous vehicle, using Leap Motion as the gestul
recognition platform. We conducted driving experiments involving twenty drivers in a virtual reality driving simulator to
investigateil KS ST¥SO0A OGSy Saa 2F (GKAa AYyGSNFIFOS F2N) OSKAOE S 02,
regarding the gestural interface. The results proved that samdnomous controlling using the hand gesture interface
significantly reduce®@ NA S NBR Q LISNOSA PGSR g2NJf 21 R®
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#1667 Towards an EEGased Intelligent Wheelchair Driving System with Vibtactile Stimuli

KeunTae KimKR), Seon@/han LeéKR)

Nowadays, the electroencephalography (EB&edwheelchair driving system, one of the major applications of bcaimputer
interface (BCI), that allows an individual with mobility impairments to perform daily living activities independentlys In thi
O2y GSEGZT dzaSNIRa Ay idSydA’kigpedib Sefdiah Eseadrofi GroupsSusifgavariaus pagatidins erSthe
wheelchair driving. In this study, we use a steathte somatosensory evoked potential (SSSEP) paradigm, which elicits brain
responses to vibrdactile stimulation of specific frequencie, 2 NJ I dza SNR& Ay GaSyidAz2zy ARSYGAT
main focus of this study is to validate an effectiveness of our SI&&€R wheelchair driving system via an online experiment
with more challenging tasks than our recent study. In outesgsa subject concentrated on one of viktactile stimuli (attached

on lefthand, righthand, and foot) selectively for driving wheelchair (corresponding to-teftn turn-right, and moveforward).

Five healthy subjects participated in the online expmmt, and the experimental results show that our SSSEP paradigm is

suitable to EE®ased intelligent wheelchair driving system.
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#1179 Spatial filters yield stable features for errerelated potentials across conditions
lwane Fumiak{JP), Ricardo Chavarriaf@H), Inaki lturraté / | 0 = W2 & CHRSt wd aAfft y

Errorrelated potentials (ErrP) have been increasingly studied in psychophysical experiments as well as-fordstaire interfacing. In the latter case,

the generalisation capabilities of ErrP decoders is a crucial element td frequent recalibration processes, thus increasing their usability. Previous
studies have suggested that ErrP signals are rather stable across recording sessions. Also, studies using protocstsmfliserésentation show that

these potentials daot change significantly when the presentation rate. Here we complement these studies by analysing the decoding gemeralisatio
capabilities. Using data from monitoring experiments, we evaluate how much the performance degrades when tested in a aliffeliéiot than the

one the decoder was trained with. Moreover, we compare different spatial filtering techniques to see which preprocessngeitefessensitive
features for ErrP decoding.

#1192 Agreement Rate Initialized Maximum Likelihood Estimattmor Ensemble Classifier Aggregation and Its
Application in BrainComputer Interface
Dongrui WUWUS), Vernon Lawhe(bS), Stephen Gord@dS), Brent Lanc€®)S), ChiiTeng Li(TW)

Ensemble learning is a powerful approach to construct a strong learner from multiple base learners. The most populaggr@gabesan ensemble of
classifiers is majority voting, which assigns a sample to the clasmtis base classifiers vote for. However, improved performance can be obtained by
assigning weights to the base classifiers according to their accuracy. This paper proposes an agreement rate initiatined likelhood estimator
(ARIMLE) to optimallys$e the base classifiers. ARIMLE first uses a simplified agreement rate method to estimate the classification accurebgss eac
classifier from the unlabeled samples, then employs the accuracies to initialize a maximum likelihood estimator (Mirig)l)yandefs the expectatien
maximization algorithm to refine the MLE. Extensive experiments on visually evoked potential classification ircanbpaiter interface application
show that ARIMLE outperforms majority voting, and also achieves better orarairlp performance with several other stabé-the-art classifier
combination approaches.

#1193 Offline EE@ased Driver Drowsiness Estimation Using Enhanced Bitote Active Learning (EBMAL) for
Regression
Dongrui WUWUS), Vernon Lavern(US), Stephen Gord@dS), Brent Lanc€®)S), ChiiTeng LiTW)

There are many important regression problems in «wafld braincomputer interface (BCI) appations, e.g., driver drowsiness estimation from EEG
signals. This paper considers offline analysis: given a pool of unlabeled EEG epochs recorded during driving, how dallyeedptina small number

of them to label so that an accurate regressiondel can be built from them to label the rest? Active learning is a promising solution to this problem,
but interestingly, to our best knowledge, it has not been used for regression problems in BCI so far. This paper prapedesnhanced batcmode
adive learning (EBMAL) approach for regression, which improves upon a baseline active learning algorithm by increasingbittg, rel
representativeness and diversity of the selected samples to achieve better regression performance. We validateivisnefsalising driver drowsiness
estimation from EEG signals. However, EBMAL is a general approach that can also be applied to many other offline regyless®bgyond BCI.

#1359 Classification of 17 Voluntary Movements Using Principal Component Asiglfor Myoelectric Prosthetic
Hand
Emi Nakanish(JP), Trongmun JiralerspoiP), Asuka Kambaya¢dP), Jun IshikawaP)

This paper proposes a signabcessing technique to classify 17 voluntary movements from electromyographic (EMG) signals. In the proposed method,
EMG signals are acquired from six EMG sensors. The features of the voluntary movements are extracted from these EM&ngigmiteipé
component analysis and later classified using artificial neural network (ANN). To evaluate the validity of the propose] omditi® classification
experiments are conducted on one male and one female participants. A total of 15 data sets, whereteamisists of EMG signals characterizing the
17 motions, are acquired from each participant. From this total, five data sets are used as training data, while the dttarsHls are acquired for
online testing. The same experiments are repeated oiffardnt day. The validity of the algorithm, evaluated based on the mean correct and incorrect
classification rates of both days are calculated from testing data. Results show that using all five training data he t#&itNtyields higher accuracy
than wsing only one training data. The best classification result shows that there are 10 out of 17 motions with an accuracy@¥sosad mean
incorrect rate of 2%. Furthermore, classification where ANN is trained using training data of a different dagdmaigted. The results show that the
proposed algorithm can achieve an overall correct rate of 46% at best. Based on the above results and considering #teufsrsthan promptly
modify any erroneous actions by looking at the actual output of thestresis, the proposed algorithm has demonstrated the potential to classify 17
voluntary movements from 6 EMG sensors.
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#1590 Novel Parameter Tuned Methodology for Undeiamped Stochastic Resonance Applied to EEG Signal
Enhancement

Lucio Fidel Rebolleddarera (MX), Guillermo Espinosa F(MX)

In this article, motor imagery ElectroEncephalographic (EEG) signals foiCBraputer interfaces (BCI) are processed under a weak signaltidatec

(WSD) paradigm, due to low signal to noise ratio (SNR) presented in EEG. Based on results from our previous workredtocanastqSR) is first time
proposed as a WSD method for EEG signals thus, taking advantage of the noise transitionshie aelbsystem. These transitions are synchronized

with the brain rhythms embedded in the EEG signal, enhancing desired brain waves. This way, a novel parameter tunedpi@dwiasapd on bi

stable well separation and depth modulation on the Duffizgtem, recovering most of the input waveform shape. On the other hand, a recognized
international EEG dataset, generated under BCI paradigms, was used in this work. The estimated SNR was 24dB andcaftsin§Rsjgnal recovery

on the desired mtbeta band was observed, with an output SNR of 1.31dB during motor imagery and 1.41dB during resting states. Single EEG signal is
reported from 17 channels processed, in order to demonstrate the signal processing methodology. Also for comparative , pilyptisesavelet

transform (DWT) was also applied to the same EEG signal. The results have shown comparable or, even a better signalrethandevde.
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#1339 Comparison oReaction Times in Response to Electrical and Visual Stimulation Using ashHegd Camera
Sho Tatsun@IP), Tomohiko HayakawdP), Masatoshi IshikawdP)

Recently, information laout reaction times in response to perceptive stimulation has been used to develop several applications focused on movement
instruction. However, knowledge is still lacking about reaction time related to haptics, especially electrical stimulatieford, in this study we
measured and analyzed reaction time in response to electrical and visual stimulation in human participants using a 3&&esdicamera. In our
experimental process, participants were placed in a separate room and they wore soohdmadphones to shield them from external noise.
Subsequently, they conducted reaching tasks involving visual and electrical stimuli. Usingjekiltamera, we recorded participants' hand motions

from a top view (thereby focusing on the backs of tHends) and calculated their reaction time via image processing. The results show that reaction
time in response to electrical stimulation is approximately 200 ms, which is more than 35% faster than reaction timenseréspisual stimulation.
Conseqently, our results could augment basic knowledge about electrical stimulation ifimeaifeedback systems. The data obtained may help in
electrical application in highpeed use.

#1650 A Hybrid BGControlled FES System for Haldrist Motor Function
Inchul Cho(US), Kyle BordUS), Chang Soo NgS)

Motor imagery (Ml) based Brai@omputer Interfaces (BCls) controlled Functional Electrical Stimulation (FES) can help people with severesoglarom
impairments to control their limbs by bypassing peripheral nerves and muscle pathways. However, there are still foumitegtjon§ with current Mi

based BCls for FES control: 1) They require relatively longer training and the training preca@un®t clear. 2) Classification of different Ml tasks
within the same limb is difficult 3) MI features cannot be utilized during passive-imatidns induced by FES due to movement artifacts. 4) Few FES
units are available which have ret@she parametercontrol functionality. This study addresses these limitations by applying a hybrid BCI paradigm with a
modified lowcost commercial ofthe-shelf Transcutaneous Electrical Nerve Stimulation (TENS) unit. Four subjects were asked to mimic visual cues t
imagine either closing or opening their dominant hand at different rates, such as fast or slow. After FES was initiategett®egele asked to attend

to visual stimulus to elicit Steaejtate Visual Evoked Potential (SSVEP) to stop FES. Resultstoflyhéhiswed that the modified TENS unit was able to
successfully control hand motion in rea@he. The classification results of different Ml tasks within the same hand were promising. Furthermore, all
subjects could stop the FES within 6 seconds and veeage completion time was 2 seconds. The results of this study could provide insights towards
future research of rehabilitation for stroke patients.

#1840 A Study on the Effect of Electrical Stimulation During Motor Imagery Learning in BZamputer Inerfacing
Saugat Bhattacharyyé-R), Maureen Cle(ER), Mitsuhiro Hayashil{ER)

Functional Electrical Stimulation (FES) stimulates the affected region of the human bsdyrdviding a neuroprosthetic interface to noecovered
muscle groups. FES in combination with Bmimputer interfacing (BCl) has a wide scope in rehabilitation because this system can directly
cerebral motor intention of the users with its mesponding peripheral mucle activations. Such a rehabilitative system would contribute to impro
cortical and peripheral learning and thus, improve the recovery time of the patients. In this paper, we examine the effetriol stimulation by ES
on the electroencephalography (EEG) during learning of a motor imagery task. The subjects are asked to perform four gmtotaskas over si
sessions and the features from the EEG are extracted using common spatial algorithm and decoded usdigclimeigiant analysis classifier. Feedbe
is provided in form of a visual medium and electrical stimulation representing the distance of the features from the mgeRgaults suggest
significant improvement in the classification accuracy when tiigext was induced with electrical stimulation along with visual feedback as comg
to the standard visual one.

BMI Workshop

#1866 Demonstration of a stable chronic electrocorticograpfpased braincomputer interface using a deep brai
stimulator
Margaret Claire Thmpson(US), Jeffrey HerrqiuS), Timothy BrowfuS), Jeffrey OjemarfblS), Andrew K@JS), Howard J
ChizecKUS)

Chronic electrocorticography (ECoG) studies will be necessary to understand hasezadf assistive braicomputer interface (BCl) technologies will
control their devices on a loAgrm scale. A BCI platform consisting of a deep brain stimu(@BS) and a cortical electrode strip, theoretically suitable
for use over multiyear periods, is validated in a single human subject with essential tremor (ET). At the time of this writing, stable @Gn@sréave
been demonstrated for four months &ft implantation. Additionally, the patient has performed a BCI cucsmtrol task with betterthan-chance
accuracy using both (1) an overt movement control scheme and (2) a motor imagery control scheme. These results vakiaiageeabled DBS with
cortical strip system as an exciting platform for chronic ECoG BCI experiments and as a scientific toetdonloadical recordings in different patient
populations.

#1938 Multichannel Cuff Electrodes for Peripheral Nerve Stimulation and Recording

Emma Brunton(GB), Christoph BlgGB), Kianoush Nazarpo(@B)

In the development of neuroprostheses to restore sensory and motor function to disabled patients the choice of tlreleteto be used remains an
important consideration. The optimal electrode design should be minimally invasive and be capable of recording or stiseli&ttingly a large
number of nerve fibers. Additionally, the electrodes should be capable of dalivetimulation within electrochemically safe limits. Here we report on

the use of a multcontact cuff electrode for stimulation and recording from peripheral nerves. Nerve cuffs with 16 electrodes, comprisgg af 4n
electrodes, were implanted aroanthe sciatic nerve of two rats. The electromyogram signal (EMG) was recorded in response to electrical stimulation
delivered by the electrodes, and the electroneurogram signal (ENG) was recorded in response to sensory stimulation appligitatera foot.
Visually detectable muscle movements were elicited with charge injections ranging from 4.6 to 8.2 nC. ENG recordingsetoesposory stimulus
allowed for the onset and culmination of sensory stimulation to be detected using mean absolugeo¥dahe signal. Initial results indicate that flexion

and extension of the ankle joint can be differentiated by combining information recorded from pairs of electrodes. Tlseofethist study indicate that
multi-contact cuffs can be used for decodingural signals; however, more data needs to be collected for classification of sensory movements to be

tested.
SMC 2016 BudapeffTechnical Progra
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#1086 A Study on the Imact of Neurofeedback in EEG Based Attentidriven Game
Kavitha P Thoma$G), Vinod Achutavarrier Prag&is)

Multi-disciplinary study of human computer interaction has provided significap@nin the fields of neural engineering, cognitive neuroscience,
rehabilitation and braircomputer interaction. This paper evaluates the impact of neurofeedback in the context of a simple computer game controlled by
attention based brain signals. The dgsd game protocol requires the player to memorize a set of numbers displayed in a matrix format, and to
correctly fill the matrix using his attention based brain patterns. Attention level of the player, quantified using sanmpyewvalues of
Electroenephalogram (EEG) signals, is the core control parameter of the game. A comparative study using a single neurofeedback 2yomurel

groups (each group consists of 8 subjects) has been carried out to examine the impact of neurofeedback on enkemamgsabre and cognitive skill

in the context of the attentiordriven game. Experimental results explicitly demonstrate the significance and usefulness of neurofeedback in EEG based
games.

#1963 Individual Alpha Peak Frequency Based Features for Stutidependent EEG workload classification

Wei Lun LinfSG), Olga Sourif8G), Lipo Wan@G), Yisi L($G)

The individual alpha peak frequency (IAPF) is an important biolagéieator in Electroencephalogram (EEG) studies, with many research publications

linking it to various cognitive functions. In this paper, we propose novel Power Spectral Density (PSD) alpha featunes |B&edo classify 2 and 4
levels of EEGmultda] Ay 3 62NJ f2FR RIGF® 2KSYy 2LIHAYATSR LItC 61a&a O2yaARSNBRI | mMO
with 35 and 33 subjects showing improvement was observed for 2 and 4 class cases respectively. This trend suggesiduagpedific features are

able to improve classification performance compared to generalized features for subject dependent cases. The proposed igatlréncorporates

the biological meaning of the IAPF and provides subject specific information, cam$idered as a viable alternative to the general alpha power feature

when designing novel subject dependent feature sets for BCI workload recognition applications.

#2008 Biometric Identification of Persons Using Sample Entropy Features of EEG DuringtRest

Kavitha P Thoma$G), Vinod Achutavarrier Praq&is)

Biometric recognition of persons using brain waves has been identified as an attractive topic of research today. @pugdimigigmetric modalities of

face, finger prints and voice signals are vulnerable to various kinds of attacks and spoofing techniques, whereas thg leioraegiic trait extracted

from brain wave is expected to act as an ideal biometric feature offeriny dégree of uniqueness, stability and universality. This paper analyses the
efficacy of the complexity of Electroencephalogram (EEG) signals recorded during rest state for recognizing individaafsilfl@ly available EEG
dataset consisting of 109 sduits. Sample entropy features extracted from delta, theta, alpha, beta and gamma bands of 64 channel EEG have been
evaluated for subjeeidentification in the proposed system. It is found that beta band entropy has the highestsimbgect variability. &sed on a
Mahalanobis distance based classifier, beta entropy gives an average correct recognition rate of 98.31%. It has alserkedntaiconcatenation of

entropy features with power spectral density (PSD) values improves the system performantiser Boalysis is essential to investigate the stability of
results over time and to optimize the recognition performance at a reduced number of channels.

#2255 Predicting decision accuracy and certainty in complex breiachine interactions
Victor ShiHUS), Ludan ZharfyS), Christian Kotl{&JS), Scott Makei@S), Paul Sajd&S)

A promising application of brain machine interfaces (BMIs) is giadiuser cognitive state, particularly in complex and demanding scenarios, so that
automation can dynamically and adaptively adjust task parameters to optimize joint homaahine performance. In this paper we analyze neural,
physiological and behavidrdata recorded during a complex twaerson crew station" task and investigate whether these measures provide information
for inferring user decision state. Specifically, we investigate how measures of EEG, pupil dilation, heart rate and tiespooaebe fused to infer
decision confidence and accuracy in two sidsks occurring throughout a three hour experimental session. Onetaslteis an auditory task, the other a
visual task, both occurring within the context of the crew station scenario (ayditlert and a visual satellite maph¥ck task). We find that the best
prediction performance always fuses EEG and pupil dilation measures, with results yielding betwe®b%7@tcuracy with respect to whether the
subject(s) will skip making the decisi¢i.e. have high uncertainty) or whether he/she makes an error. Interestingly, the results suggest a possible
mechanistic explanation for the utility of the fused measures, specifically the interaction between the locus coerulewbdt€qctivity idinked to
arousal state and can be inferred from pupil dilation, and the anterior cingulate (ACC), which has been linked to deuiaimm f@and monitoring and
whose activity is typically measured via EEG. In general, our results demonstrate thegbatensiing fused neuro/physio measures to infer and track
human operator decision uncertainty during demanding complex tasks, possibly enabling BMIs to eventually be employedtias totgtics" for
improving mammachine interaction and performance.

#2281 A Robust Interval Typ@ based BCI System
Ankit DaqgSG), Suresh Sundard815), Narasimhan SundararajsiG)

This paper presents a BCI system which addresses the key mpsblerobust feature extraction, nestationarity and subjeespecific spectral filter
selection. It employs the Robust Common Spatial pattern (RoCSP) feature extraction algorithm which eliminates trial$pféetifadts and discards
redundant channed to improve the robustness of the CSP algorithm. Next, it handles thstatianarity in EEG signals using the -Bafulated Interval

Type2 NeuroFuzzy Inference System (SRIT2NFIS). It uses the input features generated by the RoCSP algorithm stite hamati¢ationarity as
uncertainty using the interval typ2 fuzzy sets in the antecedent of fuzzy rules. A five layered modified T2kgegneKang interval type fuzzy

inference mechanism forms the structure and the learning algorithm uses-gegal&tory mechanism. Further, the SRIT2NFIS classifier is used to find

the desired spectral filters by eliminating those frequency bands that do not affect the classification performance. dtragrex of the proposed

system has been evaluated using twabpicly available BCI competition data sets and compared with other existing algorithms like FBCSP, DFBCSP and
BSSFO. The results indicate improved performances of the proposed algorithm. Finally, the proposed system is employelithe cootement of a
quadcopter.
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#1643 SSVEP Based BMI for a Meal Assistance Robot
Chamika Janith Perera(LK), Isira Naotunna (LK), Chameera Sandaruwa(LK), R.A.R.C GopurdLK),

Thilina Dulantha Lalitharatn@K)

Meal assistance robots provide disabled individualsabeess to one of the important activities in daily living,-fegfding. This paper proposes
a Steady State Visually Evoked Potential (SSVEP) based Brain Machine Interface (BMI) for controlling of a meal asstistemttempioposed
system, the usehas the facility to select any solid food item that he would like to eat from 3 different bowls just by looking at thetikespec
LED matrices blinking at different frequencies. The generated SSVEP signals while looking at the LEDs are extractesiginate &&tfBired
using OpenBCl EEG signal acquisition system. Extracted SSVEP signals are used to identify the intention of the useuantlystiese
detected intentions are used to operate the meal assistant robot. Experiments are carried outdtevdiie system and results indicate the
effectiveness of the proposed method.

#1841 Comparison of Hand and Forearm Muscle Pairs in Controlling of a Novel Myoelectric Interface

Jessica Barnd&B), Matthew Dyso(GB), Kianoush Nazarpo@B)

With commercial prosthetic hands, executing some everyday movements, for example, concurrent grasp and bending of theiekisptan

object from a high shelf, is very challenging. We hypstbed that after the loss of the hand, the flexibility of the nervous system enables
prosthesis users to bypass the innate biomechanical constraints on dipgemuscles and joints. We show that users are able to learn to
operate a myoelectricontrolled interface by flexibly contracting pairs of hand and forearm muscles. The use of these novel activity patterns
can have a transformative effect on the control of future prosthetic hands.

#1850 The Temporal Limits of Agency for Reaching Movements in AugexVirtuality
Guillermo Roman BernélS), Oliver Alan Kannaf@B)

¢tKS aSyasS 2F 3Syo0e o6{2!06 RS&EONARO6SaAa G(GKS F¥S8SStAy3d 2 TtoauBhaedaspe&tsS |
2F aSyaz2NRY23(2N) O2y(iNRf | yR dzyRSNER(G22R (2 RSLISYR 2y deeSdigueditod A f
be a critical component of sedfwareness in general and contribute to presence in virtualitye@nvironments in particular. A common
approach to investigating SoA is to ask participants to perform-djoatted movements and introducing spatial or temporal visuomotor
mismatches in the feedback. Feedback movements are traditionally either switchied K a2 YS2y S St a85Qa YRed&Y Sy i
Y2RAFTASR o0& LINBPOGARAY3I 06&0GNFOGSR FSSRoIlO1 Foz2dzi 2y SQa ifylchscib il s
monitoring and the SoA for ecologically valid, three dimeyidiof FSSRol O] 2F (GKS LI NIAOCALI yiGaQ |
displayingan InfravS R o Lw0 FSSR 2F GKS LI NIAOALN yiGa&Q dzLILISNJI f A Yhmuntedidisplaly
(HMD). Movements could be fed Hain realtime (46ms system delay) or with an experimental delay of up to 570ms. As hypothe
LI NGAOALI yiQa {2! RSONBIASR gAGK AYONBlIaay3da GSYLRNIt idgithedrzo
AVEs. ldine withtth & f AGSNF G dzNBX 6S NBLERNI GSYLRNIE fAYAGAE 2F HHHBC
demonstrate the validity of the experimental platform by replicating studies in SoA both qualitatively and quantitativeliscses our fidings
in relation to the use of virtual and mixed reality in research and implications for neurorehabilitation therapies.
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#2286 Classification of Gait from EEG Using Inverse Brain Mapping

Lea HehenbergdAT), Martin SeebdAT), Reinhold Scher@&T)

Longterm impairment, disability and handicap are major issues after stroke. A wide range of interventions have been develoaend tha
promote motor recovery in affected personsigh-intensity and taskspecific training protocols show promising results. A better understanding
of brain functioning in the context of motor learning and motor control may help to further improve rehabilitation outcomwbile brain
imaging has broughadvances that led to the development of models that characterize different aspects of the cortical involvement in
movement. We are interested in translating those findings into online applications and lay a basis for novel rehabilieti@ntions. h this
paper, we use a model of gait consisting of two parameters: The state of walking (compared to upright standing) and thesdyintra
movement, i.e. the gait cadence. To this end, we perform mobile electroencephalography (EEG) measurements agitlbineerse brain
imaging and timdrequency analyses optimized for online application.

#2415 Imagined 3D Hand Movement Trajectory Decoding from Sensorimotor EEG Rhythms

Attila Korik(GB), Ronen Sostrflk),Nazmul H. Siddigug&B), Damien Coy{&B)

Reconstruction of the threeimensional (3D) trajectory of an imagined limb movement using elemticephalography (EEG) poses many
challenges. However, if achiejemore advanced nemvasive braircomputer interfaces (BCls) for the physically impaired could be realized.
The most common motion trajectory prediction (MTP) BCI employs adaries of banepass filtered EEG potentials for reconstructing the 3D
trajectory of limb movement using multiple linear regression (mLR). Most MTP BCI studies report the best accuracy using 10\s-2lditx (
bandpass filtered EEG potentials. In a recent study, we showed spatiotemporal power distribution of #&a)(4nu (8.2Hz), and beta (12
28Hz) EEG frequency bands contain richer information associated with movement trajectory. This finding is in line wahlthénréhe
extensive literature on traditional sensorimotor rhythm (SMR) based multiclass (MC) BCI studis,report the best accuracy of limb
movement classification using power values of mu and beta frequency bands. Here, we show the reconstruction of actugjised 3Daimb
movement trajectory with an MTP BCI using a tisegies of bandpower values (8 Todel). Furthermore, we show the proposed BTS model
outperforms the standard potential timeeries model (PTS model). The BTS model yielded best results in the mu and beta bands (R~0.5 fc
actual and R~0.2 for imagined movement reconstruction) and nttériow delta band, as previously reported for MTP studies using the PTS
model. Our results show for the first time how mu and beta activity can be used for decoding imagined 3D hand movemedaGfrom E
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#1620 Improved target recognition response using collaborative brain computer interfaces

Adrian StoicdUS), Kyongsik Y(dS)

The benefit of using diaborative brain computer interfaces in improving human response in visual target recognition
tests was investigated. We used an EEG dataset by Delorme et al. 2004, created from recordingsarsnge8 EEG
system. The 14 participants performed a go/go categorization task on natural photos with animals, defined as targets,
and nonanimal distractors, presented very briefly. First, we compared the two evoked responses between the target and
distractor images and determined that the P300 response wsigsificantly higher in the target images than in the
distractor images. Second, we calculated and compared the classification accuracy using one, two, and three EEG signal
sets. We applied linear support vector machine witfiolsl cross validation. Comped to the results of a single brain
prediction (79.4%), the overall accuracy of two and three brains prediction was better (89.3% and 88.7% respectively).
Furthermore, the time to achieve the 90% accuracy was significantly faster when using EEGs frord tivee brains
(100ms) than that of one brain (230ms). These results bring supporting evidence to the hypothesis that one can achieve
higher levels of perceptual and cognitive performance by leveraging the power of multiple brains through collaborative
brain computer interfaces.

#2038 Inactive-State Recognition from EEG Signals and its Application in Cognitive Load Computation

Rahul Gava@iN), Rajat DadN), Pratyusha DgéN), Debatri Chadtrjee(IN), Aniruddha Sinh@N)

Extraction of desirable information from electroencephalogram signals require same level of active involvement from the
participants throughout the entire duration ohe task. However, this is hard to attain due to environmental, personal and
internal factors including thought processes. This poses a major challenge in realizing accurate evaluation of mental
workload. This study is aimed at detection of the inactive takstates of the participant during an experimental task.
Conventionally cognitive load is computed with respect to the baseline period. Here a novel approach is adopted based on
the detection of most inactive mental state during the rest period. It isesbed that alpha rhythms (8 12 Hz) are
dominant than theta rhythms (4 7 Hz) during the rest state and this information is used in determining the most inactive
mental states. Galvanic skin response (GSR) is also analyzed for the same purposetéothalidecoded mental state

from the brain signals. Results indicate that the proposed approach of inactivity detection, improves the overall accuracy
of detection of cognitive load by 15.57%.
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#2486 Optical EEG (OEEG): A Novel System Towards PortablelRea BrainrComputer Interfacing

Ehsan Kamrar{iCA)

Typical braircomputer interfaces are mainly based on the monitoring of neural activities using electroencephalogram.
However, in order to track and translate the human brain di¢i¥ more accurate and in retime, monitoring the
KSY2Re@YIFYAO FOGABAGASE 2F GKS ONIAY Aa |faz ySoOSaalNERo |
the neural and the hemodynamic activities of the brain using a single portable déwiceore accurate and redime
brain-computer interface applications.

#1962 An Investigation of Annotation Smoothing for EEfased Continuous Musiemotion Recognition

Nattapong Thammasa@P), Keiichi Fuku{JP), Masayuki NumgaP)

As emotional responses of a human to stimuli could evolve over the course of time, continuous emotion reporting is
essential for the construction of a computational model to capture the temporalution of the human emotions.
However, continuous emotion assessment is confronting various challenges, especially when using the continuous
arousatvalence space. Manipulating emotion annotation data prior to performing emotion recognition is, therefore,
necessary. In this paper, we present a study of applying three different signal filtering techniques to smooth annotation
data; moving average filter, Savitz@@play filter, and median filter. We performed experiments of arousal and valence
recognition inmusic listening tasks employing signals from electroencephalogram (EEG). Fractal dimension approach was
adopted to extract informative features from brain dynamics and emotional states were then derived by classification and
regression techniques. Our ernigal results suggested the promise of the moving average filter that could enhance the
performance of emotion classifying and tracking.
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#1190 Online Eye State Prediction from EEG Data Using Deep architectures

Tharun Redd{{N), Laxmidhar Behe&B)

In the past decade, improvements in the production ofkpersive PC equipment and software has permitted more refined
reaHtime signal processing in BCI systems. In the literature, Deep learning concepts have not been applied to EEG data analys
a systematic manner. This paper applies various existing Deaprigaarchitectures and algorithms for the classification of EEG
data applied to eye state detection. The deep learning based classifier systems presented in this work are comparable to tt
state of the art classifiers devised by Roesler and Suendermar)(2&id Cameron et al.(2015). The goal of this work is to
O2yailiNHzOG | &aeaidsSYy LINPRdAzZOAY3I | OOdzN> OASa O2YLI NI ot S the w2
same time providing enough speed to be used in an online BCI frarkewororder to meet the constraints, following
architectures were designed: A Multi layered neural network with ReLU andalrpmleep belief networks based unsupervised
learning, dropout masks on deep neural networks. Specifically, we compare our sesithh K*, RRF, (K*+RRF), ada(RJ48F)
classifiers. Also an-teepth analysis of binary class features has been done usiNEt based visualizations while fitting elliptical
contours to the features. Prior research suggests that instdrased/lazy learnerbke the K* algorithm are likely to be too slow

to be used in a BCI framework, with ada(RJ48F) model performing decently well. But our chosen deep neural netwol
architectures produce higher classification accuracies and have lower convergence timeg thakineven faster within the

time specifications of redlme classification and control applications.

#1549 Frequency Detection for SSViBRsed BCI using Deep Canonical Correlation Analysis

Hanh Thi VUKR), Bonkon K{&R), Seungjin CH#&R)

Canonical correlation analysis (CCA) has been successfully used for extracting frequency components -sibitsteddyal
evoked potential (SSVEP) in electroencephalography (EEG). Recently, ffofesvoea CCAased SSVEP methods have been
made to demonstrate the benefits for brain computer interface (BCIl). Most of these methods are limited to linear CGA. In thi
paper consider a deep extension of CCA where input data are processed througheraitgrls before their correlations are
computed. To our best knowledge, it is the first time to apply deep CCA (DCCA) to the task of frequency component @xtraction
SSVEP. Our empirical study demonstrates that DCCA extracts more robust feature, wiaibbuta@7% higher signal to noise
ratio (SNR) compared to those of CCA, and it results in better performance in classification with the averaged accunaog
91%.

#2231 Exocortical Cognition: Heads in the Cloud

Stuart Mason DambrgfuS)

From a neurocentric perspective, H. sapigeserated technology can be described as our neocartprimarily the prefrontal
and sensorimotor areas; augmenting our physiological cognitive, perceptual, and movergenierating structuresby
projecting itself into the external environment. In this context, the emerging capability of neuroprosthetics to direatheriu
neurocognitive function presents a unique and highly promising scientific and technological undertaking, in that igé$)ss
the possibility of dramatically increasing cognitive function on a spedigs basis, and (2) is universally applicable to
enhanced ideation, investigation and comprehension of all areas of inquiry. Here | propose Exocortical Cognitigna(ECC)
transdisciplinary augmented cognition framework based on a review of the literature, accelerating progress in and convergenc
of a range of independent areas of science and technology, and the application of technology forecasting techniquesdif reali
Exocortical Cognition would significantly enhance human cognitive function and memory capacity while bridging the often
presumed gap between human and future machine intelligence.

BMI Workshop

BMI Papers XIik A Tribute to Walter J. FreemafBMI Workshop Special Ssisn XIl)
OrganizersJ. Carmena, R. Kozma, and J. Principe

October 12 (Wednesday), 11:42:30, InterContinental Budapest, Ballroom Il

Session Chaird: CarmenaR. Kozmal. Principe

#2363 Mass Action in Brains and Computet®A Tribute to Walter J. Freeman

Robert Kozm@us)

This contribution presents a brief review of experimental and theoretggiroaches to brain dynamics, including concepts
describing the unity of brain, mind, and body. We dedicate this essay to the memory of Walter J. Freeman, lll, withratiscus o
pioneering work in the past 60 years establishing the new field of comioutat neuroscience, including mass action in the
nervous system, field theories of cognition and intelligence, and his quest towards inventing novel engineering appreaches f

brainrmachine interfaces.
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#1649 PNN for EE®ased Emotion Recognition
Jianhai ZhangCN), Ming ChefCN), Sanging HCN), Cao Y(WS), Robert Kozn{bS)

The effort to integrate emotions into humaromputer interaction (HCI) system has attracted broad attentions. Automatic emotion recognition enables

the HCI to become more intelligent and user friendly. Although numerous studies have beemmgetfor this field, emotion recognition is still an
extremely challenging task, especially in ve@kld practice usage. In this work, probabilistic neural network (PNN) , with advantage of simple, efficient,
and easy to train, was employed to recognize &t elicited by watching music videos from scalp EEG. The publicly available DEAP emotion database
was used to validate our algorithms. The powers of 4 frequency bands of EEG were extracted as features. The resultstisbhonetiratclassification
accuacy of PNN is 81.21% for valeicexp YR fpU0 YR ymMoHce: F2NJ I NRdzalftoxp FYR fp0 | ONRAA
demonstrate that higher frequency bands (beta and gamma) play more important role in emotion classification than lowéneiaean(l alpla). For

the purpose of practical emotion recognition system, we proposed a Ré&laféd channel selection algorithm to reduce the number of used channels

for convenience in practical usage. The results show that while using PNN, the 98% of the maxagaificatian accuracy can be obtained with only 9

(for valence) and 8 (for arousal) best channels, however, 19 (for valence) and 14 (for arousal) channels are needethv8¥biusi

#1928 A Separability Marker Based on Highimensional Statistics for Clagication Confidence Assessment
Nathalie Therese Helene GayrgidR), Nathanael Fqi#R), Maureen Cle(ER)

This work provides a theoretical analysis framework fotuess that belong to the high dimensional Riemannian manifold of symmetric positive definite
matrices. In norinvasive EE®ased Brain Computer Interfaces, such as the P300 speller, these are sample covariance matrices of the epoched EEG
signal, that are lassified into two classes. An analysis of the class shape on the manifold is performed, and the level the separabititp afléisses is
evaluated. The main contribution is a method that appends a confidence marker to the prediction of a binafigrol@ssse decision function is based

on the comparison of Riemannian distances, called thec8Midence method.

#2114 Alternative CSP approaches for multimodal distributed BCI data

Stephanie BrandDE), Klausy 2 6 S NIi (DBE) NWojci&chlBam¢RE)

BrainComputer Interfaces (BCls) are trained to distinguish between two (or more) mental states, e.g., left and right hand agoy,ifrom the
recorded brain signals. Commdpatial Patterns (CSP) is a popular method to optimally separate data from two motor imagery tasks under the
assumption of an unimodal class distribution. In out of lab environments where users are distracted by additional nogsetsisuassumption mayot

hold. This paper systematically investigates BCI performance under such distractions and proposes two novel CSP \ambitesC8fsandsep CSP,

which can cope with multimodal class distributions. The proposed algorithms are evaluated usitadisirawand BCI data of 16 healthy participants
performing motor imagery under 6 different types of distraction. Both methods are shown to significantly enhance the pecforoempared to the
standard procedure.

#2361 A Hybrid ICA Wavelet Transform folAutomated Artefact Removal in EE@sed Emotion Recognition

Alain Desire Bigiriman@gsB), Nazmul H. Siddiq(®B), Damien Coy{€&B)

Removing artefacts from electroencepbgtaphic (EEG) recordings normally increases their low digwmdise ratio and enables more reliable
interpretation of brain activity. In this paper we present an evaluation of an automatic independent component analygisd¢€dyre, a hybrid ICA
wavelet transform technique (IGW), for artefact removal from EEG correlated to emotiestate. Spectral and statistical features were classified with
support vector machines (SVM) to assess the performance eM@gainst the regular ICA, in terms oéthccuracy of classifying emotional states from
EEG. Accuracies on data from 14 subjects are reported and the results indicate thétd€forms better than traditional ICA in statistical and wavelet
based features whilst the best overall performancadkieved when combining IGA with statistical features with an average accuracy across subjects
of 74.11% for classifying four categories of emotion-WC# therefore demonstrated to enhance EB&ed emotion recognition applications in terms
of performance and ease of application.

#2381 Superposition model for steady state visually evoked potentials

Cardona JaibgiCO), Caicedo Eduar(@0), Wilfredo Alfong€O), Ricardo Chaviagado / | 0 = W2 a8 CHRSt wod aAf

Steady State Visually Evoked Potentials (SSVEP) are signals produced in the occipital part of the brain when somedgte fizkering at a fixed
frequency.These signals have been used for Brain Machine Interfacing (BMI), where one or more stimuli are presented and the systdatetas

what is the stimulus the user is attending to. It has been proposed that the SSVEP signal is produced by superpbsitaily &voked Potentials (VEP)

but there is not a model that shows that. We propose a model for a SSVEP signal that is a superposition of the responthe diseng and falling

edges of the stimulus and that can be calculated for different freqesnciWe fixed the model for 4 subjects that gazed stimuli in the frequencies of 9Hz,
11Hz, 13Hz and 15Hz, and dagicles of 20%, 35%, 50%, 65%, and 80%. Since the phases of SSVEP signals are stable over the time, these were used to fix
the model, withoutthe amplitude; however, signals of scattered phases were discarded. The model parameters were found using the Oz electrode
signals and a genetic algorithm. The mean absolute error (MAE) between the measured phase and the obtained one was foal@adtesubject

(named S1, S2, S3, and S4). The model was fixed for the subjects in the fundamental frequencies, just two of them idtharsemoic, and one in

the third harmonic. We obtained a maximum MAE for 3 subjects (S1, S2, and S4) in the fundé&nesunalcies at 0.30 rad and one of them (S2) with

0.21 rad in the second harmonic. The last one (S3) signals show poor results with a MAE between 0.46 rad and 1.79 udihdyuimdamental
frequencies, and second and third harmonics. The results similarities among the different model parameters such that it suggests that a general
model could be obtained. We fixed the model for 4 subjects that gazed stimuli in the frequencies of 9Hz, 11Hz, 13Hz and @iz ycles of 20%,

35%, 50%, 65%, al@d%. Since the phases of SSVEP signals are stable over the time, these were used to fix the model, without the ampgivede; how
signals of scattered phases were discarded. The model parameters were found using the Oz electrode signals and a géhstic dlge mean
absolute error (MAE) between the measured phase and the obtained one was calculated for each subject (hamed S1, S2l) SBhemdo8el was

fixed for the subjects in the fundamental frequencies, just two of them in the second harnamdi@ne in the third harmonic. We obtained a maximum

MAE for 3 subjects (S1, S2, and S4) in the fundamental frequencies at 0.30 rad, and one subject (S2) of them got thelseadnd harmonic. The

last one (S3) signals show a poor performance wilhA&E between 0.46 rad and 1.79 rad by including fundamental frequencies, and second and third
harmonics. The results show similarities among the different model parameters such that it suggests that a general nabolelaiziained.
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#1528 Variable admittance control in pHRI by measuring muscleaotivation with EMG

Fotios DimeaéGR, Stavros Grafakd$R), Nikos Aspragath@SR)

In this paper, the cactivation level of the arm muscles is used as an indication of thepeimt stiffness for improving
humanrobot cooperation. A vaable admittance controller is proposed to adjust the virtual damping in real time by
measuring the operator's muscle activation by means of surface EMG. An experimental user study is conducted th
simulates both high accuracy and fast transition moverseivolving humamobot interaction with a 7DOF LWR serial
manipulator. The proposed method is compared to constant admittance and is evaluated in terms of movement accurac
execution time, and the operator's energy consumption. The results demonstnatethere is a significant reduction of

the operator's effort and an improvement of the cooperative motion accuracy.

#1658 Patient Simulator Using Wearable Robot to Estimate the Burden of K@®sgeoarthritis Patients
during Sittingdown and Standingup Motions

Ryu KubqJP), Ayaka Hirukaw@P), Shogo Okamo{dP), Naomi YamaddP), Yasuhiro Akiyan{dP), Yoiji
YamadaJP)

The estimation of the physical burdens from which people with motor impairment suffer helps us establish welfare
techniques comprising personal care equipment and assessment of critical risks, such as fall risks. However, t
involvement of actual patiets in the evaluation and development of this equipment is costly and involves the exposure of
patients to long and exhausting experiments. To solve this problem, we developed a robot wearable by a healthy persc
and the associated control algorithm to sitate typical motions of patients with knee osteoarthritis, which is a common
symptom for the elderly and causes pain during movement. To estimate the physical burdens inflicted by knet
malfunctions, we computed the knee flexion and extension moment ofsihmulated patient during the standingp and
sitting-down motions. The moments, estimated under certain conditions, are qualitatively consistent with
considered clinically, which corroborates the validity of our patient simulation techniques.

#2116 Control of Artificial Human Finger using Wearable Device and Adaptive NetvBaked Fuzz
Inference System

Seyed Reza Larif@A), Hojatollah Rezaei Nej@ciA), Mina HoorfafCA), HomayouNajjaran(CA)

This paper demonstrates a new approach for the use of multiple strain sensors on a wearable flexible finger
measure the posture and movement of a human finger accurately. The system is fdetoped to repeat the huma
finger motion on a robotic finger. Here, we used adaptive netwmaked fuzzy interface system (ANFIS) to relate the
strain sensor readings to human finger posture and motion. The input and output measurements used ti\fr&sake
obtained from the strain sensors of the wearable platform and a 3 degree of freedom (DOF) exoskeleton testbec
respectively. The ANFIS model is then used to predict human finger posture and motion directly from the strain senso
installed on thefinger band. We made additional experiments and generated testing data using the exoskeleton testbed
to verify the ANFIS model. Finally, we demonstrate that the robotic finger closely follows the human finger motion by
reading the wearable finger band outpand calculating the posture and motion parameters in real time.
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#2485 EEG based Biometric Recognition Using Subfgmtcific Alpha Peak Frequency and Dé3tand Power

Kavitha P Thoma$G), Vinod Achutavarrier Prag&ds)

NI AY OGAGAGASAE I NB AYyKSNByidite RSGSNN¥AYSR o0& | LISNE 2HKefQspecifiey A |j dzS L
personality traits. Brain activity, recorded by electroencephalogram (EEG), has recently been identified as potentiatecandidare

generation biometric systems. In this paper, a biometric identification system is proposed combiniagt-spbgific alpha peak frequency,

peak power and delta band power values to form representative feature vectors as well as discriminative templates. ttnstudgrthe inter

subject and intrasubject variabilities of the EEG patterns, a public dataseEEG signals recorded from 109 healthy subjects during eyes
open/closed (EO/EC) relaxed rest states has been analyzed. Employing simple similarity measurements based on correfiigiancend

measures of the test EEG sequences in comparison witrethplate vectors, an average recognition rate of up to 90% has been achieved using

a set of selected 19 electrodes. The achieved results explicitly show the usefulness of combiningspebjéictalpha and delta bands in future

biometric recognition systas.

#2494 EEG hyperscanning study of intbrain synchrony during cooperative and competitive interaction
Justin Dauwel6SG), Sinha Nisha(8G)

Social cognition is the study of how people interact with eattter in a social situation. An effective interaction would require higher degree of
cognitive involvement between the participants and consequently, an enhanced synchrony between their neural mechanissstudyth
twelve pairs of subjects interactedith each other via a cognitively engaging experimental paradigm in which they either competed or
cooperated with each other for performing a task. While they were performing the task we incorporated electroencephalo@EayB)c
hyperscanning techniqueby simultaneously recording the EEG activities of the interacting subjects. We quantified these interactions by
computing the intefbrain synchrony (IBS) and studied the changes in IBS under different experimental conditions. We found that-timaimter
synchrony between the subjects was significantly higher when they cooperated with each other as compared to the competitivie. s
Furthermore, we found that IBS was significantly enhanced when the subjects were physically separated i.e. they coapesatéutranet
network. In this work, we have demonstrated how EEG hyperscanning technique can be employed to steahaimteynchronization under
different conditions.

#2151 Spatial Filter Feature Extraction Methods for P300 BCI Speller: A Compariso

Eleni Chio(DK), Sadasivan Puthusseryp#oiK)

Brain Computer Interface (BCI) systems enable subjects affected by neuromuscular disorders to interact with the outsideR@@0dspeller

uses Eent Related Potential (ERP) components, generated in the brain in the presence of a target stimulus, to extract infoboatitimea

dzASNRa AyidSydo {S@OSNIt YSGK2Ra KIFI@FS 0SSy LINRPLR2ASR 7T athdy, xDAWNA L FA
algorithm, Independent Component Analysis (ICA) and Principal Gamepb Analysis (PCA) methods are used and evaluated based on the

Ot FaaAFAOLFIGAZ2Y LISNF2NXIyOS 2F (62 RATFSNBy(d Of ILikearDBdidindhtAnalydisy St &
(FLDA). In addition, it is shown that the incorporation of some prior knowledge regarding the location of P300 elicitdteosaatp can reduce

the computational load while maintaining or even improving the classificatgfopmance.

#1194 A Simple Action of Right Index Finger Induces Rubber Hand lIllusion to Static Left Hand
Masayuki Hara(JP), Noriaki Kanayam@P), Daisuke YamaguciiP), Yuji léno (JP), Masaya TakasakiP),
Takeshi Mizun@JP)

The rubber hand illusion (RHI) is a bodily illusion that a fake rubber hand is felt as if it was one's own hand when battdslzee
synchronously stimulated. Also, it is wielown that people can experience the RHI when the movements of the visible fake and invisible real
hands are synchronized. However, underlying mechanism of the RHI and relationship between action and bodhipwane still open
guestions. Based on the RHI paradigm, the present paper discusses how the agency of a body part affects the sense adrbbigy aivtine

other body part. In this study, we examined if a simpleamo-down action of right index fingenduces the RHI to left hand which was kept still

by using virtual reality and robotics technologies. Our experimental results indicated that the action of the right ingexafiowed the
embodiment of the virtual hands at both the right and left handifis implies that only a simple action of a body part increases the sense of
body ownership at the other body part.

#2097 A Novel Multimodal Gaz&ontrolled Hindi Virtual Keyboard for Disabled Users

Yogesh Kumar Meer{&B), ibert Cecott{GB), KongFatt WoHgn(GB), Girijesh Pras4GB)

Over the last decade, there has been a speedy an increase in the number of persons with mobility and speecleritspatinrequire novel
communication devices. Most of the recent works that have been carried out to focus on the Latin script; there is appcipriage assistive
devices for scripts that are specific to a country. In this paper, we propose a nolighadal Hindi language virtual keyboard based on a menu
selection with eight commands providing access to spell and type 63 different Hindi language characters along with dihreslfties such as
the delete command for corrections. The system hasrbevaluated with eight ablbodied individuals who performed a specially designed
typing task. The spelling task has been achieved in three different modalities using: (i) a mouse, (ii) a portahtkeyeand (iii) a portable
eyetracker combined witla softswitch. The performance has been evaluated over the changes that occur with the use of each modality in
terms of typing speed and information transfer rate (ITR) at both the command and letter levels for each subject. The spem@dgeross
subjects with mouse only, ey&acker only, and eyracker with softswitch were 17.12 letters/min, 10.62 letters/min, and 13.50 letters/min,
respectively. The ITRs at the command and letter levels were about 67.58 bits/minute and 62.67 bits/minute, rdgpadtivenly the eye
tracker option. Based on its robustness, the proposed system has the potential to be used as a means of augmentative atbonnianic
patients suffering from mobility and speech impairment, and can contribute to substantial improxemtneir quality of life.
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#1415 Analysis of Steady State Visual Evoked Potential based on Viewing Distance Changes foiVBchime
Interface Speller

No-Sangkwak(KR), Don@k Won(KR), Keuifae Kim(KR), Hedin ParKKR), Seonyvhan LedKR)

Recently, steadgtate visual evoked potential (SSViBB%d brainrmachine interface (BMI) speller systems have shown a great performance
increase with high information transfer rate (ITR) and short response time. In previous BMI speller systems, howevédrmuiseusilze the
systems at fixed viewing distan@mvironment for evoking SSVEP signals because a variation of the SSVEP signals according to changes
viewing distance was not considered during system design process. Forworihbpplication of BMI speller, reliable speller systems which
are robustto the various viewing distance environment are needed. In this study, hence, we investigate the effects of viewing alis&8\¢&P

by changing distance between a user and visual stimuli. Here, we used four visual stimuli which have different friegsencieED monitor. In
the subsequent analysis, we present classification results with several methods. Our analysis and results show a fes88MEP under
various viewing distance environment could be facilitated.

#1523 OpenBMI: A Realime Daa Analysis Toolbox for BraiMachine Interfaces

Min-Ho Lee (KR), Keuifae Kim (KR), Youndin Kee (KR), JHoon Jeong (KR), SeoMin Kim (KR),
Samac Fazl{KR), Seon@/han LedKR)

Recently, there has been an increased demand for Bveichine Interface (BMI) toolboxes for neuroscientifc research. In many BMI
applications, speller systems can provideedficient communication channel for users with disabilities. Here, we introduce anspace BMI
i22f02E GSN¥SR WhLISY. aLQy sKAOK &dzZIR NI A& (KS G N 2 dzelated hdeyitlals  LIN.
(ERPs) and steadyate visual evoked potentials (SSVEP). The OpenBMI framework consists eforaadyexperimental paradigms, offline
data analysis techniques, online feedback as well as evaluation modules. The data analysis modules provide esgentiabgireg steps
(segmentation, baseline correction, etc.) as well as signal processing algorithms such as temporal and spatial filfadhggjadtion, among
others. The experimental paradigms of ERP and SSVEP are available with fulguwped demo scripts. Usecan easily modify or extend the
demo scripts for their needs. In this article, the OpenBMI framework, its features as well as its future developmerihpizauised.

#1793 How to identify the user specific stimulation frequencies for SSMiaBed BCI

Izabela RejefPL), Lukasz Cieszyrn($Hii)

The aim of this paper is to compare some approaches used for detecting user specific stimulation frequencies in termmumibéreof
detected Steady State Vial Evoked Potentials (SSVEPs). We performed our analysis with 6 subjects with respect to three factors:
time windows and harmonics/subharmonics used for power spectrum calculations. Results: 1. The best results acrossamigigbda their,
combinations were obtained for O2 referenced to Pz and for the average of O2 and O1 referenced to Pz. 2. The lengthinufawm@wb, or
10 seconds) did not have an influence on the average results. 3. The best results across the harmonics/sulshasetfioc power spectru
correction were obtained when the first harmonic was added to the original power spectrum. 4. While with the best comtofatiothree
factors (the average of O2 and O1 referenced to Pz; time window of 10 seconds; fundafmeqaincy + first harmonic in the powe
spectrum), we were able to detect 41% out of all 85 stimulation frequencies used in the survey, only 13% was detected wilst
combination (the O1 referenced to O2; time window of 2 seconds; fundamental freguefirst subharmonic in the power spectrum).

BMI Workshop

#2187 Notes on the Assessment of BDtiven Spellers

Benjamin BlankertfDE), Matthias Tredd€GB)

A BrainComputer Interface (BCI) is a system that allatssuser to control an application by refine 'decoding’ of brain signals. A fair
comparison and evaluation of BCI systems from the literature is intricate due to the fact that different performance aretnised. Many
metrics draw on information theretic approaches that model a communication channel in which the user has to code the message in order to
make it error tolerant- an unrealistic model for BCI. This contribution discusses how to measure and compare the performance of BCls that ar
usedfor communication (secalled 'mental typewriters' or 'spellers’). We advocate a simple and intuitive metric: the number of symbols written
in a certain amount of time, while accounting for the actions that have to be performed in order to correct enedrare based on
misclassifications of the BCI system. It is discussed how this proposed measure differs from the widely used informsfaorrdatan(ITR).

Other aspects of comparing speller performances are cover as well, such as speed/accuraoff texteapolation to longer stimulation
sequences and comparing systems with different sized vocabulary.

#2493 A comparison of face speller approaches for P300 BCls

Christoph GugeAT)

BrainComputer Interfaces (BCls) can provigiers with communication, control, and other capabilities based on specific types of brain activity.
Ly GKS datonn ./ Lé& I LIINEIFOKE | dzASNI GAsSga | YIGONRE Oztitént flaghdsy 3 f
Classicaly OKI N} OG4SNAR FtlaKSR 068 ONARSFie NBGSNERAy3a O2f 2NJ 2 NJ r@athkcdNJ o |
AYLINEGS tonn ./ L LISNF2NNYIyOSd Ly GKA& | LILINEI OKZ St Oply réddingldoléri S NJ
or other simple changes. The neural activity required to process the attended face, as well as other stimulus changest masedlistinct
SP21 SR LRGSYyiGArta GKFEG OFyYy AYLINRB@S Of lagedpledeitaion inay2inpiveB&Ipérfrmande St &
raises the broader possibility that other stimulus changes could provide further performance improvements. The preyestitred P300

L LISNF2NXEYOS | ONRaa T2 dzNJ dAAyBNMGS\REy aabt |1 010 2lyyViRNR 4 K AQRS/ R& (i M e det Adzal
flash. Three other conditions explored different face conditions, varying color and the number of different faces preseimgdadch flash.
Accuracy was higher in all three facéSsp t SNJ O2y RAGA2ya GKFYy Ay GKS 02y @SyiGAzylf &dzLdd

than black and white faces.
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Computational Collective Intelligence

Organizers: Ngoc Thanh Nguy&ay VoDosam HwangdPiotr Jedrzejowicz
October 10 (Monday 17:00-18:30, Sofitel Budapé&€hain Bridge, Bellevue 1
Session CharNgoc Thanh NguyeiBay Vo

#1897 Local and Global Consensus in Asynchronous Group Communications

Marcin MaleszkgPL)

Knowledge integration is a process that is used more and more often in different theoretical and practical works. It i
usually understood as an instantaneous change of knowledge states. In our research we consider integratimtessa p
and study its different elements. Here we focus on using asynchronous communication between agents in a decentralize
system. We add a structure of preferred connections and simulate different types of groups. We show that this approac
works simila to the classical centralized one, while removing the need for a single critical agent. We also use thit
approach in a prototype of a weather prediction system to show that the results are similar to obtained with other modes
of agent communication.

#1927 A Method for Ontology based User Profile Adaptation in Personalized Document Retrieval Systems
Bernadetta Maleszké&PL)

Information overload is one of the most important problems in context of personalized document resistams. In this
paper we propose to use ontologpased user profile. Ontological structures are appropriate to represent relations
between concepts in user profile. We present a method for determining user profile based on his current activities.
Resultobtained in experimental evaluation are promising.

#2353 Academic event recommendation based on similarity research and exploring interaction of authors
Dinh Tuyen Hoan@KR)

In this study, a new academic event recommendation rodtlis proposed. This method analyzes author interactions,
academic event attendance records, research related, and textual descriptions of attended academic events to measu
interaction strength between authors. Experiments on the DBLP dataset and Wikf@C@apers (WikiCFP) showed that
the proposed method is helpful in improving the accuracy of a recommendation system in comparison with other
methods. In addition, this method can be applied to various recommended tasks such as collaboration recotimmenda
papers recommendation, etc.

#2453 Bisimilarity for Paraconsistent Description Logics

Ngoc Thanh Nguyegirl), Linh Anh Nguye(PLD, Thi Hong Khanh Nguy€dN), QuangThuy HgVN)
We introduce comparisons with respect to information between interpretations in paraconsistent description logig
use them to define bisimilarity for such logics. As bisimilarity is a natural notion for charaggendiscernibility in moda
and description logics, it is useful for concept learning in description logics also when inconsistencies occur.
preservation results and the Henneds)iner property for comparisons with respect to information in pavasistent
description logics. As consequences, we also obtain invariance results and the Heviilessyroperty for bisimilarity in
paraconsistent description logics.

Special 8ssions

#2499 An Approach to Machine Classification Based on Stacked Generalization and tesg@iection

Ireneusz Czarnows(il), Piotr JedrzejowicdL)

This paper focuses on the machine classification with data reduction. The aim of the data reduction techniques |
decreasing the quantjt of information required to learn a high quality classifiers. In this paper the data reduction is
carried out by selection of relevant instances, called prototypes. To solve the machine classification problem with dat
reduction an agenbased populatiorlearning algorithm is proposed. The discussed approach bases on the assumption
that the selection of prototypes is carriezlit by a team of agents and that the prototype instances are selected from
clusters of instances. The proposed procedure is calledstack generalization. It aims at improving the quality of the
learning process and increasing the generalization capacity of the learning model. The paper includes the description
the approach and the discussion of the validating experiment results.
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Granular Computing (1)

Organizers: Shusaku Tsumpl@ungPei HongShiyueliang WangChunWei Tsai
October 10 (Monday 13:30:15:00, Sofitel Budapest Chain Bridge, Bellevue 2
Session CharChunWei Tsai Shusaku Tsumoto

#1212 Ant Colony Optimization Solutions for Logistic Route Planning with Rigland Delivery

Eric HsuelChan LTW), YaWen YandTW), Zeal LiTse SUTW)

Online shopping behaviors lead to a large number of goods need to be transported in the real world. Researches on
logistics have attracted extensive attentions. One of popular topics is logistic route planning. Although various previous
studies have dis@sed some classical routing problems, real logistic constraints are not considered such as the vehicle
capacity, various logistic requirements, etc. Thus, these solutions may not be directly applied to the logistic routgplannin
In this paper, we proposa novel solution based on Ant Colony Optimization (ACO) to find high quality logistic routes not
only meeting real logistic constraints but also taking fipkand delivery requirements into account. To the best of our
knowledge, this is the first work gy ACO to plan the logistic routs that considers various logistic requirements,
simultaneously. Through extensive experimental evaluations by a-ahiogistic dataset, the proposed A®@sed
solution was shown to deliver excellent performance.

#1368 Wun-Miner: A New Method For Mining Frequent Weighted Ultility Itemsets

Vo Bay(VN), Bui HuondVN), Nguyen HanfVN)

In this paper, we propose the Wét (Weighted Utility Nodeset) structure, an extasiof the Nodeset structure, to

solve the problem of mining frequent weighted utility itemsets from a quantitative database. Firstly, some theorems are
developed to compute quickly the weighted utility support of an itemset. An algorithm is then proposdtief fast

mining frequent weighted utility itemsets. The experimental results on both sparse and dense databases show that the
proposed method outperforms existing methods.

#1258 Trajectory Optimization with Memetic Algorithms: Tim®-Torque Minimizaton of Turbocharged Engines

Dan Simorfus), Yan Wan@sS), Oliver Tib€tS), Dawei D(US), Dimitar FilefS), John Ottavio MichelitS)

A general memetic trajectory optimization method is introduced. The method is comprised of an evolutionary algorithm
(EA) for global optimization, followed by local optimization. The global optimization algorithm consists of biogeegraphy
based optimization (BBO), which is an EA which is motivated by the migratory behavior of biological organisms. For local
optimization, we identify the local linearized model within the region of the BBO solution by approximating the linear
model as a Jacolniamatrix, and then iteratively update the Jacobian matrix when moving to a different location in state
space. After the linear model is identified, the optimum trajectory is found using a gradient method. We apply these
optimization methods to a timé¢o-torque minimization problem for a gasoline turbocharged direct injection automotive
engine. Intuitively, the quickest way to reach a torque setpoint is to use-bang controls to transition to the setpoint
torque. Simulation results show that BBO decreasme-to-torque by 48% relative to badgang controls, and adaptive
optimization decreases tim®-torque by an additional 26%. These results have significant implications for improved
automotive engine performance.

#1456 Application of Granular Computingnd Threeway decisions to Analysis of Competing Hypotheses

Matteo Gaeta(IT), Giuseppe D'AnielldT), Angelo GaetdlT), Vincenzo LoifT), Marek Reforma{CA)

We present an application of Granular Computing and THwag decisions to intelligence analysis. In particular we extend

the Analysis of Competing Hypotheses with an additional perspective devoted to support analysts iringeagiom

groups of hypotheses that can be equivalent on the basis of partial and incomplete evidence, and in classifying these
groups of hypotheses with respect to a decisional attribute of interest for the analyst, such as dangerous or safe. Creating
andreasoning with granules and mulével granular structures give to our approach an added value when dealing with a
large number of evidence and hypotheses. Thney decision making offers the possibility of a rapid understanding of
how granules of hypotbses approximate a class of dangerous hypotheses, with clear benefits when analysts have to take
decision on classifying a group of hypotheses or setting a proper level of attention to group of equivalent hypotheses.

#1521 Parallel Coral Reef Algorithm f&olving JSP on Spark

Ming-Chao Chian¢TW), ChunWei Tsa{TW)

A highperformance scheduling algorithm, called MapReduce coral reef (MRG#Resented in this paper. The basic idea

of the proposed algotiim is to apply the MapReduce programming model of Spark to the coral reef optimization
algorithm to speed up its response time. This means that MRCR will distribute its solutions to as many cluster nodes as it
needs for calculating the objective value saflutions using the MapReduce technology. To evaluate the performance of
the proposed algorithm, several benchmarks are used with different algorithms. Our experimental results show that the
proposed algorithm is able to speed up the response time of thralcreef optimization algorithm in solving complex
optimization problems, especially when the size of benchmarks is large.
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#1738 Communication Scheduling Scheme Based on-[Biga Regression Analysis and Genetic Algorithm for
CyberPhysical Factory Automation

ChaaeChun ChefiTW), ChaeLieh CheliTW), CheYang Cio(TW), JiaXuan Liy(TW)

In the Industry 4.0 era, enterprises are eager to add intelligent and gytnesical technologies to further enhance the factory
automation. However, in cybgshysical factory environment, more than hdieds of or thousands of I0T devices could send
data at the same time, which affect the completeness of data collection and also diminish the consequent decision carrectnes
In this work, we proposed a novel communication scheduling scheme based a@matdigegression analysis and genetic
algorithm for loTenabling devices to collect data in cyh@hrysical factory automation. The basic idea is to discover collection
behaviors of 10T devices and apply the extracted behavior in finding optimal communisatiedules. Our proposed scheme
asks each loT device moderately utilize the network bandwidth with theimémory buffer for maximizing the global benefit,
rather than only self benefit. Then we conducted experiments to verify and analyze the proposedeschiee results of the
experiments indicate that our proposed scheme successfully achieve theédonglata collection in scenarios of 200 loT devices
working together. This work provides developers useful experiences for creating manufacturing systgtres-physical factory
automation.

#1900 Efficient Mining of Short Periodic Higltility ltemsets

ChunWei Lin(CN, Jiexiong Zhan¢CN, Philippe Fournie¥iger(CN, TzungPei Hong(TW), ChieaMing Chen(CN,
JaHwung SYTW)

Mining of highutility itemsets in transactional databases is emerging topic in recent years since it can be used to reveal mor
information for decision making, which has been widely used in manylifeahpplications. For the traditional higltility
itemset mining (HUIY only the utility values of the itemsets are considered without timestamps or periodic constraints. In this
paper, we present a new short periodic highility itemset mining (SPHUIM) to mine the set of short periodic -itjlity
itemsets (SPHUIs) by considering both the period and utility measures. A baseliqghde® SPHUIP algorithm is first
presented to mineSPHUIs in levalise manner. To reduce the search space of SHRUHIgorithm, two pruning strategies are
also developed to speed up the mining performance of the SHIFWIgorithm. Substantial experiments both on +#dal and
synthetic datasets showedh¢ efficiency and effectiveness of the designed approaches.

#2138 A Novel method for stock prediction by using relationship between various stock prices fluctuation
YaoHsin ChoTW), ShuYu KudTW)

Stock pree forecasting is an important issue for investors since extreme accuracy in forecasting can bring about high profit:
Many studies about predicting stock price all based on technical analysis. The principle of technical analysis is based on |
history wil repeat itself. Therefore, in this paper, it uses different sets to standardize the stock prices change range then usin
the tool of common suisequence to find the relationship between these sets to predict future stock prices. In the experiment,
the proposed method perform better than traditional methods in terms of prediction accuracy and, furthermore, it is e{
implement.

#2395 Construction of Linguistic Variables in Information Table based on Rule Induction and Concept Hiera
Shusaku Tsumot@P)

Application of attributeoriented generalization to an informatation often lead to inconsistent results of rule induction,
can be viewed as generation of fuziness with partialization of attribute information. This feqees on fuzzy linguisti
variables and proposes a solution for inconsistencies. The results show that domain ontology may play an importa
construction of linguistic variables.

Special 8ssions

#1113 DSS: A biclustering method to identify diverse and statesific gene modules in gene expression data
Jungrim KintKR, Yunku Ye(KR, Jeongwoo KintKR, Youngmi Yoo(KR, Sanghyun PariKR)

The biclustenng method is a useful edustering technique to identify biologically relevant gene modules. In this paper, we
propose a novel method to find not only functionatglated gene modules but also state specific gene modules by applying a
genetic algorithmd gene expression data. To identify these gene modules, the proposed method finds biclusters in which gene
are statistically overexpressed or under expressed, and are differergighisessed in the samples in the bicluster compared to
the samples not irthe bicluster. In addition, we improve the genetic algorithm by adding a selection pool for preserving the
diversity of the population. The resulting gene modules exhibit better performances than comparative methods in the GO (Gen
Ontology) term enrichmentest and an analysis connection between gene modules and disease. This is especially the case wil
gene modules that receive the highest score in the breast cancer dataset; they are closely linked to the ribosome pathwa
Recent studies show that dysrdgtion of ribosome biogenesis is associated with breast tumor progression.
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#1371 FuzzyBased Indoor Zone Positioning System in Wireless Sensor Networks

ChiaHsin ChengTW)

This paper proposes a zobased indoor positioning scheme by using the fdzaged algorithm in Wiless Sensor Networks

(WSNs). In wireless transmission, the received signal strength indicator (RSSI) is inversely proportional to distance. This
propagation characteristic has been used to construct a signal propagation channel model. We divide the RS&iral power

levels according to the rate of signal attenuation over distance. In indoor position, the area could be split up intaszdne lo

order to find out the position zone of the target node, the fuzzy inference system (FIS) algorithm te impdove the accuracy

of the location zone. The RSSI values from several reference nodes are used as input in this FIS. Then, the FIS generate an
estimation of the zone location of the target node. The performance of indoor zone positioning systerdiffdtient split

methods of zone will be analyzed in this paper.

#1599 Action Classification Using Data Mining and Paris of SBR$ed Trajectories

Salah AlghyalinéTW), JunWei Hsie{TW), HuirFen ChiangTW)

A new action classification approach is proposed to improve the accuracy of theo$tateframeworks from three folds: (1)

Association rule mining is used with dense trajectories approach to discover strong relations beliffermnt visual words in

the video clips, then a new histogram is built for each video clip based on such relations. (2) The second proposediapproach
o&aSR 2y {!'wC RSAONARLIIZ2NI G2 SEGNI OG G(KS YRSIYAAWAE&RNALI NNE N
features are used to describe the video clip. (3) Finally, a symmetrical SURFs approach is used to detect the symmsetiical pai
trajectories in the video; the most symmetrical features in the video clip are extracted awtoglescribe the video clip. The

6208 GKNBS yS¢ FTSIFGdzNBa |NBS dzaSR Ay FRRAGAZ2Y G2 GKS 2NRA3
importance of these new features is that many features are not related to the background andgo#itantly increase the

overall recognition accuracy.

#1669 A Compact Selbecoupling Dual Band MIMO Antenna

Jwae Shiun SuTW), Hansheng Fan@rW), Ching Song Chuari@W), TanHsuTan(TW)

This paper presents a compact sadfcoupling dual band MIMO antenna that meets wireless local area network communication
standards. The setfecoupling is taken place by purposely using a folded -Elgpe element in the MO antenna.
Furthermore, the feeding point of the element antenna is deliberately selected so as to produce both the two desired fyequenc
bands. The whole loop structure is constructed to produce the lower frequency band while a portion of the lospnisnteto

the higher frequency band. The MIMO antenna contains two folded-&lwpe elements situated badk-back with a closed
inter-element distance of ongenth wavelength of the lower band. The novelty of this MIMO antenna is attributed to the
achiexement of good isolation without using any other supplementary decoupling mechanisms. In addition, the properties of
small in size, simple in structure, nearly ordiriectional in radiation pattern with moderate radiation gain make the proposed
MIMO antennafully compatible and fairly attractive to the wireless and internet network applications.

#1703 Design of a secure medical data sharing system via an authorized mechanism

ChinLing ChefTW), JinXin HWCN, Chun-Long FarfCN)

In recent years, the electronic medical records can be easily stored with the rapid development of healthcare technology and

Of 2dzR O02YLJziAy3Id | 26SPSNE GKS aSOdzNAR ( &nigsde. Dedpite bfSnany MératueS RA O f
discussed about it, these literatures still face many security challenges. Therefore, we propose an authentication scké@me bas

on cloud environment. In our scheme, we allow people to use the digital develop mechamiachieve the sharing medical

data. By the way, the biometric fingerprint feature and digital signature is used to ensure the security of medical infoimati

our scheme.
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#1875 Selecting the Best Model of Particle Swarm Optimization Based on the PusviRerformance

YenrChing Chan@gTW), YuTien HuandTW), BeiLin ZhuangTW), ShengHao CherfTW), GuanRu HuandTW),

HuiCi Sh{TW)

Particle swarm optimization (PSO) has been proven to be a simple yet effective algorithm for searching the optimal eblutions
objective functions. The main advantage of PSO is its simplicity, but it easily gets stuck in local optier to remain the
original merit and raise its performance, a novel idea is proposed in this paper, which selects the best model of PS®Otbased o
previous performance through a scheme of PSO with a switch of multiple models. Experimental resulthahthe PSO
through the scheme outperforms any with its individual setting alone. In the future, PSO algorithms with a switch of multiple
models will be a promising research field. In addition, the idea can be easily extended to select the best ftigle mul
optimization methods.
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#1913 On Design of A Dynamic Carpooling System Based on Vehicle Information Shared Through the VANE
Ing-Chau Chan@r'w)

Because both drivers and passengers may have different time constraints and preferences for carpooling, it is hard tp fimdrthell

best carpooling match, i.e., the lowest feedst route, between them in the aditional carpooling web site. With the help of rdéahe

traffic information exchanged among nearby vehicles through the vehicullwoachetwork (VANBTthis paper proposes the dynamic
Carpooling System with retime Vehicular Information (CSVI) systamshitecture, algorithms and message flows to calculate the route
with the lowest fuel cost, according to dynamic route planning results of the VBA* algorithm that we previously proposed. The
algorithms significantly reduce the time complexity under wgé number of possible carpooling combinations. Finally, simulation
results exhibit excellent performance results of this VAK&Sed carpooling system over traditional ones, with the help of VBA* and
proposed CSVI algorithms.

#1917 Optical Transceiver wth Deficit Round Robin and RS232 Interface for Synchronous Optical
Networking

GuceMing SungdTW), WenDuen ChoTW), TzuHsuan ChigTw)

This paper presents an optical transceiver, whpacket process is completed with deficit round robin (DRR) and RS232 interface, for
optical synchronous optical networking (SONET) which can service on both asymmetric digital subscriber line (ADSL) padkattica
switching (OPS). To resolve the &lgitter, not only the cycle decision but also the reset function are used to synchronize the clock
waveform. In the proposed DRR, it performs the packet process with low delay and low loss. Moreover, the RS232 intecface, whi
integrated with the fieldprogrammable gate array (FPGA) board, is adopted due to its easy implementation. The processing data will b
queued with DRR and be sent to electrical/optical (E/O) converter from the RS232 port on FPGA board (Transmitter). i@agsing th
the optical fiker, the packet from transmitter is sent to the O/E converter and then received at the RS232 port on another FPGA board
The received electrical packet will be displayed on the seegment display of FPGA board to verify the transceiver function for
SONETNote that the proposed architecture is designed with Verilog hardware describe language (Verilog HDL). According to th
measured results, the data transfer rate is 115,200 bps with the FPGA operating frequency of 50 MHz and the fiber dtance of

#1940 SmartCam to see through darkness

Jian Ren Wan@Tr'w)
The paper proposes a brand new structure for enhancing nighttime image, including the parts of glow removal, nighttime image
enhancement and color calibration. Under the prquisite that nighttime image is commonly affected by intense artificial light (e.g.
streetlamp, car light, traffic lighjswhich violates the existing image processing technique, it is necessary to remove the glow produced
by artificial light, and corréahe area affected by artificial light. The paper combines negative film technique with dark channel prior
(DCP) algorithm to enhance nighttime image, and employs guided image filtering to make transmission more refined, aeliering b
restoration effe¢ and making speed faster than the conventional soft matting algorithm by several times. Finally, the paper conducts
color calibration of the enhanced nighttime image, and calibrates the distorted colors. This algorithm can be used to #mhance
nighttime image taken by closedircuit television (CCTV) or car video recorder, and especially achieves excellent effect when applied ir
low-light environment.

#2012 Research on Affinity Propagation Algorithm Based on Common Neighborhood

Yu ling Hong(CN, Qi $han ZhangCN)

Nowadays many researches have focused on the Affinity Propagation (AP) algorithm for community detection as the adva
nearlinear complexity and no prerequisite for any object function arstdr number. In view of different influence in commc
neighbors, we propose an improved Affinity Propagation algorithms based on adjacency matrix, considesingjlagtfy and similarity|
among nodes which have common neighbors but disconnected. Twb B2 NA G KY& o6l aSR 2y [ #€sh
Random Walk are proposed. The experiments on both the artificial datasets and theord@ldatasets demonstrate that the quality 0
communities discovered by the improved algorithms provide an effectdlution with a better stability.

Special 8ssions

#2029 Performance of Frequency Resource Assignment Schemes for Cognitive Radio Based Cooperativ
Communication Systems

YungFa HuandTW), TanHsu Tan{TW), ShingHong LiuTW), RungChing Che{iTW)

Cognitive radio (CR) allows unauthorized users to access authorized band without interfering the authorized user, theoelgithp
bandwidth efficiency. In addition, cooperativeommunications with relay stations (RSs) can be used to improve throughput
performance of 4G downlink network. In this study a cognitive radio assisted cooperation) (@RiBE combines advantages of CR and
cooperative communications with RSs, is congdefor resources allocation in the downlink orthogonal frequency division multiple
access (OFDMA) networks. Two adaptive resource allocation algorithms are presented and experimental results demongtrate that
proposed algorithms can not only enhancedhghput, but also improve fairness and utility of users assuming available channels are

known by base station.
SMC 2016 BudapeffTechnical Progra
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#1082 Principal Component Selection of Machine Learning Algorithms Based on Orthogonal Transformation
by Using Interactive Evolutionary Computation

Yan Pe{JP)

We propose a method to solve the selectiproblem of principal components of machine learning algorithms based on orthogonal
transformation by using interactive evolutionary computation. One of the addressed subjects for machine learning algarithdnsrb
orthogonal transformation is how to date the number of principal components, and which of the principal components should be
used to reconstruct the original data. In this work, we use the interactive differential evolution algorithm to study tigsets by

using real humans' subjectiveauation in an optimization process. An image compression problem using principal component analysis
is introduced to study the proposed method. From the evaluation, we do not only solve the selection problem of principaiecsp

for machine learning gbrithms based on orthogonal transformation, but also can analyse the human aesthetical characteristics on
visual perception and feature selection from the designed method and experimental evaluation. We also discuss and aealysle pot
research subjectand some open topics, which are invited to further investigate.

#1112 Improving Gene Expression Programming using Diversity Preservation Tournament and Its
Application in Grid Cell Modeling

Lin WangCN)

In gene expression programmingjyersity can be reduced during evolution, sometimes resulting in premature convergence because of
non-coding regions, leading to substantial reproduction of repeated individuals. In order to increase the diversity of théigropnic

to avoid prematureconvergence, we propose a new diversity preservation tournament operator, adopting ddssel similarity
measurement and global probability weights. Furthermore, the proposed tournament operator is embedded into a hybrid evolution
architecture to searctfor a parsimonious model for the firing pattern of grid cells, neurons in the mammalian brain involved in
navigation. Experimental results demonstrate that the proposed diversity preservation tournament improves the performgane of
expression programmg for evolving a model for grcell data.

#1229 Sliding Mode Control for State Delayed Systems subject to Persistent Disturbance

Lin Wang CN)

This paper considers the sliding mode control (SMC) for a class of state delayed systtistsytersistent disturbances. First, a
disturbance compensator is proposed to eliminate the influence from persistent disturbances, and the stability of coterol isys

discussed. Then, the control problem is transformed into sliding mode controlggnofor state delayed system without expression of
disturbances. The reducemtder sliding mode surface function is proposed based on the Lyaptuoetional and the designed

switching function. Furthermore, sliding mode control law is obtained. Fin&léy simulation results demonstrate that the proposed
control law can guarantee the stability of state delayed systems.

#1348 DBM vs ELM: A Study on Effective Training of Compact MLP

Masato HashimotdJB, Yuya Kaned@JB, Qiangfu ZhadJB, Yong Li{JP)

We compare the performance of multilayer perceptrons (MLPs) obtained using back propagajiate(®#on boundary making (DBM)
algorithm and extreme learning machiELN), and investigate better method for developing aware agentagant) that are suitable

for implementation in portable/wearable computing devices (P/WCD). The DBM has been proposed by us for inducing compact and
high performance learning models thate suitable for implementation in P/WCD. The basic idea of the DBM is to generate data to fit
the decision boundary (DB) of a high performance model, and then induce a compact model based on the generated datadyy our s
support vector machine (SVM used as the high performance model, and a single hidden layer MLP is used as the compact model for
the DBM algorithm. ELM is paid attention as new learning method for neural networks in recent years. It is known thalalyieidisn

not to be tuned and wailable fast training compared to traditional gradidmsed learning methods. Experimental results show that the
performance of DBM is the highest in three training methods when the number of hidden neurons is small for all databasethased
experiment. This means that the accuracy of DBM converged to high score, when the number of hidden neuron is small. Therefore, we
found that DBM is the best algorithm for developing compact and high performaageits.

#1377 Electricity Load Demand Time Seri€erecasting with Empirical Mode Decomposition based Random
Vector Functional Link Network

XueHeng Qi(SG, Ponnuthurai Nagaratnam Suganth§8G, Gehan Anil Joseph Amaratun{§aB)

Shortterm electricity load demand forecasting is a critical process in the management of modern power system. An ensemble method
composed of Empirical Mode Decomposition (EMD) and Random Vector Functional Line network (R&$drjtézipn this paper. Due

to the randomly generated weights between input and hidden layers and the close form solution for parameter tuning, R\@RLisetw

a universal approximator with the advantages of fast training. By introducing ensemble algdEithin into RVFL network, the
performance can be significantly improved. Five electricity load demand datasets from Australian Energy Market Operatpm@eEMO
used to evaluate the performance of the proposed method. The attractiveness of the proposedh&d® RVFL network can be
demonstrated by the comparison with six benchmark methods.
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#1564 Improvement of MFARTMAP Classification Accuracy Using Simulated Annealing

Jaoslav OnddSK, Peter SincakSH, Pitoyo HartondJP)

This paper deals with an MF ARTMAP neural network. We study its behavior while training with different data sets an
using differat parameters. It gives us better knowledge of its strong and weak points. Subsequently, we focus or
alleviation of weak points and improvement of strong points like the utilization of asbio¢ learning, an incremental
ability of the network without forgtting the already obtained knowledge or pgstocessing of information stored in the

form of the transparent internal structure of identified clusters and classification classes. We have shown the
incrementality of this neural network. As for the weak paf the MF ARTMAP algorithm, we try to increase the
generalization ability by adopting Simulated Annealing method to find the best shape of membership functions with the
best possible ratio between generalization of the neural network and its classificagrformance. Using simulated
FYyySEFEEAY3 TEA2NAGKYZ 6S 2LIWGAYAT S ySGg2N] Q& LI NI YSGSNE
feature space. Subsequently, we compare classification accuracy of MF ARTMAP with and without paramete
optimization, as well. Moreover, we compare against the classification precision of thelldyér Perceptron (MLP) using
benchmark data sets, with the aim to get a relevant image of the overall MF ARTMAP efficiency beside-knewrell

and frequentlyused algorithm, like the MLP.

#1707 How to Transform Partial Order Between Degrees into Numerical Values

Vladik KreinovicfUg, Olga Koshelev@Jg, Joe LorkowsKlUS, Martha Oseguda (US)

Fuzzy techniques are a successful way to handle expert knowledge, enabling us to capture different degrees of exper
certainty in their statements. To use fuzzy techniques, we need to describe expert's degree of centaintyerical
terms. Some experts can provide such numbers, but others can only describe their degrees by usindangtumge
g2NRa tA1S GaOSNEREéES aaz2YSoKIGéxT aitz2z a2vY$sS Salueddedgreesligthad i O
thereist Yy I GdzNF £ LI NIAFf 2NRSNJ 6Si¢SSy (GKSasS RSINBSay So13
paper, we propose a hatural way to transform such a partial order between degrees into numerical values.

#1714 Fuzzyinspired HierarchicaVersion of the von Neumaniorgenstern Solutions as a Natural Way to
Resolve CollaboratioiiRelated Conflicts

Vladik KreinovicfUg, Olga Koshelevfug, Martha OsegueddUS)

In situations when several participants collaborate with each other, it is desirable to come up with a fair way to divide the
resulting gain between the participants. Such a fair way was proposed by John von Neumann and Oscar Morgenste
fathers of the moden game theory. However, in some situations, the von Neurddiangenstern solution does not exist.

To cover such situations, we propose to use a firzggired hierarchical version of the von Neumaxiorgenstern (NM)
solution. We prove that, in contrast the original NM solution, the hierarchical version always exists.

#1727 Advanced Fuzzy Possibilistien@@ans Clustering Based on Granular Computing
Long Thanh Ng®/N), Hung Quoc TruonyN), Witold Pedryz (CA)

With the rapid development of uncertain and largeale datasets, Fuzzy Possibilistim&ans Clustering (FPCM) a
Granular Computing (GrC) were introduced together with the aim to solve the feature selection and outéetiaie
problems. Utilizing the advantages of the FPCM and GrC, an Advanced Fuzzy Possib#iatis Clustering based @
Granular Computing (GrFPCM) was proposed to select features as a preprocessing step for clustering prob
granular space is udeto handle the uncertainty. Experimental results reported for various datasets in comparison with
other approaches exhibit the advantages of the proposed method.

Special 8ssions

#1877 The Imaginary Particle Swarm Optimizer for Dynamic Maximum Power Point Tracking

Toshinichi Saito(JB, Ryusuke Aken@B, Kousuke Tanakajim@P)

This paper presents the imaginary particle swarm optimizer with reset function (iPSOR) for maximum power poirg trackin
in photovoltaic array nder partial shading conditionThe cost function corresponds to the voltagersuspower
characteristic of the photovoltaic array. Depending on insolation and temperature, the cost function and its MPP vary in
complicated way.n order to track the dynamic MPP, the iPSOR includes several strategies: imaginary particle swarr
consisting of sampled voltages for raahe operation, a flexible reset method of the past history for adaptation to
dynamic environment, and alternation beeen reference and nereference to neighbor particles for escape from a trap.
Performing numerical experiments for basic artificial problems, the efficiency of the iPSOR is confirmed.
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#1991 EigenAnt assisted IACOR for continuous global optimization

Prof JayadevédN), Sumit SomafiN), Udit Kuma(IN)

This paper describes a variant of the Incremertat Colony Optimization algorithm for continuous optimization (IACOR). The
original IACOR approach estimates the Probability Density Function (PDF) using Gaussians constructed around candidate
solutions to generate new solutions. We use Support Vectord®egm (SVR) to fit a regressor to the candidate solutions. The
minima of the fitted regressor are found using a variant of EigenAnt. This approach is based on the observation thatemihima t

to be clustered in real problems, and estimating the landsaafpminima is more efficient than estimating the landscape of the
original function. We present results on two fronts. We demonstrate the effect of the use of SVR and modified EigenAant. Furth

we also demonstrate the performance of our approach on thet &dmputing (SOCO) benchmark functions for global
optimization, and obtain appreciable results.

#2411 Multi-objective Neureevolution: Should the Main Reproduction Mechanism be Crossover or
Mutation?

Adham SalilfiL), Amiram Moshaio¥IL)

Given the fundamental difference between the selection and reproduction mechanisms -@NKEES and NSGA it should be
asked which kind of these mechanisms is better for the rulijective evolution of neur@ontrollers. This question, which has
been recently raised and studied, is further investigated here. The numerical investigation is based on twabjextitie
navigation problems, in conjunction with two types of networks. In all the studied cases it was found @GR@MAES is better
than NSGAI. The reason for the superiority is explored. First, it is shown that the competing convention problem cannot serve
as an explanation to the observed phenomenon. A method is suggested to investigate the convergence tidhesnBased

on the proposed methodology, it is found that for the studied cases®GMAES has a much better convergence properties. The
differences between the two algorithms, and the uniqueness of the considered reualation problems, lead to the fllwing
hypothesis. It is postulated that MOMAES is superior as a result of its ability to finee the solutions by changing particular
genes, each at a time.

#1469 Particle Swarm Optimization applied to Relational Data Clustering

wSyYys t SNBEAZBR,CRS ymdexY¥02 RS ! 4aBR) ¢SysNA2 RS /| NBIf K2
This work introduces a hard clustering algorithm based on Particle Swarm Optimization metaheuristic that is able do partiti
objects considering their relational descriptions given by a single dissimilarity matrix. The PSO is a metaheuristic based on
population which is well known for its simplicity, good performance and it was already designed as clustering algorithm for
vedor data. The proposed PSO algorithm uses a modified version of the HCMdd algorithm as local search. The HCMdd algorithm
is a variant of the well known hardredoids clustering algorithm for relational data, that is designed to provide a partition and

a representative for each cluster. The performance and the usefullness of the proposed algorithm, in comparison with HCMdd,
RHCM and Spectral clustering algorithms, these last two are also able to work with relational data, are illustratedalith sui
normalized data sets from the UCI Machine Learning Repository.

#2292 Imagebased Nutrition Composition Analysis with a Local Orientation Descriptor

JuChin Che(TW), Kawuu W. LifTW)

A local orientation desgoior (LOD) for nutrition analysis by quantity estimation is proposed. By observing nutrition properties, a
texture-based LOD is designed to extract discriminant information, frequency and length among food items. Prior to
classification, food detection & challenging problem due to significant variety of backgrounds and containers. Thus, three food
region detectors are designed in this study. A detector that employs a modified salient object detection algorithm using prio
background knowledge providesgmising segmentation results for namiform backgrounds. Integrating gradient information

to construct graph weights yields more precise segmentation results. In addition, nutrition quantity is estimated usirggs coins
reference objects. Three types ofafiires, normalized colour, density, and symmetry properties are extracted for coin
classification. Experimental results show that the proposed LOD outperforms existing object recognition features.

#1587 A Novel Particle Swarm Optimization Algorithm for Né&eparable and HConditioned Problems

Yosuke Hariy@lB, Takuya Shind@IB, Kenya Jin'n@JP)

Particle swarm optimization (PSO) is a stochastic popukiésed algorithm that is degned for realparameter optimization
problems. PSO is a simple and powerful algorithm. However, the performance of PSO is degraded in the casepairaiole
and ilkconditioned problems. In this article, we discuss the relation between the Hessiarxrofgifunction and the covariance
matrix of the search distribution. The covariance matrix adaptation mechanism is required to sohs=pamable and il
conditioned problems. Therefore, in order to solve such problems, we propose a simple covariande adaptation
mechanism that uses the difference vector of the personal pesitions In addition, we propose a selection rule to improve the
local search abilityFinally, we clarify the effectiveness of the proposed method in solvingseparable andll-conditioned
problems by using test functions.
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#1200 Study on Relation betwee®perator and Trainee's Mental Workload for Ship Maneuvering Simulator
Exercise Using Heart Rate Variability

KojiMurai (JB, Ippei Sugimot@JB, KenichKitamura(JB, Jie WandCN), Yibing WangCN)

A ship maneuvering simulator (simulator) is used for the purpose of advancing a maneuvering skill for a navigator aildta sea p
(pilot). We have evaluated their mental workload using physiologitahirOS a T K2 S@SNE Al R2SayQi
a2a0SY SyaAaAySSNI 2F GKS aAYdzZ FG2NJ 62LISNF G2Nvbo 2SS OKIfttSy3
for the conventional evaluation of mental workload of trainees, navigatiafficer and pilot. Heart rate variability (HRV) is one

of useful physiological index; in this study we usB Rterval data and LF/HF (Low/High Frequency) value of HRV data, we
SOl tdz2 §S GKS 2LISNIFi2NRa YSyidlf ¢2RFf{AKREQAYBNDRYEN BB RA RH
(captain) and helmsman. Finally we verify the effectiveness of simulator and its scenario for training.

#1231 9 @l t dz A2y 2F aAESR [/ dzZ GdzZNB . NAR3IS ¢SIYYIGSa
Simuldor-based Ship Handling

KenichiKitamura(JB, KojiMurai (JB, Masao Furush@JB, Yibing WangCN, Jie WangCN, YoshiakKunieda

(JP)

hdzNJ 321t A& (2 S@LtdzZ G§S ljdzZ yGAll GAGSt e YSyidl t ) badnhanandR 2
pilot. The greatest cause of much stress they feel is their treating cargo, infinite sum of money. Théir naldgating to avoid

a disaster at sea are so much large. The actualization to evaluate quantitatively mental workload is not just usefuétthestie

of their much mental workload, but also to hand down a navigational skill to a new navigator fi@eran navigator; if we
NEO23yAal § G4KS &SI I NBI 6KSNB || GSUSNIYy yI @Aa3ark 2N FS55¢f &
intend and a new navigator acquire and use the navigating skill like a veteran navigator. WR Uise2eRalone of physiological
indices, to evaluate mental workload and we utilize the ship maneuvering simulator (simulator) to confirm the effectiidRess o
R Interval. In addition, we evaluate the mental workload of multinational bridge team.

#1240 Developmentof actual ship experiment system for developing automatic pier docking system
TadatsugiOkazakiJB, Nagisa San@JB, Shinya SasakiP)

The needs to develop an automatic pier dockisystem has arisen due to a shortage of seafarers. An automatic pier docking
system was proposed in a previous study; however, the system was highly limited in its applicability. In order to develop
practical system, applicable to a wide range of cdndi& and environments, it was necessary to evaluate the mental workload
of captains while using this new system. This study proposed a system that could be safely used to test an automatiénger doc
system using a real ship. With the proposed systemgsgperiment involving the automatic pier docking system was safely
SESQOdzi SR FyR GKS OFLIIAyQa YSyidlt g2N]f2FIR 6Fa STFSOUGAODS

#1400 Operation Support System for Water Transit Service

Kyohei TakahatdJB, EtsuroShimiz (JB, Motoki Yamaguch{JB, Masashi YamagishiJB, Ayako Umed4JB,
Tsuyoshi OodgIP)

Recently, the transit service such as tatomobiles and the railways are evolving. However, the development of the
transit service is not popular compared to the automobiles and railways system. Therefore, we developed the operation
system for water transit service capable of remadperation, monitor and autonomous navigation. It can be expected
reduction of maritime accidents and the improvement of environment of the crew. It is necessary to transmit data suclo &
data between the base and the vessels to remote operate monitor. Therefore, the sufficient bitrate is needed. In order
meet the requirements, the longange WiFi antenna is used in the system. In this paper, the operation support syste
water transit service is developed and examined at Tokyo bay.

Special 8ssions

#1049 Model construction and authentication algorithm of virtual keystroke dynamics for smart phone
users

Hongbo Zhan@CN), Zhao Peih@N), Wang MimiCN)

This paper focuses on account stolerse of smart phone users. In order to enhance the credibility of user authentication,
an authentication method based on virtual keystroke dynamics behavior of touch screen is proposed in this paper. Th
proposed method extracts time dependent charactefs ' YR LINBaadz2NE NBfFiSR OKI NI O
dynamics behavior, builds combined authentication model by RBF networks, checks whether the virtual keystrok
dynamics behavior of current user matches that of expected user to autheSticatiza SN & A RSy dAidied ¢

that the proposed method has the expected result.
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#1545 Embedding Explicit Representation of CyHehysical ElementsiTask Models

Philippe PalanquéFR, Racim Fahs¢FR,/ St A @&RNI AY A S

User interfaces for the command and control of transportation and navigation systems, such as airdkpitscarsually integrate

several types of interaction elements: physical, hardware or software. Within these-phgsical environments, operators have to

complete their tasks manipulating these different types of elements. However, task descriptiononstato not take into account

physical and hardware aspects beyond manipulation of input devices such as mouse and keyboard. This paper identifiaspgeteric
ofcyberLIKE aAOFf AYGSNI OGAGS a2aidsSya | yR LINRdhidgaes,do copitne e MEyirgue (i 2 2 LJ
that representing cybephysical elements explicitly and systematically in task models contribute to the design and development of

usable and reliable transportation systems. These extensions are integrated wiehtodhsupported notation called HAMSTERS and

are illustrated on a case study from the avionics domain.

#1611 Operational assistance system for obstacle collision avoidance and load sway suppression in
overhead traveling crane

Yuki HargJB, Yoshiyuki Nod&JP)

This paper discusses the development of an operational assistance system in an overhead traveling crane. In the crame thgerati
skill with obstacle collision avoidance, suppression of the load swalytransferring to the target position in a short time is required.
However, it is difficult to acquire the skill in the practical field. Therefore, the operational assistance system foga@dibstacles
collision and suppressing the load sway ispmsed in this paper. The proposed system is realized by the system integration of the
environment recognition system and joystick system with reaction force display. And, the load sway can be suppresseatidintghe f
approach. The effectiveness of theoposed system is verified by the experiments with the laboratgpe overhead traveling crane.

#2268 Providing safe and affordable transportation service for female passengers: A case study on college
girls in rural Bangladesh

Nuren Abedin(JB, Jecinta Wairimu Kama(JB, Hironobu KitaokdJP, Hiroshi OkajimgJB, Masaharu Okada
(I, Akira Fukud4JB, Ashir AhmedBD)

We carried out a small experiment to observe the transportation situation for adolescent female students in rural Banglastasbr

high school (in Bangladesh, they call it a college) student spentiZ®tinutedo travel 11km on an average by using a local transport.
Local transport (Tomtom) stops are not always close to their home. They walk. The Tomtom does not have a regular timetaiste. |
case, the students wait 30 minutes until the Tomtom driver firmigficient numbers of passenger. Female students find it
uncomfortable to share congested space with male passengers. They cannot raise their voice when they face sexual haisidement i
the car or when they walk. The guardians of the female studentsifigdfer to stop their education and arrange a marriage. We
proposed a regular college bus service with an adaptive time schedule that follows the routine of the students. In ordke tinen
service sustainable, we designed a model of multi serviceckeehb that it can earn extra income during its idle time. We concluded
that the operational cost can be covered. We identified new requirements for multiservice vehicle to satisfy the needsraif a r
community.

#2383 Navigation in HumarRobot and RoboRobot Interaction using Optimization Methods

Rainer Heinrich Pal(DB, Abdelbaki BouguerréSE, Muhammad AbdullaliPK, Achim J. Lilienthd5E)

Humanrobot interaction and robotobot interaction and cooperation in shared spatial areas is a challenging field of research regarding
safety, stability and performance. In this paper the collision avoidance between human and robot by extrapafidtionan intentions

and a suitable optimization of tracking velocities is discussed. Furthermore for-robet interactionsin a shared area traffic rules and
artificial force potential fields and their optimization by marketsed approach are appliddr obstacle avoidance. For testing and
verification, the navigation strategy is implemented and tested in simulation of more realistic vehicles. Extensive simulatio
experiments are performed to examine the improvement of the traditional potential {lel) method by the MBO strategy.
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#1104 How many drivers does it take to spot an OpenSpot?

Imre LendaKCS), Karoly Fark@dU)

The primary goal of this paper is to investigate what could have made successfil Sdd@ h LISy { L2 Gz I ONRBoRaASY 3
assistance application canceled in 2012. For this analysis we have developed UPark, a simulation environment capataéngf simul

large numbers of vehicles, which look for optimal parking spots in busy urbaroements and whose drivers might inform others

when they take or free a parking spot (e.g. via a mobile crowdsensing based application which allows the drivers to skaoe tinee

and GPS position of a parking event). We introduce also the UParlkasonuénvironment which has the potentials to be used for
AYyoSaiA3ariAy3d 20KSNI ONPoRASYyaAyd a0SyINAR2asS Sodad WaiStasspof3Q G KS
related events.
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#1174 CanoeSense: Monitoring Canoe Sprint Motion using Wearable Body Sensor Networks

Zhe bng Wang(CN, Jiaxin WandCN, Hong Y1 Zhao(CN, Ning Yang (CN, Giancarlo FortingIT)

This paper presents a monitoring system (CanoeSense) for canoe motion based on wearable Body Sensor Networks (BShis). Motiefiec
segmentatim method was applied to competitive sport, which can segment human motion phases automatically based on raw time series dat:
that was acquired through wearable Inertial Measurement Units (IMUs). Orientation estimation algorithm was adopted to rteastiitede
information of athletes' stroke motion of the canoe. By fusing the data of motion phases and attitude changes, the maatétiarimgy provide

coach with a new performance monitoring method for improving coordination motions of two partners cstagjihe training plan in time.

The experimental results showed that our system is able to simultaneously monitor motion phases and attitude changeshiéteodairing

training on the water.

#2336 A Comparison of Wearable and Stationary Sensors toes$ Detection
Simon Erik Olland€FR, Christelle Godi(FR,! dzNBf A S (FR, ik Ghsrisnnig¢FR)

To test the stress detection perfiorance of a wearable sensor system, the signals related to heart activity and electrodermal activity of the
Empatica E4 wristband have been compared to stationary electrocardiogram and finger skin conductivity electrodes of High sztem

during the chssical laboratory stress protocol Trier Social Stress Test. The comparison has been done on both signal level andfin terms
features for stress detection on a total of seven subjects. The main results point out that the Empatica E4 wristbaniyhificaatdoss in

terms of detected interbeat intervals, but that tirsomain features such as the mean heart rate and standard deviation of the heart rate were
still well estimated, with good stress discrimination power. Furthermore, the skin conductigitplsimeasured at different locations (wrist
versus finger) show no visual resemblance and it appears that the signal from the Empatica E4 wristband yielded higbcstrésation

power than the signal measured at the fingers.

#1268 A Sensor to Acqgre the Relative Movement between Residual Limb and Prosthetic Socket
Veronika Nol(DB, Paul Webe(DB, Stephanie Scortec@R, Philipp BeckerléDB, Stephan RinderkneclfDE)

The presented paper introduces a new approach to measuring relative movement between two surfaces: in particular betwesiduhé

limb and fitted prosthetic socket in an amputee during gait. Comsiderequirements motivated by the specific measurement task, a system
design for the recognition of residual limb movement within the socket system in dynamic gait situations is proposedidtte thafeasibility

of the measurement task with this sensooncept, a standalone functional model is established and introduced regarding hardware and
software components. This paper further presents preliminary experimental evaluation of this functional model. Resuleriogngidcision

and accuracy of theuhctional model are displayed. Dependencies to movement velocity, overcome distance and traveling direction are
assessed. The realized prototype of the sensor concept shows errors regarding accuracy within the range of 2 to 6 %.dBpecid® on
movemant direction as well as path lengths. Overall, the proposed sensor needs to be assessed in more detail concerning itlifitieTs, s

but seems suitable for acquiring the relative movement between residual limb and prosthetic socket during amputee gait.

#2100 Collaborative Classification for Daily Activity Recognition with a Smartwatch
Hyunchoong Kim(KR, Jonghoon ShinKR, Soohwan Kim(KR, Yohan Ko(KR, Kyoungwoo ée (KR,
Hojung ChgKR, Seongll Hahm(KR, TaeJun Kwo(KR)

Research of daily activity recognition has been extensively conducted in the field of ubiquitous Twmpldwever, previous daily activit
recognition schemes are either obtrusive or inaccurate since they use just speqalse devices. In this paper, we propose the collaboraj
classification for recognizing daily activities with a smartwatch. Weogxplsingle ofthe-shelf smartwatch to distinguish 5 different dai
activities such as eating, vacuuming, sleeping, showering, and TV watching. More precisely, we conduct experimentsirigrssoiear data
from accelerometer and acoustic sensor whare embedded in a smartwatch. However, the simple combination of the raw acceleratio
acoustic data does not deliver accurate recognition accuracy. In order to achieve high accuracy, we propose a colldbesifiisation
algorithm which integrate sensor data and grourtduth label for improving recognition accuracy by constructing a mapping table. We eva
accuracies using singéensor based approach, mudtensor based approach, and our collaborative classification approach. The results
activity recognition for about 20 hours data collected by subjects show reliable accuracies for all 5 activities, andalhaaeacy of ou
collaborative approach is about 91.5%. Experimental results reveal that our approach improves the recakaate activity by up to 21.5% &
compared to that of the simply combined mudensor based approach.

Special 8ssions

#1117 Objectalignment performance in a heathounted display versus a monitor

Pavlo Bazilinsky§ND,b I Gt € A | (NI} Enhir@BIawahir{NL, Pieter Kape(NL), Joppe Mulckhuysg\D),
Sjors WagenaaNL), Joost de Winte¢NL)

Headmounted displays (HMDs) offer immersion and binocular disparity. This study investigated whether an HMD yields better object
alignment performance than a conventional monitor in virtual environments that are rich in pictorial depth cues. Timidetére effects of
immersion and disparity separately, three hardware setups were compared: 1) a conventional computer monitor, yielding éosiomr) an
HMD with binoculawision settings (HMD stergoand 3) an HMD with the same image presented tihbeyes (HMD mono). Two virtual
environments were used: a street environment in which two cars had to be aligned (target distance of about 15 m) and anvaffioment in
which two books had to be aligned (target distance of about 0.7 m, at whichWarodisparity was expected to be important). Twenty males
(mean age = 21.2, SD age = 1.6) each completed 10 -@ligninent trials for each of the six conditions. The results revealed no statistically
significant differences in objectalignment performace between the three hardware setups. A selport questionnaire showed that
participants felt more involved in the virtual environment and experienced more oculomotor discomfort with the HMD thahewitionitor.
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#1997 Edge enabled development of Smart CyHehysical Environmets
Andrea Vinc{IT), Franco Cicirel(iT), Giancarlo FortinglT), Antonio Guerrier{lT), Giandomenico Spezza(id)

Smart CyberPhysical Environments are augmented physical environments whose behaviours are enhanced through the use of ICT technologies.
¢KS 3J2FHt Aa G2 2FFSNI ySs aSNBAOSaE |yR Tdzy OlAz2yl t A litkeding eSickgand R 2

infrastructures. The use of 10T technologies, paired with the edge computing, fosters the development of Smart Enviropiitaiioap
having the important features of reliability, scalability and extensibility. This paper pre@ssapproach for the design and the implementation
of Smart Cyber Physical Environment applications having the aforementioned features. The approach relies on the usesofvigapies an

loT platform enabling edge computing through the exploitatiorthef agent metaphor. Such platform provides effective abstractions which are
able to hide heterogeneity of both the adopted hardware devices and communication protocols. The approach is validatédavase study
involving the realization of a Smart f@e prototype for profiling and monitoring daily working activities and performing actuations in the
environment on the basis of the obtained information.

#2020 Mitigating Sensor Differences for PhoAgased Human Activity Recognition

Xizhe YijCA, Gary Shel(CA, Xianbin WandCA, Weiming ShefCA)

This paper presents our recent work on the analyses of smart phone sensor data collected for the human activity detdctioa,objective

to develop more accurate activity recognition systems independent of smart phone models. We identify theewicki scenario and present
the impairments of different smartphone embedded sensor models on HAR application. Outlier rerimbegdplation, and filter in
preprocessing stage are proposed as mitigating techniques. Based on datasets collected from four distinct smartphonemposiesl pr
mitigating methods show positive effects on-fdld cross validation, deviem®-device validatn, and leaveone-out validation. Improved
performance for smartphone based human activity recognition is observed.

#2123 Big loT data mining for redime energy disaggregation in buildings
Decebal Constantin Mocan(NL), Elena Mocanu(NL, Phuong H. NguyeNL), Madeleine Gibesc{NL),
Antonio Liotta(NL)

In the smart grid context, the identification and prediction ofltirig energy flexibility is a challenging open question, thus paving the way for
new optimized behaviors from the demand side. At the same time, the latest smart meters developments allow us to moeéhtirirerthe

power consumption level of the homeppliances, aiming at a very accurate energy disaggregation. However, due to practical constraints is
infeasible in the near future to attach smart meter devices on all home appliances, which is the problem addressed hgyeapo¥éea hybrid
approach, with combines sparse smart meters with machine learning methods. Using a subset of buildings equipped with subset of smart
meters we can create a database on which we train two deep learning models, i.e. Factored/dso@onditional Restricted Boltzmann
Machines (FFWCRBMs) and Disjunctive FFEMRBM. We show how our method may be used to accurately predict and identify the energy
flexibility of buildings unequipped with smart meters, starting from their aggregated energy values. The proposed appssaatdatad on a

real database, namely the Reference Energy Disaggregation Dataset. The results show that for the flexibility predictionspiebtl here,
Disjunctive FFWCRBM outperforms the FFGRBMs approach, where for classification task their capebibitie comparable.

#2373 Design and Implementation of a Gateway for Pervasive Smart Environments
Diana Cecilia Yacchirenia$9, Carlos E PalaES)

Wireless sensor and actuator networks play mportant role in the Internet of Things (IoT) as they are key for the creation of Pervasive Smart
Environments. These networks are developed through the interconnection of various heterogeneous devices. Due to the led@ieaigbe
devices in terms ofite communication protocols and the technologies used, the interconnection between them is still difficult. Particularly,
interconnection and interoperability in 10T are two of the great challenges that needs to be faced in order to implemegiyeesmar
environments. We present the design and implementation of a Smart loT Gateway which allows technical and syntactic ibild@yopetaT

using standard open protocols and standard data representation formats. We evaluated and demonstrated the effsstofethe Smart l1oT
Gateway in terms of interoperability through its application to a use case in the industry sector.

#1996 An Embedding Approach for Contefware Collaborative Recommendation and Visualization

King Keung W(HK), Pengfei Li§HK), Helen MendHK), Yeung Yan(HK)

Recommender system has been widely used-gommerce systems nowadays. Current methodologies focus on predicting users' preferences
from their previous ratings. Although the prediction is largely helpful, it gives limited insight to managersoofreerce systems on how to
utilize the interactions between users and items for designing new business and marketing strategies. Besides, big cleth loplle
commerce systems raise another challenge in recommendatiohow to incorporate large amount of additional information such as the
contexts where the rating or buying event takes place. In this paper, we propose a novel method to simultateetleslthe two challenges
above based on the concept of embedding, by deriving a general distlepEndent rating model that characterizes the relationship between
user and item with respective to the embedding space. The generalized model allows ntporate contextual information into the
recommender system for rating prediction and item recommendation. We show that our embedding model is comparable-td-thtexzrt
contextaware recommendation algorithms in terms of accuracy, while allowinghNization as an analytics tool which gives intuitive insights to
the recommendation in an understandable way. In addition, our algorithm also allows efficient recommendation by leveraging th
neighborhood structure of the embedding space. We demonstrag advantages of our method with experiments and results show that
contextaware embedding is a promising approach for conaxire recommender systems.
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#1062 A Trouble Shared Is a Trouble Halvetdsability Measures for HumaRobot Collaboration

Jonas SchmidtlébB,a 2 N& (i | (DN, KIAlb BeNglefDE)

Changing industrial, social, and legal situations cause a rethinking of novel production systems. One possible apprasgistishto
KdzYly 62Nl SNBQ LRggSNI® . & | LI} A Ol (i heopmpenSatedy fthe Bt@yiNg: of the/iFerablBgo 2 i
partner using haptic shared control. To ensure acceptance anebeigly on the human side, which can be seen as a condition for high
performance, usability of the collaborative systems has to be maximikbid study aims to evaluate usability measures for haptic
HumanRobot Collaboration in horizontal manipulation tasks (HMT). Results show significant differences and strong effectsafoy accur
(standard deviation lateral position, SDLP) and efficierimye(to task completion, TTC) measures in a Human Dyad experiment using a
HumanHuman Collaboration (HHC) method.

#1154 Driving with Shared Control: How Support System Performance Impacts Safety

Husam Muslim Alzam{lJB, Makoto Itoh(JB, Marie-Pierre PacaukemoingFR)

Driving with shared control systems has been shown to be efficient in reducing collisions during a lane change. Howvahitity thfe

the current dared control systems is limited and their absolute reliability is not assured. The goal of this study is to determine how
changes in system performance affect hurraachine cooperation and safety. An experiment using a driving simulator was designed to
compare two types of support systems, (1) haptic shared control that provides control guidance to resists hazardous larsg hdnge
(2) mixedinput control that autonomously controls vehicle directions to prevent lane change collisions. Both systemscarameeel

under three conditions: (i) 100% reliability, (i) full reliability but limited system ability, and (iii) system failute.bafh systems were
judged trustworthy and accepted by the drivers when fully reliable, the mirpdt was more efficienat maintaining safety. In the
second condition, drivers overestimating the capabilities of the system led to more collisions for both systems. Théluetalts

that how machine failure impacts surprises and distrust in automation is highly depéndedy RNA GSNR&a FoAf Al e
Overall, the haptic guidance was more efficient and accepted more by the drivers.

#1183 A Shared Control in Risk Predictive Braking Manoeuvre for Preventing Collision with Pedestrian

Yuichi Sait¢JB, Pongsathorn Raksincharoengd@ie)

Autonomous emergency braking systems have been already introduced to the markets, and have good driver acceptance in terms
the functions of such assistance system. ldeer, such assistance system reaches its limit when there are unexpected moving obstacles
appearing suddenly from poor visibility area, such as a space behind a parked vehicle. This paper describes a shaiadriskntrol
predictive braking manoeuvre fgreventing collision with a pedestrian, and constructs a protectigred support with an active gas
pedal and extensiotyped support with a brake pedal. The assistance system activates in a hidden risk situation that an occludec
pedestrian suddenly mighintend to cross a road. Under a driving simulator experiment, we investigated its functionality and
effectiveness of the proposed assistance system, and we confirmed that the proposed assistance system was potentiaélyf@ffecti
guiding the drivers tarace the desired safe velocity.

#1283 Towards adaptability of levels of automation with HumaMachine cooperation approach

Lydia HabifFR, Marie-Pierre Pacaukemoing FR, Patrick Millot(FR)
The current study focuses on how the levels of automation and the number of simultaneous functions that complete the t@sttsd
affect the human operator performance. The research objective is to assess the effects of diffeedatdf automation of vehicle
(teleoperated VS. autonomous) and the complexity of the task on human operator performance. An experiment is realizéte
AAYdzZ FGA2Yy SY@ANRYYSYy(d daAESR LYAGAL GA @S traniad diNmnifaBnédi dysteins. ©
MIX platform aims to respond to the need for warfighters support and training in the domain of robotic military equipme
unmanned systems in general. The complexity of the task is simulated by increasing the ofimbEmomous vehicles that a huma
operator has to supervise or to teleoperate.

Special 8ssions

#1600 Evaluation of Haptic Support System for Training Purposes in a Tracking Task

Giulia D'Intino(DB, Mario Olivari (DB, Sefano Geluardi(DB, Joost VenrooilDB, Mario Innocenti(IT),
Heinrich BuelthoffDB, Lorenzo Pollir(iT)

Haptic guidancénas previously been employed to improve human performance in control tasks. This paper presents an experiment tc
evaluate whether haptic feedback can be used to help humans learn a compensatory tracking task. In the experiment, fsanipan
divided into two groups: the haptic group and the +ad group. The haptic group performed a first training phase with haptic feedback
and a second evaluation phase without haptic feedback. Thaich@roup performed the whole experiment without haptic feedback.
Resllts indicated that haptic group achieved better performance than the no aid group during the training phase. Furthermore,
performance of haptic group did not worsen in the evaluation phase when the haptic feedback was turned off. On the othénéhand
no-aid group needed more experimental trials to achieve similar performance to the haptic group. These findings indicatptihat ha

feedback helped participants learn the task quicker.
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#1715 Driver's trust in automated driving when sharing of spatial awareness

Kohei Sonod&lB, Takahiro WaddJP)

+AONRGFOGAETS RAALXLFE KlIa 0SSy Ay@SadAaariSR (2 &adzllll2Ndi RNR @8
vibrotactile display contributes to driver trust in automation since driver can know the spatial awareness of aratagtom

system to predict or understand the action selection for driving. The display provided the spatial information of clése traff

objects with haptic stimulus. We considered driving scenes of passing a motorbike when behind vehicles are approaching. A
driving simulator study was conducted to investigate effects of the spatial information and driving behavior of automated syst

on driver trust. The results showed that the trust was affected by the information and behavior of the system.

#1757 Authority Transfer Method from Automated to Manual Driving via Haptic Shared Control

Takahiro Wadd4JB, Kohei SonodélB, Takuya Okasak@lB, Takahiro SaitdJP)

As defired by the Society of Automotive Engineers (SAEvers are required to resume control from an automated driving

system (ADS) in automated Level 2 and 3 driving when requested by the automated system. For example, the driver must
resume manual driving carol when the functional limitations of the ADS are approaching or have reached. In addition, he or

she may also resume manual driving control whenever he/she realizes the functional limits of the system are approaching, or
when an ADS malfunction is imreint. In such cases, it is hecessary to smoothly transfer driving control to the driver, even when
immediate steering actions are needed. Accordingly, this research proposes a method for smoothly transferring authority of
steering control from the ADS to é¢hdriver in situations where drivers are required to perform quick steering actions. The
method is based on a haptic shared control technique that can adjust the strength of the steering control by the ADSiéd/e appl

our method to a small electric vehidey R 02 y RdzOG SR SELISNAYSyidao LG 61 & RSYz2zyaidNt
iKS O2yiNBf O2dzZ R 0SS RSGSOGSR ljdaO1fe 2yteé& FNRBY GKSngRNRA GSNI
behavior was suppressed with the progasgain tuning technique, even in cases where the driver was required to engage in
engage in immediate steering actions after resuming control.

#1932 Using Learning from Demonstration to Generate Réale Guidance for Haptic Shared Control

Carlos Peredel-Pulgar(E$, Jan Smisef\L), Victor MunozZES, Andre Schiel@NL)

This paper introduces a new Learning from Demonstration &85¢d method that makessage of robot effector forces and

torques recorded during expert demonstrations, to generate fdvesed haptic guidance reference trajectoriesloe, that are
AYGSYRSR (2 068 dzaSR RdzNAyYy3a KI LIWAO &KI NB RpticQgigaichBadectofies e | RRA (|
superimposed to mastedevice inputs and feedback forces within a bilateral control experiment, to assist an operator by the
guidance during pein-hole insertion. We show that 96 peg-hole expert demonstrations were suffent to obtain a good

model of the task, which was used-tine to generate haptic guidance trajectories in raale with a 1kHz sampling rate.

#1983 A Multiple-Input SingleOutput Model for Human Force Perception in Pedaling

Yoshiyuki Tanak@h, Shuhei TanabglP)

Research on the humatentric design of driving interface devices, such as a pedal and a steering wheel, has been conducted to
improve the operational comfort as well as the driving safatgéveloping an intelligent driver assistance system. However, the
evidences on human factors in driving has been still insufficient to attain such research goals. In this paper, adraleatric
pedal interface system was developed to analyze humanefqyerception properties at the foot in pedaling. A set of
measurement tests was carried out to examine the relationship between force perception and musculoskeletal conditions
according to the combination of leg configurations and rages of reaction fof¢esresults demonstrated that human force
perception in pedaling was affected by both the range of force stimuli and the ankle angle, especially for smaller f@ce rang
Such perception properties obtained was then modeled as a simple mdliple singe-output system successfully.
Furthermore force tracking tests were conducted to examine the usefulness of the perception model in improving the
maneuverability of a pedal interface system.
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#2130 Shared automation of lane change for avoiding forward obsia

Makoto Itoh (JB, Takuya AizawéJP)

Based on current technologies, automated driving systems needs the human driver to monitor the environment and the
machine. One way to enhance the driver to watch the svinent is to make him/her put his/her hands on the steering wheel.
Under the condition that the human collaborates with the automation, it is important for the automation to be designedh¢hat t
automation is trustworthy. One of the issues to be addresisea lane change for avoiding a forward obstacle. In this paper, we
discuss the timing of starting lane change maneuver. Three types of the timing, i.e., Earliest, Mean, and Latest, were
distinguished based on a preliminary data collection. The resutisath that the three types would be acceptable, but Mean
would be the best among the three types.
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#1081 An efficiencyadjusted fair mechanism for house allocation problem with existing tenants

Chengyue LB, Takehiro InohargJP)

We study a house allocation problem where there are both existing tenants and new applicants. The NH4 sme&hanieal

world allocation mechanism which satisfies individual rationality, fairness and strptegyness. But it fails Pareto efficiency.

We propose an efficienegdjusted NH4 mechanism that allows each student to consent a certain priority viothéd has no

effect on her own assignment. Under this mechanism, such consent can help recover efficiency loss which is caused ¢y resol
squatting conflicts between two students. Moreover, we show which students' consents will be used.

#1092 Misperceion in Nationalization of the Suez Canal

Yasir M Aljefr{CA, Keith W. Hipe{CA, Liping FandCA, Abul Basha(CA)

The 1956 nationalization of the Suez Canspdie, between Egypt and an alliance between the United States (US) and Britain, is
modeled and analyzed within the paradigm of a flestel hypergame in graph form. The results reveal that Britain and US
encountered a strategic surprise in the disputelorDO2 dzy i 2F GKSANI FFAf dzNB (2 LINBRAO
Canal. The equilibrium states of the dispute are analyzed to provide insights into the types of the misperceptions tllatheause
O2y ¥t A0l GKS LI aaAasfaffer oRseringdhe 2qfilibritm stédshand theSustitiahilRy of the-lérsl
hypergame equilibria. The analysis reveals substantial motivation for the United States and Britain to intensify thetdispute
recapture the Suez Canal and to improveittsituation.

#1473 Belief Preference in Graph Model for Conflict Resolution with Two Decid#akers

Hanlin Yo{CN, Mengjun L(CN, Jiang JiangCN, Bingfeng G€CN, Xueting ZhandCN, Jianguo X{CN)

In order to deal with the subjectivity, epistemic uncertainty and incompleteness of input data, a novel methodology i®g@ropos
for interactive decision making between two plagebased on the graph model for conflict resolution (GMCR) with belief
preference. First, a new GMCR model is calibrated, in which belief preferences are generated via evaluating the utilities
feasible states. Second, new defiltins of unilateral imprgements and four stability concepts are presented for conflict
analysis. Finally, an interactive decision case on a weapon system of systems (WSé&)tiaglhs studied to demonstrate the
feasibility of the preposed methodology.

#1479 Automated Extra&tion of a Game Model using Natural Language Processing: National Strategies of
the Asian Infrastructure Investment Bank

Marin Nagas€JB, Yu MaemurgJB, Masahide HoritdJP)

This artcle presents a method for representing highly strategic events using natural language processing. In 2013, Chi
proposed the creation of the Asian Infrastructure Investment Bank (AlIB) as the country continues to capitalize on itSceconom
growth and make moves to gain influence in regional development. International society is facing a big shift in power balances
where the existing sphere of influence wielded by financial institutions led by the US and Europe are challenged by rsew orde
being establisbd by the developing countries. The method proposed in this article automates the analysis of written mate
that the strategies taken by people or organizations involved can be modelled. The method uses clue expressions andls
machine learnig to identify and extract sentences containing strategic relations from a corpus. The accuracy of ext
defined as the sentences including strategic relations in the sentences that included clue expressions, was 60%. Cov
calculated as the t@ of sentences correctly extracted in the sentences containing strategic relations within the sent
including clue expressions, and was 67%. In addition, a method for modelling the strategies extracted is proposed
relations of strategies coatned within news articles are represented in a strategic map. Strategic maps of a complex in
such as the AlIB has revealed the links between various events that intuitively may be considered irrelevant, suchBaarnig
the annexation of Crime Furthermore, the change in game structure before and after UK participation in the AlIB b&&é
GraA0fS a GKS 0O2yaSlidsSyO0Sa 2F | Y LINIAOALI GAZ2Y 2yiG2 20K

Special 8ssions

#1565 Trade and Disaster Risk Sharing in Open Economy Mode

Hiroaki IshiwatgJB, Muneta Yokomats@JP)

This paper presents an open economy model qualitatively to investigate the risk sharing effect of a crop sharing system
stabilize food security under dr@uK 1 @ ¢ g2 ONRBL) AKI NAy3I aeadsSvya INB O2yaiRSN
FYR a@F2NBINR O2yiN} Ol aesaidSyoé ¢KS Y2RSf NB@SIfa (GKSh LR
drought risks exist and high trade ro@rs prevent a country from importing crops, and that the forward contract system
mitigates drought risk when forward contract is set at prices lower than the prices in the normal condition. Furthemdkis st
shows that the proportionally divided systecan improve social welfare in the condition of high drought risks and high trade
barriers, while a holdip problem can be caused by the lack of producer incentive to invest in the production of crops.
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#1690 Analyzing the Fiancing Dilemma of Brownfield Remediation in China by using GMCR

Qingye Har{CN)

This paper constructs a GMCR (Graph Model for Conflict Resolution) model to analyze the financing dilemma existing in
the brownfield remediation projects i€hina. In addition to the stability analysis, status quo and inverse analyses are
conducted to obtain further managerial insights. The findings of this research are threefold. First, the local government
should not redevelop the brownfield without remedii@n; otherwise, the situation will raise great public concerns, which

may lead to severe conflicts among various stakeholders. Second, the cooperation between the local government and
enterprises (developers and/or investors) is the most favorable stateutccessfully conduct the remediation. Third, in
2NRSNJ 2 I OKAS@PS (GKS RSAaANBR 2dzid2YSaz |y AyGSNBSyidazy LI
intervened in the unsolved situations.

#2010 Evaluation on the Innovative Capacityf @rovincial Higktech Industries in China based on Integrated

Theil and TOPSIS

Yingying JiéCN, Peng Gu@gCN)

A novel evaluation model, incorporating Theil entropy into TOPSIS, is employed for investigatingge @ghésch
innovation capacity at provincial level. More specifically, the innovation capacity evaluation ktebiglindustries is

viewed as a MuliCriteria Decision Analysis (MCDA) problem. The weights of the indicators are determined by the Theil
entropy analysis, and the regions are ranked by using TOPSIS. The findings reveal that 31 provinces, autonomous regions
FYR Ydzy AOALI t AGASE I NB RAGARSR Ayid2 &AE Of dzaedhSrdistries,y R i K S
which which $ consistent with reality. The results demonstrate the suitability and feasibility of the proposed evaluation
model and provide an evidendsmsed approach for region decisiomakers to promote the innovative capacity of high

tech industries.

#2053 Composiion and Stability Concepts in the Graph Model for Conflict Resolution

Masahito KitamurgJP)

A new concept of composition is proposed in the framework of the Graph Model for Conflict Resolution. Two graph
models whose sets of desion makers are identical are composed into one graph model. The composition is interpreted as

a situation in which the same decision makers are involved in two independent conflicts at the same time. Relationships
between stabilities of states in a comped graph model and those in the two component graph models are investigated

for the case of two decision makers. A composition of the Prisoners' Dilemma and the Modified Chicken is constructed as a
simple example and stabilities of states are examined.

#2263 Empirical Analysis of the Reference Point Effect in Residential Choices under the Risk of Slope
Disasters

Hiroyuki Sakakibar@IP)

In this study, the hypothesis on the decision making on the residential choice with disgster risk was tested. First, two

types of decisions, moviAg and movingout decisions, were defined. Then, the hypothesis that people in mening
decision are more risk averse than those in movong decision, was set. In order to test the hype#ls, the web survey

was conducted and the difference of the equivalent rents was confirmed. Then, the hypothesis was verified. The results of
the survey were interpreted by prospect theory.
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#2074 Multi Agent-Learner based Online Feature Selection System

Fatma Ben Sai(lN, Adel M. Alim{TN)

Online Feature Selection (OFS) is an important technique in pattern recognition and machine learning. Our challenge is
how to enhance the classification performance éalrcontexts where the larggcale training data arrive sequentially with

a big number of features. The major problem is how to choose the best accurate and efficierfstageart OFS method

that can select the relevant features or if we do a combimatbetween these methods can we improve the classification
performance? In this paper, we propose a framework of OFS using the characteristics @fgmnitsystems (MAS) to
overcome this challenge. We propose firstly a new OFS model; Agamer base®FS (ALOFS) which represents each
agent in our MAS. ALOFS is a generalization ofdiiddr and secongrder online learning methods based feature
selection. Secondly, we propose the Multi Agéetarner based OFS (MALOFS) system which uses two leselsation.

The first level aims to select the more confident learners and the second level has as object to select the relevant features
using a proposed negotiation method (MNOFS). MALOFS is applicable to different domains successfully and achieves
highly accuracy with some real world applications.
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#1118 Implementation of Odonetry with EKF for Localization of Hector SLAM Method

KaoShing HwangTW), WeiCheng Jian¢T W)

For largescale indoor laser scan mapping, a challenging problem is scan information lack of distinguehablarks,

thus cause the improper mapping result especially in corridor environment. Collision may happen during the autonomou
robot navigation. This paper presents a scan matching algorithm with odometer prediction using Extended Kalman Filte
(EKF) andn optimal path planning with regression subgoal. The scan matching process will be able to out of local minims
and has an effective correction in the odometry information. By iterating odometer correction in each step, the matching
result will be much bieer than one only believe in scan or odometry. Both simulated and lacgde indoor experimental

data under the same conditions are used to verify the effectiveness of the proposed techniques.

#1143 Intelligent SlidingMode Formation Control for Unceria Networked Heterogeneous Mecanum
Wheeled Omnidirectional Platforms

ChingChih TsaTW), HsiacLang WUTW), FengChun Ta{TW)

This paper presents an intelligent sliding mode formatcontrol using recurrent fuzzy wavelet neural networks (RFWNN)
for a group of uncertain, networked heterogeneous Mecanwhreeled omnidirectional platforms (MWOPS). The dynamic
behavior of each uncertain MWOP is modelled by a reduced thmeet-three-output secondorder state equation and

the mult-MWOP system is modeled by a directed graph. By using the Lyapunov stability theory and online learning th
system uncertainties via RFWNN, an intelligent adaptive, sliding mode control approach is preseraayt@ut
formation control in presence of uncertainties. Two simulations are conducted to show the effectiveness and merit of the
proposed method with existing collisienee and obstacl@avoidance approaches.

#1356 Maximum Power Point Tracking of Photoltaic Generation Systems under Partial Shaded Conditions
GwoRuey Y(TW)

This paper proposes an improved quanti@havior particle swarm optimization (IQPSfsed maximum power point
tracking (MPPT) for photovoltaic generation syste(PGS) under partial shaded conditions. The power stage of the MPPT
system is a series butloost converter which can be operated on buck mode or boost mode. The proposed IQPSC
algorithm can avoid the premature problem of the conventional QPSO algostich that the searching ability into
maximum power point is promoted. The advantages of the method include raising the tracking efficiency, reducing the
tracking time, tuning only one parameter. Simulation results demonstrate the performance of the pOpQ&SO is
better than that of QPSO, firefly algorithm (FA) and PSO.

#1412 A Bayesian Network Based Method for Activity Prediction in a Smart Home System
ZongHong WUTW), Alan Li(TW), PetChuan Zho(TW), Yen Feng STW)

A smart home system can provide better services to assist users if it knows what user activities will occur befqg
Early research in activity prediction has indicated that the result of predicis unique, but the accuracy remai
unsatisfactory if only one result is considered. To solve this problem, this paper proposes a method of leveraging
models. In this work, we use a Bayesian network to build a model to predict which actiNityappen, and then the
predicted results go through a property filtering to get the final result. Due to the possibility that residents in a
home may have different activity patterns, we have built a Bayesian network model to learn conditionabilitglof
resident activities from the dataset of CASAS project. At last, we compare the results and show that our met
improved coverage and accuracy in activity prediction. This proposed method belongs to an ongoing project i
learning anccontrol in a smart home system.

Special 8ssions

#1696 3-D Model Reconstruction from-@rm Images

HuetYung Li{TW)

In orthopedic surgery, thredimensional models are usually reconstructed through CT or MRI images. In urgent
operations, the most@mmon way for 3D model reconstruction is to extractd€m images by -@rm fluoroscopic imaging.
However, it is harmful to human bodies because of the ionizing radiation. In this work, we present a model deformatior
approach for 3D reconstruction from medi imaging. Our approach utilizes the visual hull algorithm to reconstruct a
rough 3D model from @rm images, and then deforms it according a reference model. During the deformation stage,
some adjustments are made for the models and the coherent paiifit algorithm is carried out to match the-B points

of two models. Experimental results demonstrate the feasibility of our technique-Bn®del reconstruction from-&m

imaging.
SMC 2016 BudapeffTechnical Progra
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#1902 PSO and Neural Network based Intelligent Posture Calibration Method for Robot Arm

PingHuan KuqTW), GuanHong LiUTW), YaFang HqTW), TzuuHseng S. L{TW)

Inverse kinematics is a general method for defining the joint angles of the robot arm. This method provides an efficientonrpl

the robot arm for several tasks. However, the server motors or the mechanisigndethe robot arm may not always be ideal. If the
motor consumption is existed, the error of the final position of the robot arm will be increased. In order to solve tHenprtis
paper proposes an intelligent method for the posture calibratiorthef robot arm. In this paper, the particle swarm optimization (PSO)
algorithm and the proposed neural network model are integrated to calibrate the kinematics of the robot arm. The expernigsaiitsi
show that the control error can be reduced by applyihg proposed method. The feasibility and practicality of the proposed method
are also validated in the experiments.

#1809 Hierarchical DateDriven ModelFree Iterative Learning Control Using Primitives

Mircea Bogdan Radd®Q, Radu EmiPrecup(RO)

This paper suggests a novel mottele primitivebased hierarchical approach to trajectory tracking, which endows the feedback control
systems with learning and planning capabilities. The reference ifputg are first optimized at the low level in a Modeke Iterative
Learning Control framework to achieve controlled output trajectory tracking, without using a model of the environmentarftiggle
takes place in a Linear Time Invariant (LTI) setlihg.learned r.icontrolled output pairs are called primitive pairs. Each new complex
trajectory to be tracked is then decomposed at the high level in terms of the learned output primitives regarded as lo#isissfuifihe
optimal r.i. ensuring output treking of the new trajectory is obtained by merging the leaned r.i. primitives using the superposition
principle specific to LTI. Therefore, the optimal r.i. is computed offline and avoids learning to track new trajectoriespieated
executions of theracking task. The efficiency of this approach is illustrated on a positioning control system for an aerodynamic system.

#1966 Trend Classification Based Weather Forecast

YangChung Chan@iTW), ShunFeng S{TW), Ming-Chang Che(TW), I-Hsum LeéTW)

This paper reports our study on a novel weather forecast approach based on trend classification. This approach is to predict
temperature based on past temperature hisies. Trend classification is to provide a hierarchical clustering structure to make pattern

match more meaningful so that to make temperature prediction based on those pattern can work. In the proposed trendatiassific

an overlapping idea is considef to enrich the data correspondence. After trend classification, a clustering approach is employed to
define patterns for match. From the experimental result, the average error for the maximal temperature predicted by owrchpprat

tSHald nEpEKIFYINKES LINSBRAOGSR Ay (GKS ySgaz FyR GKS F@SNFr3IS SNNE
predicted in the news. In other words, the prediction is compatible with the traditional prediction made by the Bureaueoidlegy.

#2445 Two Metaheuristics to Solve a Coordinated Air Transportation and Production Scheduling Problem
with Time Windows for the Due Date

Reza TavakkeMoghaddam(IR, M. Mousavi(IR, M. HajiaghaeiKeshteli(IR, M. RanjbarBourani(IR)

Traditional production management approaches have paid less attention to integrate supply chain functions. Two main fumctions

supply chain management (ie. LINE RdzOG A2y LI I yyAy3a yR RA&GGNROdziAZ2Yy O | NB Ydzi dzt
applications. More of the time, they should be used simultaneously in an integrated manner to minimize costs in the whole ttia

paper, a coordinatediir transportation and production scheduling problem is studied to minimize the total cost of a supply chain.
Additionally, time windows for the due date are considered; however, the due date for delivery time has been considered in th
literature. Sincethis problem is N#hard, two wellknown metaheuristics (i.e., genetic algorithm and simulated annealing) are used.

Some new procedures and operators are developed in these algorithms. To evaluate the performance of the algorithms, different
problem sizesre used and the results are compared. Finally, the impacts of increasing the problem size are studied.

#1163 Tracking of A Random Target by Circular Pattern of Mobile Agents With A Leader
Chandreyee Bhowmigk\), Laxmidhar Bhera(GB)

This paper is concerned with the problem of tracking a random target by a circular pattern of mobile agents usinéplieadsr
approach. There is a single leader in the group which is located at the centre ofdlee ©ither agents, i.e., the followers control their
motions to locate themselves evenly on the arc of the circle. The problem considered here is twéofabétion of a circular pattern
with a static leader and tracking of a randomly moving target liy pattern. A novel distributed control law has been designed based
on artificial potential function approach to achieve the formation and maintenance of the circle with the leader being Bhatic
follower agents are allowed to communicate with the lea@ad only one neighboring follower. For the tracking problem, the leader
estimates state of the target using Kalman filter. The leader is then made to track the target as the estimated target wosks as

the tracking destination. The control law tife followers is modified by adding a navigation term to make them move along with the
leader while maintaining the circular pattern. Both the algorithntércular formation and trackinghave been shown to be Lyapunov
stable. Effectiveness of the propdscheme is demonstrated through extensive simulation.
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#2104 An Efficient and Effective Method to Find Uninteresting Items for Accurate Collaborative Filtering
HyungOok Kim(KR, Jiwoon HAKR, SangWook KimKR)

Collaborative filtering methods suffer from a data sparsity problem, which indicates that the accuracy of recommendatior
decreases when the uséem matrix used in recommendation is sparse. To alleviate the data sparsity problem,
researches on data imputation have been done. In particular, the -agjetion method, which finds uninteresting items

and imputes zero values to those items for collaborative filtering, achieves significant improvement in terms of
recommendation accuracy. Mever, the existing zermjection method employs the Or€lass Collaborative Filtering
(OCCF) method that requires a lot of time. In this paper, we propose a fast method that finds uninteresting items rapidl
with preserving high recommendation accura®ur experimental results show that our method is faster than the existing
zeroinjection method and also show that the recommendation accuracy using our method is slightly higher than or simila
to that of the existing zerdnjection method.

#2245 Collabaative Image Triage with Humans and Computer Vision

Addison W Bohannoftug, Nicholas R Waytowicfg, Vernon Lawhergug, Brian Sadle(US, Brent Laice(US)

As the technology for acquiring and storing images becomes more prevalent, we are faced with a growing need to sort ar
label these images. At this time, computer vision algorithms cannot parse abstract concepts from ikegdsuinan. As

a result, there may be performance gains possible from the integration of human analysts with computer vision agents
We present an image triage system which facilitates the collaboration of heterogeneous agents through a nove
unsupervised meta-learning technique. The system iteratively allocates images for binary classification among
heterogeneous agents according to the Generalized Assignment Problem (GAP) and combines the classification resi
using the Spectral Methearner (SML). Inrmsulation, we demonstrate that the proposed system achieves significant
speedup over a naive parallel assignment strategy without sacrificing accuracy.

#1899 Numerical Analysis of the Transportation Efficiency in a Network Considering Route Choice
MasaruKaji(JB, Takehiro InohardJP)

In this study, we discuss the efficiency of a transportation network depending on the density. When drivers anc
pedestrians move to their destination, they travel using varisoads. In this process, if there are many cars or
pedestrians on a road, congestion may occur, and it is possible that the traveling time increases because of th
congestion. In particular, it is occasionally assumed that drivers and pedestrians mae craather route and detour,

even if the traveling length is longer. Here, we assume a directed cycle graph considering shortcut and detour routes a
study the transportation efficiency of the graph. Thus, we analyze the locations at which congestiuming the graph

along with the situations in which congestion occurs. Furthermore, we show the vulnerability in the network structure due
to the randomness in the density in the graph.

#1453 A Competitive QUashffine TRansformation Evolutionary {QUATRE) Algorithm for Global
Optimization

Zhenyu MendCN), Jenghyang PafTWw)

In this paper, we proposed a Competitive QUaliine TRansformation Evolutionary-QLATRE) algorithm. This algorit
is an advanement of a preciously proposed QUATRE algorithm. The QUATRE algorithm is arguably a very
stochastic optimization algorithm, and it will appear in CEC2016 conference proceedings with the paper titlAfthéa
TRansformation Evolutionary (QUAJREgorithm: A Parametereduced Differential Evolution Algorithm for Optimizatig
Problem. It conquers some weaknesses of Differential Evolution (DE) algorithm and it has excellent performance
multi-modal optimization problem. Here in the paper,ewadvance a QUATRE algorithm which uses a pair
competition mechanism to enhance the performance of the former proposed QUATRE algorithm.-QUATRE
algorithm is verified both on CEC2013 test suite for-pgahmeter optimization and BBOB2009 franw for blackbox
optimization, and experiment results show that the pairwise competition mechanism is very useful for the enhancement
of the QUATRE performance over all these benchmarks.
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#1408 Joint Angle Estimation using the Distribution of the Muscle Bulge on the Forearm Skin Surface of an Upper Limb
Amputee

Akira Kab (JB, Yuya MatsumotdJB, Yo KobayashiB, Masakatsu G. FujigJB, Shigeki Sugan@P)

A novel joint angle estimation method is paged using a new bisignal for an amputee subject. We used the muscle bulge movement
on the forearm skin surface as a newignal for estimating the extent of motion in a previous study. We found that it is feasible to
estimate the intended wrist joinangle using the distribution of the muscle bulge for intact subjects. Thus, in the present paper, we
validate the feasibility of our method for an amputee. In applying our method to an amputee subject, we improved our distesure
device so that it camccommodate the position of the muscle, which is variable for an amputee subject. In addition, we improved the
algorithm that estimates the wrist joint angle using linear multiple regression for calculating the relationship betweieetided

wrist joint angle and the distribution of the muscle bulge. As a result, we found that the distribution of the muscle bulge chatfyes for
amputee as for intact subjects. The movement of the position of the muscle bulge on the forearm skin corresponded tonthef exte
the intended wrist joint angle. According to the result of the estimation of the wrist joint angle, themeansquare error of the
estimated angle with respect to the measured angle for the amputee was slightly larger than the error for intactsubgvertheless,

the root-meansquare error for the amputee was smaller than that when employing the previous method for intact subjects. Finally, it is
feasible to use the muscle bulge movement on the forearm skin to estimate the intended wristrjglatfar the upper limb amputee.

#1518 Integration of Visual Feedback System and Motor Current Based Gait Rehabilitation Robot for Motor Recovery
Quanquan LigJR, Bo ZhandJB, YiHung Li(TW), YuTsung Hsia¢TW), Mu Der JendTW), Masakatsu G. FujigP)

This paper presents a visual feedback available robotic gait training system for motor recovery of hemiplegisustiokes. The
d2adSy Aa 02YL2aSR 2F | GNBIFIRYAff O2yaradiay3da 2F Goamerhhddad o
Gradzt AYUSNFIOS FSSRo I Ohekk tredmilildwip&ightit@wialk B EHikeiit veldiitiesibBtweert siubd sideJt A
FYyR ' FF¥FSOGSR aARS tS3ax FyR RSGSOO LI GASYydQa 3IFAlG Likestiwte 68 OdzN
FOGAGS | OlGdz GAz2zya G2 Faarad LI GASwakidgiscehalidgives gidusl Rddpask faRk pateht yidle 6 I £ |
LINE GARAY3I LI GASYdQa 3IIFAG LKIF&AS O tOdzZ SR FNRY Y22 NinGhieNNBy (i 2
study. Experiment results indicate gait phase of the virtual 816d OF y ¢St f GNF O1 GKFG 2F LI GASyGQa
proposed system to improve gait recovery during rehabilitation.

t

#1594 The Use of Deep Learning and Mean Shift to Learn Global and Local Processing in Human Visual Perception

WeirWen Hsu(US, Min Zhang(US, ChungHao CherfUS, Wen-Chao YangTW)

The purpose of this research is to provide apudzled SR FNI YS g2 NJ (2 dzy RiS dehidioh gidkingkrdeydlofaR & LIS NJ
and local information. Since the Deep Convolutional Neural Networks (DCNN) has shown the state of the art performanee in imag
classification and object detection, DCNN can output scores to reflect the level of global iafarday > 6 KA OK A& KAIKEf & &
recognition for partial objects in images, i.e. puzzle pieces. Besides, the local information is also taken into comsidedatsion

making when playing puzzle, therefore, the puazised instrument is propesl in this paper to study how local and global information

can be integrated in decision making.

#1807 Decoupled PID Control with Gain Adaptation for a Cycling Dynamic Knee Rig

AmelieChevalieXBB, Brecht De VlieggBB, Matthias Verstraetg BB, Clara M.lonescuBE, Robin De Keys¢BE)

This paper presents the deployment and validation of a control structure for andignknee rig used to gain insight into the kinematics

and kinetics of the human knee joint. The dynamic knee rig is able to implement a bicycle motion onto the knee jointeudiffgrient
actuators. Two actuators control the position of the ankle, @atuator mimics the quadriceps force and two more actuators impose

the hamstring forces. Identification of the subsystems of the rig is performed using the ARX method. The obtained mathaptgisa

are used to tune the controller parameters of the pospional-integratderivative (PID) controllers which control each subsystem. Apart
from PID controllers, the control structure also contains feedforward action, decouplers and gain adaptation mechanism. The
controllers are tested using a mechanical hingekaee joint. The results indicate a good trajectory tracking performance of the
controllers.
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#1810 Adaptive Sliding Mode Control of a Lowdimb Exoskeleton Rehabilitation Robot

KatAn Yu (TW ChenYun Kuo (TYWMiao-Ju Hsu (TYSu ChatWei (TW, Mu De Jeng (TW ChungHsien Kuo (TW)

With the increasing demands of rehabilitation facilities and the advances of robotic technologies]itolvexoskeleton rehabilitation
robots have been proposed to improve the quality and effectiveness of rehabilita®myell as to reduce the effort and load of
physiotherapists. In this paper, not only the mechanical design but also the control approaches of dinitwexoskeleton
rehabilitation robot are discussed. The control system was developed to work withyaviright support system and a power treadmill
to perform subject specific locomotor training trajectories. Practically, conventional proporttteralative(PD servo control approach
was applied to the joint motors; however, it cannot adaptively deahwlite subject's weight variations. To overcome this problem, an
adaptive sliding mode control (ASMC) was realized to track specific locomotor training trajectories with the considefatiffesent
subjects' weights. According to the simulation and ekpent results, the adaptive sliding mode controller represented better
trajectory tracking performance than conventional PD controllers. Moreover, the ASMC is capable of dealing with diffgests’' sub
conditions without extra adjusting operational coatiparameters.
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#2030 An Accelerometetbased Festinating Gait Detection Algorithm dnlts Application to Parkinson?
Disease Development

WenYen Li{TW), WenZheng Cho(TW), WenShao WUTW), Ming-Yih LedTW)

cSalAylrGAy3 3ALAG Aa 2yS 2F (GKS YvYz2ad O2vyyvyz2yteée asSSy vyvYz2i
accelerometethased sensing sgem implemented on a vest is used to detect the behavior of festinating gait. The
detection algorithm is based on the analysis of gait symmetry from the data measured by accelerometers. Specific indic
were proposed to evaluate the severity of festingtigait behavior. Along with detection of the upper body lean forward
angle while walking, the system could be used as a-teng trend monitoring tool for the development of festinating

gait. This application could help users to know the development @fpttogressive behavior of festinating gait and hence

to get proper treatment on PD earlier.

#1695 Relation between Magnitude of Applied Torque during PBsving Phase and Toe Clearance Change to
Prevent Trip of Elderly People

Tamon MiyakdJB, Yo KobayashB, Masakatsu G. FujigJB, Shigeki Sugan@P)

Elderly people are at risk of falling because of their low toe clearance. Gait training to improvesai@aodecould be
instrumental in avoiding tripping. We propose using a-gjaiining robot that applies torque during the psaving phase to
achieve this goal. It is still possible to revert to their original trajectory after the training, however, degeodithe
magnitude of the applied torque. We investigated the relation between the magnitude of the applied torque and the
change in toe clearance before and after application of torque. We developed a robot and carried out an experiment il
which a motor pills a string embedded on the robotic frame worn by the participants, thereby applying torque during the
pre-swing phase. The experimental task included walking on a treadmill for 50 s. We applied torque to the knee during th
pre-swing phase for 20 s. Thghases before and after applying torque were-dSormal walking phases with no
interference from the robot. We compared toe clearance during the phases before and after applying torque. We founc
that the toe clearance increased after applying a torqu& ®m. We were thus able to verify the influence of torque on
toe clearance.

#1053 A Medication Adherence Monitoring System for People with Dementia
Vasily Moshnyag&JB, Masaki Koyanag{JB, Fumiyuki ltayama(JB, Akihisa Takaham#&JB, Koji Hashimoto

(IP)

Due to forgetfulness, people with dementia need assistive technologies for managing medications. In this paper w
presert a Kinectbased smart system for unobtrusive medication adherence monitoring of people with people with
memory-degrading conditions. Unlike existing pill dispensers, our system not only reminds a patient on time of medicine
intake and provides the correspding medication dose, but also vocally guides the patient through the step
medication intake, controlling correctness and completeness of his actions and alerting the caregiver if problem
The experimental evaluation of prototype system shdhat it effectively monitors medication adherence and is very e
to use.

#1652 Cognitive Workload in Conventional Direct Control vs. Pattern Recognition Control of an Uppbr
Prosthesis

Wenjuan Zhang(US, Melissa White (U, Maryam Zahabi(US, Anna Winslow(US, Fan Zhang(US,
He HuandUS, David B. KabgiuS)

The purpose of this study was to coarp the cognitive workload of ableodied individuals when using a myoelectric
prosthetic under direct control (DC) or electromyography pattern recognition (PR) control. Different from existing clinica
evaluations involving dudbask performance, pupillogphy measured with an eyeacking system was used to
guantitatively assess user cognitive workload in using a 2 degfréeedom prosthesis for a clothespin task. Test results
revealed the PR control to produce superior task performance and to requiverlcognitive load than demanded of
participants under the DC condition. This study provided evidence of both performance and workload advantages of P
control over DC control. PR control was more intuitive to the prosthesis user and, therefore, relgssarbgnitive effort.
Furthermore, the study identified a new effective measure of cognitive workload in upper limb prosthesis use via

pupillography.
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#1151 A Study on an Emotion Estimation of Narratives Using Cognitive AppraisdledReader

Naruaki TomdJB, Yuhei AkaminéJB, YamadaKoji(JB, Satoshi End@IP)

hdzNJ Sy2dAa2y SadAYlGA2y NBTFSNAR (2 Saftbraheyréad 2 narrasve (i.d., patBding S N & &
Sy2iAaz2y GelLlSavd ¢KS Sy2iAz2y GelL)Sa YFryAaAFSad Ay I NBI RSNRa F¢
LKSy2YSy2ys ¢S KSNBE ddSYLWi G2 SadidA YidcigsitiveNappraSSiNG e worK. ZIkisk 2 y |
LI LISNJ) RSAONROGSE 2dzNJ O23yAGAQGS LIINFAalf YSiK2R2f23&83Ze O NRI
appraisals, and report and discuss the results of emotion estimation experiments @h \ehreader performs a cognitive

appraisal of the text of a narrative.

#1222 The Effect of Education and Learning Using N@tking Application

Masanobu Numazaw@IB, Masato Noto(JP)

In recent years, in ed stage of education from elementary to high school in Japan, the focus has been on teaching/learning
programming. However, it cannot be said that all students are able to learn programming technology. Difficult probleins exist
teaching programming becae of differences in student achievement levels. These differences are found at the elementary and
middle school levels of course, but are even more obvious at the high school level where courses begin to separate into
humanities, science, and other fialdin existing noteaking practices, many effective learning methods have been shown in
which teachers can explain netaking methods effectively so that learners can learn how to take notes that they can easily read
and understand. In our previous reseh, we reported our development of a teaching support system that enables students to
redesign contents the teacher provides, whether on whiteboards or in projected slides. It enables students to freeljheevise t
teacher's notes so that they can easidad and understand them. In this paper we show how the teaching and learning support
system with a noteaking application we developed, as well as notes taken on paper, can be used to examine the effectiveness
of note-taking in the teaching and learnindg programming. Specifically, we describe experiments we carried out in which we
compared cases where notes were not taken during actual lectures with cases where notes taken on paper were used.

#1260 Discovering Inductive Theorems Using Rewriting Inductio

Haruhiko Sat¢JB, Masahito KurihargJP)

Theory exploration has been investigated as the lemma generation methods which play important role in automation of theorem
provers. In order to enlarge the soepf provable theorems in the exploration, in this paper we propose an approach of applying
the rewriting induction technique in exploration of inductive theorems. Especially, we propose some heuristics for prdof sear
in the rewriting induction. In thegerimentation using two examples, the proposed heuristics improve the efficiency without
sacrificing the number of successes in the proof search.

#1436 Distance Based Multiple Swarms Formation Method in Particle Swarm Optimization

Junpei TsufJB, Masato Noto(JP)

Particle swarm optimization (PSO) is a solution to the functional optimization problem. PSO has been used in various fields
because it has a simple algorithm and is characterized by being versilileapid convergence. However, because of its rapid
convergence, it may fall into a local optimum especially when the problem has a large number of local solutions. In this pape
we propose a new type of PSO that forms swarms according to distancesdreparticles, with the aim of addressing this local
optima issue. Forming swarms in this way makes it possible for each particle to search the region of its own periphaily in det
The results of performance evaluation experiments using computer siranlaterified that this method is less likely to get
trapped in a local solution compared with conventional PSO.

0
c
e
&
<
o
@
o
n

#2273 System for Game Enhancement using Scene Recognition in Emulated Consoles

Christopher Thibeau{tg, JearY?d S & (USNII S

This paper investigates the modification of an existing game console emulator to utilize scene recognition to perform audio
visual enhancement of vintage video games. Such games featurete$émhution graphics withimited colors and lowguality
electronic music. Information contained about the virtual hardware state information is exploited to providedsglution,

full-color graphics and a recorded soundtrack, complete with atmospheric effects, #imealsirg the original game logic. The

system developed as part of this research uses a modified version of the FCEUX emulator for the Nintendo Entertainment
System. The system is capable of loading a commeroidigsed game, marking scenes for later recognjtmapping scenes to
audiovisual events, and recognizing those scenes to enable those events. The result is an immersive game experience that far
exceeds what was possible in the original game hardware.
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#1265 A Visualization Tool for Adaptive Collaboration

Haibin Zhy(CA)

Adaptive Collaboration (AC) has been provewl erified to be a promising methodology to conduct collaboration. AC follows an
iterative and dynamic process that includes phases of role negotiation, agent evaluation, role assignment, role playinte and
transfer. However, AC is complex, and then&fits of AC are not easily observed. In particular, the benefits must be obtained through
complicated computations and should be further presented appropriately, e.g., visualization. This paper proposes an dpproach
visualizing the benefits of AC in gpperformance. Such visualization can illustrate how dynamic role assignment performs better than
static role assignment. Our research is verified through implementations, a case study, and a usability study.

#1562 Evolutionary Strategies for Noveltpased Online Neuroevolution in Swarm Robotics

Marco GalasglT), Nicola Capodie¢lT), Giacomo Cab(iT), Letizia LeonardiT)

Neuroevolution in robot contrilers through objectivébased genetic and evolutionary algorithms is a sketbwn methodology for
studying the dynamics of evolution in swarms of simple robots. A robot within a swarm is able to evolve the simple neumdl net
embedded as its controllerybalso taking into account how other robots are performing the task at hand. In online scenarios, this is
obtained through interobot communications of the best performing genomes (i.e. representation of the weights of their embedded
neural network). Whé many experiments from previous work have shown the soundness of this approach, we aim to extend this
methodology using a novellyased metric, so to be able to analyze different genome exchange strategies within a simulated swarm of
robots in deceptivedsks or scenarios in which it is difficult to model a proper objective function to drive evolution. In particular, we
want to study how different information sharing approaches affect the evolution. To do so we developed and tested threatdiffe
ways toexchange genomes and information between robots using novelty driven evolution and we compared them using a recen
variation of the mEDEA (minimal Environmedtiven Distributed Evolutionary Algorithm) algorithm. As the deceptiveness and the
complexity ofthe task increases, our proposed noveliiven strategies display better performance in foraging scenarios.

#1832 An Evaluation Method for Selfdaptive Systems

Farahani Al{IT), Giacomo Cab(iT), Nazemi Elam(IR, Rafizadeh AlirezgR)
Nowadays, change is an important aspect of the world. Complexity and change in requirements and environments bring us t
Autonomic Systems as a solution. Like any othed kif software system, better implementation of a system needs a proper evaluation
method for system implementation. To evaluate a Selfiptive system, appropriate quality factors are needed for evaluation. This
research tries to use neh R I LJG A @ Sevaludtisininftifo@sito evaluate Sélflaptive ones. The qualitative factors for satfaptive
systems have been extracted from a literature review (as-Adfptive System Qualitative Factors or for abbreviation SAQFs). Hence,
there is no explicit or eveimplicit way for measuring most of the SAQFs, This research has tried to measure them through some
measurable Qualitative Criterion. These Qualitative Criteria (we call them QCs) consist of seadagele systems attributes and also
some noradaptive 8 A 6 SY&AQ ljdz2 t AGlI GAGS FFLOG2NER® ! YI LI 68SG6SSy (GKSasS {!
have been introduced. For each QC, sufficient metrics for measuring could be dug up based on the problem context. knowatter

about the infuence of qualitative factors on each other, a prerequisite and-pegtiisite graph from relations among SAQFs have b
introduced. This relational graph shows the importance and impact of each factors measurement on measuring the systesis f
adaptive viewpoint. For evaluating the method, we have proposed a questionnaire to experts about the model the correctness
impacts and influences have been verified. In addition, a case study on a system in changing environment evaluated \s&d
method and the applicability of the method have been reviewed.

#1920 Group Role Assignment Based on Mdfiriteria in Collaboration System
XianjunZhu(CN, Xianzhong Zho(CN, Mo Zhang(CN, Haibin ZhyCA, Xiumei & (CN)
In the realworld, agent has many criteria that is an important factor affect the result of the group role assignment (GRA). To ¢&%&
satisfied assignment, we need to select an apiate method of multicriteria. This paper points out the key issues in formally
specifies the related concepts, formalizes the problem of GRA based on multiply criteriéM@Rs&lects three algorithms of muiti
criteria decision, i.e., simple additiveeighting (SAW multiplication exponent weighting (MEW) and weighted distance \Wiefs the
procedure of GRMC, simulates a case study and discusses the result oM&ERA

Special 8ssions

#2216 Adaptive Workload Distribution for Local and Remote Clouds

Lan WangGB, Olivier Brun(FR, Erol GelenbéGB)

Cloud systems include both locally based servers at user premises and remote servers and multiple Clouds that can lveeglobed
Internet. This paper @scribes a smart distributed system that combines local and remote Cloud facilities. It operates with a task
allocation system that takes decisions to allocate tasks dynamically to the service that offers the best overall QuaiigeofiSd a
routing overlay which optimizes network delay for data transfer between clouds. Experimental results are conducted at the globa
intercontinental level, both to collect data for decision making and to illustrate the effectiveness of our approach.
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#2470 Simulating Tolerance: A Collective Behavior Observed in Dynamic Social Networks

Yu ZhandUs)

Research into social network systems has observed a pherame@med tolerance, through simulations. Tolerance is defined

as agent's willingness to maintain an unrewarding connection. We have presented a mathematical model of tolerance to predict
the ntolerance of an agent. We use a real world dataset in the erpnts and adjust variables and procedure to achieve
desirable results. This work has shown that tolerance is not just seffidet of the decision rule chosen for the system, noris it a
purely sociological theory, but an observable trait of dynamidasoetworks in realvorld situations.

#1484 Applications of the Viable System Model in Automotive and Battery Storage Systems

Markus Herzog DB, Andreas Wilhelm EbentheuébDB, Michael Winter(DB, Julian TaubgDB, Joachim
Froesch{DB, HansGeorg Herzo@DE)

The renewable electric power generation in low voltage distribution grids is contihuseasing, which can lead to overload

of power transformers. Battery storages can help reducing the load of the transformer and increase the percentage of self
sufficiency of distribution grids. In this paper applications of the Viable System Modabgmo by Stafford Beer in different

fields of research are presented. Finally an approach for a scalable battery storage system based on this cybernetisc method i
introduced. The system shows a high efficiency even in partial load operation, fault t@eaaccavailability in error cases,
maintainability and a high flexibility regarding the used storage technology.

#1853 Part-Based Representation and Classification for Face Recognition

Marcus de Assis AngeldBiR, HelioPedrini(BR)

In recent years, we can observe an increasing use of biometric technology in our daily lives. Face recognition has several
advantages over other biometric modalities, since that it is natural, nonintrusive, and task dhat humans perform routinely

and effortlessly. Following a recent trend in this research field, this paper focuses ontzmpad face recognition, exploring and
evaluating specific descriptions / classifications for each facial part. Experimestdisrobtained in three public datasets (AR

Face, MUCT and XM2VT&sessing 15 approaches in each facial part and two score fusion strategies, show that features and
classifiers specific for facial part can improve the accuracy of biometric systerneyiagterror rates close to zero in some cases,
including scenarios where the false acceptance cases are critical.

#2103 Smartphone Enabled Person Authentication Based on Ear Biometrics and Arm Gesture

Andrea Francesco Abaf), Michele Napp{IT), Stefano RicciardiT)

Smartphones are arguably candidates to become the platform of choice for ubiquitous biolveetgd identity verification,
thanks to their embedded sensx) reasonably good computing power and widespread diffusion. While applications of the most
established biometrics like face, fingerprint and even iris have already been proposed on mobile devices, other lesd exploite
identifiers could also be worth iestigating. To this regard, in this paper a novel mulkidal approach to person authentication
based on ear biometrics and gesture analysis is proposed. The idea is to coupling the discriminant power of ear, captgred dur
the act of responding to a phencall, with the user's arm dynamics affecting the smartphone motion pattern due to behavioral
and anatomical characteristics involved in this gesture. According to experiments conducted on a specifically builbadallti
database comprising a hundred lgeacts, we confirm that the responding gesture has significant discriminating power and
combined to ear features provides additional robustness and accuracy in mobile authentication scenarios.

#2328 GRID: Gathering Rich Data from PubMed using @lass SW

Junbum Ch&R, Jeongwoo KinKR, Sanghyun PariKR)

The Medical Subject Headings (MeSH) term search is typicagdttaring method in biomedical text mining. However, it has

two problems: the allocation delay of the MeSH term and missing valuable literature sources. Since MeSH term allocation is
performed by a human being, the allocation process has delay. In addition, even if a literature source was allocatedeith a M
term, there isa still the problem that valuable literature sources are missed during the-ghateering process. There are
literature sources that are not indexed to the MeSH term of a keyword, even though it contains valuable information related t
the MeSH term. ThieSH term search misses these valuable literature sources. In order to resolve these problems, we propose
a novel method to gather rich data using a eslass support vector machine (SVM) and relevance rule. The term frequency
inverse document frequency FIDF) and paragraph vector are examined as text vectorization methods with various parameters
YR NBtS@FryOS FILOG2NA® 28 [ LIJ & 2dz2NJ YSGK2R (2 fdzy3 4 yOSNE
up to 26 % of keyword data an85\% of target data are gathered with high quality (ad®re of at least 0.948).
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#1109 Analysis and Control of Wafer Delays in a Daamed Cluster Tools for a-Byclic Schedule

DongHyun Rol{KR, TaeEog Le€KR)

We examine wafer delays, particularly the wecstse delay, of a dualrmed duster tool fora kcyclic schedule. We
LINPLI2&S (o2 dzaSFdzAd O2yOSLIia NBEFGSR G2 NRo2G 2LISNI GA?2
delay R. By using these concepts, we formulate a mitxegjer linear programming for computing the worsdisewafer

delay. An upper bound for the worstse wafer delay and experimental results are suggested. We also suggest an
improved wafer delay regulation method by exploiting workload balancing. We introduce the effects of workload
balancing and the strategider achieving workload balancing. Explanations related to the configuration of the tool also
are suggested.

#1717 Place Invariant Simplification in Optimal Supervisor Synthesis for FMS

Bo HuangCN, Mengchu Zho@US, YiSheng Huan@r'w)

The theory of regions is an important method to derive an optimal and liveeefscing supervisor for a flexible
manufacturingsystems based on Petri nets. It first partitions the reachability graph ilite aone (LZ) and a deadlock
zone (DZ). Then, activity places are used to construct place invariants (PIs) to prevent the system from entering DZ ¢
permit all markings in LZ. This work studies the reduction of the number of places to be consideredojptithal Pl
designs. First, the concepts of critical transitions and critical activity places are defined, and an algorithm is peovided |
compute the sets of critical and uncritical activity places. Then, the proof of that only critical activity péssksonbe
considered in such optimal Pl designs is established.

#1871 Modeling Cyber Attacks by Stochastic Games and Timed Petri Nets

Maria Pia Fant{IT), Massimiliano NolicliiT), Stella Simi¢IT), Walter UkovicKIT)

This paper presents a model of Satellite Base Station (SBS) networks subject to malicious attacks and defense actions.
SBS structure and the attadefense actions are modelled as a tplayer stochastic game and a Nash Equilibrium is
computed to obtain the stationary strategy guaranteeing the best behaviour. On the basis of this result, the SBS dynami
are modelled as a Discrete Event System in a Timed Petri Net framework that allawsrgpthe evolution of the SBS
under the Nash Equilibrium and the stochastic game rules. A case study describing the cyber security of an SBS is outli
and the details of the model are illustrated.

#1304 A Petri Net Based Methodology for Modelling, Alysis, Demand Forecast and Optimal Planning of
Batch Production Systems

Konstantinos Vrontaki&GR, Andreas Kampianak{&R, George Tsinaraki$GR)

A methodology dér optimal production planning of an industry, processing multiple raw material types, is presented
net modeling of production procedures, combined with stochastic forecast of upcoming demand, produce necessa
for a Mixed Integer Linear Pradvh (MILP) that calculates optimal production timeline according to various constra
The methodology is developed for batch production systems with resource sharing between different types (
products, and is applied to a real case study system.

Special ®ssions

#1157 A hybrid knowledgebased framework for author name disambiguation
WENR&AOFg (PNROF&R2Sa®DEI RI &

In this study, we propose a hybrid knowledgased framework for author name disdiguation. The developed approach
helps incrementally identify authors of documents in data acquired from various sources. The nature of the problem call
for an orchestrated use of several methods; thus, the framework is composed of two levels. Tlevdirsbntains a rule
based disambiguation algorithm. The second tier covers an agglomerative hierarchical clustering procedure the
incorporates heuristics rules as well as classifiers to estimate similarity between clusters. The classifiers arerirained
data coming from the first level; whereas, the rules are based on experts' knowledge, data analysis, and literature. TF
framework has been verified through various experiments concerning bothbaded and hierarchical clustering
algorithms, differentsimilarity measures, and stop criteria. The rbkesed approach runs faster and is more precise than
the clustering procedure. However, it can assign only known individuals; whereas, the clustering algorithm can identif
even unknown yet authors. We demsinate that the framework might be useful for incremental identification of authors

in selfgrowing databases.
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#1034 A newdecision model to solve the clustering dilemma

Sifeng Li§GB, YingjieYang(GB, ZhiGeng FangCN)

As the case that the conclusion by compare between the maximum components and of meadsfticient vector and conflicts

with the conclusion by compare between and integratedly, the clustering dilemma occurred. Here we show a novel method to
solve the existing clustering dilemma. We define both the weight vector of grey synthetic measlitieeadecision coefficient

vector with grey synthetic measure at first. Then a novel-stage decision model with the weight vector of grey synthetic
measure and the decision coefficient vector with grey synthetic measure is put forward, and severanfaineteight vector

grey synthetic measure are given. This method can effectively solve the clustering dilemma of rule of maximum value and
produce consistent results. At last, a practical evaluation and decision problem of the projects for subjectsctiogstf a
university have been studied by the novel two stages decision model with grey synthetic measure.

#1067 The model TMGM(1,N) based on the development trend of multiple driving variables and its
application

Long We(CN, YacGuo Dang(CN)

In order to overcome the shortcomings of the conventional model GM(BMew optimized model which is based on the
development trends of multiple drirg variables, termed TMGM(I)Ns proposed in this study. The newodel has improved

the theory from the following aspects. First, a new forecast model of the development trend of the driving variables is
established which can make better use of the information of the driving variables. Meanwhile, the time responsea fofrthel
taDaomMIb0 FINB o6F&aSR 2y (GKS O2y@2ftdziAz2y AyiS3aINIt gKAOK OFYy
4S1ljdzSy0S 6KAOK OlFYy AYLINRGYS G(GKS I O0Odz2N> 08 2F GKS LINBRAOGAZY
demonstation. The results indicate that the new model has higher accuracy of the outputrtiwtel GM(1,N)and model
TGM(1,N)

#1203 The Application of Greyncidence Decision Making In the Analysis of Brownfield Redevelopment
Project

Mikiale Gebreslase Gebremeam (CN, Yuming Zh{CN)

Greyincidence decision making approach is proposed to deal with the implementation of brownfield redevelopment project in
the remediated sites. The inspiration behirdg approach is valuable, because it is suitable to use regardless of the sample size.
Whether it is big or small, or whether the data fulfills a particular conventional distribution or not. Above and beyondtibat

makes it convenient to use is, the aomt of computation embraced is bigized and can be carried out classically without the
difficulty between quantitative and qualitative conclusions. Thus, the government wants to clean up a brownfield siteteiand af
remediating the contaminated sites ¢hgovernment has to select the best development proposal from three planning options,
such as: Industrial park planning, Recreation center planning, and Real estate planning. To do so, the attributed weights are
calculated stegby-step with the help of thesoftware so called Grey System Theory Modeling Software 3.0 (GTMS 3.0). In this
way the absolute degree of grey incidence is generated from the classic reference sequence and effect vector. Following this,
quasiclassic effect vector and quadassic coumstance are obtained. Finally, the result leads us to make a decision in terms of
producing the most ideal choice of development planning among the available alternatives of the development planning.

#1269 Universitiesindustry collaboration (UIC) parter selection based on Grey Fuzzy Evaluation

Xiaoyu Son¢CN, Yuming ZhyCN, Fen L{CN)

I O2YLINBKSyaArAg@dsS Sgltdza a2y Y2RSt 27F Sy SNLINR &S Qhieratchichlli y SNJ &
process (AHP) and Grey Fuzzy Evaluation method. The weight of each index will be determined by AHP, therefore the reasonable
conversion from qualitative to quantitative will be acquired through the application of grey fuzzy comprehensgsnasst

method, which enable to make the evaluation model scientific and reasonable. From the case on UIC partner selections involved

in this paper, the evaluation model is tested to prove it is effective and applicable for firms to choose UIC partner.
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#1563 Rough approximation model based on grey dominance relation

Ming-Li HU(CN)

Some scholars have already proposed a lot of dominance relation and its corresponding rough model under incomplete
information system in order to deal withhé problem of preference decision which has incomplete information. In the
incomplete information system no matter use any dominance relation to construct a rough set model the result is uncertain. In
order to reduce the misclassification caused by undatya this paper put forward the concept of grey dominance relation and

its rough model. Firstly the analyses of the sectors which cause the uncertainty of classification are presented [rerthis pa
Secondly the concepts of difference coefficient andygdominance relation are definite. Besides, rough approximation model
based on grey dominance relation is constructed. Finally, through the example new model proves to have better classification
performance.
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#1783 A novel grey nearness incidence model for visual inspection on composite materials subjected to
low-velocity impact damage

Yue YifCN, YacGuo DandCN)

In order to solve the problems aboutsual damage inspection on composite materials, a novel grey nearness incidence model is
proposed, based on the limited experimental data of visual damage inspection. The application range of the proposed model
expanded from the uniformly spaced sequee to the noruniformly spaced sequence, aiming at identifying the key factors that
affect the visual inspection experimental results. With the help of proposed model, the best inspection condition isrg#ieed i
analysis by sorting the incidence betwedifferent affecting factors and experimental results. Moreover, reasonable suggestions
are provided for the practically visual inspection, which indicate that the inspection environment of indoor fluorescerg ligh
better than that of outdoor light, whe the white surface coating is better than other colors.

#1881 A Study on the Assessment of Power System Security Risk based on Grey Clustering and Maximur
Entropy Theory

Peng PengCN, Chuanmin M{CN, StFengLiu(CN, Jing TaqCN)

The requirement of electric power has been increasing greatly, and the scale of the power system is becoming largerand larg
all of which make the complex characteristics of power systemeraod more obvious. It is extremely urgent to have a scientific
and reasonable evaluation of power system security risk. By analyzing the recent series-afdafgiackout incidents, it can be
concluded that the traditional methods for security assesstnéncluding the deterministic stability analysis and probabilistic
assessment method, have some shortages. This paper put forward a neoteric thought that power system security risk can |
evaluated based on the method of grey clustering analysis, and tthie paper use maximum entropy theory to calculate the
weight. Finally, the conclusion indicated that this method used to evaluate the power system security risk is stronghl.practi

#1480 An Improved Prediction Model for Interval Grey Number

LiyunWu (CN)

In this paper, the parameter would be introduced to forecast grey number sequence that was based on the paper with knowr
whitenization weight function published by Bo Zeng. We use variable weight insteadpréfevence generationSo the most
appropriate parameter to build the DGM (1,1) would be chose by GA. Then an improved grey prediction model for forecastin
interval grey number is proposed. An application analysis is presented to illustrate the effectiveness and practi€ahiity
proposed model. Simulation examples show the average relative error of the proposed model has been significantly improved.

#2457 An Evolutionary Optimization based Interval Tyy#Fuzzy Classification System for Human Behaviour
Recognition and Sumarisation

Bo YaqGB, Hani HagragGB, Jason LeplefGB, Robert PeaGB, Michael Butle(GB)

Automatic recognition of behaviours and eventerfr visual data is an emerging topic in video surveillance. These me
promise the ability to derive contextual awareness for a scene and may further enable the ability to predict the intehtians
subject. This paper describes a novel system falyesing human behaviours in the context of a video surveillance applicg
This may be used to distinguish between normal and anomalous behaviours. We propose a novel framework for the ap
of behaviour recognition and summarisation using intéryge-2 fuzzy logic classification systems (IT2FLS). We emplo
evolutionarybased technique Big Bang Big CrunchBBIp to automatically optimise parameters of membership functions (
and rules in the IT2FLSs. Our analysis shows that tHRBBELS is able to robustly recognise behaviours and further
2dz0 LISNF2NYa 020K AlaQ O2y@SyiGAiazylt LenC[{ 0¢KXNPBKS @BHFBS
counterparts in addition to nofiuzzy recognition methods.

Special 8ssions

#2129 SpatialCollaborative Representation for Image Categorization

Dammak MoungTN),Chokri Ben #ar (TN)

A novel proposed approach, collaborative representatiased classification, has been developed for face recogniod
recently used in image classification task. It shows its very simplicity and effectiveness. Despite its advantage, sttheglect
spatial structure among the images representations. Inspired by the success of this technique and motivated by thef powe
spatial information in improving the image representation, we suggest in this paper a novel collaborative approach namet
spatial collaborative representation based classification. Hence, after applying the feature encoding and pooling method, w
explat the global manifold structure of image by applying the spatial pyramid representation. After that, two successive steps
are required in order to obtain the label category for each image. In the first step we apply the standard collaboratived meth
for each histogram generated at each pyramid level. The second stage aims to combine efficiently the image reconstructic

results in the interest of decide the category label.
SMC 2016 BudapeffTechnical Progra
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#2406 R-Fuzzy 8ts and Grey System Theory

Arjab Singh KhumaGB, YingjieYang(GB, Robert JohiiGB, Sifeng Li{GB)

This paper investigates the use of grey theory to enhanee dbncept of an fuzzy set, with regards to the precision of the
encapsulating set of returned significance values. The use of lower and upper approximations from rough set theory, afio® for
fuzzy approach to encapsulate uncertain fuzzy membersHigegaboth collectively generic and individually specific. The authors have
previously created a significance measure, which when combined with-fazzRR set provides one with a refined approach for
expressing complex uncertainty. This pairing of afuRy set and the significance measure, replicates in part, the high detail of
uncertainty representation from a typ2 fuzzy approach, with the relative ease and objectiveness of alyjpezy approach. As a
result, this new research method allows for a gieal means for domains where ideally a generalised -B/dezzy set is more
favourable, but ultimately unfeasible due to the subjectiveness of #gazzy membership values. This paper focuses on providing a
more effective means for the creation of tlset which encapsulates the returned degrees of significance. Using grey techniques, rather
than the arbitrary configuration of the original work, the result is a high precision set for encapsulation, with the ncimirfigdiration

of parameter values. A wked example is used to demonstrate the effectiveness of using grey theory in conjunction-fuithyRsets

and the significance measure.

#1108 A Study on the Equilibrium of Regional Industrial Spatial Distribution based on Grey Prediction Model
Hui ShyCN, Wenping WandCN, Xiong PingpingCN)

This paper discusses the industrial space layout optimization under different TFP evolutionary paths simulated by gt&n predic
models. We construca simulation and analysis model about the progress of regional industrial layout adjustment in project level. On
the basis of the model, we analyze the econoeriology balance of the regional industrial space layout. The results show that the
shortterm evolution trends of the TFP of Chinese industries are more along the path of traditional GM (1, 1) model. The economic and
ecological balance of regional industrial space layout is in the reasonable range under this path, while the regionacemmagyi

balance is greatly improved under the TFP evolution path provided by the grey Versulst model.

#1036 Surface Vibration Displacement Prediction based on a Mauidistant Grey Model

Wensongliang(CN, ZhongYu Wang CN, Hongyand.i(CN)

To predict the vibration displacement distributed on a vibrating surface, an r ordereNoidistant Grey Model {NGM) is proposed in

this paper. This model is built by accumulating the initial discrete-equidistant vibration displacement set with the r order
Accumulated Generating OperationAGO). The-NGM is applied to a vibrating surface of a shaker to displacement prediction. The
experimental result indicates that the predictive accuracy -0fGM is positive to growth rate when r ranges from [0.1, 0.5], and
negative when r ranges from (0.5, 1.0]. The minimum error rang®.i810, 0.006] for 0 NGM. As well, the maximum error range-s [
0.111, 0.111] for traditional grey model, which is oven t&mes higher than the former one. It demonstrates that the-BIGM is
superior to the traditional GM(1, 1) model when it applies to predict the surface vibration displacement.

#1443 Study on Spatial Correlation Mechanism of Industries between Différéhajor Functional Areas
Based on Grey Target Theory

Wenping WandCN)

It is an important measure for China to implement the strategy of major functional area (MFA) to promote the optimization and
upgrading of the industry and the delepment of regional integration. In order to study spatial correlation structure between
optimization development zone and key development zone, the paper chooses BegimgrHebei Metropolitan Region (BTHMR) and
HaChang City Group (HCCG) as examased on cross regional inpatitput table and Social Network Analysis ($NAgional
industrial spatial correlation network model is established. By analyzing the characteristics of network structure antttioa fof
block, industrial spatial corration structure between optimization development zone and key development zone is studied.
Furthermore, with the grey target contribution analysis, the major causes of the formation of the industrial spatial amrsiaicture

are discussed from the checteristics of the industry in the spatial correlation network.

#1475 Fuzzy Zoning: A Lagrangean Relaxation Approach

Siamak Naderi Varan@TB,Y SY I f (TRYy Pf P e

This research arises from the need of equality in real life problems. Clustering algorithms are being used in many repplicate
equality is an interest, such as districting (either zonal or political) and ind{distribution companies). One of the well known
clustering algorithms is Fuzzy clustering. We add an equality constraint to the existing model. We call the new optipriziaitom

¢ w2y Ay3é LINBoOofSYD hyS 2F (KS I adleisOViréles® Sensar K&work. A3 §gozhgeah teBxation y
based approach is developed to solve Zoning problem. The proposed algorithm is simulated and the results show robushperforma
regarding the equality of the clusters.
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#1115 Datadriven Facial Animation via Hypergraph Learning

Jun YYQN), Xi Li(CN, Fei GaqCN, Jian ZhangCN)

Datadriven facial animation has attracted much attention in recent years. Existing facial animation methods may not preserve
the topology structure, and cam achieve a natural face. This paper proposes a new-daven facial animation method based

on hypergraph learning. It drives a neutral face to a certain expression face. This paper assumes that neutral facahas sim
topology with the expression fac&ve compute the alignment laplacian matrix using hypergraph learning. To get a natural face,
we add a constraint item which is consisted of a set of motion data. Experiment results demonstrate that our method car
achieve a natural expression face. And tasults show the superiority over the statd-art.

#1292 Distributed Graph Regularized Nemegative Matrix Factorization with Greedy Coordinate Descent
Ziheng Gad@CN, Naiyang GuariCN, Xuhui HuangCN, Xuefeng Pen{CN, Zhigang Lug¢CN, Yuhua TangCN)

Graph regularized nenegative matrix factorization (GNMF) decomposes a-dighensional nomegative data matrix into two
low-dimensional matrices with the nenegativity property kept and the geometric structure preserved. Due to its effectiveness,
GNMF has been widely used in many fields such as computer vision and data mining. However, GNMF cannot preseses large
datasds on distributed system because the gradient of the graph regularization term costs huge amount of communication
overheads among computing nodes. In this paper, we proposed a distributed GNMF (DGNMF) algorithm to overcome th
deficiency. Particularly, DN®F reformulates the graph regularization term to avoid multiplying graph Laplacian by factor matrix
through introducing an auxiliary variable and incorporating an equality constraint over it. We optimize DGNMF by using greed
coordinate descent method ithe frame of augmented Lagrange method and implement this algorithm on a distributed system.
Since DGNMF requires quite few communication overheads among computing nodes, it can be applied to large scale datas
The preliminary results illustrate efficiey, scalability, and effectiveness of DGNMF.

#1401 Photo Aesthetic Quality Assessment via Label Distribution Learning

Jun YYCN, Xiaowei ZhangCN, Fei GaqCN, Min Tan(CN, DiHuang(CN)

Automatic prediction of photo aesthetic quality is useful for many practical purposes. Current computational approaches
GeLmorftfe az2f SR (GKA& LINRoOfSY o0& aaAirdayiy3ad lothdbubj&ayNadOl f
O2YLX SEAGe 2F KdzYlyQa | SaidKSGiAO 2dzR3IYSyidhazr 2yte | OFGsS3a
quality of a photo. This paper focuses on an interesting problem: is it possible to predict the crowenhpinout the aesthetic
quality of a photo? The crowed opinion here is expressed by the distribution of scores given by a number of subjecth. For ea
given photo, a deep convolutional neural network (DCNN) is utilized to calculate its feature representédterwards, the
crowed opinion prediction problem is formulated as one of label distribution learning (LDL). Experiments show that thegpropos
method is highly effective and outperforms staaéthe-art algorithms.

#1560 Multi-Organ Plant Identificabn With Multi-Column Deep Convolutional Neural Networks
Anfeng HECN, Xinmei TiarfCN)

Automatically identifying plants from images is a hot research topic due to its importance in production and g
populatization. It tries to identify the name of a plant with a known taxon from a given image automatically. Most of e
researches in automatically plant identification focus on identifying plants with sergkn, such as flower, leaf, or fruits. Pla
identification using singlergan is not reliable enough because different plants many have similar organs. To solve this p
this paper is devoted to automatically identify plants by combining multiple organs of plants. Specifically, we propotie
column deep convolutional neural networks (MCDCNN) model to combine-ongtins for plant identification efficientl
Extensive experiments demonstrate the effectiveness of our model and the plant identification performance is greatly imj

Special 8ssions

#2468 Qass Specific Dictionary Learning based Kernel Collaborative Representation foigFameed Image
Classification

Xiaojie FengCN, Yanjiang WandCN, Baodi Li(CN, Weifeng LiCN)

Recently, dictionary learning based sparse representation algorithm has been widely adopted and achieved satisfyir
performance in image classification. However, sparse representation based classification (SRC) as well as collaborat
representation based classification (CRC) always result in high residual error due to their basic assumption that consiulgrs traini
samples as dictionary directly for each category. PAnd conventional class specific dictionary learning algorithm usaiziy oper
in the Euclidean space and fails to capture nonlinear information. To deal with these problems, we propose a classificatic
algorithm which is called class specific dictionary learning based kernel collaborative representaticKQREDIto enhance the
classification accuracy. Extensive experimental results operated on thregrfumeed image datasets, such as Oxford -102
Flowers dataset, CalteddCSD Bird200-2011 (CUR00-2011) dataset and Stanford Dogs dataset, demonstrate the
effectiveness of CSEXCRC in image classification.
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#2135 Configurable Privacy Management for Secure Video Surveillance in Ergengstrained Systems
Jurhyung Moon(KR, Hwisoo S¢KR, Kyoungwoo LegKR)

Nowadays, lots of people concern about the privacy violation in the video surveillance systems widely utilized in otectg@eople
and their properties. Various protection techniques have been proposed to protect the preemsjtive information in the video
surveillance and they properly provide the protection. Unfortunately, the video compression rate and the energy consumnatioot h
been thoroughly investigated in the video surveillance system providing the privacy protection. However, the advance friradthe
system to the wireless system which has the limited resources makes the video compression rate and the energy conasmpti
important as the degree of the perceptual protection and the recognition accuracy in the recovered video. In this papepose the
configurable privacy management technique in order to enhance both the compression rate and the energy efficibecgrivacy
protected video surveillance system. Satisfying the highest 10% degree of the perceptual protection in our experimentgosedp
method reduces the compressed bitstream size and the energy consumption by up to 66.0% and 27.3% eagbaresl dconmo
protection, that is, the compression only while achieving the fine recognition accuracy by 82.1% in the recovered video.

#1693 A Three Level Adaptive Video Streaming Framework Over LTE

Satish KumafiN), Santhosh SrirartiN), Arnab Sarka(IN), Arijit Sur(IN)

The ever increasing demand for high bandwidth, low latency multimedia applications on mobile devices is set to pose @luenside
challenge on the &ndwidth allocation and multiplexing mechanisms in LTE and future wireless networks. This paper proposes a low
overhead Scalable Video Coding (SVC) based dynamic adaptive streaming framework (c#@ildWhiGh attempt to maintain a
minimum satisfactorQQuality of Experience (QoE) for all end users even during transient network overloads. Two fast and efficient radio
resource allocation heuristics namely, the TA\S WaterFilling Heuristic (TWH) and TA8 Balanced WateFilling Heuristic (TBWH)

have beenimplemented over the proposed framework. Experimental results reveal that both the developed heuristics are able to
restrict packet loss rate belo®10% while simultaneously achieving high video qualities and fairness among the traasguittlities of

video flows, on average.

#1579 Personalizing Information Retrieval: a New Model for User Preferences Elicitation

Rim FakhfakiiTN), Ghada FekiTN), Anis Ben AmmgiTN, Chokri Ben Am&iTN)

CKS Ayy2@8FGA3S ONIrYR a¢KS AyGSNYySi 2F aS¢é¢ Aa || NBEOShéinterNnB &SI NOK
and focuses on the user habits and actions tracked from his interaction with the web cofiteistparadigm presents an efficient way

to define the user experience, preferences usefulitoenmerce, marketing, social and search purpose. In this paper we are interested

in the integration of the advances of user profile in information retrieval esyst by predicting the user preferences from his user
interaction with social content. These data are exploited and modeled to be used for tailoring the query interpretatios et and

delivering more relevant and accurate results for the user. Asdahe experiments, our proposed approach of user profile modeling

shows promising results applied for the personalization of a defined set of ambiguous queries retained by thirty userdifferént

profiling characteristics.

#1942 Camerabased docment image spotting system for complex linguistic maps

MickaelCoustaty(FR)

This paper proposes a camerased document retrieval systems using various local features as well as indexing methods in order to
locate a region frondialectology data. Dialectology addresses the study of the linguistic features of languages having a strong oral
tradition like local dialects. In order to transcribe ancient maps of Linguistic Atlas of France into geolinguistic diatauaochatically

map iseglosses in interpreted maps, this work aims at identifying the region spot by a camera or a user. This method relies on a new
feature, named as Scale and Rotation Invariant Features)(8RIiEh is computed based on geometrical constraints betwpairs of

nearest points around a keypoint. Our systems are applied on dataset including 400 heterogeostaug complex linguistic map
images (9800 X 11768 pixels resolution) and the experimental results show that SRIF outperforms tbétseaset in terms of

retrieval time with 91.9% retrieval accuracy.

#1369 Optimized PerJoint Compression of Hand Motion Data
Antonio FurtadqCA, Xinyao SuiCA, Anup BasyCA, Irene ChengCA)

Motion data is quickly expanding its application scope, following the recent advancements in smart sensing technolotjgulbr piar

has been shown to be helpful for objective measurement and assessment of surgical dexterity amengtudifferent levels of
training. The goal is to allow trainees to evaluate their performance based on a reference set of hand movements. Sothidar to
multimedia data types, recording motion can produce a substantial amount of data, some of whiddanelant for the application.
Compression methods aim to optimize storage and transmission of motion capture (MoCap) data by taking advantage of tachporal a
spatial correlation. Hand motion data is a special-gyie of MoCap and is the focus of manyplgations, where hand movement
evaluation is important. In this paper, we propose a lossy but visually indifferent, compression method that exploits megifodad

in hand motion data. Since individual joint movements have different impacts on the mséiquence, our technique is designed to
minimize the overall distortion by providing a perjoint compression. We are able to demonstrate that our approach offensitatiye

gain for different compression ratios, while preserving visual quality.

Technical Prograh SMC 2016 Budapest




Computtional Awareness (1)

Organizers: Wuhui Cheghenni LiQiangfu ZhaoGoutam ChakrabortyTadahiko MurataRobert Kozma
October 11 (Tuesd3y09:30-11:00, Sofitel Budapest Chain Bridge, Bellevue 1

Session Chair§adahilo Murata Goutam Chakraborty

#1216 Time series processing at the age of big data: any change of paradigm?

Cedric Bornan¢CH)

Acquiring data is quite easy, at least untilsitxploited, when the results usually show the limits due to acquisition errors. At a
time where big data sounds the solution to many problems, it is important to signify that it is not because you havedatat of
available that its quality may be kesmportant. Data must be reliable, it must be a precise representation of the reality one
wants to observe. In this article we will point out the solutions we used in our last realisations to deal with data emaluati
starting from simple timeseries, suh as a heartbeat monitoring signal, to more complex ones with several heterogeneous
signals, such as hyperspectral images or environmental measurements. All imply careful time acquisition as well aslpeecise va
estimations. For each situation that wiké presented, we will identify the difficulties and find how to overcome them or, at least,
diminish their impact. In any case, having a maximum of information in the signal must be a goal and will be cruciat @ obtai
good discrimination between signahd noise. The goal here is not to present a new algorithm, an improvement somewhere, or
an extraordinary object. The goal is to put together little things that are often unconsidered, and bring difficultiesamsd ch
when pushing a new realisation to #ésd.

#1349 Brain Source Separation for Motor Imagery Classification Using Tensor Decomposition

Liu YandCN, Zuyuan Yan@CN)

A tensorbased scheme is proposed in this paper for mental activity recognition by armglythe single trial
electroencephalogram data in bragomputer interfaces. A novel model, which is based on blind source separation but more
delicate than it, is introduced to extract the discriminative features from the seadprded single trial EEGtavities in different
mental states. The performance of the proposed scheme is demonstrated by numerical simulations, and performanc
comparisons are made with a common spatial pattern method and an independent component analysis method.

#1358 Guide DataGeneration for OALine Learning of DBNhitialized MLP

Yuya Kaned@lB, Qiangfu Zhad¢JB, Yong LiyJP)

In this paper, we propose a method for generating guide data, and investigate iteraffiand efficacy for erine learning with

guide data. Odline learning in this research updates a learning model initialized by the decision boundary making algorithm
proposed by us in our earlier study. The problem is that, if the guide data are opefy generated, o#ine learning may
require high computational cost in terms of time, and the learning process may not converge to good result. To solve thi
problem, we propose to usekeans to cluster all candidates of guide data, and use one datomm éach cluster as the guide
datum. We conducted experiments on several public databases, using different settings, and confirmed the performance of th
proposed method. Specifically, if k=5, we can obtain good models with low computational cost threligé kearning.

#1362 Privacy Preserving Infrared Sensor Array Based Indoor Location Awareness

Yuta Kobiyam#JB, Qiangfu ZhadqJB, Omomo KazuKiP)
In recent years, researches on arnenvironments (SEs) especially smart homes for senior care have attracted great atte
One important issue in constructing such kind of SEs is privacy, because the target environment (e.g. a home or a rbg
public space, and devices like videameras cannot be used. For individual or personal spaces, the SE should not be too g
invade the resident's privacy. The objective of this study is to establish a technology for constructing privacy prelSsmihgs
technology will be a coreof supporting our daily lives. Our solution is to use an array of some homogeneous senso
infrared sensor) to detect various daily activities with an accuracy just good for supporting the residents. In this ga
investigate the possibility obtation awareness using an array containing 10 infrared sensors. Experimental results shc
the array can provide enough information for recognizing the locations, and various classifiers can be used to recognize tf
locations with a relatively high earacy.

Special 8ssions

#1632 Measuring computational awareness in contextual neural networks

Maciej Huk(PL)

Modeling awareness is an important topic in the computer science as it is closely related to preparing systems that krisw what
needed (e.gdata accumulated or ignored, effector activated) to achieve a given goal. Preparing tools to build and compare
dedicated or general aware computational systems can lead to-lsyeiep hierarchical construction of intelligent solutions.
Within this text ve show the relation between awareness, selective attention and contextual systems. Using this as a base w
propose basic measures of awareness and present example numerical results obtained for selected contextual neural networ
and dedicated, mulproblem benchmark sets. The results allow to quantify awareness in terms of context and selective
attention and to propose such solution for use in the general case.
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#2018 Analysis of Data Distribution to Classify Data Based on Taxonomy Hierarchy
Incheon PaikJB, Wuhui Cher{JP)

Nowadays, owing to the growth of quantity of data, the data mining techniques have been required on web exceedingly ddngxtra
information from the data. Classification of text in data mining is very important and has been a hot iis$ne wpic. Especially,
ontological taxonomy classification is important for more intelligent information reasoning. As it relates to data dstriblitlasses
directly, we investigate relation between the data distribution and classification perfotmanthis research. This paper shows the clue
to improve taxonomy classification accuracy from a new viewpoint.

#2019 An efficient algorithm for incoherent analysis dictionary learning based on proximal operator

Zhenni L{JP)

In analgis dictionary learning, the learned dictionary may contain similar atoms, leading to a degenerate dictionary. To address thi
LINEO6ESYEZ S LINRLR&AS || y205ft Ay 02 KSNBY Gnormyof dparsityhaid simalt@nécuglyyivi NBE £ S|
the coherence penalty. The whole problem is convex but nonsmooth due to the sparsity regularizer and the coherence pewcalty. H

the proximal operator is introduced to conquer the nonsmoothness in the sparsity regularizer and in the coherence féwmalty.
alternating minimization is sequentially solved for each row of the analysis dictionary and for each row of the analysigrtar

same manner. According to our analysis and simulation study, the main advantages of the proposed algorithmestitsfficiency

in learning and its higher convergence rate than staft¢he-art algorithms.

#2037 Modified SAbased Household Reconstruction from Statistics for Ag&atsed Social Simulations

Tadahiko MuratgJB, Takuya Harad (JB, Daiki Masu{JP)

In this paper, we modify a household reconstruction method using simulated annealing (SA) fesimigiations (MS) or agesftased
simulations (ABS). MS and ABS are recently employesbéiail simulations. For enabling MS or ABS, each household composition such
as ages, occupations, or other properties of each member of a household should be prepared before simulations. However real
household compositions are not available to researchdug to privacy or security reasons. Therefore, we need to reconstruct
household compositions from available statistics for MS or ABS. However, it should be noted that the reconstructed paguletion

an artificial population that is suitable to the @hoyed statistics. That means, the generated population cannot always be a real
population that gives the statistics. We modify the-ls#ed household reconstruction method in three points: a generation procedure

of initial solution, a transition proceduri@ SA, and an evaluation procedure using more statistics. Through simulation results, we show
how errors between the artificial population and real statistics are reduced by the proposed modifications.

#2045 Automatic Detection of Driver's Awareness witBognitive Task from Driving Behavior
Basabi Chakrabort§dP)

Awareness or alertness while driving is extremely important for road safety. It is known that cognitive load due to rmgtiééfects

driving alertness. Inthig 2 N = L2 A&A0AfAGASE 2F 1 dzi2YIGAO RSGSOGA2Y 2F RNAGS|
behavior has been studied with simulation experiments in a driving simulator. Experiments are done with different typemof dr

situations (nemal driving, driving with secondary cognitive tasks) in different road scenarios. Various time series data (such as steering
wheel angle, brake stroke, accelerator stroke, car speed etc.) from sensors attached to car simulator have been analgz¢d with

mining algorithms. It has been found that driving behavior changes with statistical significance for varying cognitiaadadke the

change of driving behavior of individual person is reflected in different parameters of driving behavior.

#2069 Incorporating Awareness in Expert Systems Learning from Expert's Selective Attention and
Perception
Goutam Chakrabort{dP)

We collect environmental information through our sensory organs, perceive them suitably to executektfie tasd. Examples of such
tasks are abundant, like driving, operating machines, playing games, hunting, or mushroom picking on mountains. Whilg exebuti
tasks, there is a marked difference in efficiency and accuracy between an expert and a Aaviogert is attentive to only what is
important, still makes fewer errors. She is tacitly aware when or where to focus attention. The operation is efficienelmcaupert

has less information to process, and do not attend to what is irrelevant. Aeregprrectly perceives from sensory information when to
be alert, and therefore she is efficient. At times, the expert is able to explicitly describe her knowledge in a set blituies always.

It is not uncommon that the expert herself is unawarenhthe right decision is taken, and can not express his expertise in explicit rules.
This is tacit knowledge acquired through long experience, and lack of which makes a novice ponder to accomplish theddgk corr
What is perceived by an expert is di#at from that of a novice, though the available information through vision, audio and other
senses are the same. We can design efficient machines, if the expert's selective attention and perception could be learned an
incorporated in machine learning. Theotivation of this work is to propose a framework to design machines which will be able to learn
the tacit knowledge of an expert. When something important is perceived (like an alarming situation warranting immediefe iaii
reflected in biesignds like increased pulse rate or decrease in GSR. Thessghils are used as cues to collect labeled data for
supervised learning of the tacit knowledge. The system will be efficient by avoiding irrelevant information.
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#2260 Modeling Learning and Strategy Formation as Phase Transitions in Cortical Networks

Rolert KozmgUsg, Yury SokoloUg, Marko PuljiquUS, Miklos Ruszink@HU)

Learning in the mammalian brain is commonly modeled through changing synaptic connéttoamgcal networks. Dynamical

brain models indicate that learning leads to the formation of limit cycle oscillations across cortical areas and thailldtergsc
regimes reemerge when the learnt input is presented to the system. In this work, leaisimpdeled using a graptheoretical

model, which captures salient characteristics of the learning process. We introduce a random graph that combines a torus wit
lattice edges and additional random edges, which have power law length distribution. Ograipis, we consider bootstrap
percolation with excitatory and inhibitory vertices. Theoretical and numerical studies indicate the presence of variousaynam
regimes on these graphs. Here, the transitions between fp@idt and limit cycle attractors aranalyzed. We link this transition

to changes in cortical networks during category learning, which have been observed in animal experiments using electr
cortiograph (ECoG) arrays over sensory cortices. We discuss how learning leads to categorizagtostegydformation, and

how the theoretical modeling results can be used for designing learning and adaptation in computationally aware intelligen
machines.

#1733 Music Emotion Recognition using Chord Progressions

YongHun ChdKR, Hyunki Lim(KR, DaeWon Kim(KR, In-Kwon Led€KR)

The chord progression is a fundamental building block in music which sketches the overall mood of a song. Many compose
compose music by Bt deciding chord progressions as a structure and then adding melody and details. Despite its importance, i
is rarely used as an emotional feature in music emotion recognition. Few previous works considered chords or intervals
features but the progressn or transition of chords were ignored. In this work, we explore the effect of chord progressions in
music emotion recognition. We collected music database and extracted features to form an emotion recognition model. The
chord progression is then deteactdrom each song, and its effectiveness is showed using-gadskation. The results show that
chord progressions have influence in music emotion, especially valence.

#1734 Automated Music Video Generation Using Emotion Synchronization

KiHo ShiKR, HyeRin Kim(KR, In-Kwon Le¢KR)

In this paper, we present an automated music video generation framework that utilizes emotion synchronization between videc
and music. After a user uploads @e® or music, the framework segments the video and music, and then predicts the emotion
2F SFOK 2F GKS aS3ySyiliad ¢KS LINSLINRPOSaaAy3d NBadzZ & Aa ai:
music from the database, and the framewoskl generate a music video. The system finds the most closely associated video
segment with the music segment by comparing certain low level features and the emotion differences. We compare our work t
a similar music video generation method by perforthia user preference study, and show that our method generates a
preferable result.

#1576 Applying connectivism? Does the connectivity of concepts make a difference for learning and
assessment?

Christian WebefHU,w S 1 I (HB)I &
The society is in a state where learning has no limits and starts to overlap with technological developments. The receqf §
a connectivistic learning theory promises to shed light on how we learn in environments of interconkactedge and ho
the connectivity of concepts can guide the learning and conceptualization. This paper will have a look at a domain-g
based approach to learning and assessment and investigate if the connectivity of the stored concepts, measusetbtiyed
set of centrality measures, can provide a prediction of the assessment performance. The analysis will be conducted
world application with 247 students in the field of business informatics.

#2396 A Pareto Optimal Solution VisualizatiorMethod using SOMNG with Learning Paramete
Optimization

Yusuke Kobayas(B, Takashi Okamot@IB, Seiichi Koakuts(dP)

The visualization of the Pareto optimal solution setone of important issues of the decisioraking process on the muiti
objective optimization problem. The Pareto optimal solution visualization method using thergaliizing maps (SOM) is one of
promising visualization methods. This method has two stwrtings in the Pareto optimal solution representation capability.
One is that the maps have incorrect points that represent-Rameto optimal solutions. The other is that the coverage of the
maps for the edge region of the Pareto optimal solution set ¢ good. This study proposes a Pareto optimal solution
visualization method using SONIG. In SOM, winner nodes affect neighbor nodes on the map space irrespective of similarity on
the input data space. This causes the aboentioned shortcomings. SONMG @an form maps with considering similarity on the
input space; hence, the shortcomings are expected to be overcome. In addition, in the proposed method, the learning paramete
optimization is introduced. The effectiveness of the proposed method is confilmnethe incorrectness and the coverage of

Special 8ssions

maps through numerical experiments.
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#1071 A KinectBased System for Promoting Healthier Living at Home

Wenbing ZhagdUg, Roanna LuiiuS)

In this paper, we present a novel system designed to mi@rhealthy living at home. The system integrates Microsoft
Kinect and wearable devices such as smart watches and fitness bands to enable selective tracking of user activities at the
home setting. The objective of the system is to continuously monitor eser and detect bad postures that could
increase the risk of back injuries, and prolonged sedentary bouts that are not conducive for a healthy lifestyle. The
wearable device to be worn by each user also delivers realtime feedback to the user on detd#ckiad postures or
inactivities. Furthermore, activities data are logged for each individual at a home server and can be assessed via mobile
devices or regular Web browsers.

#1184 A StatePredictionbased Control Strategy for UAVs in CyHelysical Systes

Tie QiuCN)

Multiple Unmanned Aerial Vehicles(UAVs) are crucial for Gghgsical Systems(CPS). No collisions should be ensured
between each other when executing a complex task. This paper proposes gstdtetionbased trajectory antrol
strategy for UAVs. We first introduce the concept of sptice protection volume" under the constraint of the number of
needed vehicles and the scope of the task space. The prediction model of hierarchical flight and collision probability is
establshed. Based on the safety threshold, the flight strategy is given under the different condition through calculating
the collision probability. Besides, in the communication condition of formation flight of UAVs, we further put forward the
compensation mdiod based on Kalman state estimation according to the communication noise caused by the bias of the
information state. The simulation results show that our proposed scheme enhances theoésdi ability of UAVs and
effectively reduces the collision probiity."

#1185 Workflow Fragments of Layer Hierarchy Detection and Recommendation

Zehui Chen¢CN, Zhangbing Zho(CN)

Recently, workflow fragments gains increasing momentum for reuse aspdim@ose in CybePhysical Systems. To the

end, this article proposes to detect and recommend workflow fragments gratifyiSgientist requirement. Specifically,
most common workflow fragments in the form of layer hierarchy are extracted from scientific workflows, which are
collected in the myExperiment repository. Annotations for those workflow fragments are developed to support the
discovery of workflow fragments. Consequently, an approach for workflow fragments rank and recommendation is
presented considering the semantiasd structure of workflow fragments.

#1343 Growth Scheduling and Processing in Cybé&todeling

Jianhua MgTW)

With the progressive development of information and communication technologies, we are now facing a new world called
hyper world that is composed by the cyber world and the physical world with various digital explosions including data,
connectivity, service and intelligence. Therefore, Cylber K & 06SSy LINRLI2aSR:I 6KAOK Aa |
cyberspace, and i® create a unique, digital, comprehensive description for every individual person. As similar to our
human, a Cybel once born should be able to grow. Therefore, a Cyb& & Y2 RSt Ydzad 6S | Reyl YAO
successively by utilizing an ieassing amount of personal data with adaptive methods. Namely, a growable-Cyimetel

is necessary to achieve the adaptation for successive approximations to its corresponding real individul (Rial

paper presents our research and development nfaaptable system, called CyHegrowth modeling system (CGMS).

This research is mainly to (1) schedule a Cyb&a 3INB GG K F OO0O2NRAyYy3I G2 RFEGlF FyR GAYS
that is involved in a specific growth process, (3) generate theldymodel data with appropriate growth forms, and (4)

record the information ofaCybdr Y2 RSt Q& 3INBSGK LINRPOS&a Ayid2 I 23 FAES Ay
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#1427 STLF: SpatidlemporatLogical knowledge representation and object mapping Framework

Sahraoui Dhian (CN, Huansheng Nin¢gCN, Tao ZhyCN)

Space and time are crucial characteristics of the physical objects. Considering only the spatial dimension will leadto an
ambiguity when objects re mapped from the physical world to cyber world, therefore the temporal and logical
dimensions also should be addressed in the mapping process. In this context we propose STLFtengpatilogical

framework that observe the relations that holds antp objects in the physical space to properly map them to the
OBOSNHELI OSZ YR TFdNIKSN¥Y2NBz: ¢S RA&aOdzaa (GKS YSiK2Ra G2
advocating Perduranekased mapping.
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#1540 Distributed Embedded Deep Learning based Rirake Video Processing

Weishan Zhan¢CN, Dehai Zha¢CN)

There arises the needs for fast processing of continuous video data using embedded devices, for example the one neec
for UAV aerial photography. In this paper, we proposed a distributed embedded platform built with NVIDIA Jetson TX
using akep learning techniques for real time video processing, mainly for object detection. We design a Storm base
distributed realtime computation platform and ran object detection algorithm based on convolutional neural networks.
We have evaluated the perforamce of our platform by conducting retiine object detection on surveillance video.
Compared with the high end GPU processing of NVIDIA TITAN X, our platform achieves the same processing speed &
much lower power consumption when doing the same workth® same time, our platform had a good scalability and
fault tolerance, which is suitable for intelligent mobile devices such as unmanned aerial vehicleslavisgjfcars.

#1849 The Design and Implementation of a KinedBased Framework for Selectivduman Activity Tracking
Wenbing ZhaduS)

In this paper, we present the design and implementation details of a kivees#td framework for human activity tracking.

The framework is intentionally designed to be open so that it can conicate over the network with other systems and
mobile/wearable devices. The possibility of integrating with other devices and systems makes it possible to use Kinect f
human activity tracking in a way unforeseen before. For example, the integratiour dfeonework with wearable sensors,

such as smart watches and fithess bands, enables us to perform selective tracking of the daily activities of a particular u:
and provide realtime feedback to the user. Furthermore, multiple frameworks could work tegéthform a federated
system to cover a large area and/or a large number of users.

#1867 Programmable matter as a cybgrhysical conjugation

Julien BourgeoigFR, Benoit Piranda(FR, Andre Naz(FR, Hicham Lakhlef(FR, Nicolas Boillot(FR,
Hakim MabedFR, Dominique Douthau(FR, Thadeu TucgFR)

Programmable mider i.e. matter that can change its physical properties, more likely its shape according to an internal or
an external action is a good example of a cybermatics component. As it links a cyberized shape to real matter, it is
straight example of by cybeyhysical conjugation. But, this interaction between virtual and real worlds needs two
elements. The first one is to find a way to represent the cyberized object using programmable matter and the second is t
be able to adapt the matter to the cyberized ctgges. This article presents the progresses made in these two topics within
the Claytronics project.

#1396 Active Bayesian Observer Correcting Overconfidence Effects Duaypd=Confirmatory Bias
Kazunori Fujimot@JB, Jun Muramatsu(JP)

This paper presents a preliminary analysis of an active Bayesian observer that communicates with humans to co
overconfidence effects due to their confirmatory biases. Two types of confirmatory biases, cabed Etypes, are
introduced and formalized using a model of noisy channels between signals and perceptions. Persons suffering
type confirmatory bias receive a signal and perceive it incorrectly as a different signal with a certain probablkt
those suffering from Hype confirmatory bias fail to receive a signal with a certain probability. A dynamic Ba
network model is developed to analyze the effects oddd Etypes in a unified way. The analytical model enables u
give a theoreical insight into some basic properties of the active Bayesian observers.

Special 8ssions

#2472 The Evolution of Ethnic Cultural Industry Towards a Cyberspace: A Perspective of Generalize
Ecosystem

Xuan ZhoCN, Duo XyCN, Weihui i (CN, YeSho Che(US)

Ethnic cultural industry is the important engine of promoting regional economic development. Due to limited
consumption ability in the local market, the most potential consumers of ethuiar@l products and services are mainly
from economic developed areas. Therefore, how to improve its industrial influence forces and market scale througt
Internet has been the key development strategy. However, a series of issues such asutttwat caynition, refactoring

of industrial chain, and evolutionary pattern should be studied systematically in the transformation process. Based on
comprehensive summary of the existing researches, this paper analyzed the structure, ecological chain, arabkustain
mechanism of ethnic cultural industry from the perspective of generalized ecosystem, and discussed the above issues in
evolution towards a cyberspace. For the reference, a case study of Naxi ethnic culture industry in western China w:

offered.
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#1959 A Novel Approach to Generating an Interval TyRd-uzzy Neural Network Based on a WRéhaving Typel Fuzzy TSK System

Junlong Ga¢CN, Ruyi YuarfCN, Jiangiang Y(CN, Hao YindUS, Chengdong L(CN)

This paper presents a novel approach to automatically creating an intervaltypezy neural network (IT2NN) from a typd fuzzy TSK system (T1
TSK). The ITRNN is constructed in such a way that it takes advantage of thebefetlving TITSK. Our approach makes designing theFNIR more
efficient and the resulting system is expected to perform better than th&d $K due to théootprint of uncertainty of the 1T2 fuzzy sets, especially when

the system is subject to heavy external or internal uncertainties. There are two automated procedures in-ENNT@rmation: (1) antecedent
structure construction, and (2) learning of tiparameters in both the antecedent and consequent. The structure construction is based on antecedent
structure of the TATSK and consists of three stepsT2 fuzzy set creation, similarity categorization, and mergence. The IT2 fuzzy sets are directly
initialized from the fuzzy sets of the -TBK. Then, the IT2 fuzzy sets are classified into different groups based on their similarities. Finally, the T2 fuzzy
sets in each group are merged to create a representative T2 fuzzy set for each group. The pdeametey procedure uses a hybrid learning algorithm

to attain the optimal values for all the parameters. The learning algorithm adopts a new adaptive steepest descent algatithfimear leassquares
method to adjust the antecedent parameters and cegsent parameters, respectively. One benchmark modelling problem is utilized to compare our
approach with the TTSK systems in the literature under various scenarios. The comparison results showNNIp@rforms better than the TISK
systems, espedig when there are strong uncertainties. In summary, the RN can not only achieve better performance but its structure is simpler
than that of the similar type fuzzy neural networks in the literature.

#1753 Spreading Fuzzy Random Forests with MaptResl

Alessio BechirlT), Adriano Donato De MatteidT), Francesco MarcellofiT), Armando Segato(iT)

Random forests are currently cadered among the most accurate and efficient classifiers. Moreover, recently fuzzy implementations of random forests
have been proposed to exploit the ability of fuzzy decision trees to cope with uncertain data. Whenever the size ofsetsringws suftantially, as it
happens in the case of Big Data, ordinary implementations of classifiers become inadequate, and fuzzy random forestexnekéaro In this paper,

we consider a method, which generates fuzzy partitions of the continuous attributeg &h® decision tree learning, and we propose a distributed
implementation of fuzzy random forests based on this method. The implementation relies on the MapReduce programming mduzlApathe
Hadoop framework. It is shown that such a model can easibommodate an effective distribution strategy for the computation, yielding good
scalability figures. The novel distributed algorithm makes fuzzy random forests able to deal with extremely large dad¢hsietshe learning and in the
classification phses, thus fostering its applicability in the modern scenario of increasingly frequent data deluges.

#1955 GeneticFuzzy Mining with MapReduce

TzungPei HondTW), Liu YdYang(TW), Wu Min-Thai(TW), ChunHao CherfTW), Shyueliang WangTW)

Genetiefuzzy mining (GFM) was proposed to train fuzzy membership functions, thus enhancing the final solution quality. Howeggiteitiime
consumimg because of frequent database scans for fitness evaluation. In this paper, we propose a parallel algorithm with MapRkeitlecteirar to

further speed up the genetifuzzy mining process. In the proposed approach, the master processor randomly gemndrat@®somes for each item.

Each chromosome is encoded in the «&jue format, where the key is the item name and the value is the chromosome for corresponded item. Reduce
is then utilized to execute the genetic operations. At last, experiments are caeditwshow the performance of the proposed approach.

#1968 An Instance Selection Framework for Mining Data Streams to Predict Antibeegture Function Relationships on RV144
HIV Vaccine Recipients

Ferdi Sara¢GB, Huseyin SekdGB)

Data streams are rapidly and constantly growing. Analysis of rapidly changing data streams is quite difficult sincerthefatatauincreases in timely
manner. Individual patient records provide a vital resource for healtharh for the benefit of society, such as understanding the association between
human immune system and viruses. As the patient records have been constantly growing, data reduction techniques are nestiext tthe
complexity of the data, the cost of dastorage and to enhance generalization performance. %The purpose of our work is to mine streaming of data from
wrmnn @FO0OAYS NBOALASYyGa Ay 2NRSNI (2 LINBRAOG GKS S faoSicdctvitedon RWA44A 6 2 R &
vaccine recipients and to disclose the functional relationship between immune system and HIV virus. This study usespthef ciataestream mining

to predict the effect of antibody features (IgGs) and primary Natural Killing (NK) cells'xogtattivities on RV144 vaccine receipts and to disclose the
functional relationship between immune system and HIV virus. In order to adapt the data stream mining techniques, thisndatamitted to mimic a

data stream. We propose a novel instance seédecframework that identifies relevant and important instances and yields better results than the entire
data set. The RV144 vaccine data set contains 100 data samples in which 20 of them are the placebo samples and 80 ¢fiechemecine injected
sanples. Each data sample has twenty antibody features that consist of features related to IgG subclass and antigen Speeificaynplish our goal

the data randomly divided into four chunks which have been utilised for sequential random sampling eahéndaddition, a synthetic data set was
created and divided into five chunks similar to RV144 data set. Then each chunk is sequentially added to the database Hbweiver, instead of

using entire data set to select samples, we utilised one chtirgktame and most relevant and important instances of upcoming samples are selected
before new chunk of data has arrived. Therefore, our framework does not only reduce the size of data set but also rezhsteflstorage.

#2126 A Supervised Feature etion Framework in relation to Prediction of Antibody Featufeunction Activity Relationships in
RV144 Vaccines

Ferdi Sara¢GB, Huseyin SekdGB, Volkan UslafTR, Ahmed BouridanéGB)

Identification of functional characteristics of the virastibody interplay in individuals can provide insight to the development of effective vaccines
against HIV virus. In order to reveal the functional interactions betweenamimmune system and HIV virus, computational methods such as clustering,
classification, feature selection and regression methods can be utilised to construct predictive models. The purposstudythss to predict the
associations between antibodydtires and effector function activities on RV144 vaccine recipients. The RV144 vaccine data set contains 100 data
samples in which 20 of them are the placebo samples and 80 of them are the vaccine injected samples. Each data sampte aatibody feaures

that consist of features related to IgG subclass and antigen specificity. In this study, we proposed a novel supervisesefeation framework to
identify the discriminating antibody features from RV144 vaccine data set. Then, the Support Rlegtession is utilised to quantitatively predict the
association between antibody features (IgGs) and effector function activities. Three differembecidited assays are utilised in this study to
characterise effector function activities: antibody @egplent cellular phagocytosis (ADC&htibody dependent cellular cytotoxicity (ADC&hd cytokine
release. Promising experimental result on these three-ltadled assays has validated the effectiveness of our proposed framework. The prediction
performanceof proposed feature selection framework is compared to previous studies which utilised the RV144 data set for the sanee purpos
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#2150 Prediction of splice site using A@most with a new sequence encoding approach

Elham PashadiTR, Alper YilmaZTR, Mustafa Ozer{TR, Nizamettin AydifTR)

The Biological sequence data are in@ieg rapidly, so there is a vital need of effective method for gene detection. Predicting of
splice site is an important part of gene finding. Therefore, attempts to improve the prediction accuracy of the computational
methods for splice sites detection minue. In this paper we propose a hybrid algorithm for splice sites prediction by combining
AdaBoost classifier with a novel nucleotide encoding method, namely FDDM. Our encoding method provides frequenc
difference between the true sites and false sif¢d) along with distance measure (DM). The proposed method produces an
improvement in comparison with the result of current methods such as MM, Reduced MM$VM, SVMB, LVMM, DM

SVM, DM2AdaBoost and MSC+Pos(+ABRM, when applied to the HS3D dataséth repeated 16fold cross validation. In
addition, for demonstrating the stability of the method, we also applied it to NN269 dataset. The obtained results irftitate t
the new method is practicable and efficient.

#1170 A Proposal of Hierarchical VerteClustering Based on the Gosper Curve

+ 220 S eyt XiSwJ @y, 8 R I (G2, \RSaD $nds¢C?)

Spacsfilling curves (SFCs) are straightforwardl aafficient methods for a sparse space clustering. They are utilized in research
areas like classification, computer vision, computer graphics and/or machine learning. Most of the SFCs are based an a regt
orthogonal grid. Generally, a hierarchical profes of Quadtrees (2D) or Octrees {dimensional) are utilized for a vertex
hashing. However, the regular hexagonal grid is applicable for 2D tiling as well. The hexagonal shape is principaptilegt a re
so the construction of hexagonal SFCs or ergstructure is still a complex task. The Gosper curve (Flowsnake) is a self similar
fractal that groups the hexagons to a composite called the Gosper island. This paper proposes a novel method constructing
Gosperlike spacdilling curve of 2D verticed he final algorithm is tested on several datasets and the results are discussed.

#1458 Dimensionality ReductiorBased Diagnosis of Bearing Defects in Induction Motors

Maryam FarajzadefZanjani(CA, Roozbeh RazatAar(CA, Mehrdad Sai{CA)

Efficient diagnosis of bearing defects in induction motors usually requires extracting informative features from thervibratio
signal and efficiently reducing the dimensionality lo¢ tfeatures. In this paper, the vibration signal is primarily analyzed by the
empirical mode decomposition technique to extract informative intrinsic mode functions as a set of features. The dimépnsionali
of the extracted feature set is reduced by mearisraximally collapsing metric learning (MCML) to create an informative set of
smallsized features for fault classification. MCML is an efficient supervised dimensionality reduction technique which aims t
collapse patterns of the similar class to a pamthe feature space while separates patterns of other classes to the maximum
extent possible. To compare the performance of MCML, other si&the-art unsupervised and supervised techniques are used
for the dimension reduction of the features. The fadiagnosis unit includes various classifiers which aim to diagnose multiple
bearing defects that are ball, inner race and outer race defects of different diameters.

#1631 Topological Analysis of Ancient Glyphs
Dt 6 2 NJ (H9,&K&dcgFeren(HU)

This paper presents a machine learning approach to explore the phenetic relations of historical scripts and their gfinghs
step is the identification of the observable topological transformations in the ldgweent of the glyphs, and with the use
these transformations, the method collects the possible cognate glyphs by minimizing the necessary topological transf
between the glyphs. In these investigations, the phonetic properties of the grapheseresconsistently considered. The seco
step of our method is selecting similarity groups of possible cognate glyphs by minimizing the differences of their @
properties. The third step is multidimensional scaling and different cluster analgsesi lon the similarity groups of the glyp
of the historical scripts in order to explore the phenetic relationships between these scripts. The resulting pheneticesti
the scripts could be used for paleographical research, especially in deciphadiggt hardto-read inscriptions.

Special 8ssions

#1533 Associative Search through Formal Concept Analysis in Criminal Intelligence Analysis

Nadeem QaziGB, William Wong(GB, Neesha Kodagod& B, Rck AdderleyGB)

Criminal Intelligence Analysis often requires a search different from the semantic and keyword based searching to reveal tt
associations among semantically and operationally connected objects within a crime kgewdede. In this paper we have
introduced associative search as a search along the networks of association between objects like people, places, oth
organizations, products, events, services, etc. We then propose an associative search model con§iigtirigy\ifi associated
concepts of a crime, i.e. WHAT (What has happgnatHO (who has committed the crim@VHEN (When was it happenged
WHERE (the gespatial information of the crime) HOW (The moehperandi used in the committing a crime). We have
empl@ SR C2NXIf /2y0OSLI !'ylteara GKS2NER G2 NBGSIE (GKS I aa2(

offenders in a criminal activity.
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#1767 Deep Neural Networks with Pseudoinverse Learning Algorithm and its Application to Astronomical Spectral
Data

Ke WandgCN, PingGuo(CN, A-Li Lua(CN, Xin Xin(CN)

The success of deep learning proves that deep models are able to achieve much better performance than shallow models in
representation learning. However, deep neural networks with aemcoder stacked structure sufferofim low learning efficiency since
common used training algorithms are variations of iterative algorithms based on thecbmsuiming gradient descent, especially when

the network structure is complicated. To deal with this complicated netwtnkcture prod SYX 6S SYLX 28 | G RAGAR!
strategy to design a locally connected network structure to decrease the network complexity. The basic idea of our appooacbe

the basic units of the deep architecture, e.g., aetecoders, to extract local &ures in an analytical way without iterative optimization

and assemble these local features into a unified feature. We apjyntlethod to processastronomical spectral data to illustrate the
superiority of our approach over other baseline algorithmgti&rmore, we investigate visual interpretations of high level features and

the model to denonstrate what exactly the modétarn from the data.

#1865 An Approach to Sample Selection from Big Data for Classification

YulinHe(CN, ShengXing(CN, HongZhu(MO), XizhaoWang(CN)

When traditional sample selection methods are used to compress large data sets, the computational complexity turns owdryo be

high and it is really the consuming. To avoid these shortcomings, we propose a new method to select samples baseédtablpaut

points. With the basic characteristic of convex function that its extreme values occur at the endpoints of intervals,ithd measures

the extert of a sample being endpoints by labeling mtable cut points. Then we can select the samples with higher endpoint extent,
which can avoid calculating the distances between samples. This method aims to compress the data sets and improve the
computationalefficiency without affecting the classification accuracy. Experiments show that the proposed algorithm performs very
well on the compression of data sets with higher imbalance degree. Meanwhile, the method is experimentally confirmedstoonave
noiseresistance.

#1644 HMSNN: Hippocampus inspired Memory Spiking Neural Network

Tielin ZhandCN, Yi ZendCN)

Human beings receive stimulations in primary sensory cortex and transfer them to higher brain regionstimallyn®/hat happened

in this procedure? In this paper, we will focus on one of these regions (hippocampus) and try to simulate its workingrerogedu
building a HMSNN (Hippocampus inspired Memory Spiking Neural Network) model. Dentate Gyrus (DGhaWdn@wnis area 3
(CA3) are the main regions of hippocampus and will be simulated by feed forward Spiking Neural Network (SNN) and repfietdnt Ho
like network respectively. From the structural perspective, the computational unit and the connecétitedn neurons in HMSNN are
all consistent with the anatomicaxperimental results in hippocampus. From the functional perspective, the -sugdte memory
formation, memory abstraction and memory retention will be shown in HMSNN model. In addition, tB&INMill be tested on MNIST
handwritten digit dataset (with static images) and robot walkingd dataset (with dynamical images). The experimental result shows
that: biological brain region inspired HMSNN shows the better classification performance bndatasets than the statef-art
convolutional neural networks (CNNS).

#2288 Approach to Integrate Episodic Memory into Cogerogsed Behavior Planner for Robots

Min-Joo KimKR, SeungHwan BaeKKR, SeHyoung ChqKR, Kim JongHwan(KR)

This paper proposes a novel scheme of integrating episodic memory into semantic memory based task planner. Task planners have
taken an important role in Al research along wséimantic memory to better perform tasks for robots. Episodic memory memorizes and
retrieves temporal sequence of situated behaviors by which temporal relationship between behaviors can be defined. Ngne of an
research, however, has implemented it into thevork for task planning. By introducing episodic memory into task planner, the
temporal causal relationship between situated behaviors, which are stored in semantic memory, is taken into consideration. Th
integrated architecture proves its effectivenelg notably reducing the number of nodes traversed in finding solutions. Robots can
reduce time complexity in solving given problems by retrieving previous memories. Deep Adaptive Resonance TheoARDeep
neural model and cogendyased hierarchical bel#r planner are used for the episodic memory and the task planner, respectively.
Cogencybased hierarchical behavior planner proves its capability of solving given problems in experiment with humanoid robot Mybot,
and DeepART is augmented to the plannand tested in simulations. Therefore, the contribution of this approach lies on developing a
framework which takes advantage of implementing episodic memory and planner in one place.

#2085 Cogent Confabulatiofbased Hierarchical Behavior Planner for Tadkrformance

SeHyoung Cho(KR, SeungHwan ek (KR, DeokHwa HKm (KR, YongHo Yoo (KR, Sanghyun Cho(KR,

Kim JongHwan(KR)

This paper proposes a novel hierarchical behavior planner with a-fayétied confabulation based behavior selection structure for
robots to perform tasks. The proposed planner integrates a STRIPS based behavior selection approach and d¢abelatioon
approach. The STRIPS based behavior selection approach is a goal tree search which induces goaloriented sequences, afliEhavior
the cogent confabulation approach is based on conditional probabilities between input symbols and targebtslaims to model
human thinking mechanism. Our planner is applied with a set of behaviors defined in dayelléd structure to show that it can plan a
hierarchical sequences of behaviors to perform given tasks. This effectiveness and applicah#ifgroposed scheme is demonstrated

by the experiments with the robot Mybot, developed in the Robot Intelligence Technology Lab. at KAIST.
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#1365 Particle Swarm Optimization Using Clustering

Tomohiro Hayashid@lB, IchiroNishizaki{JB, Shinya SekizakiB, Shunsuke Kot@IP)

Sun and Li (2014) have proposed TCPSO¢$Waom Cooperative Particle Swarm Optimization) that the swarms are divided into two
groups with different migration rules. TCPSO has higher performance fodinigimsional nodinear optimizaton problems. This study
revises TCPSO to avoid inappropriate convergence of the swarms. The quite feature of the proposed method is that thenpogegati
same migration rules. However, through that the swarms are divided into somerduxised on diance measure,-neans clustering
method, both diversity and centralization of search process are maintained, and it increases the potential of attainnmengltbal
optimal solution. This study conducts numerical experiments using several types tbfisnand the experimental results indicate that
the proposed method has higher performance than the TCPSO fordaade optimization problems.

#1685 Time Series Classification using MAEIBtogrambased SAX and Its Performance Evaluation

Keiichi Tamuwa (JB, Tatsuhiro SakguB, Takumi IchimurgJP)

Time series classification is one of the most #atbwn grand challenges in many different application domains. Time series
clasdiication is the task of assigning a discrete class label to an unclassified time series. Three important key points should |
considered in the design of time series classifiers: the feature expression for the time series, the definition of the disiztion, and

the classification strategy. Many researchers of time series have been focusing on Symbolic Aggregate approXimatdngtSisXa
state-of-the-art feature expression for time series. SAX is a -leghl symbolic representation for time sesi that allows for
dimensionality reduction. SAX allows symbabked approaches, which have been studied in depth to be applied in time series
classifiers. In this paper, we propose a novel method for time series classification usingbas8é>symbolicapresentation. The
proposed method includes: MAGHIstogrambased SAX and Nearest NeighboiN(d) utilizing the extended Levenshtein distance. To
evaluate the performance of the proposed method, we implemented it and conducted experiments using the WCHeriies
classification archive. The experimental results showed that the proposed method outperforms not only other elistsedetNNs,

but also other stateof-the-art methods.

#1769 Objective Measurement for Satisfaction Values to Sightseeing Spaotd Route Recommendation
System

Takashi Hasuik@lB, Hideki Katagir{JB, Hiroshi Tsud&JP)

This paper proposes a route recommendation system for sightseeing based on a netwonkzaipin problem. Sightseeing route
planning is not difficult if a tourist initially sets satisfaction values of sightseeing spots numerically. However aitdmasdvaluate the

Al GAaTIOGA2Y @I tdzSa 2062500 A DS arigt cdn SubieciNEYAdY dquaiitativeiakddairividedadidpariso af
sightseeing plans which tourism companies provide. Our proposed approach is to formulate a mathematical programming ptioblem w
O2yaiNIAyida ol aSR 2y (KS hetdeNtisfactidm valdes of kijhisdeiagespots lohjeRtively. 20urp@pbSetlly
approach can deal with the synergy effect among sightseeing spots. In addition, the framework of personal sightseeirigmoiatg p
system is proposed.

#1973 Deterministic Geomeatic Semantic Genetic Programming with Optimal Mate Selection

Akira Hara(JB, Junrichi Kushid4JB, Tetsuyuki Takaham@P)
To solve symbolic regression problems, Genetic Programi@®P) is often used for evolving tree structural numerical express
Recently, new crossover operators based on semantics of tree structures have attracted many attentions. In the sbasat
crossover, offspring is created from its parental indiinls so that the offspring can inherit the characteristics of the parents
structurally but semantically. Geometric Semantic GP (GSGP) is a method in which offspring is produced by a convexrcorfitiain:
parental individuals. In order to improvéaé¢ search performance of GSGP, deterministic Geometric Semantic Crossover utiliz
information of the target semantics has been proposed. In conventional GSGP, ratios of convex combinations are deter
random. On the other hand, the deterministcrossover can use optimal ratios for affine combinations of parental individuals s
created offspring can be closest to the target solution. In these methods, parents which crossover operators will betampked
selected based only on their fiéss. In this paper, we propose a new selection method of parents for generating offspring which can
approach to a target solution more efficiently. In this method, we select a pair of parents so that a distance betweégha |stea
connecting the parergt and a target point can be smallest in semantic space. We confirmed that our method showed better
performance than conventional GSGP in several symbolic regression problems.

Specialessions

#1280 Interval Type2 Intuitionistic Fuzzy Logic System for Nbnear System Rxdiction
Imo Eyoh(GB), Robert JoH{&B), Geert De Mae(&B)

This paper presents an approach to prediction based on a new interval2typriitionistic fuzzy logic system (IT2IFLS) of Takagi
SugeneKang (TSK) fuzzy inference. The gradient descent algorithm (GDA) is used to adapt the parameters of the IT2IFLS. The emp
comparison is made on the designed system using two synthetic datasets. Analysis of our results reveal that the giradditmmal
degrees of freedom in terms of nemembership functions and hesitation indexes in IT2IFLS tend to reduce the root mean square error
(RMSE) of the system compared to a tpkizzy logic approach and some interval tokizzy systems.
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#2137 Detecting Korean Characters in Natural Scenes by Alphabet Detection and Agglomerative Character
Construction

Jangho KinfKR, YongJoong KinfKR, Yonghyun KinKR, Daijin KimKR)

This paper considers the Korean character detection problem. Unlike English where an alphabet constitutes a characterarihe Ko
character is composed of m®than two Korean alphabets, where they could be either connected or separated, relying on the Korean
character font. Also, the Korean has two character structures which constitute a nested structure. These properties nkakeahe
character detection pblem difficult. In this paper, we divide the Korean character detection problem into two subproblems, Korean
alphabet detection and Korean character construction, and redefine the Korean character structures to efficiently detact Kore
characters. Basedn the new structures, we train four independent Korean alphabet detectors, and perform a sequential alphabet
detection process with a specific detection order, to eliminate false alarms caused during detection procedure. Find#yedtesl
alphabets & grouped into the Korean characters by an agglomerative character construction algorithm. To evaluate our method, we
carried out some experiments on a public dataset with several alternatives, and showed that our proposed Korean chaeatten det
method has outperformed other methods.

#1305 A New Method for Blood Smear Good Working Area Identification Based on Hough Transform

Salwa AhmedCA, Mostafa Mohamed CA, Abdelrahman AKEQ, Behrouz H. FAICA)

Microscopic blood analysis is one of the commonly used clinical tests. Automating blood analysis under microscope requires
determination of good working area of the blood smear as a first step. In this paperoposed a new method for blood smear good
working area identification. The method is based on Circular Hough Transform which marks the red blood cells. Image gingproces
was performed to increase the image contrast and correct lighting distribufibe average nearest neighbor method is to measure the
distance between each point and its nearest neighbor points. Nearest Neighbor Index ration is utilized as a measure tteedgect

working area. The results demonstrate a very high accuracy settlean 90% for all the tested blood smears using the proposed
method with specificity more than %88.6.

#2330 Laser Stripe Model for SuBixel Peak Detection in Re@ime 3D Scanning

Ingmar Besi€¢BA), Zikrija Avdagi¢BA)

Estimator algorithms rely on assumed laser stripe image profile to determine its peek wipix@ltaccuracy. They depend on light
intensity readings around the peak and are susceptible to noise and saturation. Noise and stripe intedgity are commonly used to
synthesize and feed test data to estimator algorithms in order to evaluate their accuracy and robustness.-fimer88l scanning
applications estimator algorithms are expected to prefer less computationally demanding estinb@thniques. Simple and accurate
models of empirical noise and laser stripe profile could be used to improve testing and algorithms accuracy. Modulargdet S&
scanning is utilized to project a laser stripe on the target with patterned surfaser Istripe image is captured and processed to extract
noise and surface pattern interference. Laser power modulation is used to generate series of captures with various estispi$nt
Captures are partitioned, analyzed and presented according teetagrface properties and color channels. Image noise interfering
with subpixel peak detection is analyzed and noise model based on empirical data is proposed. Empirical laser stripe images are
analyzed and novel simple laser stripe intensity profile hadaforming to empirical data is proposed.

#2374 Deep Convolution Neural Network with Stacks of Mu#itale Convolutional Layer Block using Triplet
of Faces for Face Recognition in the Wild

Bongnam Kan¢KR)

Recently, deep convoluhal neural networks have set a new trend in fields of face recognition by improving theo$ttte-art
performance. By using deep neural networks, much more sophisticated and high level abstracted features can be learnedalytomat
In this paper, wepropose a method for face recognition using msltale convolution layer blocks and triplets of faces in unconstrained
environments. We use the ensemble of deep convolution neural networks trained on differently scaled and aligned faceTinigges.
extracts low dimensional but higlevel abstraction and discriminative features for face recognition. With these features, we employ the
jointly Bayesian model and transfer learning which adapts the knowledge trained from the source domain to target dorsaimeBkp
shows that our proposed method achieves 98:33%-pdége verification accuracy on the LFW dataset.
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#1713 Objective Quality Assessment of Image Retargeting Based on Line Distortion

Yichizhang(HK), King Ngi NgaiiHK)

With the proliferation of mobile devices, research on image retargeting is becoming ever more important. However, thitravisrk

on image retargeting quality assessment despite its importance. In this work, we focus on evaluatingtirejaqgality based on line
distortion. Generally, image retargeting results in content loss and shape distortion. Line segments, which are fundamagetal i
structures, are hence discarded or distorted in retargeted images. As a result, we formulatrgetieg quality index consisted of
three line distortion measures: line loss, line artifact and line rotation. To test its performance, we have validatethet murblic
dataset RetargetMe. Experimental results demonstrate that our method outperforms/raaistent ones and line distortion is a good
indicator of retargeting quality.
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#1099 Effective Subpixel Edge Detection for LED Probes

ChungYen SYTW), LiAn YU TW), NaiKuei CheiTW)

The market of lightemitting devices (LED) is growing dramatically over these years. To test the quality of LEDSs, lots of LED probes ¢
required. Therefore, it is important to develop an effective method to measueeaatigle (around 10 degrees) and the radius (15 Bm ~

30 Bm) of a produced LED probe. In this study, we propose a new subpixel edge detection for LED probes. The proposed method mainly
consists of a coarse edge detection by Canny operators and a fine etliale by a reconstructive method. In addition, an Otsu
thresholding and a reflectingoint removal are included to reduce noise and increase accuracy. Compared to the previous methods, the
proposed method can further reduce angle error up to 19.5% arddlkius error up to 24.8%, respectively.

#1556 Improved ADMM based TV minimized Image Deblurring Without Boundary Artifacts

51 yASE (HU,RNKE Y Al RIYD 6 B NI I(FRUNDt G K

Edye preserving (e.g. total variation minimized) regularized image deblurring methods are actively researched with marg}l practic
applications. Formally this type of deblurring is equivalent to a convexsmmoth optimization problem. In this paper we deaberan

ADMM optimization based effective algorithm which can be considered as an improved version of a previously publishedDuethod.

to the introduced modifications different loss functions can be easily used, positivity constraint is applied andeée o$pthe
convergence of deblurring is also increased. The quality of the deblurring in the cases of using different loss furmiiopsrisd
qualitatively and quantitatively and the accelerating rate of the convergence is also examined. For theseementibenchmark
images were used. Based on our experiments we suggest to consider Huber function as loss function instead of the condnonly us
quadratic functions.

#1708 Rotation-Invariance Can Further Improve Staté-the-Art Blind Deconvolution Techqgiues

Vladik KreinovicfUS, Fernando Cervantdt)g, Bryan UsevitciuS)

In many realife situations, we need to reconstruct a blurred image in situations when no informationt the blurring is available.
This problem is known as the problem of blind deconvolution. There exist techniques for solving this problem, but thegadecme

not rotation-invariant. Thus, the result of using this techniqgue may change with rotago, if we rotate the image a little bit, the
method, in general, leads to a different deconvolution result. Therefore, even when the original reconstruction is opgtanal, t
reconstruction of a rotated image will be different and, thus, not optimal.rijorove the quality of image decomposition, it is desirable
to modify the current stateof-the art techniques by making them rotatienvariant. In this paper, we show how this can be done, and
we show that this indeed improves the quality of blind decountioh.

#1072 Phase Congruency Based Edge Saliency Detection and Rate Control for Perceptual Image and Vide
Coding

SamKwong(HK), Wei GaqHK)

Phase Congruency (PC) features are firstly introduced into image amdodding field in this paper. As an effective tool to measure
edge information for image textures, PC change can be used to evaluate the compression loss, i.e. the coding distorigesaindi
video coding. Firstly, the compression influences omma@s are given and analyzed. Secondly, the relationship between the con
bits and the PC distortion are modeled. Lastly, the M8gnaredError (MSE) based and PC distortion based optimized Coding Tre
(CTU) level bit allocation solutions are candal as a two step bit allocation and rate control method for intra frames for High Effic
Video Coding (HEVC). Experimental results demonstrate that, compared with theofstageart JCTVE&0103 and JCT\WID257
methods, for small size videos, theoposed method can achieve significarDRpoerformance gains, and also works well on PC
preservation, quality smoothness and bit rate accuracy.

Special 8ssions

#1912 Discriminant Dictionary Learning with Sparse Embedding on Face Recognition

Yefei Che(CN, JianboSu(CN)

Sparse dictionary learning on face recognition focuses on representing a face linearly by a set of atoms from the didben&oy.

learn a dictionary is a key issue to sparse representation. Structured dictibaga been used during the process of dictionary learning

in order to improve the performance of classification. However, we consider that dictionary should not only be composed of &
discriminant dictionary for identity or class information, but also anown dictionary which may contains disturbances and some
common features for all class. Meanwhile, most of the proposed methods learns features and dictionary separatively, which ma
decrease the classification ability. Because projecting the source dontaia low dimensional space before dictionary learning will fail

to catch some vital classpecific information which may be learned from dictionary learning. In this paper, a discriminant dictionary
learning method with sparse embedding is proposed.hBdiscriminant and common dictionary are learned under the constraints on
pairwise distance of sparsity coefficients, and the projection matrix is learned jointly. Experiments show that our métievdsac
better performance than other statef-art methodson face recognition.
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#2372 A hybrid simplified swarm optimization for neural network training to forecast stock price

Jianjia ParfHK)

A improved swarm optimization ethod based on particle swarm optimization (PSO) and simplified swarm optimization (SSO) is
proposed to adjust the weight in artificial neural network. This method is a modification of traditional PSO and SSO bamesdbam

to a new optimization methodPSOSSO for short). The proposed method overcomes some of the drawbacks of SSO and improves its
ability to train the weight of ANN. In the experiments, the PSOSSO is employed to train fuzzy wavelet neural network (FWNN)
forecasting model to predict the dg closing prices of Hong Kong Hang Seng Index. The experimental results present that the PSOSSO is
more efficient than traditional PSO and SSO methods.

#2332 Extended Salient Fisher Vector Encoding for Persofideatification

Salma KsikiTN, Mahmoud Mejdoul{TN), ChokriBen Anar (TN)

Recognizing the same person across multiple potentiallyow@rlapping cameras, known as Personidmtification, is a fundamental
challenging taskn Computer Vision.This is due to the important challenges that it proposes, like large view angle, pose, background
clutter and occlusion and low resolution. Most of existing approaches rely on-fotte matching between local descriptors and thus
suffer from low computational efficiency. Therefore, we present a new perspective for persigiemtfication based on a histogram
encoding scheme. For that, an extended weighted version of the traditional Fisher vector encoding scheme is proposedhi€kiedis

by incorporating the Salience of the encoded descriptors and their topological location in the encoding process. Expesaméistal

made on three challenging datasets (VIPeR, CUHKO03 and M&etdatasel, prove the effectiveness of the proposetethod.

#1777 An Adaptation Module with Growing and Adjustment RBFNN using a Edagn Memory

LobnaHaddad(TN, Tarek M. Hamdar(TN, Adel M. AIim{TN)

In this paper we proposed wariter adaptation system based on an adaptation module that is a-plugr any writerindependent
handwriting recognition systems. The adaptation module is a radial basis function neural networkINREFat is built using an
incremental learning algahhm named GALTMM algorithm (GrowingAdjustment with Longrerm Memory). GALTMM train a new
given data with some LTM data to suppress the interference. Therefore, we design two procedures to manage the LTM datasThe f
produce and store. The secorglretrieve and learn. This new learning algorithm is evaluated by the adaptation of a-wdégrendent
handwriting recognition system. Moreover, the results using a benchmark database named LaViola prove the efficiencypbsesl pr
GALTMAM. Perfornance comparison of GALTMV algorithm over the existing approaches is presented.

#1218 Automatic selection of relevant features using Rough Set Theory for-teaé situation recognition
based on fuzzy SOMased CBR

Arezoo SarkheyDB, Dirk Soeffke(DE)

This paper investigates feature selection to discard irrelevant features for dimensionality reduction and improving siécatimition
process. A situation illustrating the internal structure of ateyn state and its related environment is based on a large set of
characteristics (features). Re@he situation recognition is still a challenge because of dealing with incremental knowledge as well as
imprecise, uncertain, and redundant data (featurdsyestigation of relevant and key situations features could effectively enhance the
situation recognition performance in terms of accuracy and computational complexity. In this papeBa3aseReasoning (CBR) as a
problem solving approach is used fatuation recognition. A fuzzy SObased approach by integration of Situati@Qperator Modeling

(SOM) and Fuzzy Logic (FL) is provided for knowledge representation in CBR process. A feature selection is realizegh USatg Rou
Theory (RST) for data miniagd uncertainty management in retime applications. Different feature selection algorithms based on RST
are applied to fuzzy SOlhsed CBR. An analysis of the performance of all resulting combinations is done in terms of feature reduction
and situation ecognition. Finally, the proposed CBR approach is realized using experiments based on driving maneuvers conducted by a
professional driving simulator. This application shows the effectiveness as well as the accuracy of the introduced approach.

#1155 SuperResolution Image Reconstruction and Imaging Device
Chinatsu Mor{JB, Kenkichi Taniok&lB, Seiichi GohsitdP)

Super resolution (SR) studies started in the 1990s and many papeesissued in the 2000s. Super resolution image reconstruction
(SRR) is one of the most common SR methods. SRR reconstructsresbigtion image (HRI) using multiple loasolution images
(LRIs). However, it requires that certain conditions are mettfte work based on the SRR algorithm. Aliasing in LRIs is one of the
essential conditions for SRR. Aliasing occurs when the signal is sampled with specific frequencies not satisfying treaiNghjgst
theorem. In the beginning of this century, analanteras were replaced with digital cameras. The digital cameras are equipped with
digital imaging devices, such as complementary metal oxide semiconductors YCGM@®&hargecoupled devices (C¢Dor imaging
process. The imaging devices have imaging woetls finite sizes and areas. The cells generate aliasing in accordance with their fill
factors. The ability of SRR is deeply related to the performance of imaging devices. In this paper, the relationshigsisddiscu
theoretically.
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#1146 Road Curve Fitting by MuHiesolution Analysis
Li Sun(MO), Yuan Yan TangvO), Tao WUCN), Patrick WangqUS)

In this paper, we propose a new method for road curve fitting in urban environment based onresaltition analysis. The main technical
contributions of the proposed method are the reconstructed approximation on the basis of the waledemposition structure for curve

fitting and the denoising via the wavelet coefficients thresholding. The carried out experimental tests show promising results in a series o
continuous driving images, validating our suggested method can fit the raad etfectively and computational efficiently.

#1272 Local Onadimensional Embedding Interpolation for Hyperspectral Image Classification
Yalong Son¢CN, Hong L{CN, HuizhenLi(CN, Yantao Wei(CN)

In the hyperspectral image classification area, a few number of labeled samples is a bottleneck for the improvemerfiadtdasstcuracy. In

order to tackle this problem, multiple ordimensional embedding interpolation (MHD) has been used for hyperspectral image classification
and achieved promising results. Despite the success, the complexity of M1DEI prevents its practical application. On trendthée
percentage of newly added samples is set by experience whemgémjj the labeled set. In this paper we develop a method by extending the
M1DEI method with local strategy, called multiple local -alimaensional embedding interpolation (ML1DEI). We only map the labeled samples
and their local spatial neighbors into tleme-dimensional (1D) space. The local strategy can reduce the complexity of M1DEI, since only labeled
samples and their neighbors need to be mapped. In addition, the local strategy ensures all these newly labeled samptescthraespatial
neighborhoodof labeled samples. Then, during the merging stage, we can incorporate all of them with the labeled samples. Moreover, the
proposed ML1DEI can incorporate the spatial information and make full use of the unlabeled samples. Compared with otlepepiati
classification methods, the proposed ML1DEI method obtains promising results. Experimental results on the commonly usgechybeiata

set validate the effectiveness of the proposed method.

#1682 Improving Unbalanced Downsampling via Maximum SparmnTrees for Graph Signals
Xianwei Zhen@VO), Yuan Yan Tan@0), Jiantao ZhoyMO), Patrick WangUS)

The stateof-the-art downsampling method for graph signalsshzeen constructed by using maximum spanning trees (MSTs) of the graphs. For
the graph signals defined on unweighted densely connected graphs, such as social network data, the sampling ratesbasedVIST
downsampling are not close tiyleading to a unbknced downsampling phenomenon on miéivel downsampling. The unbalance hinders the
applications of MSbased downsampling on constructing graph signal multiscale transforms, such as graph wavelet decomposition anc
multiscale pyramid transform. In thggaper, we propose a simple but efficient method to improve the performance of theaS&d method

on downsampling balance. For every graph signal, we first propose an unbalance possibility to measure the unbalanceS®baisedV
downsampling. If the nbalance possibility is high, the downsampling will be conducted on an improved MST, which is constructed by
rearranging the structure of the MST to reduce the downsampling unbalance. The experiment results on synthesis graptowighat the
proposedimproved MST leads to balanced downsampling. That is, the sampling rates produced by the improved MST areyiloseultd

level downsampling than the original M&&sed method.

#2040 Face Reconstruction from Skull Based on Least Squares Canonjpah@ency Analysis
Fangyu BafCN, Cheng ZhengxifCN, Deng Qinggion¢CN, Tian Yur{CN, Fuging DuarfCN)
Face reconstruction from skull, called Craniofacial Reconstruction (GFRa useful technique to identify an unknown decomposed corpg
no other evidence is available. Traditional manual methods greatly depend on the experience of sculptors, so that thereesudhkly
subjective, ad the whole process is time consuming. Recent years, 3D data acquiring technology becomes consummate, and machi
technigues raise a tidal wave in academia and industry. Researchers turn to finding computer aided solutions, espetipyised machine,
learning technique, for craniofacial reconstruction. Least Squares Canonical Dependency Analysis (LSCDA) is a diméiosiometbdat;
which aims at finding subspaces where the dependency measured by Least Squares Mutual Informatioof(b@)ariables reache
maximum. This paper proposes a new method for craniofacial reconstruction based on LSCDA. First, two statistical shajoe shodednd
skin are constructed respectively by Principle Component Analysis (PCA). Then the sublispsoasum dependency of face and skull &
extracted in the shape parameter spaces via LSCDA. Finally, according to such dependency, the relationship model bédveeehsiiog ig
established by Least Squares Support Vector Regression jL#8Ris used to reconstruct the facial appearances for an unknown skull.
Experiment results show that the proposed method is effective.

Special 8ssions

#2301 An Efficient CUDMased Approximate Twimensional Dynamic Programming Algorithm for
Advanced Computer Vision Applitans

Alfredo Cuzzocre@dT), Enzo Mumold@IT),5 YA S{T) t A NNB

58yl YAO LINRPINIYYAYI Aad F LILMzZ I NI 2LIGAYAT FGA2yYy (S OKelds fodiS abilitRi6 @S €
find global optimum. Dynamic Programming Algorithms (DPAs) can be developed in many dimension. However, it is knowre tBRAF t
dimension is greater or equal to two, the algorithm is an NP complete problem. In this paper veatpaesapproximation of the fully two
dimensional DPA (2DPA) with polynomial complexity. Then, we describe an implementation of the algorithm on a recent parallel device based
on CUDA architecture. We show that our parallel implementation presents alsgeef about 25 with respect to a sequential implementation

on an Intel 17 CPU. In particular, our system allows a speed of about ten 2DDPA executions per second for 85 85 pixels theges
experimental Section of the paper we report some image waygxamples performed with our CUbAsed 2BDPA and speedup figures.
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#1003 Describing BodyPose Feature Poselet- Activity Relationship Using Pachinko Allocation Model

Thien HuynfThe(KR, Ba-Vui L KR, Sungyong LegKR)

Understanding videdoased activities have remained the challenge regardless of efforts from the image processing and artificial
intelligence community. However, the rapidwddoping of computer vision in 3D area has brought an opportunity for the human pose
estimation and so far for the activity recognition. In this research, the authors suggest an impressive approach fornaidgrdtily

life activities in the indoor us@the skeleton information collected from the Microsoft Kinect device. The approach comprises two
significant components as the contribution: the pds&sed feature extraction under the spatiemporal relation and the topic model
based learning. For exitting feature, the distance between two articulated points and the angle between horizontal axis and joint
vector are measured and normalized on each detected body. A codebook is then constructed usingeheskalgorithm to encode

the merged set of disince and angle. For modeling activities from sparse features, a hierarchical model developed on the Pachinko
Allocation Model is proposed to describe the flexible relationship between featupeselets- activities in the temporal dimension.
Finally, theactivities are classified by using three different stafehe-art machine learning techniques: Support Vector Machine, K
Nearest Neighbor, and Random Forest. In the experiment, the proposed approach is benchmarked and compared with existieg metho
in the overall classification accuracy.

#2306 Image Guided Fuzzy Clustering for Image Segmentation

Li Gug(MO), Long CheiiMO), Chen PhiligCN)

Fuzzy clustering methods are efficient tools for imagersmgation. However, most of fuzzy clustering approaches are too sensitive to
deal with the misclassification of pixels in image segmentation. In recent years, a variety of enhanced fuzzy clustedchepphave

been proposed to obtain smoother results moised image segmentation, but usually with less accurate edges in these results. To fix
this problem, we derive some modified algorithms by using Guided Filter, the filter that can reserve the edge information whe
smoothing every region in segmentatiofhis paper provides a new roadmap for the application of Guided Filter and gives a thorough
discussion of its applications in classical clustering methods, which are FiEan€ (FCM) and some other variants of FCM. Verified

by the experimental resulisve conduct a good use of Guided Filter to improve the performance of fuzzy clustering methods in a simple
way.

#1846 American Sign Language Recognition System by Using Surface EMG Signal

Celal SavufUug, Ferat SahifuS)

Sign Language Recognition (SLR) system is a novel method that allows hard of hearing people to communicate with dusiety. In t
study, an American Sign Language (ASL) recognition system was proposed by using the surface Electromyograpftye(sB)dGive

of this study is to recognize the American Sign Language alphabet letters and allow users to spell words and sentdrisgairpose,

d9aD aA3dylf& IINB IOlldzZANBR FNRY &ad2aS0O00a NAsH&phabdt Rthels ladndéneFo2 NI H T
home position. Time domain, frequency domain (band pgwaswer spectral density (band poweand average power features were

used as the feature extraction methods. After feature extraction, Principal Component An@¥NaFs) was applied to obtain
uncorrelated features. As a classification method, Support Vector Machine and Ensemble Learning algorithm were used and their
performances were compared with tabulated results. In conclusion, the results of this study shostEi& signal can be used for SLR
systems.

#2355 Fuzzy Indexed Color descriptor for Image Retrieval

Asma Eladd[TN, Ridha EjbalfTN, Mourad Zaied TN, Chokri Ben Am4iTN)

Color is a significant visual characteristic for both human vision and computer processing. Global color descriptorsichamateage

by its color distribution or histogram, and discard information about object location as well as contdiffierent colors. In this paper,

we proposed a local color descriptor based on indexed matrix wavelet analysis and fuzzy decision support sysjemh{ED3&
OLffSR é¢cCddi& LYRSESR /2t2NJ 6CL/ 0¢ ® C KastBwavElet trakisSormita/daureShie mast LI 2 F
relevant color feature content for each color channel R, G and B. Then, a FDSS is proposed for image matching in ordereto get
flexibility and reliability in making decision. The proposed FIC was evaluated@asogle color, ebay data, Soccer and Flower datasets;

and the results are very promising.

#1399 A Fast Multiscale Decomposition based Tone Mapping Algorithm for High Dynamic Range Images
Qiaosong Che(CN, Xiao Li(CN)

Traditional digital display devices, due to their hardware limitations, cannot represent the whole range of luminance Dyrdigtic
Range (HDR) images. In order to solve this incompatible problem, many tone mapping technigques were introdejsextitce HDR
images presently. Unlike one of the traditional work of art in [13], this paper proposes a fast andécaldtidecomposition based tone
mapping algorithm using the Improved Local Extrema (ILE) filter depended on the correlation of pieksason of using ILE filter is
due to the fact that it is able to decrease the timmensuming without noticeable image quality deterioration. Firstly, the ILE filters of
variant scales are utilized to dispose the input HDR image into a series of bagesimader different scales. Secondly, msdtale
decomposition is utilized to obtain detail images with variable scales from the aforementioned base images. FinallytHmotasé

and detail images are converted into an initial compressed image torgena Low Dynamic Range (LDR) image. Experimental results
show that the proposed algorithm outperforms previous methods for reconstructing the real scene of HDR images, espétsdtgtfor
running time compared with the traditional work using Locatdira (LE) filter.
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#1037 A FeaturePreserving Mesh Denoising Filter F&D Printers

ZilongHu (U9, Jinshan Tan@US)

A featurepreserving mesh denoising filter is proposed in the paper f@r grinters. The whole algorithm contains two
steps: noniterative normal filtering and iteratie vertex updating. The basic idea of normal filtering is to minimize the
angles between face normals in meshes in flat region. The proposed filter was tested and compared with other mes
denoising filters on simulated noisy mesh models as well as resthmedels. The performance of filters were evatadt

based on the edge features from the filtered meshes. The proposed filter is very simple to accomplish, and it shows goc
performance in both noise removal and edge pregation. We also printed the ainal noisy mesh and the -fitred
versions using a-B printer and visually checked the quality of the filtered meshes obtained by different filters and we
found that the meshes filtered by the proposed filter has the best visual quality.

#1175 Comparism of Several Speckle Reduction Techniques for 3D Ultrasound Images

Jinshan Tan@USs)

In this paper, we describe three speckle reduction filters and compared their performance in speckle reduction for 3L
ultrasound images. Filtering @Ky A lj dz8a NBf I GSR (G2 GK2&4S FAt{GISNAR AyOf dzR
bilateral filtering, and nodocal means filter. The qualitative as well quantitative evaluations are used to analyze the
performance of four filters.

#1654 A Verdtile Edge Preserving Image Enhancement Approach For Medical Images Using Guided Filter
Rahul Rajendra(ilJg, Shishir Paramathma R4b)g, Agaian Sos.3US, KarenPanetta(US)

Medical imaging systems often require image enhancement to visualize images of the human body and its organs. Tl
would help medical professionals in irregularity or abnormality detection and diagnosis. This paper presents a nove
method to enhance medical related images. The proposed algorithm uses techniques, such as, guided filtering, ed:
enhancement, contrast stretching, and image fusion to enhance low resolution images. Visually, the proposed metho
produces better or compardé enhanced images than several statiethe-art method [14]. In addition, we also test the
performance of the proposed method with the method mentioned in [5].

#1745 Implement of follicle monitoring system based on 3D ultrasound images
Jun LiCN)

The monitoring and analysis of the cattle follicle dynamics plays an important role in improving the cattle pregnancy rat
theoretically and practically. In this paper, we generated a follicle monitoring system based on 3D ultrasoundrlimsge.
system integrated the image dwoising algorithm, edge detection algorithm and 3D reconstruction algorithm togethe
the MFC frame and OpenGL technology. Using this system, we realized the following functions: imaignde follicle
detection, bllicle surface extraction, follicle 3D reconstruction, follicle volume calculation and so on.

#1960 Automatic Segmentation of the Left Atrium from MR Images Via Semantic Information

Xiaolong ZhangCN, Chunhua Den¢CN)

Magnetic resonance imaging (MRI) can aid in assessingaptagion scar formation. Automatic segmentation of the |
atrium offers great benefits for an accurate statistical assessment of the region. However, how to robustly seg
left atrium is still remaining as a challenging task for its high anatomical variability. In this paper an robust segmentatio
method that exploits semantic information from different parts is proposed. The semantic correlation is exploited by the K
Nearest Neghbor (KNN) and Convolutional Neural Network (CNN) feature, which can be regarded as our mait
contribution. We propose a graph model to fuse the semantic cues and eliminate accidental factors. Meanwhile, tc
optimize segmentation results, a super pixeliagtmethod is also proposed by us. The experiments on the public dataset
of MRI images demonstrate the validity and accuracy of our semantic segmentation.

Special 8ssions
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#1988 An interactive Image retrieval method

Ye JiangCN, Min Jiang(CN, Ye iang(CN, Jinshan TandJS)

In this paper, we propose an interactive image i@tal method based on interactive image segmentation and relevance feedback. For
testing the performance of the algorithm, we built an image database by web crawlers, and added a background label tageably im
histogram analysis. For image retrieval iateractive image segmentation scheme based on GrabCut has been applied to get the region
of interest (ROl and then we use an automatic labeling method to get the training samples of relevance feedback, and then
incorporate the background labels intodfsimilarity measurement to decrease the influence of clutters. The experimental results show
that this method can reduce the influence of image background on image retrieval, and optimize the search results bybtek fekd
users.

#2404 A Quantitative Histogrambased Approach to Predict Treatment Outcome for Soft Tissue Sarcoma Using
Pre- and Posttreatment MRIs
Hamidreza FarhidzadefS, Dmitry Goldgof(US, Lawrence Hal{US, Jacob G. ScofUS, Robert GatenbyUS,

Robert GilliegUS, Meera RaghavafUs)

The goal of this paper is to show the use of data mining techniquessttiqh the Soft Tissue Sarcoma (STS) tumor progression. STS are
cancers which occur in different parts of the body such as fat, muscle and nerves. The lack of effective treatments ifficultyeird
predicting treatment response make them challengingghbysicians, and has likely slowed the evolution of new therapeutic agents. To
design a prediction model, we propose a novel quantitative histogram based method to analyze the difference in histogaamad obt

from pre and postreatment multimodality maynetic resonance images. Here, we used Radiomics techniques as-invasive

method for outcome prediction. This study could help physicians identify distinctive patterns within each tumor to finghatierg-

specific treatments. We demonstrated the nepproach on two practical tasks: tumor recurrence prediction (metastasis) and rate of
necrosis prediction. Our learned model shows 87.79% prediction accuracy for metastasis with a 0.73 AUC and 82.22% prediction
accuracy for necrosis with a 0.65 AUC.

#2034 An EMbased estimation for a twdevel traitor tracing scheme
Faten Chaaban€rN, Maha Charfeddin€TN), William Puecl{FR, Chokri Ben Am4&iTN)

In multimedia distribution platforms, one of the main challenges is to provide an efficient and accurate tracing process despite the
of information about the colluders' strategy. Indeed, the original Tardos tracing performance is considered as suboptnsa bkits
agnostic behavior and conservative accusation regardless the collusion strategy. The Expectation Maximization algotignmtas s
be an efficient solution to estimate the collusion channel and thus to tune the Tardos accusation functthisspaper, we explore the
impact of this algorithm in a groudpased tracing scheme to deal with the computational costs and the invariance of the Tardos
accusation performance. The tracing scheme we propose benefits from a twofold accusation process. imddfirst time, it is based
on a twaolevel tracing strategy which consists in tracing guilty groups in a first level with the Boneh Shaw tracing code aedimgretri
at least one colluder in accused groups with Tardos code in the second levedtratagy has reduced efficiently the decoding process
of the Tardos code. The main shift we propose in the second level is to apply the Expectation Maximization algorithghtty tiedi

to collusion yielded by colluders and hence to find the more ateufardos accusation functions. The performance of the resulting
tracing scheme is evaluated according to different criteria and promising results have been achieved when compared stirthe exi
tracing schemes proposed in the literature.

#2259 Using Fame Semantics in Authorship Attribution

Robert HinUS, Sangmi ShiUS, Julia M TaylofUS)

Authorship attribution is a stylometric technique that associates text to authors based otypkeof writing styles. Researchers have
looked for ways to analyze the context of these texts, in some cases with limited results. Most of the approaches vieatidmf@im

the syntactic and physical levels and tend to ignore semantic levels. In hés, pee present a technique that incorporates the use of
semantic frames as a method for authorship attribution. We hypothesize that it provides a deeper view into the semantictésis)
GKAOK A& |y AYyTfdzSyOAy3I TFrie) df 2ride fesburdes ih dNFpéliGeNashion t éxérdctSndornmatidn attziitS |
frames within the text. The results show that bag of frames approach can use successfully used for stylometry.

#1243 Deep Wavelet Network for Image Classification

Salwa SaidTN), Olfa Jema(TN), Salima Hassai(iTN, Ridha EjbalfTN), Mourad Zaied(TN), ChokriBen Anar (TN)

The success of the dpdearning and specifically learning layer by layer led to many impressive results in several contexts that include
neural network. This gave us the idea to apply this principle of learning on wavelet network because it is an activetmseatthe
moment. This paper present our approach for image classification by the combination of two techniques of learning: the wavelet
network and the deep learning. We try to classify images in a supervised way following by an unsupervised learning prémpkhe

of autoencoder. Experiments on two databases €D and MNIST show that our approach gives good results for the two classifiers
that we used.
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#1100 An Adaptive Sliding Selfrganizing Fuzzy Controller for Switched Reluctance Motor Drive Systems
Shun Yuan Wang(TW), ChwanLu Tseng (TW), FounYuan Liu (TW), JenHsiang Chou (TW),
YingChung HongTW), ChingYin Le€TW)

This paper presents an adaptive sliding -seffanizingfuzzy controller (ASSOFC) designed using fuzzy theory andcagselizing algorithm.
Composed of a conventional fuzzy controller (FC) anebsgéfnizing algorithm, the ASSOFC adopts the sliding surface signal as an input, uses
the algorithm to adjusthie central position of the output consequent membership function of the FC, and, through fuzzy control, regulates the
learning rate and fuzzy rules in real time to improve control performance. The ASSOFC is embedded into the direct toojisystent ofa
switched reluctance motor (SRM) as a speed controller, and the performance and feasibility of the controller was valiéagsgpelimental

results indicate that the root mean square error values for the ASSOFC at various speed ranges are lowesé¢htor thconventional FC,
indicating that the proposed controller provides a superior speed response for SRMs.

#1164 Applications of Wireless Sensor Network for Monitoring System Based on 10T
WenTsai SungTw)

A number of ZigBee dased monitoring systems are built on the basis of IOT technology in this work on the perception layer, using
temperature/humidity sensors, light sensors andéu@s accelerometer modules. Wirelessly transmitted to a monitoring center, all the sensed
data ae collected by a human computer interface. On the application layer in an 10T, simulation experiments are conducted, namely
applications of light sensors to an automated basketball court lighting systeamis3accelerometer modules to the monitoring g ¥ | y (i Q &
sleeping posture and accidental fall of the elderly, and temperature/humidity sensors to thermal comfort testing. Thishresedris validated

as an effective way to achieve the aim of power consumption reduction, improve the health care goéljpyovide a higher comfort level.

#1180 Assessment of Effect of Music Tempo on Heart Rate Recovery using Wearable Device
ChunChieh Hsia¢TW), JianMing Liu(TW), Robert LifTW), Ren Guey Le€éTW)

¢HAglty 3A2@FSNYYSyd KFa NBOSyidte LINBY2GSR atfly F2NJ . dzA tréadeg e L A f
needs of various healthcare and fithess products. Prior researches have aisedpout that listening to music with different tempos while
exercising apparently affects heart rate, oxygen consumption, breathing rate and other physiological parameters. Amongithegjaal
parameters, heart rate (HR) best represents the curremdybstatus while heart rate recovery (HRR) can also represent the physical fitness
condition since HRR can be used to predict death risk. As increasing number of people listen to music when exercisingoatite due
widespread use of wearable devices, thaper proposes to analyze the relevance between music tempos and heart rate recovery based on the
platform of wearable devices. Utilizing wearable devices and our developed Android App, measured data can be transnettest to s
observe the status ofk S a4 dzo 250G & dzy RSNJ (KS GSELISNAYSYy(d 2F LINPINBA&E&AGTS NBaA
tempos affect heart rate recovery after exercise. The experimental results show that, some of the subjects have betteddiRRWmMmusic

FYyR a2YS 2F (GKS LI NIAOALIyGa KF@BS o0SGGSNI I ww dzy RSNJ that thé subjedms A O @
who have better HRR under slow music are the ones with poorer physical fitness while those who have bettadétR&umusic are the

ones with better physical fitness. For the subjects with poorer physical fitness, the average HRR under fast music amsicskne 54.17 bpm

and 55.5 bpm respectively. However, for the subjects with better physical fithessyérage HRR under fast music and slow music are 58.43
bpm and 54.14 bpm respectively. Consequently, for subjects with poorer physical fitness, the relevance between music derB® as
weaker. On the contrary, for subjects with better physical fitnestgce of music tempo on their HRR tends to be stronger and their HR
better under fast tempo.

#1181 Multiple Biometric Authentication for Personal Identity using Wearable Device
ChunChieh Hsia¢TW), SheiWei Wang(TW), Robert Li(TW), Ren Guey Lg@W)

In this paper, we propose to integrate fingerprint and ECG authentification implemented on wearable devices for persaifial iden
identification rate of figerprint authentication is 96%, ECG authentication with fixed threshold method and variable threshold meth
92.6% and 95.9% respectively. We have combined fingerprint and ECG authentication as a novel multiple authenticationvieativdle,
we havereduced the complexity of algorithms and used less ECG wave range in order to implement on wearable devices. The oderaiéc
has been up to 92% to achieve high accuracy and high security goal using wearable devices.

Special 8ssions

#1187 Predictive Direct Torqu€ontrol with Discrete Multiple Vector Voltages and Fuzzy Hysteresis
GuceMing SungTW), WeirYu Wang TW), YuChi HuandTW)

This paper presents a predictive direct torque control (PDT@gmeywith discrete multiple vector voltage (DMVV) and fuzzy hysteresis for a
three-phase induction motor. A fuzzy hysteresis controller is proposed to establish a DMVV for estimating both flux and torgueleicio are

the membership functions of the fay system. DMVV switching timing ensures that an appropriate voltage vector is sent to the inverter. The
difference between conventional switching timing and DMVYV is that conventional timing produces a stator voltage vectarén whereas
DMVV producs four stator voltage vectors in a cycle. The proposed DMVV not only reduces the ripples that are generated with sawgling err
and delays, but also enhances the stability of the PDTC system. Verilog hardware description language is used to implearemtatte
architecture; a field programmable gate array (FPGA) development board is used to verify designed functions. Accordingsidtshe
measured using the FPGA development board, the proposed PDTC with DMVV and fuzzy hysteresis successfuily opekatatg frequency

of 50 MHz, with a supplied voltage of 1.8 V and a power consumption of 300 mW.
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#1498 Design of a Novel Exoskeleton Walking Assistance System
KuangYow Lian(TW), ZongJun Yan@TW)

This paper presents a framework for gait recognition based on actieleraensors. In our framework, the acceleration signal is
normalized and converted to action models. A complete gait cycle has four phasesfR&hing, Heedtrike and Stance. We use the
LCS algorithm to look for the longest common subsequence betwee gait action sequences and plurality of sample sequence. After
we identify the gait movement, we can control the exoskeleton device based on the foot path, step distance and moving speed.

#2006 Robust Type2 T-S Fuzzy Multiple Feedbadloop Hinfinity Controller Design for Uncertain Singular
Time-Delay Systems

ChwanLu TsengTW), Shun Yuan Wan@W), FourYuan LiyTW), FuURong Jea(TW), Mu-Hua FUTW)

The robust Hnfinity controller design is investigated in this paper for a class of nonlinear singular systems with state and tramsmissio
delays. The proposed controller is configured in multiple feedback loops. Based on the intervalTegpéuzzy modelling and parallel
distributed compensation techniques, a fuzzy multiple feedbacip controller with memoryless state and delayed states is proposed

to stabilize the system with required-iHfinity performance by using the Lyapunov stapitheory. The controller gain matrices can be
calculated by solving the linear matrix inequalities. To check the feasibility of the proposed method, a numerical exgivereasd

the simulation results indicate that the proposed multiféedbackloop controller is effective.

#2076 Availability Models for Synchronization Server Infrastructure
Carlos Alexandre MeldBR, Jamilson Ramalho DantagBR, Jean Carlos Teixeira de Arau{8R,

Paulo Romero Martins Macié8R)

Users of computer systems wish to keep their personal data safe, updated, fair and accessible by other terminals, lieé person
computers, smart phoes, portable consoles and PDAs. To perform these activities, one technology has become popular in our daily
lives: data synchronization. Companies that provide this kind of service must do it with the greatest availability Eiesibltheir

clients need their data to be available whenever they want to access it, and their clients in the legal field must avoid finamsal loss
through SLA contract breaches. This paper presents hierarchical models for evaluating the availability of a data syichsemzat
infrastructure. The results show an availability of 98.14% for the proposed architecture, which means an annual dowr@i2rigoofd.

This is almost a week of unavailability, where users cannot perform data synchronization

#1241 Academic ResealcTopics Variation and Prediction Based on FARO and Neural Network

Hongyin ZhyCN, Yi ZendCN)

Given the explosive growth of information and the fast variation of academia, researchers may not be able to fimastheomising
topics to combine with their current research and may be trapped in few familiar research topics without creative ideastudasy

of recommendation system make effort to address the above problem, but they ignore the different stylssrefand generate the
recommendation results based on the constant strategy. In this paper, we propose a framework to generate the adaptive
recommendation results according to the research styles of users. Our framework contains 3 main parts, the tepeamitology
construction, tendency prediction and recommendation. First of all, the fun of academic research ontology, (FABOhas the
capacity of describing dynamic and static research features and building social network, is constructed ize cegtities about
academic research. Secondly, this paper predicts the popularity variation of research topics with the neural network imedijel. F
some adaptive topics are recommended to specific researchers according to the evaluation of thethresglas. Basically, this paper
is inspired by the associative thinking of human brain to combine the advantages of RDF description capacity and thetwetkabn
execute the prediction and recommendation. We test our results based on the publigstarof IEEE and Springer. The experimental
results demonstrate that our prediction model has a good generalization performance. A questionnaire survey is carriebsesdo
the recommendation results, and the result shows the feasibility of our method.
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#1057 Intelligent Investigation Mechanism based on Fuzzy Markup Language for Social Media Application
ChangShing LeéTW), Mei-Hui Wang(TW), ShikYa La{TW), ChiaHsiu KadTW), ChangYong WandTW)

The Intelligent Investigation Mechanism (lIM) based on Fuzzy Markup Language (FML) and genetic learning ability fodgocial me
application is presented in this paper. We take the social medintents of presidential election domain on Facebook as an example in
this paper, and construct the presidential election ontology for defining the knowledge base and rule base of FML. Sgeers;ate
including Presidential Candidate, Municipality MayBupporter, Beneficial Event, Common Student Supporter, Famous Student
Supporter, Common People Supporter, and Famous People Supporter, are adopted to present the president election domam ontolog
With the defined ontology, we apply the FML to describe fuzzy variables and fuzzy rules of the presidential election for IIM. The
proposed IIM infers the possibility of Candidate Support Degree for each presidential candidate based on the fuzzy ardidbées
posts on Facebook (FB). The experimentalltesan 2016 Taiwan President Election show that the proposed IIM with the ability of FML
and machine learning is feasible to apply to social media domain. In the future, we will compare our proposed approabk with t
existing ones and further analyze theperimental results with the actual data.
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#1008 Empirical Data Analysis A New Tool for Data Analytics
PlamenAngelov(GB, Xiaowei GYGB, Jose Princip@JS, Dmitry Kangin(GB)

In this paper, a novel empirical data analysis approach (abbreviated as EDA) is introduced which is entitklyedatnd free from restricting
assumptions and prdefined problem or userspecific parameters and thresholdsis well known that the traditional probability theory is restricted by
strong prior assumptions which are often impractical and do not hold in real problems. Machine learning methods, on thamdhere closer to the

real problems but they usuallgly on problem or userspecific parameters or thresholds making it rather art than science. In this paper we introduce a
theoretically sound yet practically unrestricted and widely applicable approach that is based on the density in the dat&ispate data may have
exactly the same value multiple times we distinguish between the data points and unique locations in the data space. Enehdata points, k is
larger or equal to the number of unique locations, | and at least one data point ocegaibsunique location. The number of different data points that
have exactly the same location in the data space (equal yalwmn be seen as frequency. Through the combination of the spatial density and the
frequency of occurrence of discrete data ppid = I yS¢g O2y OSLIi OFff SR YdzZ GAY2RFE GeLIAOFtAGREE:
form that represents ensemble properties derived entirely from the empirical observations of data. Moreover, it is verfyelatiéferent) fromthe
histograms, from the probability density function (pdf) as well as from fuzzy set membership functions. Remarkably, tloeresésl to perform
complicated preprocessing like clustering to get the multimodal representation. Moreover, the closed @orthd case of Euclidean, Mahalanobis type

of distance as well as some other forms (e.g. cebmsed dissimilarity) can be expressed recursively making it applicable to data streams and online
algorithms. Inference/estimation of the typicality of data ptsi that were not present in the data so far can be made. This new concept allows to rethink
the very foundations of statistical and machine learning as well as to develop a series of anomaly detection, clusssificgticia, prediction, control

and dher algorithms.

#1303 Autonomous Datadriven Clustering for Live Data Stream
Xiaowei GYGB, PlamenAngelov(GB)

In this paper, a novel autonomous dadaven clustering approach, called AD_clustering, is el for live data streams processing. This newly
proposed algorithm is a fully unsupervised approach and entirely based on the data samples and their ensemble propleetissnée that there is no

need for usetpredefined or problerspecific assumptins and parameters, which is a problem most of the current clustering approaches suffer from.
Moreover, the proposed approach automatically evolves its structure according to the experimentally observable streamiagdditaable to
recursively update & selfdefined parameters using only the current data sample, meanwhile, discards all the previous data samples. Experimenta
results based on benchmark datasets exhibit the higher performance of the proposed fully autonomous approach compareel edttpénative
approaches with useand problem specific parameters to be predefined. This new clustering algorithm is a promising tool for further applications in the
field of realtime streaming data analytics.

#1503 Social Network Analysis: Evolving Twitt&ining

Jose Antonio IglesidgS, Aaron GarcigCuervaES, Agapito LedezméES, Araceli SanchiES)
The growth of techniques of social meairk analysis is fast at present. These techniques are of interest to many researchers in different areas such as
sociology, communication and computer science, social psychologist and so on. Nowadays, by analyzing how the memberk afteetotp shae
information or establish relationships, useful knowledge about them and their relations can be extracted. However, inforelated to how these
members are presented to the world (by their users profiles) could give use also very useful knowletiige paper, we present an approach to
automatically analyze the Twitter user profiles of a specific community of users. The locations of these users can #stelebgethe user. The
proposed analysis is done by extracting some characteristics afalfected profiles (of that given community). This analysis includes the detection of
outliers, the clustering of profiles and their classification. The most important characteristic of the presented apptbath &an cope with the data of
thousandsof twitter profiles in reaitime. Thus, this work is related to big data in the area of big data analytics. The approach presented in this paper is
based on evolving fuzzy systems, which makes possible not only that we can cope with thousands of dbtianie, teut also that the knowledge that

we obtain from the social networks can be constantly updated (evolving).

#1510 Sequential classifiers for network intrusion detection based on data selection process

5FT AR [ I YAT 2 (HSIudiNCafloS Gorraé8L}, Arhceli SanchieES, Agapito LedezméES)

With the emergence of large datasets in réiate applications as network intrusiodetection, systems classification have gained more attention du
the importance of these applications and the increasing generation of these network traffic information. The proliferdtitermét and networking
applications, coupled with the widpsead availability of system hacks and viruses have increased the need for network security. However, tl
network traffic data slow down the entire intrusion detection process and may lead to unsatisfactory classification adoaraxyhe computabnal
difficulties in handling such data. Classifying a huge amount of data usually lead to higher computational complexitypodée saguential classifier
based on data selection process for intrusion detection. The performance of the proposed apigresatuated using a intrusion detection dataset, K
[ dz2LW o RIFEGFASEE 6 KA OK-scalé datasetsi #Helev@lliation &stilts ¥haly at ufF apdrdadiAchieves better precision and
computational cost compared with the stat#-the-art mechanisms.

Special 8ssions

#2478 Forecasting Time Series by an Ensemble of Artificial Neural Networks
German GutierrefES, Maria Paz Sesmel&$3, Araceli SanchiiES)

Times series foressing issue can be found in several subject areas as finance and business (e.g. foreign exchange rates, dafaifatystise@energy

load and demang Of AYF S I yR YSGS2NRf238 o6So3d &Sl )iehie.gO@BognoSivmidedcal dataand: y R
many others. This paper is focused in univariate time series (x1, x2,-1), sgtunknown future values are obtain from k previous (and known) values,
i.e. x t+th = f( »i, ... , xtk ). In order to fit a model between indepeent variables (present and past values) and dependent variables (future }alues
artificial neural networks (ANNSs) lead to similar or better results than those with statistical techniques, especially lfoeaotime series. In addition,
ensembles cabe applied to outperform the performance of a single model (e.g. a single ANN). In this work, we present an ensemblevithAhiNe
elements, were each of them is specialised in one of the three following versions of the time series data: i) raerigmeatues (i.e. with no
modifications); ii) differencing the time series data (computing the difference between consecutive values); and iitingatisaraw (of differencing)

time series data to a sequence of increment(0)/decrement(1) values. Ttpaitoof the Ensemble merge the answer of the model obtained for each

transformation of the time series.
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#1513 Effects of Agent Transparency on Humantonomy Teaming Effectiveness

Jessie Cheug, Michael BarnegUS, Anthony SelkowitéJSg, Kimberly StowerfJS)

¢62 KdzYl'y FIOG2NB aidzRASa 6SNB O2yRdzOGSR (2 laasdaa G(KS ST¥FS
based on the Situation awaressd  a SR ! ASy i ¢ NI yaLl NByoOed o{! ¢v Y2RSft o wSadz (a
SAT model) can benefit operator performance and support proper calibration of trust in the agents. Increasing levels of
NI yaLl NBy Oe SyKl y & 8ust in2thadSdehts] Buldnly to la)8iegids WEeB uncertainty was added to the
AYGSNFIFOSsE 2LISNI G2NR& GNHzAaG RAR y20 FTdzZNIKSN) AYyONSleashg¢ CAyY ! €
agent transparency do not have to be assasiatvith higher levels of operator workload.

#1529 Modeling Behavior of Computer Generated Forces with Machine Learning Techniques, the NATO task
group approach

Armon ToubmariNL)

Commercial/MilitaryOff-TheShelf (COTS/MOTS) Compu@enerated Forces (CGF) packages are widely used in modeling and
simulation for training purposes. Conventional CGF packages often include artificial intelligence (Al) interfaces, bhalack b
generation and other adaptive capabilities. We believechae Learning (ML) techniques can be beneficial to the behavior
modeling process, yet such techniques seem to be underused and perhapsapputeciated. This paper aims at bridging the

gap between users in academia and the military/industry at a highl lethen it comes to ML and Al. We address specific
requirements and desired capabilities for applying machine learning to CGF behavior modeling applications. The paper is based
on the work of the NATO Research Task Grougl2dTRTG1c n Wa I OK A ye&niques lfoNJutoyomoust Computer
DSYSNI SR 9y iAlASaQod

#1603 Learning Objective Agent Behavior using a Ddtazen Modeling Approach

Farzad Kamrar(SE, Linus Luotsine(Sg, Rikke Amilde LovIidNO)

This paper presents a datiiven approach towards the modeling of agent behaviors in &ladbed, commercial offhe-shelf
simulation milieu for tactical military training. The modeling approach employs machine learning tiyidesttavioral rules and
patterns in data. Potential advantages of this approach are that it may improve modeling efficiency and, perhaps more
importantly, increase the realism of the training simulator. In this work, we present an architecture outlimngnain
components of the datalriven behavior modeling approach. Using a prototype that implements the approach, we conduct and
present results from an experiment targeting the learning of cooperative military movement tactics. It is shown that the
prototype is capable of identifying the rules of the tactics. Moreover, it is shown that the agents are able to generalizetsuch tha
the learned behavior can be applied in a new setting different from the one observed in the training data.

#1896 Evolved Creave Intelligence for Computer Generated Forces

Linus Luotsine(SE, Farzad Kamrar(iSg, Peter Hamma¢SE, Rikke Amilde LovligNO)

This paper provides agxample of using genetic programming for engendering computational creativity in computer generated
forces, i.e. simulated entities used to represent own, opponent and neutral forces in military training or decision support
applications. We envision thaipplying computational creativity in the development of computer generated forces may not only
reduce development costs but also offer more interesting and challenging training environments. In this work we provide
experimental results to strengthen our@rments using a predator/prey game. We show that predator behavior created by a
computer, using genetic programming, surpasses predator behavior manually programmed by humans and argue that the sparse
automatically generated code is unlikely to be genedabyy a human and therefore can be considered as a good example of
computational creativity. Although the experiments are not conducted in aweald training simulator they provide valuable
insight that exemplifies the opportunities and the challengesarhputational creativity applied to computer generated forces.
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#1901 The Future of Autonomous Air Combat Behavior

Armon ToubmariNL), Roel RijkeiNL)

Many automated systems (e.g., training simulations and ummed aerial vehicles) are in operation today that require high
quality models for autonomous air combat behaviour. Such behaviour has long been implemented manually, which is a costly
and errorprone approach. Various machine learning techniques for belageneration have been applied in this area with

mixed results. In related fields, great advances have recently been made with a technique called Deep Reinforcement Learning.
This technique excels in extracting important features from complex envirorsneamid may therefore be wedited to
generating air combat behaviour. In this paper, we discuss the application of Deep Reinforcement Learning in the area of air
combat, and present the results of initial simulation experiments.
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#2500 Assessing Behaviour of Quitive Agents in a Flight Simulator with Fighter Pilots

Jan Joris RoessingHL)

Intelligent, humarike, computercontrolled opponents could improve the training value of tactical training simulators for fighter pilots.
To crate such opponents, realistic computational cognitive models are needed. We present the evaluation of a cognitive model tha
has been developed to simulate Situation Awareness (SA) and the ability to be surprised. The crucial element in the anodel is
mechanism that matches beliefs about the situation from the SA-maldel with expectations about the world from the surprise sub
model. To evaluate its use and realism for the domain, the model was evaluated by operational fighter pilots in a figtair air
simulator. They performed in air combat scenarios against opponents whose actions were controlled by the cognitive maltkel. Res
indicate that computeicontrolled opponents with the integrated SA/Surprise model contribute to a challenging and reabsétigr
environment and could therefore be included in tactical training for operational pilots. The surprise effect in the \prioakat was

indeed recognizable by the human pilots. The human pilots found it less straightforward to judge the quahty A of their
opponents.

#1087 A Hybrid Modeling Approach for Incorporating Behavioral Issues into Workforce Planning

Joachim BlociDE)

Workforce planning is a critical success factor for every organization and an importarh fagdrations research (OR). In contrast to
most existing OR workforce models we explicitly consider the heterogeneity of real world workforce systems by incorponaséing h
attributes and behavior. Our model is based on hybrid systems theory and implechasing different modeling paradigms: agent
based modeling and simulation, discrete event simulation, and system dynamics. It enables practitioners to analyze the ef/thet

staff as well as organizational performance under various and changirdjtioos. Furthermore, our research demonstrates that
bridging OR and psychology respectively management science is a promising path for solving complex real world managément prob
and hybrid modeling facilitates building this bridge.

#1716 The Effect 6Display Type on Operator Prediction of Future Swarm States

Phillip WalkeUS, Michael LewigU9, Katia SycargUusS)
Large teams of robots that operate collectively, whose behawioerges from local interactions with neighbors, are known as swarms.
While significant progress has been made improving the hardware, communication capabilities, and autonomous operation of thes
swarms, we still have much to learn about how human operatorgrol and interact with them. This research is necessary if real world
swarms are to be deployed in the future. The study presented here investigates different methods of displaying infornmaticheb
swarm state to operators, and asks them to maké®RA QiiA2ya | 62dzi GKS &6 N¥Qa ¥Fdzi dzZNB 3
swarms performing one of three different behaviors, and are asked to use the information available from the display theirake t
predictions. Results show that summarizing theg I NY Qa OdzZNNByd adlrdS G2 2dzad +Fy I+ @SN
predictions as accurate as those made when full state information was shown. Furthermore, two-beaddr methods were used,
whereby the operators were shown only a small thsf the swarm. However, such display methods were inferior for prediction than
either the summary center and ellipse or full information methods. With these results, and with participant feedback abg
helpfulness of the four display types, we hopeuire studies can make more informed decision about interface design when it co
the control of swarms.

#1880 Vertex-Neighboring Multilevel Forcéirected Graph Drawing

Farshad Ghassemi To¢ks), Nikola S. Nikolo{lE)
We introduce a new forcedirected graph drawing algorithm for large undirected graphs with at least a few hundreds of vertice,
algorithm falls into the class of multilevel ford@ected graph drawing algorithms. Unlik¢her multilevel algorithms it has no pre
processing step and it also ignores repulsion forces between pairs chdjanent vertices. As a result, our algorithm demonstra
outperforms known multilevel algorithms in terms of running time while keepinggiraity of the layout sufficiently good.

Special 8ssions

#1929 Immuno-Inspired Behaviour Adaptation in MukRobot Systems

Nikhil SIN), Tushar SemwdIN), Shivashankar B. NgiiN)

Paradigms derad from the Biological Immune System have shown great promise in devising algorithms that can be used in a variety ¢
fields. One such is the Idiotypic Network (IN) proposed by Jerne, wherein the antibodies form a virtual network basecdaatidesilc

and mutual stimulations and suppressions which in turn change their respective concentrations. This paper portrays howb&Ns can
augmented with information sharing and used within a M&bbot System (MRSo learn the right behaviours and actions to amle

a goal inherent to an environment. Each robot in the MRS scenario is equipped with its own IN that shares the infornnaédriri@a

the environment with that of its peers. We also present a case when the environment changes durimgewand the MRS reearns

by making readjustments in the concentrations of a new set of antibodies. The results obtained from a real scenario comprising three
robots using an IN each, portrayed herein, justify the viability of such an approach.

SMC 2016 BudapeffTechnical Progra



Robotics, Human MachmInterface, and Haptics (I)

Organizers: Saeid Nahavanddward Tunstel

October 12 (Wednesdayl6:00-17:30, Sofitel Budapest Chain Bridge, Bellevue 3
Session Chairs: Edward TunsRddney Roberts

#1139 MPCbased Motion Cueing Algorithm with Short Prediction Horizon using Exponential Weighting

Arash Mohammad{AU), Houshyar AsadiAU), Shady Mohame@AU), Kyle NelsoitAU), Saeid NahavandAU)

A motion simulator is an effective tool for training a driver irméesenvironment by mimicking motion similar to the real world. To give

a realistic feeling of driving and avoid motion sickness, an accurate motion cueing algorithm is required to restri¢ctdha pldhin

the allowed workspace range while regeneratiag appropriate motion feeling for the simulator driver. Recently, employing Model
Predictive Control (MPC) in the motion cueing algorithm has become popular. In this control method, by predicting futories]yara
input is optimized to minimize a costrfation over a prediction horizon while respecting the constraints. Reducing the prediction
horizon is desirable to minimize the computational burden; however it draws the system toward instability. In this reapplying a
nonuniform weighting methodsi proposed to stabilize the motion cueing algorithm using MPC with short prediction horizon and
optimized weighting adjustment. Simulation results show the effectiveness of the proposed method.

#1165 High Speed Visiohased 3D Reconstruction of ContinuuRpbots

Mohsen Moradi DalvanflJS, Saeid NahavandAU), Robert D HowéUS)

Continuum robots offer better maneuverability and inherent compliance and areswé#d for surgickapplications as catheters where
gentle interaction with the environment is desired. However, sensing their shape and tip position is a challenge asaraéitisors
cannot be employed in the same way that they are in rigid robotic manipulators.drpémer, a visiothased shape sensing algorithm

for reaktime 3D reconstruction of catheters based on the views of two arbitrary positioned cameras is presented. Customized high
speed algorithms are developed for the segmentation and feature extraction fre@ images. The algorithm is experimentally validated

for accuracy by measuring the tip position, bending and orientation angles and for precision by estimating known 3Dacidcular
elliptical shapes of the catheter. Experimental results demonstratedgaccuracy and performance of the proposed high speed
algorithms.

#1215 Skin Lesion Segmentation using Gray LeveloCourance Matrix

MohamedHassarMohamed(AU, MohammedHossnyAU), Saeid Nahavadi (AU), Anousha Yazdaba¢iU)

Skin lesions screening is an effective method for early detection of melanoma. Mostly, Melanoma appears qéghygeted area
relative to the surrounding skin. Lesion segntation is the first step of skin lesion analysis. Automated segmentation is used to assist
the dermatologist to isolate the suspicious lesion from the surrounding background. In literature, Most of the proposetratgare
tested on nonrunified relaively small datasets and it targets certain category of images (clinical or dermosccopic images) or certain
artifacts. As a consequent result, these algorithms are not proven to be tested on special difficult cases. Some obtiitbsesaigil to
segmentlesion of diffused borders and in presence of high artifactrs components. Iterative Otsu's method-isfstetteegmenetation
method and it is of accepted accuracy. However, iterative methods suffer same drawback, they are time consuming andtae tfautra
converge to the best solution before the maximum iterations limit reached. This paper study segmentation of relativetpadsg afa

skin lesion images using GLCM (Gray Levalc@arrence Matrix). Segmentation results of the proposed method are eoabto
humanexpert extracted lesion borders. we will highlight the major steps towards robust segmentatioprquessing, segmentation
process and posgprocessing. The proposed method provided XOR error of 19.2% specificity of 98.62% , precisi@bf &l
sensitivity of 80.8% .

#1224 Semantic Body Parts Segmentation for Quadrupedal Animals

Hussein HaggafAU, Ahmed AbobakfAU, MohammedHossnyAU), Saeid NahavandAU)

Although marketless human pose estimation and tracking is important in various systems, nowadays maliyadions tend to detect
animals while performing a certain task. These applications are multidisciplinary including robartigsjter vision, safety, and animal
healthcare. The appearance of RBBensors such as Microsoft Kinect and its successfpliagations in tracking and recognition made
this area of research more active, especially with their affordable price. Ipépsr, a data synthesis approach for generating realistic
and highly varied animals corpus is presented. The generated dataset is used to learn a machine learning model to sesegmieat!
animal body parts. In the proposed framework, foreground exteacis applied to segment the animal, dense representations are
obtained using the depth comparison feature extractor (DCF) and used for training a supervised random decision foreanh (RDF).
accurate pixelvise classification of the parts will allow acate joints localisation and hence pose estimation. Our approach records
classification accuracy of 93% in identifying the different body parts of an animal usifp R@&Bes.

#1236 Haptics2 - A system for bilateral control experiments from space to gied via geosynchronous satellites

Andre Schiele (N), Thomas Krueger(ND, Stefan Kimmer (N, Manuel Aiple (N, Joao Rebelo (ND,

Jan SmiseiND, Emiel Den ExtéNL), Eloise Mitheson(ND, Alejandro HernandezNL), Frank van der HulgNL)

On June 5th 2015, at21:109 { ¢ = G KS 9 dzNRPLISIy {LJ OS !'3SydeqQa ¢StSNRoz2GA0a | yR
handshake between space and Earth. This demonstration was part of the Haptigseriment, which makes use of two haptic
joysticks; one located iapace orboard the International Space Station (I8SY R G KS 20 KSNJ 2y S 2y 3ANRBdzy R |
Netherlands. Both systems can be connected through the TDRSS geosynchronous satellites dienea dagd link with sufficient
performance to peform haptic teleoperation tests. This paper describes the mechatronic design of the haptic devices, the software and
the system implementation required for the Hapti2sexperiment. It reports results of a retiine highfrequency characterization of

the satellite datalink indicating a roundrip time delay of approximately 850 milliseconds and presents mechatronic performance data

of the haptic joysticks. Moreover, the paper presents experimental results from the first haptic handshake conducted tsgaeen

and ground with astronauts ehoard the ISS.
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#1290 Towards an analytic haptic model for force rendering of stitsue dissection
Fernando Trej¢CA, Yaoping HUCA)

Both surgical simulation and robassisted surgery require haptic models of ttiesue interaction for force rendering. Most efforts of haptic modeling
have focused on characterizing tetdsue interaction of softissue indentation, insertion and cutting. Less attention has been devoted tetissiie
dissection however. For the dissection, haptic models remain elusive to meet two requirements as: to represent nontiheefttyssue responses

and to comply withthe time constraint of 1 ms for force rendering. Hence, this paper presents a modeling framework towards developingtian analy
haptic model for force rendering of the dissection. Based on estimation theories, the framework devises an analytic mgteximate an empirical
force-distance profile of the dissection. Applying the framework to 2 different empirical profiles as use cases, the derivecestimdated about 72%

and 91% of the empirical data, respectively. Algorithm implementation of thestets in Matlab yielded a computaty I £ GAYS 2F | 6 2 dzi
than 1 ms. The outcomes indicate a potential of using the framework to develop an analytic haptic model for force refidefirigzsue dissection.

#1425 An Adaptable System for RGB based Human Body Detection arRbse Estimation: Incorporating Attached
Props

Hussein Hagga@AU, MohammedHossnyAU), Saeid NahavandAU, Omar HaggadAU)

One of the biggest challenges RIGBD posture tracking is separating appendages such as briefcases, trolleys, and backpacks from the human body
Markerless motion tracking relies on segmenting each depth frame to a finite set of body parts. This is achieved viadigrmmiisg by aggning each

pixel to a certain body part. The training image set for the supervised learning are usually synthesised using popul@aptoti®matabases and an
ensemble of 3D models covering a wide range of anthropometric characteristics. In this\wapgEgpose a novel method for generating training data

of human postures with attached objects. The results have shown a significant increase Hpabodgssification accuracy for subjects with props from

60% to 94% using the generated image set.

#1544 A Particle Swarm Optimizatiolvased Washout Filter for Improving Simulator Motion Fidelity
Houshyar Asadi (AU, Arash Mohammadi (AU, Shady Mohamed (AU, Chee Peng Lim (AU,

Khatami Seyed Ami#U), Abbas KhosrayAU), Saeid NahavandAU)

The washout filter for a driving simulator is able to regenerate high fidelity vehicle tréhsfatit | yR NRBGF GA2y Il § Y2GA2y & |
limitations and return the simulator platform back to its initial position. The classical washout filter provides a pafutianghat has been broadly
utilized in different commercial simulate due to its simplicity, short processing time, and reasonable performance. One limitation of the classical
washout filter is its supptimal parameter tuning process, which is based on the-&raterror method. This leads to an inefficient workspaceges

and, consequently, generation of false motion cues that lead to simulator sickness. Ignorance of a human sensation tsodesigniis another
drawback of classical washout filters. The purpose of this study is to use Particle Swarm Optimiz&joto (8&sign and tune the washout filter
parameters, in order to increase motion fidelity, decrease the human sensation error, and improve efficiency of the warkagac&he proposed PSO
based washout filter is designed and implemented using the MATHIABIink software package. The results indicate the effectiveness of the PSO
based washout filter in reducing the human sensation error, increasing the capability of reference shape tracking, andgreffioency of the
workspace usage.

#1641 NestedMarsupial Robotic System for Search and Sampling in Increasingly Constrained Environments
Edward Tunstel(US, Joseph Moore(US, Kevin Wolfe (U3, Matthew S JohanneqUS, Kapil D Katyal(US,
Matt P ParaUS, Ryan MurphyUS, Jessica HatcfUg, Colin TaylofUS, Robert BambergeiuS)

This paper presents a nested marsupial robotic system and its execution of a notional disaster response task. Human supenvisgy is facilitated
by tightly-coupled, higHevel user feedback enabling command and control of a bimanuailenaanipulator carrying a quadrotor unmanned aer
vehicle that carries a miniature ground robot. Each robot performs a portion of a mock hazardous chemical spill investigationpling task within
shipping container. This work offers an exampfgplacation for a heterogeneous team of robots that could directly support first responder acti
using complementary capabilities of autonomous dexterous manipulation and mobility, autonomous planning and control, apedattta. The task
was succesfully executed during multiple live trials at the DARPA Robotics Challenge Technology Expo in June 2015. A key anfritndoutamk is the
application of a unified algorithmic approach to autonomous planning, control, and estimation supportingbasih manipulation and ne@GP Shased
ground and aerial mobility, thus reducing algorithmic complexity across this capability set. The unified algorithmichaigpiieacribed along with thé
robot capabilities, hardware implementations, and human integfdollowed by discussion of live demonstration execution and results.

Special 8ssions

#1242 Faltback layer concept for autonomous or serautonomous systems and processes: requirements, concej
FyR UNBG GSada

DS2 NE (DE)DSK Seffk¢DE)

Autonomous or semautonomous systems (AS) are needed in different application domains to simplify human tasks. Autonomous -andosemious
aerial systems (AES) are most complex examples due to the challenge to perform taskpléx @nd dynamic environment, for example in search and
rescue applications. If in this context information about the AES environment is not reliable, disturbed;sig&iSare not available, safe navigation is
required. Here safe navigation denotgsatial movement with freedom from unacceptable collision risk. The safe navigation assurance as well as safety
assurance of AS are still open research issues. Traditional combination of safety aspects with mission related taskssagdiémce unmanagbée AS

system complexity as well as unpredictable effects during the spatial environment interaction makes traditional safetycassethods inapplicable.

From AESelated literature it can be concluded that system safety is mostly considered in @biojurwith mission tasks like path planing, reduced to
human safety operator as fatlack level, or emergency landing. No integral AES safety concept by the best knowledge of the authors can be found in th
literature considering safe situational behavi@ystem malfunctions, and technical fhlick layer. This paper presents a brief literature review
concerning AES systems. A related novel concept for System Safety Surveillance and Control (SSSC) systémcaday8rfallintroduced. This system
isseparated in welRS Uy SR> &ILFBORA OG0 IYRRdzt Sad Ly O2YLI NRazy (2 2GKSNJ I LILINBI OKS
behavior generation and safety assurance by emergency behavior integration and realization. Proof of concamstrdéza the successful use of SSSC

based falback layer using experimental example.
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#1659 Impulsive resistance force generated using pulsive damping brake of DC motor
Takumu Okad (JB, Shogo Okamot@JB, Yoji Yamad#JP)

We developed a method to present an impulsive resistance force by using the passive damping brake of a DC motor. Th&wapid pu
change in theesistance forces preceding a main brake increased the perceived resistance of the brake. In a ranking task involving five
naive participants, a damping brake with two preceding pulsive resistances was reported to deliver a resistance larbat thesid a

simple stepwise brake that achieves the maximum physical braking force. Our technique enhances the abilities of pasdispléys;e

which are inherently safe humamachine interfaces.

#1863 Tissue and Force Modelling on Mullyered Needle Puncire for Percutaneous Surgery Training
Yonghang TaAU), Lei WelAU), Hailing ZhoyAU), Saeid NahavandAU), Junshenghi (CN)

Percutaneous surgg is a typical minimally invasive surgery. Featuring minimization in trauma and infection rate as well as rapid
recovery time to patients, percutaneous therapy has replaced various traditional open surgery approaches and has beceemian es
approach 6r a series of clinic operations over the past decades. However, the practice and training for such a vocational masual skill
both difficult and expensive, which imposes negative impacts on its further advances. In this paper, we conducted aneémegztigiv
insertion simulator for percutaneous surgery through vidaptic rendering. Muldayered deformable tissue model with human
anatomic textures are simulated and rendered. Mapsing based force model and algorithm are also employed for realistiaut
needle insertion. Last but not least, a highly immersive virtual training scenario, integrated with a desktop hapticsdeyitennented

to facilitate perceptive and hanesn experiences. Medical professional and trainees have also been invigadtice on the training
scenario and provide subjective opinions in refining our implementation.

#1882 Effect of Acceleration and Velocity on Perceptual Force DBathd Analysis

Omid Fathollah NadjarbasthU), Zoran Mjdovski(AU), Saeid NahavandAU), Shady Mohammag@AU)

2S50SNNa g KF-a 0SSy gARSte& dzaSR o0& NBaSHNOKSNE T2 N icaBadd S LG dz- €
¢CKS fl ¢ Ay AlGa olaArd RSTFAYA(GARZY &dza38ada | O02yaidl yeicengedF FAOASY
actual stimulus around which the human sensory system cannot notice a change. Moreover, research studieshaonducted to

modify the rule to be more efficient and appropriate for haptic applications. Among these studies, the effect of the nd&tédb i 2 N a
velocity onthe forceVb 5 dza SR Ay GKS atl @S RSGAOSQa i NI fgrzondiativelozity withiStheK 2 R K| 2
trajectory. The aim of this research is to overcome some of the limitations within existing research on \zlapiye JND, and to
AyoSaidAadarisS GKS STFSOGa 27F (KS -faedback SebdadLtiBestold. FiNthes, user@iOdies Baxd (A 2 y
completed, and the results were investigated to clarify the influence of involving dynamic factors to the JND calculation.

#1945 Driver Behaviour Analysis Using Topological Features

Mostafa HossnyAU), Shady Mohame@AU), Saeid NahavandAU), Kyle NelsofAU, MohammedHossnyAU)

Driving behaviour prediction is a challenging pré#n due tothe nonlinearity of human behaviour. Linear and nonlinear techniques
have been used to solve this problem, and they provide good results presented in the performance of the current autonomous ca
However, they lack the ability to adapt to abruptness thappens because of the human factor. In this paper, we introduce a method
to extract persistent homology barcode statistics. These statistics are useful as a representative of the driving prlocésg the
human behaviour. Human factor identificatiorequires finding features that preserve eetain properties against scalability,
deformation, and abruptness. Topological Data Analysis (TDA) using persistent homology can provide these features for driver
0SKIF@A2dz2NI LINBRAOG A 2y ® mptiSn ad anledipdriEnil behaviRINGl ¢i& KdmbineK iBwitiRcaptured simulated
vehicle data, like location and velocities. Barcodes are extracted using JavaPlex, then we extracted some statisticstte show
significance of these barcode as features foivet behaviour prediction. The correlation between the extracted features shows a
promising start for a behavioural tracking applications using TDA.
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#1952 Body Joints Regression Using Deep Convolutional Neural Networks
Ahmed AbobakfAU), MohammedHossnyAU), Saeid NahavandAU)

Human pose estimation is a wé&thown computer vision problem that receives intensive research interest. The reason for such interest
is the wide range oépplications that the successful estimation of human pose offers. Articulated pose estimation includes real time
acquisition, analysis, processing and understanding of high dimensional visual information. Ensemble learning methodg operati
handengineeed features have been commonly used for addressing this task. Deep learning exploits representation learning methods
to learn multiple levels of representations from raw input data, alleviating the need to-heafted features. Deep convolutional neural
networks are achieving the statgf-the-art in visual object recognition, localisation, detection. In this paper, the pose estimation task is
formulated as an offset joint regression problem. The 3D joints positions are accurately detected from a sirdgptraimage using a

deep convolutional neural networks model. The presented method relies on the utilisation of theostdte-art data generation
pipeline to generate large, realistic, and highly varied synthetic set of training images. Analysigparichental results demonstrate

the generalisation performane and the real time successful application of the proposed method.
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#2023 An Empirical Nonlinear igcoelastic Model of Reflective Force by a Layer of Soft Tissue

Cheongjun KirfKR, Doo Yong LeKR)

I FLIWGAO aSyal a2y RSt A JSduiBed neédie infeddtine dedplemeats iisRfficierRudNidfosfatior]. Bxploitation of

the haptic information is to be trained using simulation. A model is necessary to compute the reflective forces occurnirtgemheedle tip
contacts with layers of soft tissues such as skin, membrane, and other laygssuss. This paper proposes a nonlinear viscoelastic model
based on measurements using porcine soft tissues-aki$ forcetorque sensor and a needle are attached to the end of@CH articulated

robot to measure the layer forces. The measurement isssthow that the layer forces increase nonlinearly with displacement of the needle.
The force is affected by change of the velocity. It is also shown that the reflective force is relaxed when the needéesstopiard linear solid

model which can desdre the relaxation phenomena is modified to describe nonlinear damping and stiffness forces. Accuracy of the developec
model is verified through comparison between the model and measured data using porcine tissues. The proposed model bantltescri
nonlinear stiffness and relaxation phenomena with relative error less than 3.8 %.

#2190 A Symbolic Motion Planning Approach for the Reaaoid Problem
Laya ShamgaflJg, Ali Karimoddin{US, Abdollah HomaifatUS)

This paper addresses the motion planning problem for two autonomous robots (the defender and the attacker) with compggttges,
which are involved in a reaeivoid scenario. This adversarial aspect of the game makgsrtibern complex with high computational cost. To
address this problem, we propose a novel symbolic approach for the robot motion planning and control of the robots, wieffeatimely
manage the complexity of the problem. The basic idea is to partitienenvironment into convex regions, and then, capture the desired
objectives of the defender and the adversarial behavior of the attacker with temporal logic formulas. We also use fipiteyBvazeresum
games as a tool for the robot decisiomaking wer the partitioned space. An illustrative examples has been provided to detail the steps of the
proposed algorithm and the simulation results are presented to verify the effectiveness of the proposed algorithm.

#1321 Attentional Multimodal Interface forMultidrone Search in the Alps

Alberto Finz{IT), Cacace Jonatha(fT), Caccavale Riccardty), Vincenzo LippielldT)

We present a multimodal atterdnal interface suitable for a human operator that monitors and controls the activities of a team of drones
during search and rescue missions. We consider a scenario where the operator is a component of the rescue team, helycgedatdted to

the robds, but only able to interact with them with sparse and incomplete commands. In this context, an adaptive interface is toeeded
support the user situation awareness and to enable an effective interaction with the drones. In this work, we proposenadalbitention
based interface designed for this domain. This framework is to filter the information flow towards the operator selectingagotiohg the
communication mode according to the context and the human state. We illustrate the features of thévadsystem along with an initial
assessment in a simulated scenario.

#2386 MyoHMI: A LowCost and Flexible Platform for Developing R&amme Human Machine Interface for
Myoelectric Controlled Applications
lan Donovan(US, Kevin Valazuela (U, Alejandro Ortiz (US, Sergey DusheykqUg, Hao Jiang (U3,

Kazunori Okad@Jg, Xiaorong Zhangus

EMG pattern recognition has been studied for control of prostheses and rehabilitation systems for decades. Existing plsgtéarok for
developing EMG pattern recognition algorithms are typically based on MATLAB and the collection of EMG si@ialdase by expensive
non-portable data acquisition systems. The requirement of these resources usually limits the use of these platforms in thiedaments and
prohibits their widespread to other fields and applications. To address this limitatiis paper presents a lowost, easy to use, and flexib
platform called MyoHMI for developing redine human machine interfaces for myoelectric controlled applications. MyoHMI facilitates
interface with a commercial EMfBased armband Myo, which sts less than $200 and can be easily worn by the user without the ne¢
special preparation. MyoHMI also provides a highly modular and customizable C/C++ based software engine which seargledsly &
variety of interfacing and signal processing mias, from data acquisition through signal processing and pattern recognition, teimesal
evaluation and control. The experimental results on dielied human subjects for controlling two evaluation platforms in real time veri
the merit of the MyoHM platform and demonstrated the feasibility of a leest solution for the development of myoelectric controll&€
applications.

Special &ssions

#1946 SeltOrganizing Map for Data Collection Planning in Persistent Monitoring with Spatial Correlations
Jan Faig(CZz)

This paper introduces an extension of the unsupervised learning method to solve data collection planning problems wiretar psetisor
measurements can be spatially correlated. The problem is motivated by monitoring tasks formulated agei@ofecting Traveling Salesman
Problem with Neighborhoods (PIGSPN). A solution of the AGPN consists of a selection of important sensors, determination of the locations
to read data from these sensors, and finding the shortest path to visit theidmsa The solution cost is defined as a sum of the travel cost and
penalty characterizing additional cost associated to sensors from which data are not retrieved. The penalty represerasémpbdmparticular
sensor measurements to the quality of the de and existing solutions assume the penalties are constant values. However, for spatially close
sensor locations, data from one sensor may contain also information about nearby locations and thus, its penalty depmsad®os selected

for data colletion. The proposed generalization of the-PEPN solver allows to consider spatial correlations of sensor measurements and the
proposed approach provides better solutions than the previous algorithm with fixed penalties.
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#1050 Auto-Assisting Figure Presentation System for Inclusion Education

Junji Onish{JB, Tadahiro SakdilB, Masatsugu Sakaji{uB, Takahiro MiuraJB, Tsukasa On@IP)

In most of cases, communications based on multimedia form is inaccessible to the visually impaired. Thus, persons lacking
eyesight are eager for a mettothat can provide them with access to progress in technology. We consider that the main
important key for inclusive education is to reahely provide materials which a teacher shows in a lesson. In this study, we
present tactile sense and kinestheticnse assisting system in order to provide figure or graphical information without an any
assistant. This system gives us more effective teaching under inclusive education system.

#1093 Low Vision Aid through Laser Retina Imagigioward Building Eyesigkaid

Yasuyuki MurafJB, Makoto Suzuk§JB, Mitsuru SugawardJB, Hisayuki Tatsum{UB, Miyakawa MasahirdJP)

Laser retina imging technology enables creation of a clear picture in any retina area. It isffeeys.e. irrelevant of refractive
RAA2NRSNW® {2 Ay Ylyeéd OFraSa 2F 26 Grarzyxr 2yS Oly asSsS G(KS
applicatilms of this emerging technology, including 1. Development of eyesighfor low vision, an HMD (headounted

display) on which this technology is implemented, 2. Creating a vision sensitive area map of retina, a novel notiory. precisel
Especially this mainnovate perimetry technologies in ophthalmology important in finding disorders in vision. We list up
requirements for the eyesigkaid, including a compensation of partial visual field loss. Finally we indicate that part of our
requirements is feasibley presenting our preliminary experiments. Indeed, we show that it is possible to detect a pictogram
OG9EAGED YR LISRS A G Nkd bgth in thedzgiRily Bidisthd pattesh redognBionpi@drafhs (SURF method).

#1094 Touch Tracking Analysifor Graphics Image Acquisition by the Visually Impaired Toward
Understanding Graphical Image Creation by Tot®#nsing

Yasuyuki MurafJB, Hisayuki Tatsum(iJB, lwao SekitdJB, Miyakawa MasahirdJP)

One of the problems regarding graphics for blind individual is that we have few data on how he (she) acquires graphical
information through touching. In this article, we propose a method of tracking thehgoint of his (her) fingertip on graphics
material using cameras (an analog of ¢sacking) for analyzing the image acquisition process. We exhibit the method on an
edgeoutlined tactile picture of a flower and show that it yields basic features ofottginal outlined flower by an experiment
relying on a visually impaired subject. As a linked yet remotely material in Section 3.1 we describe our other applioatioa of
tactile map in which we have introduced the idea of sharing positional infoomabetween touching a tactile picture and
looking into a graphical picture using a tracking technology.

#1182 Consideration of the Experience of a Blind User Using a Tactile Graphics Editor Available for Blind
People

Noboru TakagfJB, Masaki Yuj{JB, Motoyoshi Tatsu¢JP, Morii ShingdJP)

Tactile graphics are widely used for blind people to access visual information such as maps, diagrams, and grapts. and so
Tactile graphics are usually produced by sighted people, but some of the blind people want to produce tactile graphics by
themselves to express their ideas or opinions. A special writing utensil, called avréese is used when a blind person draw
tactile graphics alone. A raiseriter consists of a cellophane sheet and a pen without ink. If a blind person writes characters or
line-drawings on the cellophane sheet using the pen, the script swells so that the blind person can feel them. Howe\er, once
line has been drawn on a cellophane sheet, it cannot be erased or redrawn, ardtdinengs using a raiseriter cannot be

utilized by computers. To improve this drawback, we are now developing a system which enables blind people to produce tactile
graphics without any help from sighted people. In this paper, we present our system, and discuss the effectiveness of our system
through the experience of a blind user.

%)
=
o
&
8
o
o}
o
0p)

#1246 Pupil Diameter Measurement in Visiblleght Environment Using Separability Filter

Morita Yuki(JB, Hironobu Takan¢JB, Nakamura Kiyom(JP)

The various systems using the information of pupil diameter variation have been studied and developed. These systems are
presupposed to be operated on a geneqalrpose PC or a portable terminal. To obtain the information of pupil diameter, a near
infrared camera and illuminations are required. However, the conventional PC or portable terminal does not have a near
infrared camea and illumination. If the pupil diameter can be measured by using the \ighlecamera equipped in the
generalpurpose PC or the portable terminal, such systems using the information of pupil diameter variation can be widely used.
It is difficult to dscriminate between the iris and pupil regions in an image captured by the vigjbtecamera because the iris

and pupil colors of Asian people are similar. In this paper, for the generalization of the systems using the informatjwih of p
diameter varation, we proposed the measurement method of the pupil diameter from the image taken by the Jligfiile
camera. From the experimental results, the accuracy of proposed method was equivalent to that of the conventional method of
pupil diameter measuremenising the neainfrared camera and the illumination.
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#1341 Gait Analysis of Normal Subjects by Using Force Sensor and Six Inertial Sensor with Wireless Module
Keita AoikgJB, Kouki NagamunéJB, Koji Takayam&JB, Kuroda Ryosuk@B, Kurosaka Masahir@IP)

Gait motion is strongly relating with human health. Therefore, it is important to analyze the gait motion. This study éawslop a system to
measuresole pressure, acceleration and angular velocity in gait motion. Then the system can measure the parameters by usingcseven fo
sensors and siaxis inertial sensor for each sole. The experiment was performed with three normal subjects by using thegsystsm. An
analysis method consists of three steps. The first step specifies gait cycle from the value of the acceleration. Theegecatullates the
excursion of ankle joint by integrating the angular velocity. The third step specifies forentbktratmost points of gravity center in gait cycle
from the seven force sensors and calculates anteroposterior distance of gravity centers. The target parameters were ekamid®joint and
anteroposterior distance of gravity centers. In the experimestride lengths of the subjects were three patterns of 10 cm, 50 cm, and 100 cm.
There was a tendency that the ankle excursion was small when the stride was small.

#1419 ldentification of Ovarian Follicle with Ovum from Ultrasonic Images
Manabu Nii(JB, Hideaki KozakafJB, Masakazu Mrimoto (JB, Syoji Kobash{JB, Naotake Kamiura(JB,
Yutaka HatgJB, Seturolmawaki(JB, Tomomoto Ishikaw&]B, Hidehiko MatsubayastiiP)

In the infertility treatment, medical examinations using ultrasonic devices, which can diagnose the mbtur'safely on real time, are major.

It is very difficult to judge the existence of an ovum before carrying out the paracentesis. A system which can distiagexstence of the
ovum in the ovarian follicle using ultrasonic devices is required. $npdwper, several features of the deformation of ovarian follicle are defined
and extracted from the ultrasonic moving image in a paracentesis operation. These features are extracted from the uttragiogidmage
obtained at the time of an ovum extractimperation. We investigate whether some clusters according to the existence of the ovum are formed
using the defined features. Moreover, we also investigate whether some tendency exists in these features by the existeowveraf

#1493 Cerebral aneurgm occurrence prediction by morphometric analysis of the Willis ring
Marin Yasug(JB, Md Belayat Hossai@B, Manabu Nii(JB, Masakazu Mrimoto (JB, Syoj Kobash{JP)

It is known that lifestyle habit and genetic factor are main reasons that occur cerebral aneurysms. In addition, somesstgdiss that
cerebral artery shape might be correlated with a risk of occurring aneurysonsh& purpose of preemptive medical care of the cerebral
aneurysm, this study proposes a method to estimate a risk of occurring cerebral aneurysms based on the cerebral arter; Jineanethod
extracts morphometric features of the Wills ring such3d3 artery shape and bifurcation angle ifD3magnetic resonance angiography (MRA)
images. It then estimates the risk of occurring cerebral aneurysms from the extracted features using support vector r{8¢Mjeso validate

the proposed method, we empy@d 40 subjects with cerebral aneurysms, and 40 subjects without cerebral aneurysmsoheag cross
validation test was performed, and the method usind)3artery shape achieved a sensitivity of 75% and a specificity of 75%; one using
bifurcation angt did a sensitivity of 33% and a specificity of 71%; one using all features did a sensitivity of 68% and a specifibieyr89sT
showed that 3D shape is effective for cerebral aneurysm occurrence risk prediction.

#1507 Application of SeHOrganizng Maps to Data Classification and Data Prediction for Female Subjects
with Unhealthy-Level Visceral Fat

NaotakeKamiura(JB, Syoji KobashiJB, Manabu Nii(JB, Takayuki Yumot{JB, Kerlchi Sorach{JP)
In this paper, an applicationof s@lfNBH | YA T Ay 3 Y|l L&A o6{haQa0o Ay Of &&ATeéAy Fevelyisterdl It
is discussed. The proposed methohooses subjects fulfilling the standard specified by body mass index and abdominal circumfere
defines the class with subjects of which hemoglobin Alc (HbAlc) values and item values associated with a liver detetonatie subjects
having HhAlc and triglyceride values deteriorate, and that with remaining subjects. Normal SOM learning is conducted, usingedztedg
from original values of twelve items such as HbA1c and glutara@acetic. The constructed map consists of neurons wafibls. The label o
a winner determines the class of the presented unknown data. The prediction depends on the label of a winner for thegnasiembwn
RFEGFrZ | &8G4G 2F 2NRAIAYyLE REFEGE GKFEG RSGSNMMmIthihe oové origihad dath. ZExgenfrign
results reveal that the proposed method achieves the reasonably favorable accuracies in classifying data and in predictinglits.

Special &ssions §

#1657 A fundamental study on the effect of vibration stimulation for mmn modification in perception
assist
Kazuo KiguchiP, Koki Hond4JP)

In order to assist the daily life motion of physically weak persons such as elderly persons, many kinds eispsiveobot have been
deweloped. In the case of physically weak persons, perception ability to perceive the surrounding environment is often texlegisa A
method of perceptiod 4 aA 40 KIFI& 06S8Sy LINRPLRAaASR (2 laarad yz2i zhhi/berdni@Gmara SND
Perceptionl aaAaid | dzi2YF GAOFff& Y2RATA-Ssist rotSletattadINeIpdssibititg df Acgigent gukhSag collisios
0Si6SSy (KS dzaSNJ IyR &a2YS8S 20ail Of S& & Iyriotioh assistza@ewdr sindedayn@itianal yhotisr2 NJ
Ad dzi2YFGAOFtte 3ISYSNIGSR o0& GKS NeRoz2idx NBIAI NRE Sa athigphper &&hedza SN
motion modification method is investigated to make nabimotion modification in perceptioassist. It is known that kinesthetic illusion is
generated and subjects feel as if their antagonist muscle is elongated when vibration stimulation is added to tendon afistntagscle

around a joint. The possibilityf the motion modification using kinesthetic illusion by applying vibration to the tendon is investigated in this
study. Vibration stimulation is added to biceps brachii for the elbow joint motion. Some features of kinesthetic illusarbteéned duringhe

elbow joint motion by performing the experiments.
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#2258 Needs and mpressions of communication robotics by seniors with slight physical and cognitive
disabilities: Evaluation by system usability scale (SUS)

Takahiro Miura(JB, Goto Taich{JB, Kaneko KazuKiB, Sumikawa Yuk&IB, Ishii AyakaJB, Doke Mio(JB,
Suzuki Keit&JB, Okatani TaiyyJB, Kubota AkihirdJB, Nihei Misato(JP)

Various types of communication robots have emerged for supporting elderly people with impairments or frailties. Howeneedtiod

the robots for healthy elderly persons with decreasing physical and cognitivéesbitmains unclear. Knowledge about these needs
can help determine the guidelines or implications of the introduction of communication robots for healthy seniors. Thvelgthis
study is to clarify the needs and the impressions of various commtimicrobots for seniors with slight physical or cognitive problems.
The scores on the system usability scale (SUS) and interview results indicated that, with increasing participant age;likeammal
communication robots were more preferable than other tgpén addition, elderly persons with minor physical problems tended not to
prefer manually operated robots.

#2299 A Wave Detection Method for AiCoupled Ultrasound System on Human Abdominal Region

Takahiro &keda(JB, Mabuchi Tauya(JB, Naoyuki Takesu@lP, Naoyuki KubotgJP, Honghai Li{CN)

This paper describes an @oupled ultrasound system by using E2Q00. The system is aiméo use for inner muscle evaluation in
rehabilitation process. The system evaluates inner muscle with low constrain than conventional method which measured MR using
image, Xray CT and contacted ultrasound system. Oucairpled ultrasound system mea®s transmitted ultrasound wave with very
low power through human abdominal region by employing a puleaeiver with high sensitive pramplifier, and wave detection
method based on fuzzy inference finds transmitted wave from noisy wave. The fuzanadeis derived from characteristics of
transmitted wave. In the experiment, we evaluate the accuracies of wave detection method for human body.

#2320 Band Generation Process for classification of cerebrospinal fluid in Magnetic Resonance Images

KuantRu lee(TW), ChacCheng WUYTW), YungHsiao Chian§TW), Jiannher LifTW)

Cross section area (CSA) of spinal canal has been an important indicator for lumbartspweis LSSwhich remains the leading
preoperative diagnosis for adults older than 65 years. Until recently, the machine learning algorithms had been invest[gatetbr

an automatic classification system. The automatic classification systemteggioe luminance of cerebrospinal fluid (CSF) as the major
features. Unfortunately, the limited sequences of magnetic resonance images, which included only T1 and T2 sequenced, produce
certain level of false alarm and reduced the classification rate.bmd expansion process(BEP) proposed in [8] shed light on this issue
by generating additional bands with ndinear functions. The idea of BEP unveils the-hioear relationship among sequences to
increase the classification rate. The utilities of BER been evaluated in brain MR images [9]. This paper would like to extend the
applications of BEP for classification of CSF. The experimental studies further demonstrated the benefits of the BEP.

#2400 Visuospatial working memory game and measured memggrformances at various ages

Takahiro MiuraJB, Kenlchiro YabuyJB, Kazutaka Ued&JB, Tohru Ifukubd&JP)

Because of rapid population aging, it is necegsa design and develop senifriendly or disabilityfriendly interfaces that can decrease

the cognitive workload caused by an interface. At that time, the design implications and evaluation criteria of an irsieoiadebe
needed for creating senidriendly and disabilitfriendly interfaces. One of the elements that relate to memory functions for
manipulating interfaces include working memory. However, rough standard of visuospatial memory remains unknown. Particularly,
there are little reports abouthe relations between the age and the volume of visuospatial memory. In this paper, we aim to clarify this
relations for proposing interface implications by using a visual pattern span test. For effective measurement of the memory,
implemented a gamiéid measurement application based on visual pattern span tests. The results indicated that the median numbers of
memorable buttons on visuospatial memory were and 7.0 (interquartile range:93X). Also, the number of memorable buttons
increases as the agincreases until the age ranged-2b and then decreases gradually as the age increases afib 3®ars. Our
evaluation suggest that it can be effective to measure memory performance of, especially, children by the applicati@me that
designed basedn the entertainment concepts including a gamification.
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#1438 EPOC aware Energy Expenditure Estimation with Machine Learning

Soljee KinfKR, Junga Le€KR, Justin Yong Kwan Je@tR, Kyoungwoo Leé&KR)

In 2014, 39 % of adults were overweight, and 13 % were obese. Clearly, knowing exact energy expenditure (EE) is imppaotast for
training and weight control. Furthermore, excess pesercise oxygen consumpti (EPOC) must be included in the total EE. This paper
presents a machine learning based EE estimation approach with EPOC for aerobic exercise using a heart rate sensor.eOn a datas
acquired from 33 subjects, we apply machine learning algorithms usinga Wedchine learning toolkit. We could achieve 0.88
correlation and 0.23 kcal/min root mean square error (RMSE) with linear regression. The proposed model could be appl@mdto va
wearable devices such as a smartwatch.
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#1623 A Haptic Guidance System for Comput&ssisted Surgical Training Using Virtual Fixtures

Minsik HongUS, Jerzy RozenbltS)

A simple and robust fuzzy logic controller with a forbidden region virtual fixisineroposed for a haptic guidance system
developed to assist in simulatidrased training of laparoscopic surgery. A surgical training system that involves human in the
control loop is discussed. It uses a controller which adjusts control outputs ferddifftrainees based on their skill level. The
system involves virtual fixtures to improve human manipulation tasks inherent in this problem domain. The proposed controlle
cooperates with a heuristibased scaling factor modifier to make such adjustmeiitse experimental results illustrate the
feasibility and effectiveness of the proposed haptic guidance system.

#2158 Reaction force and surface deformation estimation based on heuristic tissue models

Arpad TakacgHU), ¢ | Y Haddegge (HU), Imre J. RudagHU)

Advanced surgical robotic systems aim to offer improved capabilities through automatdduelxfunctions. In the applications,

soft tissue mechanics and tedlssue interacton modeling play an important role in achieving optimal control, relying on model
based control methods. This approach allows for addressing crucial issues during teleoperation, suchdetayimstate
observation or stability. This paper presents a roapproach for modeling the behavior of soft tissue during surgical
interventions, relying on the widelgmployed concept of rheological models. The nonlinear Wiecher model is used for reaction
force estimation during tissue indentation, tested on beeédigamples for acquiring mechanical parameters from experimental
data. Curve fitting methods were used in both stress relaxation and constant indentation speed compression phases. Reacti
forces are estimated using the proposed model, followed by vetifinaests on exvivo beef liver samples. The results of this
research showed that the proposed novel rheological soft tissue model is capable of estimating the reaction forces #uting on
tool, if the shape of the deformed tissue is known in time. Thalel can be successfully integrated into clo$eap surgical
robot controllers.

#2160 Polytopic Model Based Interaction Control for Soft Tissue Manipulation

Arpad TakacéHU,Ws 1T & AU, tvid2iiAd | I (WUR S BrBalabogHY), Imre J. RudagHU)

Reliable force control is one of the key components of modern robotic teleoperation. The performance of these systems, i
terms of saéty and stability, largely depends on the controller design, as it is desired to deal with various disturbing conditions
such as uncertainties of the model parameters or lateimjuced problems. This work presents a polytopic cliasar
parametervarying (qLPV) model derived from a previously verified nonlinear soft tissue model, along with alraseélforce
control scheme that involves a tensor product polytopic state feedback controller. The derivation is based on the Tensor Prod
(TP) Model Trarisrmation. The proposed force control scheme is verified and evaluated through numerical simulations.

#1068 CrossCoupling Control of a Powered Wheelchair Driven by Rim Motors

YeePien YangTW), PoRay Che(iTW)

This paper proposes a tiraptimal pathtracking strategy of crossoupling control for a wheelchair driven by dual po
wheels. Each power wheel is integrated by a rim motor, a battery bank, a brake, and a controller. The control str
responsble for adjusting the speed ratio of dual power wheels to maintain a direction of motion that the driver com
under any road circumstance. Since the wheelchair motion is dynamically coupled with the left and right wheel speeds;
optimal pathtracking strategy is to compensate both wheel speeds with equal speed difference by predicting the intends
of motion. Experimental results show that the proposed cf02 dzLJt Ay 3 O2y i NRf a&adsSy A&
disturbances.

Special 8ssions

#2442 Dynamic Constrainrbased Rendering of Contacts in Haptics

Arash Mohtat(CA, Jozsef Kovecs€SA)

Kinesthetic haptic applications employ force feedback on top of graphic and sound modalities to enable theopensdor to
interact with objects within a virtual world. The force feedback sensation, in particular, is created by a haptic dewiispthgs

the forces arising from this interaction. These forces must accurately emulate a real contact interactwnjeetive which is
commonly referred to as higfidelity force feedback rendering. To achieve this, the current paper proposes a constteised
rendering using a virtual tool that comes into unilateral contact with the virtual objects. Unlike commasistatic or quasi
dynamic formulations in the haptics literature, a truly dynamic physical interaction between the virtual tool and the dabjects
modeled here. The paper develops analytical formulations for a canonical problem including collidird, cargtained contact,
slip and stick friction. Initial simulation and experimental evaluations show the potential of this method for handlingcatedpl
contact scenarios such as those encountered in haptic simulations of spinal or dental surgeries.
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#2452 Position Control of Robotic Catheters inside the Vasculature based on a Predictive Minimum Energy Model
Emmanuel Benjamin  Vander Poorten(BE, Phuong Toan Tran (BB, Gabrijel Smoljkic (BB,

Caspar Gruijthuijse(BB, Dominiek Reynaer{®8B, Jos Vander SlotgBE)

Accurate and precise control gatheters inside a vasculature is a difficult yet important task. Current manual approaches require significant
surgical skill. Over the years, surgeons build up a sort of mental kinematic map telling them how to handle the cathretar tm steer the
catheter tip safely through the vessel system. The irputput behaviour of the catheter is complex and depends heavily on its configuration
within and contacts with the vasculature. This paper introduces an alternative approach to control robotic cathEter inpuoutput
behaviour or secalled differential kinematics are derived from a patispecific vasculature model, following a minimum energy
argumentation. The validity of the proposed approach is demonstrated experimentally. Whereas the perferofianodetbased approaches

is obviously greatly influenced by the correctness of estimated parameters, within this work we show experimentally havabieaso
performance can already be achieved within the setup that was constructed. We expect thatsistiteample room for improvement by, e.g.,
putting more sophisticated identification, modeling and collision detection schemes into place.

#2348 Using Human Intellectual Tasks as Guidelines to Systematically Model Medical ®esical Systems

Andrew Y-Zong OWUSg, Yu Jiandug, PoLiang WuUS, Lui ShqU9, Richard BerlifuS)

In a medical environment such as Intensive Care Unit, there any passible reasons to cause errors, and one important reason is the effect of
human intellectual task. In this paper, we first provide five categories of generic intellectual tasks of humans, whermtegksach category

may lead to potential medicalreors. Then, we present an integrated modeling framework to model a medical ®ytysicaHuman System
(CPHSystem) and use UPPAAL as the foundation to integrate and verify the whole medical CPHSystem design models. Whemukdiicadin
CPHSystem, delapers need to consider whether the system design can mitigate the errors caused by these tasks or not. With a verified and
comprehensive model, a more accurate and acceptable system can be designed. We use a cardiac arrest resuscitatiomduidagedan

system (CARSNSystem) as the motivation example for such medical CPHSystem modeling. Experimental results show that the CPHSystem
models help determine system design flaws and can mitigate the potential medical errors caused by the humaruaitedisc.

#2481 Robust Lung Segmentation Combining Adaptive Concave Hulls with Active Contours

Sara SoltaninejaflCA, Irene ChengCA, Anup BasCA)

Lung segmentation is an importanirst step towards an automated CAD (Computer Aided Detection) system for a variety of medical
applications. These applications range from lung nodule detection for identifying cancerous tumors to acinar shadow deteickgmifying

Tuberculosis. In ouprior work we had used the Concave Hull algorithm for lung segmentation. However, our results showed over
aS3IYSyidlrdAazyd Ly GKAEA 62N] 6S AYGINRRdzOS 4! RILIIA@GSe O2yanlAdiG& KdzZ f a3
Contour Modé to make the results much more robust and eliminate the over segmentation and under segmentation problem. Our technique is
especially useful for automated detection of Juxtapleural pulmonary nodules that are attached to the chest wall. Experieseifial

demonstrate the improvements achieved by our new algorithm.

#1208 Information Supervisory Control of Human BehavigiConcept and Experiments Toward Realization

Kunihiko Hiraishidh, Naoshi UchihirgJP, Sunseong Chd@h, Koichi Kobayasl{JP)

A type of services that requires human physical actions and intelligent decision making can be found in various reaicfietdsservices by
floor staffin hotels/restaurants and caregiving in hospitals/nursing homes. The authors' group calls such a service the physicatiged ada
intelligent service, and is developing an Hi&ed system, called the smart voice messaging (SVM) system, that assistsastdy in
cooperation and knowledge sharing. In this paper, we propose the concept of information supervisory control (ISC) videdlealiled on the
SVM system. In this scheme, there is a central commander, called the information supervisor,siystéma. The information supervisor
provides a group of persons with appropriate information at appropriate timing. The control scheme of ISC is designed Hesedraept of
situation awareness. The information supervisor collects various informatiodetttify the current situation, and provides the persons with
information useful for the current and future situations. Toward realization of ISC, we conduct two experiments in ondewtbdw human
activity changes by providing information.
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#1539 Improving malignancy prediction through feature selection informed by nodule size ranges in NLST

Cherezov Dmitry(Ug, Samuel HawkinqUS, Dmitry Goldgof(US, Lawrence Hall(US, Matthew Schabath(US,
Robert GilliegU, Yoganand BalagurunathaftuS)

Computed tomography (CT) is widely used during diagnosis and treatment eSiahCell Lung Cancer (NSCLC). Current compided
diagnosis (CAD) models, designed for the classification of malignant and benign nodules, use image features, seleaies $Bldetrs, for
making a decision. In this paper, we investigate automatdectien of different image features informed by different nodule size ranges to
increase the overall accuracy of the classification. The NLST dataset is one of the largest available datasets on §TosN&SIWC. We used
261 cases as a training dathsed 237 cases as a test dataset. The nodule size, which may indicate biological variability, can vary substantially.
For example, in the training set, there are nodules with a diameter of a couple millimeters up to a couple dozen millithetpremis is that
benign and malignant nodules have different radiomic quantitative descriptors related to size. After splitting trainirestmgl datasets into
three subsets based on the longest nodule diameter (LD) parameter accuracy was improved from t6488804% and the AUC improved
from 0.69 to 0.79. We show that if AUC is the main factor in choosing parameters then accuracy improved from 72.57% aod’AB%
improved from 0.78 to 0.82. Additionally, we show the impact of an oversampling techniquleefaninority cancer class. In some particular
cases from 0.82 to 0.87.

Technical Prograh SMC 2016 Budapest




Proactive Healthcare Systems ()

Organizers: YRing HuangTsuTian Lee

October 11 (Wiesday, 09:30:11:00, InterContinental Budapest, Duna Salon 1V
Session Chairs: YRing HuangTsuTian Lee

#1101 Translating the Viewing Position in Single Equirectangular Panoramic Images
Frode Eika Sands(NO), YoPing HuandTW)

Equirectangular panoramas are popular tools for achieving 360 degree immersed viewing experiences. A panorama capt@es a Sct
from one point and panoramic viewers allow the use control the viewing direction, but the viewer is not allowed to move around.
This study proposes a strategy for transforming equirectangular panoramic images with the effect of moving freely imtansgods.

The strategy assumes that the panoraisan enclosed space comprising a flat ground and flat vertical walls. A equirectuangular Hough
transform is proposed for detecting the boundaries of the respective planes. The panoramic image is then decomposed into th
respective planes, the viewing poirs translated and a new panoramic image based on the new viewing position is composed.
Preliminary proof of concept test shows that the strategy allows free translation within simple panoramic images.

#1121 Early Detection of Driver Drowsiness by WPTddrLFNN Models

YoPing HuandTW), Nila Novita SaiTW), TsuTian LedTW)

CKAA LI LISNI LNBaSyda | YSGK2R GKFG OFy RSGSOG R NRIAGMNDNE InR NB & |
based fuzzy neural network (FLFNN) models. Drowsy drivers have been reported to be vulnerable to car accidents. Earlyofletecti
drowsiness can help alert drivers or passengers to provide a safety drive on the road. For those diklanedes without equipped

with advanced high technologies, there is a dire need to install sensor devices that can effectively detect drowsy dtaters aft an

early stage. Photoplethysmography (PPG) is aineasive optical technique that measunedative blood volume changes in the blood
vessels and has been universally used for research and physiological study. We develop such PPG sensor devices tbdrethestalle
steering wheel to detect the physiological conditions (such as normal to g)omsusing parameters extracted from the heart rate
variability (HRV) obtained from PPG signal calculation. Experimental results revealed that the proposed model is effssiasing

the drowsy levels of drivers.

#1191 Mining TimeDependeent Influetial Users in Facebook Fans Group

LrJen KadTW), YoPing HuandTW), Frode Eika Sandn@dO)
Yt2dziz | FlY2dza ! LIJE O2dzZ R YSI &adz2NB LIS 2 masued accordigyid the dafaSrond gas]
90 days and an individual who has high Klout score is thought as having high social influence power. Lots of busingasezatios

like to hire high Klout score people to help them to diffuse their brandgmesa However, Klout score cannot tell us who has high
influence power in a specific short time period. For example, it is possible that some of the users might always havidrngk in
power on Monday or on Monday morning. These tidependent influenti users probably have low Klout scores in average but have
high influence power in some specific time periods. Businesses should not just know who are the high Klout score usershieyt al
should identify who are the timdependent influential usersbecdza S +ff 2F GKSY YIe& KIF @S &az2vy$8 az
buying decisions. In this study, a framework based on frequent pattern mining is proposed to find thgeperedent influential users.
First of all, the framework will divide a prededid long time period into successive short time segments and then influential
N yal Oldrazya GKIFG O2yidl Ay ClL0O0So6221 FlyaQ AyTtdsSyOS LiRg@al R
proper time for timedependent influence user® spread information can be found. A theoretical experiment is given to verify the
effectiveness of the proposed framework.

#1430 A Novel Stabilization Condition for-$ Polynomial Fuzzy System with Tirdelay: A Surrof-Squares
Approach
ShunHung Tsa{TW), YuAn Cher{TW), YuWen Cher{TW), JiChang Lo(TW), HakKeung LantGB)

A novel stabilization problem for-§ polynomial fuzzy systewith time-delay is investigated in this paper. Firstly, a polynomial fi
controller for TS polynomial fuzzy system with tirdelay is proposed. In addition, based on polynomial Lyapgi@sovskii functio
and the developed polynomial slack variabletritees, a novel stabilization condition forSpolynomial fuzzy system with tingelay is
presented in terms of surof-square (SOS) form. Lastly, nonlinear system with-tiglay and a welknown FS fuzzy system with tire
delay are illustrated to demonsdte the feasibility and effectiveness of the proposed results.

Special 8ssions

#1452 Visual Tracking of Adaptive Particle Filter with Color Camera and Thermal Camera

JungTing HsyTW), ChengMing Huang(TW)

In this paper a visual tracking system by using the particle filter with a monocular color camera and a thermal camera is proposed t
track the target. The thermal camera, which can observe the heat originated from the target such as the human body qr vehicle
collabaates with the color camera to track the target in the cluttered environment or under occlusion. First, the extrinsic pasmet
0SG6SSy (GKS 02t2NJ OFYSN}Y FyR (GKS GKSNXIFf OFYSNI FNB OlIfAo
coordinaes. An adaptive multiple importance sampling scheme is then developed to efficiently generate the particle hypotheses by
dynamically fusing the target clues in the color camera and the thermal camera. These hypotheses are verified by eWhauatipes t
similarity on the distributions of color and significant edge in the color image. Moreover, the sparse appearance maoaleinscmto

the likelihood evaluation to improve the tracking precision when the target might be occluded. Finally, the proppsegichps have

been validated in several scenes to present the tracking performance.
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#1665 Simple and Practical Skin Detection with Static RG&or Lookup Tables: A Vidimation-based Study
Frode Eika Sandn@€O), Levent NeyséDB, YoPing HuandTW)

Many skin detection approaches have been proposed in the image analysis literature. Some areasunptatic; the others are

dynamic and rely on complex machine learning algorithms and training data. Generally the simple approaches are preferred. We
KeLRGKSaAl S GKFG GKS RS@OSt2LISNBAQ OK2AO0S T2N) (keSults andYeade Df I LILINE
implementation, since the results of more sophisticated results are not readily available. This paper explores the skinacialaye

number of hand samples using color space visualization. The results suggest that a static matisadficeafor many applications, but

that a small set of rules is not enough to capture the details of skin. Moreover, the results suggest that successftéctlan dees

not depend on the color space used as there are no apparent advantages of ysngeatual uniform color space such as ClElab. A

skin detection approach based on RGBor tablelookup is proposed that is able to capture the complex skin color cluster shape. The
method is practical and simple to implement with minimal computatioatcThe lookup table is released into the public domain.

#1906 Dynamic Time Warping for IMU Based Activity Detection

Chan Yang YuiTW), Yung Hsiang Chq@W), HurChuan Chen@l'W), ChirHsiu ChengTW), KucHo SUTW)

Based on an IMU motion sensitive device, a dynamic time warping (DTW) to detect risky activities of people under heatthmeea h
devised and implemented. DTW, benefidigd matching time sequences with nonlinear dynamic alignment of the sample points to
optimize the similarity, is especially a candidate for such a kind of activity detection because that the discrete mptalityesjuence

would be investigated with varus time or speed, and often be unequally lengthened. DTW shows potentially an excellence in dealing
straightforward with this kind of unequdéngth sequence matching problem. In this study, we clarify the use of DTW for such an
application in both theonand application aspects. Besides, a related neural network mapping development, often used in solving the
same kind of problem, is intentionally introduced in the paper for comparison. A performance investigation in both devédoprisen

to seek an exdent methodology to deal effctively and efficiently with the activity detection. The comparison causally confirms the
direct template matching based method DTW is superior in detecting temporally a matched activity from a continuous sigmaleseq
source DTW has thus been recommended to incorporate with the electronically assistive IMU device for monitoring specifically risky
motions of the people who are under remote healthcare.

#2492 Efficient DVFS based Energy Saving Scheme for Video Processingafippti of Mobile Healthcare
Systems

YenLin CherfTW), Ming-Feng ChangTW), WenYew LiandTW), Hsin Han Chian@W), TsuTian Le¢TW)

Energy efficiency, at the present time, becomes an important consideration in computer software engineering. Dynamicanditage
frequency scaling (DVFS) is an efficient approach for reducing CPU power consumption. This paper exploits DVFS techedgle to s

GKS FNIXYS GlFrala G2 O2NBa ¢AldK KA 3IKSNVaging comdbuieSiNnsityC Thel BVFS haged a RS L
scheduling scheme minimizes the number of voltage and frequency transition as possible to solve the limitation afidatdaltieS for

multicore systems. The proposed DVFS based scheduling scheme can improve the energy consumption by 9% to 16% with great
speedup for parallel execution. This proposed scheme can effectively improve the energy saving efficiency of videmgorocessi
applications for mobile computing and healthcare systems.

#1233 Cardiovascular Risk Prediction based on Retinal Vessel Analysis using Machine Learning

Karma Mohamed FathallafieQ, Aniko Ekar{GB, Swathi Seshad(GB, Doina GherghdlGB)

Cardiovascular risk prediction is a vital aspect of personalized health care. In this study, retinal vascular functiessés ass
asymptomatic participants whare classified into risk groups based on Framingham Risk Score. Feature selection, oversampling and
state-of-the-art classification methods are applied to provide a sound individual risk prediction based on RVA data obtained by non
invasive methods. The salts indicate that the RVA based cardiovascular risk prediction models are competitive with well established
Framingham and Qrisk based models.
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#1692 Characterizing Human Perception of Emergent Swarm Behaviors

Phillip Walke(US, Michael LewigUS, Katia SycardUsS)

ldzYly &gl NY AYyGSNIOGA2Y ol {L0O Ay@2ft@Sa 2LISNI G2NE I+ iK&MAY I Ay1T
informed decisions on how to influence tleellective behavior of the swarm. In order to determine the proper input, an operator must
have an accurate representation and understanding of the current swarm state, including what emergent behavior is currently
happening. In this paper, we investigat®w human operators perceive three types of common, emergent swarm behaviors:
rendezvous, flocking, and dispersion. Particularly, we investigate how recognition of these behaviors differ from eadh tiber
presence of background noise. Our results shbat, while participants were good at recognizing all behaviors, there are indeed
differences between the three, with rendezvous being easier to recognize than flocking or dispersion. Furthermore, difference
recognition are also affected by viewingng for flocking. Feedback from participants was also especially insightful for understanding
how participants went about recognizing behaviomllowing for potential avenues of research in future studies.
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#1459 EMRO ServicePolicy with Bilateral Requirements using Variable Fuzzy Recognition and Multi
objective Programming

Ling L{CN, Min Liu(CN, Weiming ShefiCA, Guoging ChenfCN)

Motivated by the challenges of seeking the optimab@siness based maintenance, repair and overhadVIE) service policy,
simultaneously considering bilateral requirements of quality of service QoS paper presents a mathematical model based on
variable fuzy recognition and mukbbjective programming. Cloud model is utilized to quantify the information of bilateral
requirements as the numerical values. Then, the comprehensive satisfaction of multiple attribute is calculated by uditeyfuazma
recogniion method. Based on bilateral satisfactions, a rroifjective programming model is formulated, where bilateral QoS
satisfactions are modeled as objective functions. By using global criteria method, theobjetiiive optimization is transformed to an
equivalent single objective optimization, which can be solved by LINGO. Finally, the opfitfaD Eervice policy satisfying bilateral
requirements is obtained. A case study illustrated the feasibility and efficiency of the proposed model.

#1796 Service arhitecture and evaluation model of distributed 3D printing based on cloud manufacturing
Yinan WYCN, Gongzhuang Pen@N, Lu CherfCN, Heming ZhangCN)

3D printing is aikd of important method in the field of rapid prototyping and customized production. In order to achieve the purpose
of production integration and product customization of 3D printing, this paper propose a 3D printing cloud integratednplatfor
architecturebased on cloud manufacturing. Moreover, how to evaluate and select the services of different distributed 3D printing
terminals in cloud platform also requires further-depth study. To address this issue, a service evaluation model of distributed 3D
printing based on cloud manufacturing is designed and proposed in this paper. This model can be used to characterization tt
evaluation information of each dimension by fuzzy theory, and the evaluation results of the service can be accurateigdjbgiitizy
number operation. The illustrative example show that the model and the evaluation method can effectively quantify thepealifge
improve the quality and accuracy of services selection.

#1857 A FineGrained Permission Control Mechanism for Exter&torage of Android

Feigiao HuangCN, Wenjia WuU(CN, Ming YangCN, Junzhou LuU@CN)

Android lacks fingrained permission control for the external storage. Under theent coarsegrained mechanism, any application is
able to access all the data on the external storage very easily. At the same time, many applications store sensitivetdataxternal
storage, and some of these data are highly concerned with useagy, which could bring severe security problems. In this paper, we
propose a finggrained permission control mechanism for external storage of Android. The mechanism is based on Filesystem i
Userspace (FUSE) and offers the following features: proteatiag private media files such as photos and videos; isolating the data of
each application; providing access control settings for user. We implement this mechanism on the latest Android vergiaaluoyng

a new type of GID (ESIBHD), extending the @inctionality of the emulated filesystem as well as the system services. The results of
functional verification and performance benchmark show that with a reasonable performance overhead which doesn't affect usel
experience, this mechanism brings considéeatnhancement for Android system security.

#1858 An Advanced Collaborative Environment for Software Development
Gregory Moro Puppi WanderléyR, Marie-l St § y &R,Ueardaul Barthe (FR, Emerson Cabrera Parais
(BR)

Collaborative software development is a complex activity. An important factor that needs to receive attention in collabsotitiare
development is softwarguality. High quality software reduces the development and the maintenance; improves delivery sche
and reduces repairs and rework. In order to measure, evaluate, control and improve the software quality, software mebrécasith
In this researh we present an advanced collaborative environment for software development currently being built, called A
which intends to support the improvement of the code quality during collaborative software development. ACE4SD is a system
systems composedf a software development environment, a medifjent system and a platform to capitalize and manage knowledge,

all of them being integrated in the same environment. ACE4SD can provide personalized support to team members to impoolee the
quality and ewourage its reuse, it can answer questions or doubts arisen during the development, record document problems anc
solutions, and improve the awareness and collaboration between the participants.

Special 8ssions

#1905 A TwoPhase Strategy with Micro Genetic Algorithm focl&duling Multiple AGVs

Yanjun SHICN, Xianchao Wan¢CN, Sun Xueya(CN, Rong Xi€CN, Zheng XiaojufCN)

We herein try to schedule multiple AGWsreal time with twephase strategy in the flexible manufacturing workshops. This study
considers the impact of running time, vehicle stopping and turning of AGVs, and deal with static workshop scheduting skalp
scheduling with timevindow basedmicro genetic algorithm. And we present a tstage scheduling strategy for offline shortest path
library generation and online optimal scheduling scheme generation. The preliminary experimental results showed theye#ficienc
stability of the proposedtsategy and algorithm for Multiple AGVs system.
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#1961 A Flexible Architecture for Selection and Visualization of Information in Emergency Situations

Bruno Santos NascimentBR, Adriana Santarosa Vivacq@BR), Marcos BorgefBR)

Emergency command and control centers (CC) are integrated facilities to assist and handle crisis situations. In these CCs,
operators suffer both with information shortage and overload. This paper focuses orintbenation overload problem.

Operators often do not have adequate access to information that may be relevant in the deuiagiing process. In many CC

centers, information is stored without filtering or refinement for later use, and its visualizatipreidefined at design time,

offering no possibility of customization. To address the problems created by this lack of support, we propose an arclotecture

enable fast and easy selection from multiple information sources, and definition of appropr&talizations. Following this

F NOKAGSOGldNBsE 65 RSOSt2LISR KS 4a9YSNBASyOe 51 aKoz2F NRéxX | &aea
it, using configurable dashboards. We also provide collaborative mechanisms, given that, at timest ppossible for a single

user to handle such large datasets alone.

#2091 Understanding the Resource Positioning Methods that Support Mobile Collaboration

Sergio Ocho&Cl), Daniel Antonio Moren¢ClL)

Many mobile collaborative applications use resource positioning to provide services fosensl Depending on the features of

the collaboration activity to be supported, some positioning methods are more suitable than others. Despite the largéhresearc
done in this area, it is not clear which positioning method is more appropriate to support a particular collaboratiow. altiigt

paper presents a survey of positioning methods that can be used to support mobile collaboration. It also characterizes and
compares these methods in order to determine which ones are more suitable, depending on the type of activity to be supported.
This information helps software designers make this decision when they are conceiving a new mobile collaborative system.

#2183 A ClientSide Directory Prefetching Mechanism for GlusterFS

Zijian LiUCN, Fang DondCN, Zhang JunxuéCN, Pengcheng Zho{CN, Zhuging X{CN, Jurezhou LUqCN)

Distributed file system has the characteristics of large capacity, good scalability and high reliability, which make itseudié

many areas involving larggeale data storage. It offers simplified, highlailableservices for users to access data. However, due

to the nonmetadata design, the performance of traversal operation on large directories in thosenetadata distributed file

systems is poor. With the increasing amount of files, it severely affects threeyperience. In this paper, we present a directory
prefetching mechanism on the client side to reduce directory traversal operation latency kimatadata distributed file
ad2ad0SYd ¢KS YSOKFyAaYZ O2YO0AYSR g A& higtdySto piedidt fiyiré &céessQatt@ kK S | R
and fetches the content of the directory without user intervention. Our goal is to reduce the overall access latencydn-the n
metadata distributed file system in order to better satisfy the user experience.

#2267 Open Product Design and Production in tefabled Manufacturing Cloud

Chen Yan¢CN)

[ dza 02 YAT SRk LISNAR2Y Il f AT SR LINPRdzOG& FNB 3AFAYyAYy3d Y2NB aKINBa Ay
from consumers, manufaocters and third parties. On the other side, the Internet of Things (IoT) with pervasive
sensing/actuating/networking ability greatly facilitates remote operation of manufacturing activities and efficient cotlabora

among stakeholders. This provides gregportunities to the above demand. Thus we propose adafinection model of

product lifecycle in the lo€nabled cloud manufacturing environment. The model uses social networks to connect multiple

parties and facilitate open innovations, 10T to glueygibal space to cyber space and cloud manufacturing to provide various

elastic services, so that the alemand workspace, interaction, information sharing or collective problem solving are enabled.

We also propose a supporting infrastructure for this magakghg the latest information and communication technologies. Finally,

we present a RFID (Radiequency identification) enabled production system for customized/personalized products with the
FoAftAdGe G2 SyrofS | ySg LI NIRAQXE 2170 20N 8lyA 2¥WAEO FLINRYTHS aRASET I NBR
production.
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#2427 A Fault Prediction Method Based on Modified Genetic Algorithm Optimized BP Neural Network

Qing LiUCN, Min Liu(CN, Feng ZhangCN, Weiming SheiCA)

In order to improve fault forecasting model accuracy of back propagation neural network JB&NMNnproved prediction
method of optimized BPNN based on Multilevel Genetic Algorithm (MGA) was propdgedesign new chromosome with
multilevel structure, improve the encoding mode, fitness function and genetic operator. Which can optimizes the initelofalue
weights, thresholds and the structure of BPNN synchronously. Enhancing the ability of noldarearg and generalization of
BPNN. Case study of continuous casting equipment verified that the proposed model with higher prediction accuracy is better
than classical BPNN and -BRNN prediction method for fault prediction.
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#2474 Exploring asymmetric collaboration in social news curation

Daniel SchneidéBR, Jano Moreira de SouZBR)

We report on the second design cycle of Acropolis, a social computing platform that allows citizens to build and shawnetheir
narratives about longunning news stories. A key goal of this resbaproject is to explore the following design opportunity:
how can we redesign news stories in order to engage citizens in their reading and curation? In this paper, we describe al
asymmetric collaboration approach to engage the crowd of citizens inlsmigs curation. We conclude with the description of

a quantitative evaluation conducted during the second design cycle that yielded very encouraging results.

#1939 Collective Motion of SeHPropelled Particles without Collision and Fragmentation

ChenlongHe(CN, Zuren FendCN, Zhigang RefCN)

In this paper, we propose a novel model to generate collective motion ofpsgffelled particles without collision and
fragmentation by means of adjting the absolute velocity instead of the constant speed used in the original Vicsek model.
Interactions among particles are represented by thiémited Delaunay graph to guarantee the locality of the model. The
centroid of the Voronoi cell is set as adlination to scatter particles. The formation of the group is controlled by the surface
tension generated by particles on the boundary. Without noise and periodic boundary, given a céiisiaand cohesive
configuration initially, the abundant types dafollective motion emerge from the local behaviors. Numerical simulations
demonstrate that our model can produce rich behaviors such as crystallization, rotation, flocking and cluster with different
combinations of two coefficients adjusting the amplitudecentering force and surface tension, respectively. Collisions among
particles and fragmentations of the group do not appear.

#1610 Temporal and Agent Abstractions in Multiagent Reinforcement Learning

Danielle Marie Clemerfug, Manfred Hube US)

A major challenge in the area of multiagent reinforcement learning has been addressing the problem of scale, more gpecifica
the fact that increasing the number of agents in a system dramatically iresdasth the cost of representing the problem and

the cost of calculating a solution. In single agent systems, temporal abstractions in the form of options have been used |t
address part of the scaling problem, but only limited work exists for multiagestesys, largely limited to cooperative games.
This paper presents a formalization of options for multiagent systems and introduces a framework for agent abstraction tha
treats coalitions executing options analogously to agents with policies, resultingpimea-dimensional game whose equilibria
approximately correspond to equilibria in the higher dimensional game.

#1490 A Systemsgheoretic Approach to Early Concept Development
Cody H Flemin@JS)

The secalled ilities" of a systa ¢ such as safety, interoperability, and efficiengghould be designed into systems from their
very conception, which can be achieved by integrating more powerful analysis techniques into the general systems engineeri
process. The primary barrier talaieving this objective is the lack of effectiveness of the existing analytical tools during
concept development. This paper introduces a new technique, which is based on general systems theory and hierarchic
theory, that can capture behavtis that are prevalent in complex humaand softwareintensive systems. This paper present
new technique that supports rigorous, systematic analysis of future concepts in order to identify potentially advers®sd
and undocumented assumptionsahmay inhibit mission objectives. Furthermore, these techniques are intended to ad
issues associated with the interaction, integration, and coordination of agents with heterogeneous detgimgy capabilit
and qualities, varying levels of autonmii and changing roles of human operators."

Special 8ssions

#2298 Torque Reflecting Coordination Control Interface for Bilateral Shared Autonomous System Over
Communication Network

Shafiqul IslanfCA, Dias Jorg€PT), Lakmal SeneviratnéAE)

In this paper, state and torque reflection based robust coordination control interface is designed for network basedIbilatera
shared autonomous under asymmetrical delay and uncertainty. The control iniemaatterface for master and slave
manipulator is designed by combining delayed position and velocity signal with the delayed reflected torques from the
interaction between human and master and between slave and environment. Robust adaptive control tectsnicged to deal

with uncertainty associated with the gravity, unmodeled dynamic and other external input disturbance. By using Lyapuno
method, the convergence of the closed loop system is shown. In contrast with existing force/torque reflection bsigged the
proposed control interface can deal with uncertainty associated with the gravity, unmodeled dynamic and external input
disturbance. Compared with other methods, the proposed interface uses reflected torques from the interaction between master
and human and between slave and environment improving the transparency of the bilateral shared autonomous system. Finall
evaluation results are presented to demonstrate the validity of the proposed design feimeahpplications.
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#1048 Pth moment exponential stability for impulsive stochastic delayed neural networks

Yang TandCN, Xiaotai Wu(CN, Wenbing Zhang¢CN)

This paper is concerned with pth moment exponential stability of stochastic delayed neural networks. By using the
Lyapunov function method, some stability criteria of impulsive stochastiyddl systems are obtained, and these results

are applied to the study on the stability criteria of stochastic delayed neural networks. It is shown that if the continuous
stochastic delayed neural network is stable and the impulsive effects are destapitizén the stochastic delayed neural
network is exponentially stable with respect to a lower bound of the impulsive interval. Moreover, if the continuous
stochastic delayed neural network is not stable, the impulsive effects can successfully stabitie¢atfed neural network

for a given upper bound of the impulsive interval. One example is presented to demonstrate the usefulness of the
proposed results.

#1089 An Hinfinity approach to Fault detection for Multirate Sampledata Systems with Frequency
Secifications

Shengri XuéCN, Shen YifCN, Huijun GadCN)

The target of the article is to solve the problem of fault detection for a multirate saraéed system with frequency
specifications And the multirate condition considered in this article is that different channels of both the inputs and the
outputs have different sampling rates. This paper aims to solve this fault detection problem with using a fault detection
filter to make the reslual system satisfy a given disturbance attenuation level over a restricted frequency range. The
problem is solved via refmulating the multirate sampledata system with extended inputs and outputs and utilizing the
generalized Kalman | | dzo-Ro@ol tema to deal with the restricted frequency specifications. Finally, we use an
example to illustrate the design proceduredashow the advantages of the proposed method.

#1140 CloudAided Moving Horizon State Estimation of A F@ar SemiActive Suspension System

Xunyuan YigCA, Lixian ZhangCN, Zhaojian L{US)

In this work, we investigate a state estimation problem for adal semiactive suspension system. To account for the
complex calculation and optimization problems, a vehtokeloudto-vehicle (V2C2V) scheme is utilized. Moving horizon
estimationis introduced for the state estimation system design. All the optimization problems are solved in a remotely
embedded agent with high computational ability. Measurements and state estimates are transmitted between the vehicle
and the remote agent via netwked communication channels. The effectiveness of the proposed method is illustrated via
a set of simulations.

#1282 Faulttolerant consensus for a group of doubiategrator agents communicating over directed
topology

Gaosheng Zhan@N, Jiahu Qir{(CN, Yu KandCN, Wei Xing Zhen(AU)

This paper studies the fadiblerant consensus problem for secowdder multragent systems with actuator faults and
strongly connectd topology. The proposed fadiblerant consensus protocol is an active faudlerant control strategy

which consists of a nominal control and an estimation of fault severity. To solve thedkuéint consensus problem, a
Lyapuov method is employed ek on the algebraic connectivity of strongly connected digraph. The results show that the
consensus will be achieved if the nominal control is designed properly and the estimation of actuator fault is within a
certain accuracy. Finally, a simulation exaeniglgiven to demonstrate the validity of the theoretical results.

#1345 Periodic Model Predictive Control of MuHHop Control Networks

Dai Satoh(JB, Koichi KobayasliiB, Yuh Yamashit&IP)

In this paper, a new method of model predictive control (MPC) for a #hafii control network (MHCN) is proposed. An
MHCN is a control system in which plants and controllers are connected through ahoulivireless network. In the
proposed method (i) control inputs and (ii) paths used in transmission of control inputs are computed with constant
period by solving the finitéime optimal control problem. First, a mathematical model for expressing an MHCN is
proposed. This model is given by a switdhinear system, and is compatible with MPC. Next, the fimibe optimal
control problem using this model is formulated, and is reduced to a mixed integer quadratic programming problem.
Finally, a numerical example is presented to show the effectivenfetse proposed method.
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#1698 Asynchronous Hnfinity Stabilization of Switched Systems with Overlapped TiYarying Detection
Delays

Yu Rer{CN, Meng Joo EfSG, GuanghuiSun (CN)

This paper is concerned with the asynchronodisfihity statefeedback stabilization problem for a class of switched linear
systems with detection delays. Without lose of generality, the avatl signal is considered to satisfy dwell time switching.
Timevarying overlapped detection delay, which is allowed to be overlapped with others and much more challenging thar
the detection delay of overlappeftee, is introduced. By establishing the stidp of the considered autonomous system,
controller is designed such that the closkep nominal system is globally uniformly exponentially stable. Stabilization
controller, which has @ H-infinity disturbance attenuation performance, is further design®r the considered systems

with additive disturbance. A numerical example is provided to illustrate the theoretical developments.

#2431 Stability and Stabilization of Polynomial Fuzzy Thdelay Systems under Imperfect Premise
Matching

Li Li(CN, HongweiXa (CN, Qinghua Zh§CN, Yanmin WandCN, Changhong Wan{CN)

This work focuses on stability analysis and stabilization synthesis problem fasaotl@akagbugeno (S) polynominal
fuzzymodelbased timedelay systems based on the swrhsquares (SOS) approach. Firstly, a novel stability criterion is
proposed based on Lyapunov stability theorey, which is less conservative as the informatiennoérnbership functions

is included in the stability conditions. Then, a new fuzzy controller with greater design flexibility to stabilize the colsed
loop system is developed. Finally, a simulation example is provided to illustrate the effectivenespudpbsed design
methods.

#2432 Stability Analysis and Stabilization for-§ Fuzzy Timdelay Systems with Mismatched Premise
Membership Functions

Li Li(CN, Hongwei XidCN, Liu JianwefCN, Ren JiadondCN, Ma GuangchengCN)

The stability analysis and control design problem of Takageno (IS) fuzzy timelelay systems under mismached
premise membership functions is investigated in this paper. émbership function dependent stability criterion is
derived first based on Lyapunov stability analysis method. As the information of the membership functions is included i
the derived criterion, it is less conservtive than those of independent ones. Bhferzzy controller is derived to stabilize

the corresponding closelbop system. All the conditions in this paper is described in linear matrix inequalities (LMIs)
frame that can be handled numerically. Finally, some numerical examples are presenteticeid the effectiveness of

our approach.

#1197 Finite-Time Topology ldentification And Function Projective Synchronization Of CaBerssberg
Neural Networks With Time Delays And Stochastic Disturbance

Min Han(CN, Yamei Zhan¢CN)

We studied finitetime function projective synchronization of unknown delayed Colx@nssberg neural networks wi
stochastic disturbance. A hybrid control scheme is proposed to let the-degponse networks synchronize and have
saling function relation in finite time with topology identification by using the fisiitee stability theory. Furthermore
we estimate the high bounds of the synchronization settling time. Finally, the corresponding humerical simulation
applicatian in secure communication are provided to verify the correctness of the method we proposed.

Special 8ssiors
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#1970 Nonsimplex Enclosing Polytope Generation Concept for Tenfwoduct Transformation based
Controller Design

Ws 1 a §AY), PetaiGalamboHU,t SG SNJ %2 f(dU) Yy . | NI y & A

In polytopic modebased controller synthesis, the vertices of the deb determine the achievable performance
characteristics. This paper introduces a new concept, that allows for the sophisticated construction -sifTipdex
enclosing polytopes. The neimplex structures in general, have much better descriptor propettias the simplex one

that leads to less conservative synthesis. The paper demonstrates the workflow of controller design for a nonlinear system
through the example of the TORA (Translational Oscillator with a Rotational Actuator) system. The numeiitsal resu
clearly show that the proposed approach is capable of excludingstabilizable regions located between the exact
convex hull and the enclosing simplex. The-sonplex polytope leads to an increased number of vertices but it practically
does not inflence the viability of Tensd?roduct (TP) formalization and the feasibility of controller design while the
achievable control performance can be improved significantly.

#2303 Minimum LTI Exact Representation of MuFlarameterDependent Systems

PatriciaGrof(HK), Yeung YaniHK)

The aim of this paper is to propose a method that generates the minimum number of lineamtnaugant systems (LTIS)

used in an affine set to determine any parametipendent nonlineasystem. The implication is to reduce the order of

LTIs containing core tensor, as it can be quite large in the case of a big number of parameters, as previously every
parameter was added to the parametspace in a new dimension. Therefore, this work idtroes a joint higher order
singular value decomposition and canonical polyadic decomposition (CPD) to derive LTls and a joint minimum volume
simplex analysis CPD decomposition to obtain the convex polytopic model. The results are demonstrated on thee exampl
of three degrees of freedom aeroelastic wing section.

#2304 Simplification on a Kinetic Model Network Related to Hydrogen Peroxide Metabolism in Human
Erythrocytes

Patricia GrofHK), Yeung YanHK)

The paperdiscusses how the Tensor Product strture is useful to simplify kinetic models of biological networks and
provides basic mathematical tools one can start the kinetic model with. The applied method known as joint-ElRI3VD
decomposition is helpful to iddify latent parameters, this work is utilizing it to determine the role of different
parameters in a biochemical reaction. A case study is presented demonstrating the results on peroxiredoxin | / thioredoxin
/ thioredoxin reductase system, as peroxiredoximight have an important role in cancer modulation. After the
transformation, it is clearly shown, which equation is taking part in the reaction, and what are the parameters the network
depends on.

#2310 Kronecker Product Approximation with Multiple F&ar Matrices via the Tensor Product Algorithm

King Keung W(HK), Yeung YaniHK), Helen MendHK, Mehran Mesbah(US)

Kronecker product (KP) approximation has recentherb applied as a modeling and analysis tool on systems with
hierarchical networked structure. In this paper, we propose a tensor predased approach to the KP approximation
problem with arbitrary number of factor matrices. The formulation involves aehavatrixto-tensor transformation to
convert the KP approximation problem to a best rgR«,...,RN) tensor product approximation problem. Besides, we
develop an algorithm based on higherder orthogonal iteration to solve the tensor approximation prahleWe prove

that the proposed approach is equivalent to conventional singular value decompebdged approach for two matrices
OF&asS LINRPLRASR o0& Iy [2Fyd | SyO0Ss 2dzNJ 62N] A& + ISYSNI A
We denonstrate our approach by several experiments and case studies. The results reveal that the tensor product
formulation can effectively achieve the KP approximation objective.
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#1407 Modeling and Control of Urban Expressways with Emergency using Hybrid Rets

Yaying Zhan¢CN, YueFeng F(CN)

The urban expressway model based on hybrid petri nets is proposed. With the traffic detecting cameras and coils, the
strategies of traffic signal lights and warning light® @&nforced aiming to prevent the larggeale congestion in
emergencies (e.g. accidents). The simulation results verify the effectiveness of the proposed model and the warning light
strategy is demonstrated to be suitable for the controlling of accig@nnhe weaving sections in the urban expressways.
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#1147 Design and Implementation of a Bant-specified Cognitive Engine for Robotic Needle Insertion

Xiaoyu TarfSG)

In order to develop an effective and uskiendly control method for surgical robotic system, we propose a new framework of
cognitive engine to supervise anggulate the surgical processes. The framework aims to make the surgical processes
understandable by both human operators and robots. A prototype cognitive engine was implemented using ontology anc
SPARQL query language on JAVA and testediveyphanbm experiments with a robotic RF needle insertion system. The
prototype cognitive engine has successfully guided the robot in execution of surgical procedures.

#1373 Feature Analysis on Heart Failure Classes and Associated Medications

TunWen Pa(TW)

Heart failure (HF) is a major public health problem with an increasing prevalence that has tremendous impact to pabiesits all
the world. However, the signs and symptoms of HF in early stages are not clear, so it is relativelytdiffi@yient or predict.

HF is also one of complicated diseases, there are yet no strict standards to classify various types of HF patientsidus to var
tendencies in each cause. To discover new evidences and associated medications for each typesefitdf same known
features, we primarily divided patients into four major subgroups including systolic, diastolic, valvular, asgeuific types.

We have performed statistical analysis and prediction validation according to several selected feateashfotustered group

from CGMH patient medical records. The constructed reference models could provide necessary measurements and progno
indications for HF patients to prevent from deterioration. Based on analyzing medication records from all His patealso
applied SVM tools to train and classify the associations for different type of HF patients. The predicted results achieved &
accuracy rate of 75.26% through a-folds cross validation mechanism. In addition, the proposed system effectivedijcped

LI GASydQa adiNBAGIE &SFN | yR f AT 87%ubdeiSlifaientydbaneter seitifgs. | O O dzNI O

#1495 Glucose control with incomplete information

Alessandro Bor(iT), Simona PanunZiT), Pasquale Palumb@T), Costanzo Mane@T), Andrea De Gaetan@T)

This paper addresses the problem of glucose control in the presence of sampled measurementpid lissimportant in the

study and development of the Artificial Pancreas )(Afhich is a general expression to describe a set of techniques for the
control of the glucose behaviour by means of exogenous insulin administration in diabetic individdafeniyf from most of

the approaches available in the literature, we not only assume the lack of insulin measurements, but also the availtdi#lity of
glucose measurements just at sampling times. An observer is designed for the-lnaséel reconstructiolf glucose and insulin
trajectories from the glucose samples. On top of that, a feedback algorithm (based on the estimated state) is designed t
continuously deliver exogenous intk@nous insulin to the patient. Simulations have been performedilico o0 models of
virtual patients identified from real data and in the presence of quantization errors. The preliminary results highlight the
potential of the proposed approach.

#1756 Modelling for control of hypnosis a patient friendly approach
Clara M.lonescuBB, Dana Copof{BE, Robin De Keys€BE)

This paper presents in essence a mathematical framework for-giwgslification of pharmacodynamic models to capture d
effects in lumans. A large representative class of drugs are classically modelled by Hill equations, and a specific case is
in this paper. The proposed model is validated in simulation against a classical model of drug effect for a specifitypasti®
drug used in general anaesthesia: Propofol. The results support the validity of the proposed model and allow
improvements in the current use of such models. Closed loop control simulations are also included in this paper to
support our clans.

Special 8ssions

#1312 Algorithms for drawing weakly meshed distribution substation areas
Imre LendakCS)b SYI y 2l (@D 6S D

This paper presents an algorithm for one line diagram generation of multiple interconnected, i.e. weakly meshed, feeder
supplied by one distribution substation. The substation area is modeled with a mathehgrégd, which is then prepared and
drawn in multiple steps. A node propagation algorithm is applied starting at the substation node to traverse the wholargtaph
disconnect interconnected feeders at normal open points (NOP), thereby creating a grapltitops. In the second step, the
optimal feeder ordering is determined by the genetic algorithm (GA) based on the analysis of NOPs. In the third stegleach fee
is visualized recursively, with respect to the graph direction based on NOPs. In theirfib and last step the NOPs are
reconnected with orthogonal edges, and by inserting artificial nodes wherever necessary. The algorithm was tested on multipls
weakly meshed distribution substation areas extracted from several different Euregiglendistibution network models. It
generated visually pleasing ofiee diagrams for systems with more than 1000 objects. The quality of the generatelinene
diagrams was assessed by a formula, which took into account different characteristics, e.g. diagratotalreaige length,

number of crossings.
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#2169 Modelling xenograft tumor growth under antiangiogenic inhibitath with mixed-effects models

¢ Yt a CGONERKON yHU,[ 6§ 08 vy G JHUY 2 gt Oa

Antiangiogenic inhibitors offer a promising new treatment modality in oncology. However, the dggananistration regime is

often not wellestablished, despite the fact that it might have substantial impact on the outcome. The aim of the present study
was to investigate this issue. Eight weeks old male C57BI/6 mice were implanted with C38 coloraailenma, and were

given either daily (n=9) or single (n=5) dose of bevacizumab; both receiving the same dose the only difference being the
administration pattern. Outcome was measured by tracking tumor volume; both caliper and magnetic resonance ingaging w
employed. Longitudinal growth curves were modelled with migffiécts models (with correction for autocorrelation and
heteroscedasticity, where necessary) to infer on populat®rel. Several different growth models (exponential, logistic,
Gompertz) wee applied and compared. Results show that the estimation of the exponential model is very reliable, but it
prevents extrapolation in time. Nevertheless, it clearly established the advantage of the continuous regime.

#2349 Haptic feedback tuning in colorszopy simulation

Cedric Dumaé-R, Timothy Cole§AU), Hans de Viss€AU), Caroline Cao GQUS, Florian GrimpeAU)

According to medial experts, haptic realism is difficult to achieve, and even more difficult to havedrpart agreement on the

haptic feedback of one simulation. However haptic feedback is important in medical training -l adducators to share the

forces felt diring a procedure if they know and trust what a particular virtual simulator will provide to the trainee. A new ap

proach is proposed to refine bl SOK I yAOLFf Y2RSta 6A0GK SELSNIAQ AyLlLldziz G2 Of ;
procedure witharS E LISNII G NI} Ay SNRa SELSOGIGAZyad . & Lfft2sAay3d SELISNIA
newly developed case, the experts can replicate their haptic perception and match their expectations with the simulation.

#1971 A New Metaheuistic for the Home Health Care Problem: Caregivers Tours and Conflict Visits
Brahimlssaou(TN)

In this paper, we try to improve health care services by treating the variation among several issues related to thedbalth fi
particularly the Home Health Care Problem (HHCP). In fact, Home Health Care Service (HHCS) is known as a care mode allowing
patients who suffer from complex and evolving diseases to benefit at home from medical and paramedical coordinated care that
canbe onyLINE GARSR Ay K2alLMAdlfad Ly (GKA&a 62N]Z ¢S GNBFG GKS / F NB
visits to patients' homes. We developed a new thygease metaheuristic, which optimizes both the daily caregivers' tours to

minimize the tavel costs and maximizes the planned services in order to address potential conflicts. The obtained numerical
results, compared with those provided by the other existing approaches, are motivating and encouraging.

#1392 Interactive Augmented Reality Authing System using Mobile Device as Input Method

Yoonsik YangKR)Jinwook ShinKR)Seungho Cha&R),TackDon HanKR)

The proposed system is a udeendly interactve Augmented Reality Authoring System, which is for users with basic knowledge

of augmented reality or without programming skills. The user can wear the-hemohted display and easily create AR content

by using sensors on mobile devices. The user can ditectly apply a variety of methods to interact with the AR content.
LYGSNFrOlAz2y gAGK GKS 'w O2yiGSyid A& SylofSR o6& dzAAy3a (GKS dza!
FYR GKS Y20AtS RSOAOSQa & Seffacavbldesr of he gropdsgd systedy & Byistéin2protigpe vadzl (i S
presented to users. A usability test was conducted with regard to AR content production and interactive tasks.
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#1298 Order Interface Model for Individuals With Down Sydrome and Emotion Analysis

Nigar TugbaguRhltan Akin(TR)Mehmet GokturKTR)

Individuals with Down syndrome should be adapted to society. As there are various projects to achieve this goal, onésof them
establishing cafewhere all waiters/waitresses are individuals with syndrome. The Down Cafe is the one of these cafes that is
located in Istanbul, Turkey. In such cafes, some of the tasks are quite hard to be performed by individuals with syndhoase, su
taking orders. fie waiters/waitresses with Down syndrome need assistance by their voluntary mothers for such tasks, thus it is
actually performed by their voluntary mothers. In this study, a novel user interface is modeled for individuals with Down
syndrome to take ordes. We then analyzed their emotion mode as they are using the prototype. The interface was tested with
SEAalGAY3 R26y OFFS I AGSNEKkIFAGNB&a&aSa YR FTAYRAy3Ia 6SNB NBLR
people with disabilities, pemnal assistance by their voluntary caregivers can be minimized as self sufficiency and degree of
rehabilitation improves.
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#1423 Enabling Usecentered Interactions in the Internet of Things

Teemd S LILIKHY, vah Sanche@), Jilin YandF), Joonas Katajé-)), Jukka RiekKFI)

We introduce a novel interaction method which integratesmans into Internet of Things and advances from the existing eliener
paradigm. We take advantage of the shared physical space to facilitate decentralized and seamlessokihingn humanrto-human

and thingto-thing interactions. We build thesateractions upon two core technologies: mobile agents and NFC. Mobile agents realize
autonomous execution of usepecific interaction tasks among things while facilitating cooperation and interoperability. Humans
initiate and control interactions througlphysical actions that trigger communications, e.g. mobile agent migration, between NFC
devices even over disparate systems. Human social relationships are utilized to disseminate tasks further in the loWeydissuss

the benefits of this method in eoparison with the common smartphorgased control of smart spaces. Reairld evaluation shows

that this interaction method is feasible for resourcenstrained embedded IoT devices.

#1719 Data and Control Points: A Programming Model for Resoutoastraned 1oT Cloud Edge Devices

Stefan Nasti€AT), HongLinh TruondAT), Schahram DustdgAT)

Recent emergence of loT Cloud systems has fostered proliferation of various applicadiohg driven by urgent need to respond to
volume, velocity and variety of data generated by loT Cloud, but also to enable timely propagation of actuation decigimhgprcr
business operation, to the Edge of the infrastructure. In such systemsjngtizirrently untapped Edge resources such as sensory
gateways, and enabling the 10T devices as-filass execution environments plays a crucial role. However, enabling virtually exclusive
access to the underlying devices, e.g., field bus sensors apdiuny flexible, applicatiorspecific customizations for such devices still
remain a challenge. In this paper, we introduce Datied Control Points a novel programming model and framework for developing
applications specifically tailored for resourcenstrained Edge devices. Our framework offers programming constructs that enable
applications to define custom configurations for and their own view of the underlying devices. By providing an illusi@xdtsine
access to the underlying sensors antlators, our framework supports execution of multiple applications within a single Edge device.

#1764 TM-ldleTimeout: Improving Efficiency of TCAM in SDN by Dynamically Adjusting Flow Entry Lifecycle
Meilian Lu(CN, WeiDeng(CN, YanShi(CN)

Ternary Content Addressable Memory (TCAM) is widely used for caching flow entries in Software Defined Network (SDN). Howev
limited by the current technology level and hardware cost, the capacity of TCAfdsltlio meet the needs for caching flow entries of
large scale SDN, which would seriously affect the scalability of SDN. Aimed at the problem, some researches improventhe affic
TCAM capacity by setting different lifecycle for different flow m#r Such as Openflow protocol proposed the default flow entry
lifecycle, AHTM scheme dynamicly adjusted flow entry lifecycle according to the number of interrupted flows. Howevechbess s
RARYQl O2yaARSNI (KS Reyl YAN arf §drdlydzdiiforn to2tfe agfulll inét@oNddemardd. Th¥orkddd toA y
effectively utilize TCAM capacity and thus enhance the scalability of SDN, we progd#eTiFreout scheme to dynamically set flow
entry lifecycle according to redéilme network traffic in ®Nbased data center network. Two criterion, called Flow Entry Missing
Number and Flow Dropping Number, are used to evaluate the effect. The results show that, compared with existing schemes, T
IdleTimeout scheme can greatly improve the utilization efficy of TCAM capacity in SDN.

#2223 OAISIS: an Ontologichlased Approach for Interlinking CrowdSensing Information Systems

Nouredine Tamar(FR, Aymen Gasn(iFR, Cyril FauchefFR, Yacine Mohammed GhamfiR)
Nowadays, smartphones and wearable devices are endowed with several sensors, which can harvest large quantities of d
urban areas (location information, pollution levels, gtgoing ttrough a list of personal and surrounding contexts such as noise |
traffic awareness, to name a few. Exploiting this wealth of information provided by the crowd allows developers to dedigtichl
several applications over the smlled Mobile CrowdShsing, such as traffic regulation, environmental monitoring, tour
recommendation, etc. However, for this to be possible, many barriers still have to be overcome such as collecting, bndtining
and representing the crowd data in a suitable whythis paper, we propose a thrdeld solution to the problem of data manageme
in CrowdSensing systems. Firstly, we structure the collected data based on semantic ontologies. Secondly, we enricbateddas
a novel contextual awareness data ifieking. Finally, we refine recommendations with contexts, through taking into consideration
meta-information interlinked to the main information of interest. We have implemented our model in a tourism recommendation
application as a proof of concept. Thgperimental evaluatior- which we carried out- has shown very promising results.

#2237 QryGraph: A Graphical Tool for Big Data Analytics

Sanny Schmi(DB, llias Gerostathopoulo®HB, Christian Fehofer(DE)

The advent of Big Data has created a rich set of diverse languages and tools for data manipulation and analytics witkioothe H
ecosystem. The Pig language has a prominent role within this ecosystem as agtaigiiq a convenient way to create analytics jobs
that are issued for batch processing in a Hadoop cluster. In order to leverage the benefits of graphical domain specifiedang
namely intuitive visual design and inspection, we implemented a-basd® graphical tool called QryGraph that complements Pig in
various ways. First, it allows a user to create Pig queries in a graphical editor and check their syntax. Secondpit eléatiad user
defined query subgraphs that can be reused across difiet Pig queries. Third, it provides an administrative interface for managing the

execution and overall lifecycle of Pig queries.
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Advanced Methods and Applications for Increasing Control Systems Reliability, S
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Session Chairs: Emil Prictpasaki Samejima

#1075 Formal Reasoning on Authentication in Security Protocols

Jaouhar FattahiCA, Mohamed Mejri(CA, Ridha Ghayoul&CA, Emil PricogRO)

In this paper, we are proposing a new formal framework for reasoning on authentication in security protocols based on
analytic functions. We give sufficient condit®rihat, if satisfied, the protocol is declared correct with respect to
authentication. We validate our approach on the Yahaloomwe protocol. First, we show that it satisfies these few
conditions, thus, we conclude that it is correct for authentication.

#2456 Sidelobe Level Reduction in Linear Array Pattern Synthesis Using Fsti81C Algorithm for Reliable

IEEE 802.11 MIMO Applications

Elies GhayouldTN), Jaouhar Fattah{CA, Ridha GhayouldCA, Emil PricogRQ, Grigore Stamatesc(RQ,
JeanYves ChouinarCA, Ammar BoualleguéTN)

The concepts of array processing and snaartenna give a promising solution to the significant increase of data rates in
wireless transmission systems. In this paper, we deal with the problem of designing linear antenna arrays for specific
radiation properties of MIMO applications based on DireciDf-Arrival estimation and Taylor beamforming techniques.

The objectives of this paper can be summarized as to minimize the maximum sidelobe leyelof8hined the Taylor
method and MUSIC (Multiple Signal Classification) algorithm. The performatiis bybrid optimization determines how

well the system is convenient for a reliable wireless communication and interference reduction. This paper will discuss the
application of MUSIC algorithm for linear array antenna (4, 8 and 16 antennas) in ordstin@mte the DirectiorOf-

Arrival of various angles of elevation and azimuth.

#1941 Fuzzy Reduced Order Observ€ontroller Design for Biomechanical $a-Stand Movement

Asif Mahmood MughalPHK, Kamran Igba{US)

Successful execution of biomechanicaltsistand (STS) task combines a forward thrust phase with an upward extension
phase and stable movement termination. We have previously developed a fuzzy dynamic model to analyze the STS task by
joining two local linear models, defined at the equilibrium positions, via Gaussian membership functions. The local linear
models were obtained from a fotgegment biomechanical representation of the human body dynamics in the sagittal
plane. Our fuzzy controllanodel uses an observer to reconstruct velocity data from noisy observation of joint positions.

In this study, we propose a reduced order observer with an optimal controller design for STS task. The fuzzy optimal
controller generates feedback and feedforwlacomponents of joint torques, whereby the latter are derived from a
reference trajectory. Our movement control strategy employing fuzzy reduced order observer with fuzzy controller leads
to physiologically tractable simulation of the STS movement withlt®shat are superior to those previously obtained

with full order compensators.

#1168 Simple Kernel Search for Large Capacitated Facility Location Problems

Tze Ling N¢HK)

Capacitated facility location problems (CFLPs) are asiuelied class of problems in the literature. They are mixed integer
programs (MIPs) which are naleterministic polynomiatime (NP) hard that, when the problem is large, require an
excessive amount of time to solve to optimality using conventional branckdbound or branckand-cut methods. This

paper presents a simple kernel search for solving CFLPs. The algorithm requires only the ability to cast the problem as a
sequence MIPs and to solve them using a packaged optimizer. This makes it easier to imphamesther heuristics

which, to run, require specialized knowledge and the specification of problem specific rules. Also, unlike many of the other
heuristics, the simple kernel search is rsinchastic. Preliminary results comparing the algorithm to aeotkernel

search for CFLPs show the simple kernel search to be the faster algorithm. While the results are promising, more testing is
required to prove the advantage of the simple kernel search with greater confidence.
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#1441 The Analysis of Measurement Capabilities Onboard Collinear Digital Stereo Vision Systems

Sergey Valentinovich Kravts@®), Konstantin RumyantsgRU)

Presented the technique of the analysis of measurement capabilities of onboard collinear digital stereo vision systems. Tt
approach determination of communication parameters of onboard digitre® vision systems collinear with the parameters of

the mobile platform movement is presented. The results of model calculations are given. The results may be useful fc
calculating the capabilities of the collinear onboard digital stereo vision system.

#2144 Historic Handwritten Manuscript Binarisation using Whale Optimisation

Ella Hassanie(EQ, Mohamed Abd ElfattaEG, Sherihan AboulenifEQ, Gerald SchaefdiGB, Shao Ying Zhu
(GB, lakov KorovirfRU)

Preserving the content of historic handwritten manuscripts is important for a variety of reasons. On the other hand, digital
libraries are rapidly panding and thus facilitate to store this information directly in digital form. For digitising text documents, a
crucial step is to binarise the captured images to separate the text from the background. In this paper, we proposeiae effect
approach forbinarisation of handwritten Arabic manuscripts which employs a whale optimisation algorithm, incorporating a
fuzzy emeans objective function, to obtain optimal thresholds. Experimental results confirm the effectiveness of the proposed
approach compared tearlier methods.

#2375 Classifying HE@ Cells in Immunofluorescence Images Using Multiple Kernel Learning

Gerald SchaefdGB, Niraj P DoshiGB, lakov Korovi{RU, Shao Ying Zh{GB)

Indirect immunofluorescence (lIF) imaging is an important technique for detecting antinuclear antibodies-iddiEp and
therefore employed in the diagnosis of autoimmune diseases and other important pathological conditiohdnig the immune
system. Here, HEP cells are categorised into different groups, which allow to make implications about different autoimmune
diseases. Traditionally, this categorisation is performed manually by an expert and is hence both subjddiime amtensive. In

this paper, we present an effective method for classification of-BlEEglls in which we first extract local binary pattern (LBP)
texture features in form of mukdimensional LBP (MDBP) histograms and then employ a multiple kereatding approach to
classification that integrates a multitude of support vector kernels generated by sampling the feature space. We evaluate oL
algorithm on the ICPR 2012 HEgontest benchmark dataset, and demonstrate that our employed texture feaaneideed
useful for the differentiation of HER cells and that our multiple kernel learning based classification approach outperforms
single kernel classification schemes. Our algorithm is shown to provide super performance compared to all techaiquexet
entered in the competition and to rival results obtained by a human expert.

#2362 Stable aerial image registration for people detection from a leititude aerial vehicle

Yumi lwashitgJP, Yuki Takefuj{JB, Ryo KurazumglP)

In this paper, for the purpose of monitoring people moving on the ground from aaltitude aerial vehicle, we propose
method for stable image stabilization using planar information of the groundexlating methods the homograptyased
method has been popularly used for image stabilization. However, in case that captured images consigplahaoareas, the
performance of the homographlgased method decreases. The essert@ed method works welin this scene, but the
accuracy gets worse in case that images mainly include planar areas. Thus in the proposed method, we utilize the G
Robust Information Criterion (GRIC) model to choose a method from the homogbagkeyd method or the essentihased
method. After the selection of the method, we extract a planar area in the scene by fitting a plane using RANSAC, fol
detection of people on the ground with high accuracy. Experimental results confirm that the effectiveness of the pr
method.

Special 8ssions

#1818 Eyes Detection in Unrestrained Settings using Efficient Match Kernels and SVM Classification

Diego Benavide®BR, Dibio Leandro Borgé8R)

Eye detection is a front end problem to belsed efficiently by face detection and human surveillance systems. Features such as
accuracy and computational cost are to be considered for a successful approach. We describe an integrated approach that tal
the ROIs outputted by a Viola and Jones detectonstructs HOGs features on those and learn an special function to mapping
these features to a higher dimension space where the detection achieves a better accuracy. This mapping follows the efficie
kernels match approach which was shown possibleHad not been done for this problem before. Linear SVM is then used as
classifiers for eye detection from those mapped features. Extensive experiments are shown with different databases and th
proposed method achieves higher accuracy with low added coatjmnal cost than Viola and Jones detector. The approach can

also be extended to deal with other appearance models.
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#1124 Driver Behavior @aracterization using Multiple Dynamic Models

Sanghyun Hon{lJg, Jianbo LYUS, Dimitar File US)

Incorporating driver behavior information into vehicle control strategies can significanfirove performance of vehicle

control systems, such as active safety systems and driver assistance systems. This paper proposes an algorithm for driver
behavior characterization based on handling limits. In order to implement the handlingbl®éd ajorithm, an
interacting multiple model estimation technique is applied, which accounts for probabilistic correctness of the multiple
models. The proposed algorithm is validated through experimental tests, and the results illustrate potential of the
propose algorithm as a stochastic approach for driver behavior characterization based on handling limits.

#1328 Driver Parameter Estimation Using Joint/BKF and Dual BJKF Under Nonlinear State Inequality
Constraints

Changxi Yo(US, Janbo LUUS, Panagiotis TsiotragJS)

In the development of advanced drivassist systems (ADAS) for ldteeping, one important design objective is to
appropriately share the steering control with the deiv Hence, the steering behavior of the driver must be well known
beforehand. This paper adopts the wikhown two-point visual driver model to characterize the steering behavior of the
driver, and conducts a series of field tests to identify the modeapaaters to validate the twapoint visual driver model in

real scenarios. Both an extended Kalman filter and an unscented Kalman filter are implemented for estimating the
unknown driver parameters, using a joistiate estimation algorithm and a dual estin@t algorithm, and the results are
compared.

#1434 Intelligent Electronic Steering Program Based on Road Departure Mitigation Control

Dong ZhandGB, Tim Gordor{GB, Yangyan GaqGB, ChangfuZzong(CN)

This paper presents an intelligent electronic steering program JJB&Rh combines steering shared control with optimal

road departure mitigation control. It is based on a recently published control allocation and mamera¢thod designed

G2 AYLNR@OS GKS @GSKAOf SQa -lidith®lgosiNidng, HereLi® Navaloihe goarept faryier m NA O
terms of drivervehicle cooperative control; the potential benefits of stdgrwire (SBW) system and electronic pawe
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conducted with different drivers, using a driving simulator. The results show how the proposed IESP provides a positive
control influence.The work presents a new approach to vehicle active safety involving -didnécle interaction control

for partially automated vehicles.

#1758 Localization Tools for Benchmarking ADAS Control Systems

Michael R HafnefUg, Kewn So Zhagug, Andy HsidUS, Zach RachliUS)

We consider the challenge of testing lane centering ADAS control systems using a differential global positioning system
localization strategyRather than constructing test scenarios using lane line markers or driving test vehicles on public
roads, we develop a testing framework that can be used in both simulation and on open test surfaces with no lane
demarcation. The primary sensor we levegag a differential global positioning system (D R8ich is used to create a
localized laneoffset state relative to a map generated offline. The map is generated either via clothoid path primitives, or
from known trajectories. We provide simulation t#ts using the vehicle dynamics simulator CarSim, and provide
experimental results taken from a test track.
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#1125 Dual Sourcing Problem with Real Option

Juliang Zhan@CN), Han Junjui€N), Jie Xian@N), Hua GuowéCN)

This paper addresses a singleriod dual sourcing problem with real option under uncertain supply and demand. A retailer, who
faces the uncertain market demand, can source from afoiee but unreliable spplier and an expensive but reliable supplier.

In order to manage the supply uncertainties and decrease the cost, the retailer orders product from the unreliable sagplier a
buys option from the reliable one at the beginning of the selling season. Akelémand realizes and the order is delivered, the
option is executed. We develop a model for this problem and characterize the optimal policy. Then we compare the new strategy
with the traditional dual sourcing strategy and the instant replenishment stpatwith capacity constraint. The conditions that

the new strategy has an advantage over the other ones are identified. Numeric experiments are conducted to analyze the impact
of the parameters on the optimal policy and the profit in the new strategy andampare the performance of the traditional

dual sourcing strategy and the instant replenishment strategy with capacity constraint.
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#1844 Human Control of Systems with Fractional Order Dynamics

Miguel Martinez(GB, Tim Gordor{GB)

In this paper, the manipulative control actions of human operators interacting with fractional order plants are studied.
Experimental data were recorded from subjects using ystjok or a steering wheel and responding to plants with
different fractional dynamics. From the data it is established that human operators can identify and learn to respond tc
fractional order plants. Moreover, it is proven that the classical Crossoeelehis not valid to represent mamachine
systems with fractional order dynamics. A generalized Fractional Crossover model is proposed for systems with memc
effect. The model is validated with experimental data.

#1771 An Adaptive Control System for Wieéed Mobile Robot by Using Vector Model

BingGang JhongTW), Mei-Yung Che(TW)

In this paper, we present an adaptive control system for wheeled mobile robot. This control system, which is built on the
vectar model, is constituted by three parts: path planning, localization and robot controller. Therefore, it can use for
mobile robot easily with great ability to resist disturbance. A* algorithm is used in path planning, Monte Carlo method is
used in localizén, and Lyapunov theory is used in controller design to guarantee the stability of the robot control

system. This paper also enhances the first two portions to obtain better response and more robust than traditiona
methods. The simulation result showsetgood performance of proposed method in robot system.

#1096 Drivable Space Expansion from the Ground Base for Complex Structured Roads

Kiin Na(KR, Byungjae ParkkKR, Seo Beoms(KR)

For driveless driving cars, it is essential to detect drivable space. It can directly apply to plan driving paths by acquiring th
occupancy grid map. In addition, it can enhance object clustering by removing the ground in advance. However, in urba
not only a lage number of vehicles are driving at the same time, but also roads with diverse inclinations are complicatedly
connected with each other. Thus, it is challenging to extract traversable space properly from complex structurec
environment. For this reasonhis paper proposes the retime drivable space detection for complex urban environment

by integrating the modebased segmentation and the regitrased segmentation. Moreover, the proposed method
utilizes point cloud from 3D LIiDAR because it is effe¢tiwuenderstand surrounding topography. It is demonstrated using
handlabeled point cloud dataset collected in various types of urban roads by estimating numerical performances and b
visualizing results.

#1460 Obstacle Avoidance of Autonomous Vehicles wiftQPbased Model Predictive Control
Houjie JiandCN, Zhuping WandCN, Qijun Cher{CN, Jin ZhyCN)

In this paper, an approach for real time obstacle avoidance of autous vehicles is presented. A model predictive
control (MPC) scheme based on convex quadratic programming (CQP) is developed to generate safety trajec
reduce the computational burden in optimizing the performance index of MPC, lineasvtinyingMPC is adopted and
unique single dimension artificial potential fields (SDAPF) method to utilize the obstacle information is prg
Autonomous vehicles with proposed method can track the desired path if there is no obstacle on it and avoid bof
and dynamic obstaclei§ the path is occupied. Simulation results show the validity of the approach and its superio
time performance, which is critical to autonomous vehicles.

Special 8ssions

#1797 Using the Viable System Model to control a system of distribue@/DC converters

Michael Winter(DB, Stephan FettkéDB, Joachim FroesciDB, Julian Taub¢DB, HansGeorg Herzo¢DE)
The compéxity of control of the energy flow in automotive power nets has significantly increased in the last decades. Due
to the introduction of a second voltage level with new degrees of freedom for an energy and power management, the
complexity will further inoease. The cybernetic approach of the Viable System Model (VSM) by Stafford Beer ha:
successfully been used as a structural concept for the implementation of an energy management system for a sing
automotive power net and has significantly reduced the ptexity of the control. This paper applies the VSM to the
control problem of a group of DC/DC converters, distributed over the whole vehicle, coupling two automotive power nets
Initially it is shown how this new viable system of the converter grouprfits the existing approach and how the viable
systems of the two power nets form a new VSM. Subsequently, the application of the VSM in the converter group an
how it forms a hierarchical control system is described. Additionally, a maximization effigemtytracking (MEPT)
algorithm is implemented in order to have each converter in its best operating point. Finally, the whole system is validate:

using a physical simulation.
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#1553 Multi-spectral \isual Odometry for Unmanned Air Vehicles

AxelBeauvisag€GB, Nabil Aouf(GB, HugoCourtois(GB)

With the recent increase of interest concerning misitiectral systems, limitations ofaslsic stereo setups have been overcome to tackle
complex navigation problems such as nighte navigation or collision avoidance. However, msitectral stereo matching still remains a
challenging issue as similarity between stereo pairs is reducetisimvbrk, we address the problem of visual navigation for mmtdal stereo
setups. More precisely, we focus on finding correspondences between visible anddwmeginfrared (thermal) images for pose estimation
purposes. We present a new visual odometngthod for air vehicles using mutual information and phase congruency. Mutual information
performs an efficient crosmodality statistical analysis and phase congruency provides a robust spatial information. Hence, both of them are
used as criteria for mtitspectral stereo matching. Temporal matching is then performed using feature tracking in each modality separately.
This way, crosmodality processing is kept to a minimum, which reduces inaccuracy. This method provides an important number of quad
matches (stereo and temporalwhich helps to select the best keypoints for computing a precise motion estimation. In our case, the selection
process is performed using a RANSAC scheme. Extensive experimental results show the attractiveness of the propgsedtahmavigation
solution. Moreover, results show that tracking features in both modalities makes the technique robust to abrupt navigatigesch

#1957 Feature Abstraction for Driver Behaviour Detection with Stacked Sparse Aartcoders

Zehra Camtia (CA, Allaa Hilal(CA, Dana Kuli¢CA)

Driver behaviour has a significant influence on vehicle accidents. Measuring and providing feedback on driver behaviouideasignificant
benefits for understanding and improving road safety. In order to detect driver actions and driving characteristics from thestpagdilation

of drivers, mobile phones can be used to collect low cost information and provide easy accessibility, usingesetiisdie on the mobile
phone such as the GPS and IMU. Such information is collected as a time series dataset, which generally has high diaraidemadegaling
with this high dimensional data is a crucial problem for statistical analysis. Featstr@actlon techniques can reduce the dimensionality by
extracting salient features from the dataset. This paper proposes a feature abstraction method using stacked sparse autoenocder to
reduce driver dataset variables. The utility of the derivedltfires is demonstrated on a driver action classification task.

#1074 Tracking Control of Unmanned Ground Vehicles Using State Estimation and Robotic Formalism

D&l NB& JalSH [oI(MUy (24

This paper proposes a novel method fteethigh speed tracking control of unmanned ground vehicles (UGVs) subject to load changes. The
vehicle is modeled as a 16 degreefreedom multibody system whose dynamics is derived using robotic formalism. The hierarchical control
structure comprises tw levels: a higievel (HLC) and a lelevel (LLC) control system. The states are estimated with estage Kalman Filter

(KF) using GPS and inertial (IMU) sensory information. The LLC system ensures that the vehicle maintains the desiraddvetessityy

profile by employing PHype active suspension, velocity and steering control that provide the generalized torques for the vehicle. The HLC
utilizes a finite horizon linear quadratic (LQR) optimal controller to eliminate the position and orienttiors that cannot solely be
compensated by the LLC system in case of load changes. The HLC control algorithm is based on the kinematic model lef éinel viedic
reference trajectories are computed from the prescribed profiles. The optimal solutginas as a timevarying statefeedback control law. The
efficiency of the tracking control system for high speed maneuvers is verified under noisy measurements and load changksibg.s

#2337 Strategic Analysis of the European Gas Crisis

Rami Abdubheem KinsargCA, Yasser T. MatboulCA)

The gas crisis that occurred between members of European UnignUktaine, and Russia in 2006 is strategically investigated using the Graph
Model for Conflict Resolution (GMCR). The interdependency and geopolitics of the natural gas supply and demand within Europe is a
sophisticated subject. Strategic insights are derived from the review and analysis of the conflict history. The Europkgergiscy is
thoroughly examined, and major events are discussed. The gas crises keep repeating with similar characteristics alttgyagmeant and
resolution is achieved every time. The gas supplies were cut several times during the 1990s, significasiosisspecurred in 2006, 2009, and

most recently in 2014. The objective is to model and analyze the common characteristics and understand the full pictorettotmdation

to gain strategic insights.
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#1782 A Basic Study on Temporal Parameter Estimatiof Wheelchair Propulsion based on Measurement of Upper
Limb Movements Using Inertial Sensors
Takashi Watanab&JB, Kodai Miyazak{JB, Maho Shiotan{JB, Andrew Symond&B, Catherine HollowayGB, Tatsuto

Suzuki{GB)

Wheelchairs are the most widely used assistive device to aid activities of daily living (ADL) for disabled people. Haweskpushingf a
wheelchair frequently leads to overuse of upper extremities causing shoulder pain and carpal tunnel syndrome. The puhgseudfy was

to test a novel method of estimating temporal parameters of wheelchair propulsion using inertial senstiis.gager, normalized coordinate
values of the vector defined on the upper arm were calculated from an inertial sensor attached on the upper arm. The rigtibke®and
push cycle timings including duration of propulsion and recovery phases were edtifioatsteady state wheelchair propulsion. This estimation
was completed using a novel vectoased approach and a previously published resultant acceleration method; both were compared to timings
measured using the SmartWheel. Measurements were perforpretevel and sloped surfaces with 10 able bodied subjects. The veased
method improved estimation of the number of strokes when compared to the resultant acceleration method. However, the peshasyc
estimated with better accuracy by the resultaacceleration method. Therefore, a combination of the vediased and the resultant
acceleration methods is proposed to ensure more accurate estimation of temporal parameters. The results suggest inerataerse used
to measure wheelchair activigccurately and reliably.
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#1014 A Fast Connected Component Algorithm Based on Hub Contraction
Ye DendgCN, Jun WUCN, Tan YuejifCN)

Finding the conected components of an undirected graph is a fundamental computational problem at the heart of many network
applications, such as network robustness and computer vision. This paper presents a new form of graph contraction redsrtied to

G Kdzo ORYVINNG ONiy 6KAOK GKS y2RS gAGK GKS YFEAYdzy RSINBS A& ast
neighbors are combined to form a new central node. Based on the hub contraction principle, we propose a fast connecte@rmompon
algorthm, which exploits the existence of higlegree nodes to obtain the number and size of connected components. The efficiency of
the proposed algorithm was verified by comparing it with other connected component algorithms within random networks a&nd scal
free networks. The results showed the performance of our algorithm to be superior in terms of the processing time it retustes,
notably when applied to scaleee networks.

#1213 Decentralized Connective Stabilization of Complexity La8male Systemswith Expanding
Construction via Observers

Yang Li{CN, Yuanwei Jin¢gCN, Hua Xiao L{CN, Xiaoping LiyCA)

A decentralized connective stabilization problem based orucedorder observers is studied for a class of complexity lsgEe
systems with expanding construction. Without changing the original decentralized control laws, a reddeedbserverbased
decentralized controller is designed for the new subsystatiea to an original construction so that both the new subsystem and the
resulting expanded system are robustly connectively stable. And the sufficient condition is derived by using Lyapunanthebtly
approach. Finally, the proposed method is appliedlie AGC design of an expanded power system. The simulation results show the
effectiveness of the proposed method.

#1376 Flexible Window Control Method Based on Data: A New Technique of AQM

Xudong YuafCN, Yuanwei JingCN)

This article studies a flexible window control scheme which is based on the queue length in the router, and there isonshiglatith

the structure of the network. The control method is based a new technique called Active Queue Manag@df) which is a kind of
AQM. One of the features of the AWM is controlling the transfer window directly, another is compatible with every verEioR.df

made the changing rule of window can be designed flexibly, rather than following AIMD methplg.dimthis article, a datdriven
method based on an improved SIPD ILC is applied to design the control law of the size of transfer window according to the queue
length, which is no need to know the details of the mathematical model of the systemude dength of the router still can be
controlled close to the target value.This means that the structure of the network can be ignored. The method only needs some
parameters of the system are bounded.Finally, a simulation is used to prove the methodedipahis paper is effective.

#1420 Tackling Complexity and Missing Information in Adaptive Control by Fixed Point Transformation
Based Approach

Jozsef Kazmer T@dU), Imre J. RudagHU),[ | &1 f isHUpImme FeldgHUY),. SNI | f | yHUY & yt RA
Complexity is the most common feature of the practical task to be solved in control technology. Grasping only a littikaipsetgnent
of NBl tAtGes 2FGSy NBFSNNBR (2 a aY2RSt o0dzAf RAYIEZT LINE BarRkS
in dynamic interaction with their neglected environment. The classical method of Model Predictive Control (MPC) assuimas
models, though they are not perfect, at least well describe the most important features of the system under control, théneke
models can be used for controller design and the remaining errors can be treated as uncertainties and/or unknawal ¢
perturbations. Other practical fact is that the controller normally cannot be provided with complete information on thenidystate
2F (GKS O2yiNRftfSR aeadsSyoe Ly (G(KS Y2RSfta 2F o0A2f 2 dnkdilcéd tol
qualitatively mirror and more or less quantitatively describe the behavior of such systems without assuming that they &l
actually existing anatomic components. Consequently, even in principle, it is impossible to directly nibasactual state of suc
dynamical systems. Further problem is that these variables are assumed to be related to directly measurable quantitiieday no
functions of uncertain parameters. This fact excludes the possibility of using classical sitatgtags. Furthermore, these systems
Y2NXYIFEt& FNB dadzyRSNI OldzZ §SRéX AdSd (GKS ydzYoSNI 2F (G KBheaiiofi S
this paper is to show that it is possible to defy these problems by the fixedt p@insformationsbased adaptive controller in
controlling depth of hypnosis.

Special 8ssions

#1542 Cooperative Dancing with an Industrial Manipulator: Computational Cybernetics Complexities

C A 3 S y(TRnDilékyTuke{TR, Y Nrd Tural(TR)

Synchronization of music and dance of industrial manipulators is studied, simulated and realized. The results are siwpapiertiTo

formulate the dance, a modified Labanotation software has been developed, and-érieselly humanmachine interface is designed
to enable the user to program the robot easily. The system is incorporated with a music analyzer, employing Fast FafaenTtan
track the beats. The robot dances in synchrony with the input from theienaisalyzer. Experiments are done on a six degfee

freedom industrial robot.
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#1612 Overcoming Control Complexity of Constrained Thilaey Manipulator Using Slidingnode Control
Georgi Marko DimirovskirR, Yunlong LigCN, Juan WandCN, Yonggui Ka¢CN)

For constrained thredink manipulation robots it is shown how the complexity of controlling anthropomorphic|éken
manipulators carbe considerable ameliorated by designing a sligimgde control. First, a singular system representation
model of a thredlink manipulator is established by employing constrained equations and corresponding descriptions of
force restriction. Then slidingode control with constrained control inputs for thréak manipulator is expatiated as
appropriate. Based on quadratic performance index, the optimal sliding mode switching function forlittiree
manipulator system is derived and a modified reaching ¢emthe grounds of the singular model is constructed using a
power function. Then the sliding mode controller for threk constrained manipulator is designed using the proposed
reaching law. Using PUMB60 the efficiency of the proposed method is demwated via main simulation results
obtained.

#1666 Complexity of Constrined Switching for Switched Nonlinear Systems with Average Dwell Time; Novel
Characterization

Georgi Marko DimirovskTR, Jigiang WandCN, Hong YudéGB)

Theory of switched nonlinear systems is largely based on assuming certain small but finite time interval termed average
dwell time, which is a general constraint even when extremely small. Thus most of iaractdrized by some slow
switching condition with average dwell time satisfying a lower bound. In cases of nonlinear systems, when the switching
seizes to be slow, there may well appear rexpected complexity phenomena of particularly different naturer tris

class of systems, via shading more light on the underlying system complexities, a fast switching condition with average
dwell time satisfying an upper bound is explored and established. A comparison analysis of two innovated but different
characterzations of constraint switching via slightly different overview yielded new results on the transient behaviour of
switched nonlinear systems while preserving the system stability. The analysis framework is multiple Lyapunov functions
approach.

#1898 Synepgy of SwitchedFuzzy and Fuzayeural Nonlinear Systems Enhances Complexity and Potential
Vesna Ojleska LatkoskslK), Tatjana KolemishevskaugulovskdMK), Georgi Marko Dimirovski'R)

In this paper we present concepts for synergy of switched fuzzy and-fiezrgl systems. First, an algorithm/procedure

for neural network identification of switched fuzzy models, out of inputput data pairs is gen. In order to use the
existing stability and stabilization results in the field of switched fuzzy systems to the identified switcheshduraly
models, an extension of the switched fuzzy model with levels of structure is presented. The proposedsaneesed

for identification of discrete switched fuzzy models. To confirm the proposed algorithm/procedure, and the new extended
model, a fuzzyneural identification of the discrete switched fuzzy model for the nonholonomic WMR vehicle is presented.
Ba®d on the identified discrete switched fuzzy model for the WMR vehicle, design of discrete switched fuzzy controller is
made. The simulation results show the effectiveness of the proposed concepts.

#1318 A Sensor Fault Detection and Isolation Strategyusyng A Dendritic Cell Algorithm

Esmaeil Alizade{CA, Nader Meski{QA), Khashayar Khorasa(CA)

In this paper, an online sensor fault detection and isolation (FDI) schemepssed based on an emerging Atrtificial
Immune System (AIS) algorithm, namely Dendritic Cell Algorithm (DCA). Our proposed methodology is utilized in a
distributed manner in order to perform sensor FDI in complex systems. The proposed methodology ipphed @ a

wind turbine benchmark model in order to demonstrate its capabilities.
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#1279 Dynamic Delay Risk Assessing Using Cost Based FMEA

Amine Boufaed(TN), Rfika Thabet(TN),Ouajdi KorbagTN)

To be competitive, supply chains must be able to analyze and to evaluate, ftimeakritical differences between the
shortterm planned actions and the actual performed actions generating states of undesirable or unacceptable risk. We
propose a method for monitoring the dynamic evolution of risk in the operational flow of a supply chain. It consists in an
approach assessing risk associated to delays affecting the transportation operations. We use the FMEA analysis around
failure scenariosather than failure modes, and we evaluate risk using probability and cost. A scenario probability is
estimated dynamically in discrete points based on events occurrences during the process execution. The proposed
approach uses consistent and meaningfuk evaluation criteria to facilitate life cofiased decisions. The implementation

of this method is performed by monitoring a delivery process facing risks associated to delays in the transport stream.
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#1287 Multicriteria Decision Model for Prioritization of Alternatives on Water Scarcity Situations

Susane de Farias Gom(@§), Madson Bruno da Silva Mon{BR, Danielle Costa Mora{8R)

In water companies, decisions have to be made in order to guarantee the production woekftbaupply the customers.
Regarding water scarcity problems they have characteristics such as: they are complex situations and involve ma
participants of all society. Deciding how to manage the distribution of water in scarcity periods is by far ehgitestge

to managers in water companies. This study provides a Multicriteria Decision Model (MCDM) for prioritization of
alternatives taking into account a scarcity situation. The model uses PROMETHEE Il method and yields possible result:
somescenafia G KI G O2dz R NBLINBASY(d (KS RSOAaA2Yy YI{1SNRa LINB

#1288 Analysis of the decisiotY | { SNB Q ¢SAIKGA 2y LINBOSYGADBS YAyl
Madson Bruno da Silva Mon(BR, Danielle Costa Mora(8R, Adiel Almeid&aFilho(BR)

In group decision problems, assign weights to decisiakers can be an arduous task because many want not to commit
to subsequent judgments. This paper presents a probdéout maintenance regarding wells for water distribution and

the consequent lack of water. There is three decigiwgkers, one of them represents the preferences of the population
and the others are water company employees, all with conflicting opinidos. to described situation, they were treated

as of equal importance through a voting procedure. Thus, this incited the study of various scenarios simulating th
different situations of assigning weights. The results are consistent with the individuaremeés and the chosen
alternative promotes improvements in the water system. The paper also presents a software to run the applied voting
method.

#1569 A multicriteria approach for selection of agile methodologies in software development projects
Vaness®. S SilveBR, Fernando SchramiiBR, Adriana Carldamasceno (BR)

This paper presents an approach, based on the reuliéria method SMARTER, that can be useful to suppaisims
involving the selection of the beéit agile software development methodology for small and medium enterprises. The
kickoff of this study was a research regarding measurable criteria that should be considered in this type of decision aimir
to ansver the needs of specific projects. The evaluation of alternatives is based on apibirédinguistic scale that makes

the process friendly and cheap; however, it was observed that this scale provokes a considerable loss of information th
can compromis the robustness of the result.

#1748 Model for Contractor Performance Evaluation in Construction Industry

al NA I/ NBdz | (BR, 2itidaSMencHBR; Ga@lde Maria de Miranda MotBR)
¢tKS &dz00S&da 2NJ FlLAtdzNBE 2F | O2yaidNdHzOGAzy LINR2SOG RS
responsible for important activities in the building process. In this way, it is necessary ttomtbiei performance of the
contractors who already working with the organization to control failures during the development of work. D
complexity and necessity of considering various criteria in the decision making; it is a multicriteria probleionAltid
contractor evaluation method should classify them according to performance levels to help the client to decide whe
hire the contractor for future projects. In this context, the model proposed uses ELECTRE TRI method to cl
constiuction contractors according to their performance. Subsequently, a literature review was made to identify the
used criteria to assess contractors in the construction industry. Then, these criteria were used in a numerical simu
the proposed mdel.

Special &ssions

#1854 Classification of vulnerable areas using Dominadxased Rough Set Approach

/| ANB W23&S WI NBBADéboR Siand Refed@R) QaIdIR&Maria de Miranda MotBR)
The purpose of this paper is to present a multicriteria methodology with spatial visualization, in order to identify most
vulnerable areas regarding violence. We used Domindrased Rough Set Approach to aggregsdeial, economic, and
demographic characteristics, as well to include the preferences of a decision maker. Among the multicriteria methods, th
one has the advantage of do not require the establishment of parameters, such as weights and thresholdzidibe d
maker only needs to choose a set of reference examples that represents his opinion toward the problem. This metho
applies decision rules to classify the set of alternatives. In this paper, this methodology was used aiming to classify tt
census tacts of a city in relation to the vulnerability to homicide. The result is a classification of all 1,854 census tracts ¢
the city of Recife (Brazil) into five vulnerability levels. Based on this application, we can conclude, therefore, that thi
method mg be useful to define where public policies should be allocated, when it is concerned with reduction of

violence.
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#2143 Management Of Technologies for Electric Vehicle Efficiency Towards Optimizing Range
Michael Balchanos(US), Georg Catalin Bucsan(US), Dimitri Mavris(US), Jae Seung Le@S),

Masanori IshigakjusS), Atsushi Iwaus)

With the demand and suply for electric vehicles (EVs) in rapid growth at a global scale, due to factors such as environmental
awareness, tax and monetary incentives, government regulations, and technological advances, a range of technical fisiees Evef
design has beegaining great attention. With consumer concerns around EV range and battery degradation, several initiatives have
been investigating technologies which could further address the above issues. Recognizing the need for increasing ttangeand
decreasing the impact of scenarios that negatively affect it as prime design issues, one of the resulting areas of inteeegtldseto
options on better managing energy for heating, ventilation and the air conditioning (HVAC) system, which can decreagg tbEEVs

by as much as 30% when in use. With key driver for identifying the most promising ideas and technologies worth extensive
investigations, the objective is to develop a methodology for managing the selection of technologies during concegnatttesigh
assessing HVAC power demand effects and employing advanced energy management techniques. A methodology for identifying
emerging technology concepts has been outlined and demonstrated in the context of a virtual electric vehicle system.uks a res
MOTEVETOR, a portable, interactive rmitieria decision making tool has been created which allows for performing trades between
vehicle configurations carrying different technology packages, as part of supporting EV conceptual design.

#2387 Data Rision without Knowledge of the Ground Truth Using Tsellike Automata

Anis YazidiNO),Frode Eika SandnésO)

The fusioning of data from unreliable sensors has received much research attention. Thergaaim aft research assesses the reliability
of a sensor by comparing its readings to the ground truth in an online or offline manner. For instance, the Weighted Mgjmnittym

is a representative example of a large class of similar legacy algorithnentiResome advances have been achieved in identifying
unreliable sensors without any knowledge of the ground truth which seems a paradox in itself. In this paper, we presgh a sim
mechanism for solving the problem using Tselilee Learning Automatd_f). Our approach leverages a Random Walk (RW) inspired by
Tsetlin LA so that to gradually learn the identity of the reliable and unreliable sensors. In this perspective, we reseanioof RWs,
where a distinct RW is associated with each sensor.rBewf the limited memory requirement of our devised LA, we achieve adaptive
behavior at the cost of negligible loss in the accuracy.

#1978 Convex Polytopic Modeling of Diabetes Mellitus: A Tensor Product based approach

[ SOSYy i DIYDS @B IHUEE 9A 3y SN

Tensor Product (TP) transformation based modeling and control can be useful in biomedical engineering, since complex nonlinea
control tasks can be handled easier with it. Moreover, the modeling approanrhandle the Linear Parameter Varying (LPV) models
and produces a tensor based system description, which can be used during Linear Matrix Inequality (LMI) based congnll@hdesi

TP property makes the usability of the method beneficial as LMI ateddechniques allows using the Lyapunov theorems. The aim of

the current work is to demonstrate the usability of TP models in biomedical applications, i.e. diabetes modeling. Thedebréhmo
minimal model is investigated and simulation results arespnted under Matlab.

#1322 Degree of Automation in Command and Control Decision Support Systems
Ryan M RobinsofUS), Michael McCoufUS), William D Nothwan@JS), Emily Deette (US), Jess Willard
Curtis(US)

This paper investigates the effects of integrating automation into the various stages of information processing in acwoititagnd

and control scenario. Command ceontrol (C2) is an extreme decisioraking paradigm characterized by high uncertainty, high risk,
and severe time pressure. We introduce a principled approach to decision support system (DSS) design that specificadly todes
issues. Our approackstablishes the principles of communicating confidence in sensor estimates and consequence of actions in an
intuitive, timely manner. We hypothesize that automation designed to communicate confidence and/or consequence will irapkove t
performance over sstems that neglect these concepts. Toward this end, huswarjects experiments were conducted to compare the
effects of displaying confidence/consequence information in a C2 tdrgeking and interdiction scenario. Four variations of a decision
supporty G SNF I OS 6SNBE RS&aA3IYSRIT SIFIOK gAGK I RAaGAYyOl GRSINBS 2F | dz
(baseline), (ii) a confidendeased visualization, (iii) a confidencand consequencéased visualization, and (iv) a confidenaad
consequencéased visualization with explicit decision recommendations. While increasing automation generally improved results, the
inclusion of consequence information did not have a major effect, perhaps because the scenario wasioyified.

#2484 Texture Evaluation System of Paste Food by Using Elastic Imitation Tongue

Shun Kumakur&P), Akihide ShibataP), Mitsuru HigashimdidP)

This paper presents a texture ewation system for nursingare paste foods with a biomimetic approach. To artificially reproduce
human oral processing, an elastic imitation tongue is introduced to the compression test device of paste food. Duringpteesiom

the tongue is passivelyeformed and holds a paste sample. Such a tongue behavior varies with respect to characteristics of paste food.
Based on this effect, we propose the method for extracting the cohesiveness of paste food by the pressure distributioemesdsur

and the imageprocessing. Then, we develop the texture evaluation system that estimates the value of human sensory evaluation from
the feature value of the pressure distribution. The experimental results show that the proposed method can appropriatejectste

value of human sensory evaluation.
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#1344 An Adaptive Learning Method of Restricted Boltzmann Machine by Neuron Generation and
Annihilation Algorith
Shin Kamad&JP), Takumi IchimufdP)

Restricted Boltzmann Machine (RBM) is a generative stochastic ebasgyl model of artificial neural network for unsupervised
learning. Recently, RBM is well known to be a-tpatning method of Deep Learning. In addition to visible and hidden neurons, the
structure of RBM has a number of parameters such as the weightecleet neurons and the coefficients for them. Therefore, we may
meet some difficulties to determine an optimal network structure to analyze big data. In order to evade the problem, vigategs

the variance of parameters to find an optimal structure dgrimaining. For the reason, we should check the variance of parameters to
cause the fluctuation for energy function in RBM model. In this paper, we propose the adaptive learning method of RBM that ca
discover an optimal number of hidden neurons accordimghe training situation by applying the neuron generation and annihilation
algorithm. In this method, a new hidden neuron is generated if the energy function is not still converged and the varidrece of
parameters is large. Moreover, the inactivatediden neuron will be annihilated if the neuron does not affect the learning situation.
The experimental results for some data sets were discussed in this paper.

#1405 Feasibility Study for Telexistence on a Shigdeasurement of Delay Time of Satellite Comunication

Shinya SasakiP), TadatsugdkazakiJP)

These days, reduction of the young crew, aging, reduce labor costs, and overwork of crew have become serious problemgh&o sol
problem, navigationsupporting system was developed for one person bridge operation. However, technological improvement was
more necessary and human error still remained in the system. Thus, with a concept of telexistence, a system for suppiditignna
officer was propsed by remote control of a telexistence robot from shore side. The telexistence system was communicated between
the telexistence robot on a ship and an experienced mariner from shore by satellite communication. However, for achieving the
telexistence systm, delay time must be measured because the delay time might cause a marine accident. In this study, the round triy
delay time of satellite communication was verified, and the result indicated that the telexistence system worked enoigitipon a

#1520 A New Hybrid Sensorimotor Driver Model with Model Predictive Control

Kazuhide Okamot@JS), Panagiotis TsiotréddS)

Many driver models are based on the assumption that the driver can be modeled astiineinvariant system, which is unrealistic

and quite restrictive for most redife situations. These models generally have difficulty in explicitly representing the differences among
human driving behaviors. In this paper we model the human drivex lagbrid controller that switches between loterm, discrete
planning tasks and shetérm, continuous trajectory tracking tasks. The new driver model is based on th&mwesiin two-point visual

driver model, and it uses a model predictive control (MR®@Yule in the anticipatory channel to better predict deliberative, human
driver action. We evaluate the performance of this model, and compare it with other driver models using numerical simuldons
results show that the proposed new driver model resato the variation of the direction angle in the same way as human drivers do,
and outperforms previous similar driver models.

#1558 Ergonomic Effects of using Lift Augmentation Devices in Mining Activities

Darius NahavandiAU), Julie IskandéAU), Mo Hossn§AU), Haydari Vahi¢AU), Shannon Hardir{@\U)

The mining industry has previously been regarded as a high risk job with safietytbe primary concern. Over the years, procedu
have been enforced in order to reduce these risks however muscular injuries are still occurring at a significant ratéstide
technology known as Lift Augmentation Device(LAD) has been in useuoerélte impact on a workers body. This paper provid
musculoskeletal analysis on shoulder and core muscles. Results indicate key differences between manual procedurassnst
procedures. The LABssisted procedure lessened the stretching forecetie right shoulder and back muscles at the price of m
oscillations in the force applied, while the left shoulder and core muscles suffered more stretching forces and mor®usdiilahe
force applied. Improvements, to be made within the systere, @rovided.

Soecial Bssions

#1720 Automated Brain Tumor Segmentation using Kernel Dictionary Learning and Supeilpixel
Features
Xuan ChefSG), Binh Phu Nguy&G), Chee Kohui(SG), SiAHengOrg (SG)

Brain tumor segmentation, an essential but challenging task, has long attracted much attention from the medical imagingigommu
Recently, successful applications of sparse coding and dictionary learning has emerged i wiaiiou problems including image
segmentation. In this paper, a superpibalsed framework for automated brain tumor segmentation is introduced. The kernel trick is
adopted in dictionary learning to transform superpieVel features to a higdimensiona feature space where their nonlinear
similarities are considered to generate discriminative sparse codes. A graph is constructed from the approximation errdoy giv
dictionaries modeling different brain tumor structures so that superpixels belongingatticular tumor regions can be efficiently
identified. The proposed framework is evaluated on brain magnetic resonance images-gfauighglioma (HGG) patients provided by
the multi-modal Brain Tumor Segmentation (BRATS) Benchmark. Results showehatoffosed framework achieves competitive

performance when compared with the statéd-the-art methods.
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#1323 Optimizing the Segmentation Granularity for RTB Advertising Markets with a Bteme Resale Model

Rui Qin(CN, Yong YuafCN, Juanjuan L{CN, FeiYue Wang(CN)

Real Time Bidding (RTB) is an emerging business model and a popular research topic of online advertising markets. dJdsasgd dgdata
analysis, RTB advesitig platforms have the ability to precisely identify the features and preferences of online users, segment them into various
kinds of niche markets, and thus achieve the precision marketing via delivering advertisements to theatwstd users. The segmtation
granularity used by such platforms, typically referred to as the Demand Side Platforms, (@8Rsa central role in the effectiveness and
efficiency of the RTB ecosystem. In practice, -firEned user segmentations may lead to increased vpkreclicks and bid prices from
advertisers, but at the same time reduced competition and possibly decreased bid prices in each niche market. This matixegearch on

the optimal segmentation granularity to solve this dilemma faced by DSPs. UsiByraaRdet model with twestage resales, we analyzed DSPs'
segmentation strategies taking the revenues of both advertisers and DSPs into consideration. We also validated our progeseddn
analysis using the computational experiment approach, and theemxental results indicate that with the increasing of segmentation
granularity, the weighted sum of the DSP and advertisers' revenues tends to first rise and then decline in allalgggbases, and the optimal
granularity is greatly influenced by thalue of weights. Our work highlights the need for DSPs of moderately using, instead of overusing, the
online big data for maximized revenues.

#1388 Microblog User Community Discovery Using Generalized SimRank Edge Weighting Method

Jin Shan CN, Xun LiandCN)

This paper proposes a novel edge weighting method which balances local and global weighting based on the idea of sHaoedangjigiy
between users and the interpersonal significance of social networknoanity. We define that the users within one community should have
more similar relationship network structure, and by controlling the measure of neighborhood, this method can adequately adaptvorld.

We also propose a new evaluation method: usihg tommunication rate to measure its divided demerit, which can better express network
users interact relations than the ordinary modularity measure Q. Furthermore, the fast Newman algorithm is extendedis» agplcable for

a weighted network. The @eriments demonstrate that the proposed method meets the requirements of balance tremendously and more
robust for different kinds of networks.

#1223 Spatiotemporal Route Mining and Visualization for Busy Waterways

Rong Wer{SG)

Route mning for busy waterways is a challenging task. Complicated shipping routes may be generated due to vessels of different types
congesting in a narrow water way, frequently changing navigational direction and weaving through multiple crossingtteafifédifional way

using visual bearing and shspationed techniques may mitigate hazards of ship collision but lack macroscopic information for safe and efficient
shipping navigation. In this paper, we proposed a spinporal mining method to explore vedseshipping patterns in Singapore Strait. The
frequent shipping routes can be automatically extracted using a local polynomial regression based algorithm. Time derieg eoss

spatial areas is used to associate spatial pattern with temporal patfEhe aim of this study is to provide support for decisioaking process

in optimal shipping route planning and maritime traffic management. Mapping the pattern information to a virtual geograpfoicabtion

platform enables users to intuitively acge the knowledge of vessels' shipping patterns.

#2382 TimedFuzzy Cognitive Maps: An overview

Evangelia BourgarfizR, Chrysostomos Stylig&R, George Mani¢GR, Voula Geayopoulos(GR)

Fuzzy Cognitive Maps have been widely used for modeling complex systems but time and evolution of the system has ndy sliftiated

and taking into consideration within the FCM model. Time is a subataspect for any application because factors determining the behavior
of the system evolve over time; they affect and change the route of any evolution of the system. This work introducesihatemnof Timed
Fuzzy Cognitive Maps-FICM$, an extengon of FCMs, the known soft computing technique that can handle uncertainty to infer a result with
Hidden Markov Model (HMM).-FCM have introduced to take into consideration the time evolution of any system and provides intermediate
modeling results. Witlthe combination of HMM, the system will always reach to a decision, as HMM are called in the cas€@Mtdb not
convergence to an acceptable state and HMM suggests the most probable state (deoisi@pt).

#2225 A multi-agent approach for building fuzzy decision support system to assist the SEO process

Sylvain SagdiFR, AlainfWS Nb Y S  (FB,Egba OEBAKFR)

The process of changing a website position, which aféstvisibility in the Internet search engine results, is called Search Engine Optimization
(SEO). The modeling of SEO process has been considered a complex problem especially because of the dynamic changaeobtthbevolu
information, the increase dhe diversity of heterogeneous information and their interactions, the lack of transparency of ranking models and
the uncertainty of change in terms of results. Thus, SEO process represents a heterogeneous, distributed, complex, depéirec,aad
evaving system. Therefore, from process and organizational points of view, SEO can be modeled by usaggentdjistems. Further to this
proposition, we identified several groups of autonomous agents, representing criteria for the implementation ofQh@&@eEss. In this study,

we tested several SEO criteria in real conditions on the Google search engine. Results from these experiments permitietérasirie the

fuzzy decision rules integrated in a SEO decision support system. These fuzzy deeisioarrassist SEO practitioners in their work to take
322R RSOAaAzya | O0O2NRAY3I (2 (KS OtASyidiQa ySSRa IyR GKS aSINOK Sy3a
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October 12 (Wednesdayl7:30-19:00, InterContinental Budapest, Panorama Il
Session Chair@rlando BelpNishi Tatsushi

#2157 A mixed integer linear programming approach to schedule the operating theatre

FetenMaaroufi(TN,| S NIJS (FR, Ot KorbagTN)

The problem studied in this paper is to allocate and to sequence the elective operation on operating theatre (OT). Weadenxabalp
integer linear programing (MILP) model to solve this problem. Decisions in this model include the allocation of operations to material
resources and human resources, the starting time of them and the starting time for each surgeon. To show the efficienecyaufat

we decie to compare it with a constraints programming (CP) approach. The performance of these models is tested using a benchmg
of the literature. The results indicate the efficiency of the MILP model compared with the CP model in terms of compuiaizonal

#1273 Modeling an Opportunistic ETL Agent Based System Using YAWL

Orlando BeldPT), Nuno Gome$§PT)

9¢[ &aeaitsSya NS NBalLlRyaiaofsS F2NJ LJ2LJzZ I Ay 3 -oRentédusidelssNiBt& Faleh S & ¢
that in the most appropriated manner ETL systems require special computational means, involving frequently the maniguaten o
amounts of data that come usually from disparate information sources. Planning and designing ETk aysteary complex tasks,
where the occurrence of errors is not rare. In some particular situations, this may jeopardize the successful implemehtaton
entire system. Therefore, ETL systems modeling is a very important activity in an ETL progdtafiows for sketching and validating
different kinds of implementations accordingly all operational requirements defined. This will reduce significantly posjesct c
originated by misinterpreted or badly mapped specifications. In this work we propakifferent approach for modeling ETL systems,
using ETL patterns as main systems components of an ETL system that will be used and tested in a standard simulaticenenvironmn
using the workflow language YAWL. The system is supported by a cooperativeisitynofi agents that are in charge to put in practice

the tasks specified of a specific ETL pattern and, together, execute the entire set of tasks required by a particulantpackgge.

#1937 Column Generation Heuristics to Airline Crew SchedulimgdRem for Fair Working Time

Nishi TatsusHiJB, lijima YuJP)

In this paper, the modeling and solution strategies of a practical airline crew scheduling problem are studied. Therawline c
scheduling problento achieve the equalization of working time taking into account for practical constraints such as international and
domestic flights, holiday assignments, and grouping constraints is formulated as an integer programming problem. Theigroblem
reformulatedas a set partitioning problem by Dantigolfe decomposition. The column generation algorithm is applied to solve the
linear relaxation of the original problem. In order to improve the performance of the algorithm, a column fixing stratégy wit
backtracking is proposed. In the proposed method, the schedule for all crews is obtained efficiently by exploiting the fixing o column
and the execution of the column generation procedure. The backtracking is introduced to find a feasible solution effitiently.
computational results show that the proposed algorithm can find better solutions than gieealystics and the branch and bound
procedure solving the original problem by a commercial solver.

#1248 An Integrated Decision Support System for Emergency Estieon Management

LiuYi(CN, Ganggiao WangCN, Zeyu Jian¢CN, Jing Qiar{(CN, Yonggiang ChefCN)

Evacuation management related problems involvedtigigciplinary response tasks. Integrate decision support demands for intelligent
management, collaboration and visualization of multiple model and data resources in distributed and heterogeneous envirbnment
this paper, a serviceriented distributed architecture is developed for integrated decision support in emergency evacuation
management. The suggested architecture takes advantages of the combination of SOA environment and -baseldgyesource
management approach. It focuses not only on intenality of disperse resource, but also integrated decision support capability by
means of integrated resource management, modeling support, integrated simulation and collective results analysis. Theamizgead

of the proposed architecture is that misimensional evacuation management operation decisions are jointly handled in an integrated
manner. A case study of implementation of the architecture demonstrated the feasibility of integrated decision supporeneiites
analyzing collective resulend even revealing sine implicit information.

#2388 Improved sEMG Signal Classification using the Twin SVM

Prof JayadevéN), Sumit SomafiN), Sridhar P ArjungAU), Dinesh Kant Kum@gU)
Identifying wrist and finger flexions from surface Electromyogram (SEMG) signals finds several applications for devekipegjsp
based device control. However, SEMG signals can be corrupted by muscular activity fitqpte mources at the site of acquisition, a
hence the identification of intents from these signals presents a challenge. Moreover, there can be multiple intents wHitb be
recognized, hence a robust classifier is required. The accurate recogaoftifhrese movements is imperative as it enables relia
control of devices. In this paper, we use the Twin Support Vector Machine (Twin SVM) classifier to identify 15 clasgesndffimger
flexions using on&/s-rest classification approach. Our vikouses sEMG data obtained from nine subjects, including an amp
volunteer. We compare the improved accuracy obtained in using Twin SVM against LIBSVM (a standard SVM impleme
demonstrate the effectiveness of the classifier. We use a simpkarieathe Root Mean Square (RMS) value of the signal during
trial as features for the classifier. Our results demonstrate the effectiveness of using the Twin SVM in-cdassubicenario wit
unbalanced datasets, which holds significance in addrgstbie broader challenges in classification presented in several applications

Regular Papers

based on processing of biomedical signals.
SMC 2016 BudapeffTechnical Progra



Enterprise Information Systems
October 10 (Monday 17:00-18:30, InterContinental BudapesPanorama |
Session Chairgmy J.C. Trappegarlos C. Insaurralde

#2043 Find the Most Suspicious Tax Evasion Groups from a Taxpayer Interest Interacted Network

Feng Tiar{CN, Xing Wan(CN, Tian Lar(CN, Tianliang Q{CN, Qing Hua ZhenfCN, KucMing ChaqGB)

Ranking similar structure groups/subgrapie contribute to importantly practical applications, such as finding the most suspicious tax
evasion group within a heterogeneous information network. This problem, however lacks attentions in the current researcmitpmm
Inspired by social network ahais, this paper coins a definition of a taxpayer interest interacted network (TRilWhich persons or
companies act as nodes as well as the arcs act as the relationships between persons and/or companies, and the weighs acarakar

to the interest affiliated degree (IAD) of a direct tie or link according to various economic behaviors between persons and/or companies.
Moreover, we adopted four operations, Maximum, Minimum, Addition, and Multiply, to calculate the IAD of a trail, then peopose
voting algorithm based on the four operations to compare the suspicion degrees of all groups containing the same tradinghigati

arc. Experiments are carried out and their results verify the proposed method.

#1132 A Systematic Approach to Design of axt Categorizer

Roger BradforduS, John PoznialdJS)

In this paper, we implement a systematic approach to text categorization using latent semantic indexing (LSI). A novelffeatu
approach is that wéeratively refine the LSI space used for categorization. Using a verification set, we also employ LSI to determine the
values of all parameters controlling the steps of the categorization process. Our approach is designed to scale toedetipris
implementations. We test the categorizer using the standard Reuters 21578 test set. In order to accurately compare swvitbsult
other prior work, we carried out a review of over 500 previous reports of document categorization using the Reuters 2&6#8rco

At least within the scope of that review, the categorization performance reported here is the best yet attained for thdadietase

on this standard test set.

#2436 Psychological Ownership: A Human Factor to Consider for the Succegcbhdlogy Enterpreneurial
Activites

Aurona Gerbe(ZA, Alta Van der Merwé¢ZA)

CKS O02yO0SLIi 27 LAeOK2f23A0Ff 26yYySNEKALI 6 KSNB a2YS2ySholodicg! ARSYy ()
ownership is important because someone that own something take responsibility for its wellbeing. Currently there is naismetha

measure psychological ownership of equipment within the context of small entrepreneurial business in SoutHrAfnisaMOSAIZB

project case study cinerda-a-backpack equipment was given to entrepreneurs to empower them to start their own successful
businesses screening mditiedia content in rural South Africa. This research aimed to identify whether or dividoals developed
psychological ownership towards the cinema equipment and what the possible effects of having psychological ownership cdikl be

study resulted in the development of a measuring tool for psychological ownership in the contextlbéstrepreneurial businesses in

South Africa. Psychological ownership can give valuable insight into how entrepreneurs run their businesses in Soutid Alfica a

study also established that individuals that perceive themselves as successful hag anldighon of psychological ownership.

#2497 Patent Portfolio Analysis of payment Services Using Technical Ontology Roadmaps
Amy J.C. Trapp€yW), Charles Trappe§f W), Abby P.T. Hs(ITW)

Electronic payment @ayment) is a subset of anammerce (EC) and critical to enhance customer loyalty. Adeslgned epayment
service creates new commercial advantage and should be protected as intellectual property. This researgbs davedatology
roadmap using computer assisted methods to classifayment patents. The results of roadmap provide patent portfolio visualization
which helps EC enterprises utilize strategic information for competitive advantages. This research atys @augint value indicators

to benchmark patent portfolios. In the case implementation, two leading EC enterprises, Amazon and Alibaba, are studiegirusing
payment patents as input to implement the proposed methodology. The roadmaps and value assiesssults help to describe their
underlying competitive advantages and provide management implications for business development.

#2502 Follow-up Methods for Autonomic Repairing Process
Carlos C. Insaurrald&B, Pattarathu K. S. M. Rahmg®B, Manu Ramegowdé&GB, Chandra M. Vemur{GB)

The technical maintenance of civil concrete structures is not really cheap. A way to reducemaaggrelated costs is to have a
concrete capable of repairing itself when damaged. This paper presents a cybernetic engineering approachdalirsglin concrete.
The approach is inspired by the biological b&léling principle to make selépairing possible in concrete. It consists of adding
biological and chemical agents (bacteria) to concrete mix along with Shape Memory Alloys (SMA) to get an imprbgatinge#ffect.

A challenging issues related to this approach is that effective monitofitigegprogress of the seliealing process. The main challenge
is the diagnosis and even prognosis of the cybernetic concrete health. This paper proposes different testing methodsotottmonit
selfhealing in cybernetic concrete. These methods allowdfagnosis and prognosis of the shaling process in the above concrete.
Experimental results from the above tests carried out in conventional and cybernetic concrete samples are shown. Coanllisions
future work are also presented.
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#1437 Programming Sensor Networks with Nadic NFC Transponders

¢ SSYdz [ &FINddhsKitajéF), lvan Sanche@F), Jukka RiekKF)

We present how NFC transponders can be used for energy effipfegramming of closetbop sensor networks, to
update or augment the existing functionality. Use cases include road tunnel inspection, water pipeline monitoring anc
maintaining safety information on behalf of mine workers. We utilize opportunistic moveofehie human operator, the

flow of fluid in a pipeline or material in mines, to move the NFC transponder in the system effortlessly and without
external network connectivity. Transponders contain mobile agents in their memory, which are injected irdgstbm

when transponder comes to the proximity of a node with NFC reader component. Then mobile agents autonomousl
operate their tasks, i.e. collect and process sensor data in the devices, detect events from data, control physic:
components and report thir results. Mobile agents can adapt to the operational conditions of the system and physical
environment, e.g. to save energy or operate in isolated network segments in fault situationsvétlebevaluation shows

that this method is energy efficient tomparison with communications atop similar wireless sensor network.

#2446 A SocieTechnical Perspective to Flexible Design of Energy Infrastructure Systems

Yeshambel Girma Melegdl), Rob Stikkelma(NLD, P.M. HerdefNL)

Systems engineering is the dominant approach for designing flexibility in infrastructure systems. However, the approac
YSNBEfe F20dzaSa 2y LKe&&aAlOFt StSySyida 27Tnyihatestiondsigivenovthel a
institutional structures (e.g. contracts) required to realize the system. In this paper, the conceptual gaps of system
engineering approach when it comes to infrastructure systems design is discussed. As a way to addresstegseal

gaps a theoretical framework that integrates the technical/engineering perspective and the actor/institutional perspective
is proposed. The framework promotes design procedures for integrating flexibility, not only in the technical elements of
the system, but also in the institutional structure.

#2449 Performance Evaluation of a Lightweight Virtualization Solution for HPC I/O Scenarios

David Beserr@8R, Edward Moreno Davi(BR, Patricia Takko EndgqBR, Jymmy Barret¢BR)

Our investigation aims to answer which scenarios LXC, a lightweight virtualization solution, can offer a better performanc
than KVM, a hypervisdrased virtualizationpr even equal to native environments. For that, we are considering HPC 1/O
bound applications and the effects of resource sharing on the performance of virtualized environments with both tools.
We conducted experiments with traditional benchmarks in twéfedént scenarios: without communication between
benchmark processes in execution and; with processes communication in a cooperative way. Results indicate that LXC |
offer a better performance for I/@ound applications in most cases than KVM; and L¥Sssaffected while we increase

the degree of resource sharing between multiple abstractions hosted at the same host server.

#1063 Factors impacting accurate Celmpedance extractions from magnitudenly measurements
Todd FreeborgUs, Elwakil AhnmedAB, Brent Maundy(CA)

The Cole impedance model is widely used in applications involving the electrical impedance of biological tissues. Typic:
requiring postprocessing to determindsd four parameters from electrical impedance measurements. Here, alim@ar

least squares optimization routine is applied to extract the Cole impedance parameters from collected magnitude
responses (not requiring direct impedance measurements). Thaesatonquantify the impact of the measured frequency
range, number of collected datapoints, and level of noise in the magnitude measurements on the accuracy of the
extracted parameters. Further investigating the impact the optimization settings hawkeoaccuracy and time required
G2 SEGNFXOG GKS LI NFYSGSNA® ¢KS FAY A& (G2 dzyRSNEG!I
systems utilizing this method to extract the impedance parameters.

#2178 Towards a Holoni€Control Inspired bcal Market Approach used in Intelligent Energy Systems
Cyndi Moyo(AT), CA f A LJ t NJAF, THomas | RtIS¢AT), Thomas HeistracheiAT), Ja Lei DUAT),
Ulrich Hofmanr{AT)

The realization of a sustainable energy system for the future requires intelligent automation approaches and ope
concepts, in addition to the usage of renewable sourddss paper analyzes the usage of the holawictrol principle a
an open, scalable, and interoperable automation solution for setting up a local energy market in the context of smar
buildings and energgfficient neighborhoods. The necessary requiretserthe corresponding automation architecture

and validation through a esimulation based proebf-concept are discussed in this work.
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#2352 ldentification of Anomalies in Lane Change Behavior Using Gtess SVM

Saina RamyafUS, Abdollah HomaifatU3, Ali Karimoddin{US, Edward TunstgUS)

Advanced driver assistance systems are required to detect latent hazards posed by simgougsticles and generate an appropriate
response to enhance safety. Lane changes constitute potentially risky maneuvers, as drivers involved encounter laterdueasards
surrounding vehicles. A careful study of lane change behavior is therefore edderitientifying potential abnormalities that may lead
to various hazards, during the process of a lane change. In this study, an anomaly detection technique is used to copspats sha
normal and dangerous lane change maneuvers, to identify the ababmstances. A onrelass support vector machine is used and
tested for novelty identification of naturalistic driving study data. The results show that the technique is able to detgetals lane
changes with high accuracy. In addition, results sugtes dangerous behavior could occur before, after or during a -etmenge
maneuver.

#1149 | ¢CSOKYAlLjdzS F2NJ GKS hLIGAYLFE alyl3SySyid 2F /2yiFAySNEQ
Mariagrazia Dotol{IT), Nicola Epicoc@T)

This paper focuses on optimizing one of the most critical activities in-eBr2 2 NJ Ay G SNX¥ 2RI GNF yaLR NI A2
drayage by road. We present a technique to solve in an exact and optimal way theppaid deliveryproblem under the typical

assumptions of intermodal transportation: full truck load, split delivery, clustered backhauls, and time windows. The aiktivsd

limiting the distance traveled by road, enabling to match a delivery with aygiciequest, whileNB & LIS OG Ay 3 Odza i 2 YSNE Q

windows, vehicles availability, and rental needs. Thus, intermodal companies can manage vehicle routing and schedulimgiprable

integrated way. The technique effectiveness is shown by way of a real case study.

#1836 System optimal route choice strategy based on ant colony system

Yisheng ACN)

The research presents in this paper develops an Ant Colony System (ACS) based system optimal route choice strategyh® ensure
rational traffic flow asignment for urban traffic network. In this work, the traffic flow and impedance function of each road section are
calculated firstly, and then the individual traveler's route choice behaviors on network nodes are simulated based oy @pplyin
pseuderandom state transition rule, route and road section pheromone update formula, which implement the synthesizing of static

LINA 2N {y26f SRISST ReylYAO GNITFFAO 4G i8S yR (KS NI yRaeWpisSma 27F NI
position to reflecting the overlay and delay effect of route choice under different Gigstination (OD) demands. In addition, the

findings can obtain better network equilibrium comparing with the incremental assignment method, and will benefihifeviag the

route guidance system with time varying traffic conditions.

#2109 Reliable and Lowost Cyclist Collision Warning System for Safer Commute on Urban Roads
HomayounNajjaran(CA, Jessica Van Brummel€@A, Bara Emrar{CA, Kurt Yesilcime(CA)

Collision warning and avoidance is a vedtablished area of research for the automotive industry. However, there is little research
towards vitally inportant collision warning systems for cyclists, who are increasingly jeopardized by motorists on urban roads, especially
as quiet, fast electric vehicles become more popular. This paper describes the hardware and software-ocbst lmnllision warning
system for cyclists. Installed on the back of a bike seat, the system consists of absiagleaser rangefinder and two ultrasonic
sensors that detect oncoming vehicles from behind, two handlebar eccentric mass vibrators that provide left and righieedptick

to the cyclist, and a taillight that warns oncoming vehicles. Executed by an Arduino microcontroller, its software cbadistzyrule
based inference system (ffI&hich computes the collision risk and generates appropriate warning signalsimilar way to how a
cyclist would assess collision risk based on the distance, velocity and direction of an approaching vehicle. The derdtetypas p
and statistically evaluated by a survey taken from a pool of seven participants. The partidipstetd the system before and after
receiving initial training. The experimental results demonstrate the efficacy of the proposed system in warning cyatistguiitivze
manner, without distracting them.

#1483 Demand Responsive Mobility as a Service

Jecinta Wairimu Kama@P)

Fundamental requirements in mobility are time, cost and comfort. Individual car ownership satisfies comfort componensanttto
extent, the time component as well. However, owning and maintair@ncar is prohibitive for many due to cost and convenience
implications. In selecting other public modes of transportation, a taxi or rental car would provide a more comfortablétritietlevto
y2yS gl AlAy3a GAYS | yR 02 ykeqiNNents.HaweieKtBe cast isitaoSigrHaBdNdriot hesdsthined dséa
regular mode of transport. On the other hand, shared public transport such as bus or train is more affordable but reguires th
passenger to conform their schedule to a set timetatilat operates no matter the changes in demand. In developing countries,
however, the shared public transport alternatives do not have timetables and waiting time could be up to an hour. Reezoh ries
shared mobility systems, specifically Demand Respe Transport (DRTaddresses this situation. Solutions to DRT trip scheduling are
constrained to the variation of DRT specifications but does not vehicle schedule and quorum specifications consideratiains.toWV
reduce passenger waiting time for aled mobility and propose a design of a Ef&fed Demand Responsive MaaS (Mobility as a
Service) model that provides centralized management and ICT support. Our design adds time constraints of vehicle sthedRTto
problem. We propose a trip schethg and cost sharing algorithm for our designed model and base our approach on a DRT heuristic
algorithm and a quorum to enforce a minimum demand. A simulation experiment showed average waiting time reduced by 44.4%
compared to other DRT time optimizati@olutions. We conducted a pilot study in Dhaka, Bangladesh for 4 months. Actual average
waiting time reduced to 25% compared to current public transport in Dhaka.
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#1382 Hierarchical Planning for Error Recovery in Automated Industrial Robotic Systems

Satoru MatsuokdJP)

In recent high mix/low volume production plants, automated industrial robots which prevent temporary stop and recover from
unexpected errors autonomously are needed. Under the present circumstances, the automated error recowgrgrisugh,

and is restricted only to simply retrying the erroneous command. In this paper, a hierarchical planning system that realize
autonomous error recovery of robots is proposed, and repair strategy to realize a variety of flexible error recozpoytesl. A

partial order planning scheme provides a robotic system with broadgilaening capability based on semantic information
represented by conceptual graph. To verify its effectiveness, a number of cooperative work simulations of multiplerebots
demonstrated.

#2334 Contextaware switching between localisation methods for robust robot navigation: a ssipervised
learning approach

Raul Guilherme(PT, Francisco Marques(PT, ! Y RNBE CHNB ¥ (&8, wh DtzNR2 gy R2)
Pedro Santan@T), Jose Brata (PT)

This paper presents an incremental learning mechanism for coaisate switchingoetween localisation methods which are
available to the robots control system (e.g., @RSed, maghased). The goal is to avoid the cumbersome and error prone
manual mapping between localisation methods and environmental contexts. At each moment, the getermines which
localisation method is performing best by comparison with the motion estimates produced by an odometer, assumed a:
accurate in the shortime. Then, the best performing method is associated to the current environmental context, vehich i
defined by a novel descriptor built from the local occupancy grid. The result of this indiased learning process is used online

to estimate which localisation method performs the best in the current environmental context. The switching process is
facilitated by the use of the de facto standard Robot Operating System (ROS) framework. The system was instantiated in
differentiakwheeled robot equipped with a sherainge 2D laser scanner, and successfully validated on a set of field trials.

#1103 Conbining ReAllocating and Rescheduling for Dynamic MuHRobot Task Allocation

Yin CherCN, Xinjun Mao(CN, Fu HouCN, Qiuzhen WangCN, Shuo Yan¢{CN)

Multi-robot systems (MRS) working in open and dynamic environments are expected to deal with uncertail
arrival ofnew tasks and environment changes, by repeatedly adapting the current task allocation and schedule, in order tc
maintain its performance (e.g.potal utility, balance, etc.). This paper presents an adaptive approach to-rahbtit task
allocation (MRTAwhich combines two adaptive measures corresponding to different levels of a MRS:afljcating at inter

robot level, for balancing task alla@an, and improving total utility of the MRS, and (2}s&heduling at intraobot level, for
YEAYGFAYyAy3a SIHOK NRo02GQA& dzialotafing and éndirbningnd dnange& Sur ApprdachdisSexpeded 2
to have significantly higher adapgian power than both reallocating only and rscheduling only cases. An experiment is
02y RdzOGSR (2 S@lftdzr (S 2dzNJ I LILINRI OKQ&a OF LI 6AfAle 2F ANLINE
settings and different combinations of-adlocating and rescheduling.

#1352 TopologyAware RRT* for Parallel Optimal Sampling in Topologies
Daging Y(US, Michael Goodriclfug, Thomas Howardug, Kevin SepJS)
In interactive humarrobot pathplanning, a capability for expressing the path topology provides a natural mechanism for
describing task requirements. We propose a topolagyare RRT* algorithm that can explore in parallel any given set of
topologies. The topological information used by the algorithm can either be assigned by the human prior to the planning or b
gueried from the human in posterior path selection. Theoretical analyses and experimental results are given to show th
optimal path of any topology can be found, including a winding topological constraint wherein the robot must circle one o
objects of interest.

#1546 A Hybrid Probabilistic and Point Set Registration Approach for Fusion of 3D Occupancy Grid Ma
Yufeng YuéS@, Danwei WandSQ@, P.G.C.N. Senarath(8@, Diluka MoratuwaggSG)
One of the major challenges in multbot exploration is to fuse the partial maps geatad by individual robots into 4
consistent global map. We address 3D volumetric map fusion by extending the well known iterative closest point(ICP) &
to include probabilistic distance and surface information. In addition, the relative transfaymas evaluated based o
Mahalanobis distance and map dissimilarities are integrated using relative entropy filter. The efficiency of the proposec
algorithm is evaluated using maps generated from both simulated and real environments and is shown tdegerem®
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#1432 WiFi RSS Fingerprint Database Construction for Mobile Robot Indoor Positioning System
Abdul Halim Isma{MY), Hideo KitagawdJB, Tasaki Ryosuk@dB, Kazuhiko Tershima(JP)

Mobile robot positioning in an indoor environment via fingerprinting technique is made by matching the unknown WiFi dapatiala

WiFi power map database. In past years, this technique has gained reasonablaceim the cost of high labor yielded for the

database. Thus, automatic database construction by means of interpolating missing data is desired. This paper descidtied afvar

Inverse Distance Weight (IDW) interpolation which is the Modified Shépard a S K2 R 6 a { a-drieriffedl Mdbik doNdtcY SRA O f
Terapio. By properly selecting the reference locations, we found that this method is better than the conventional IDW amethod
comparable to the recently popular Kriging interpolation algorithmnniredoor environment by employing the statd-the-art WKNN

positioning algorithm.

#2251 Handling State Uncertainty in Distributed Information Leader Selection for Robotic Swarms

Angi L{US, Wenhao LuqUSg, SasankdNagavallilUS, Nilanjan ChakrabortfUg, Katia Sycardus)

In many scenarios involving human interaction with a remote swarm, the human operator needs to be periodicakbd wpittatstate
information from the robotic swarm. A complete representation of swarm state is high dimensional and perceptually inactz$sél
human. Thus, a summary representation is often required. In addition, it is often the case that the -swaram communication
channel is extremely bandwidth constrained and may have high latency. This motivates the need for the swarm itself to aompute
summary representation of its own state for transmission to the human operator. The summary representatidie gagerated by
selecting a subset of robots, known as the information leaders, whose own states suffice to give a bounded approxintfegientoft
swarm, even in the presence of uncertainty. In this paper, we propose two fully distributed asynchadgorithms for information
leader selection that only rely on inteobot local communication. In particular, by representing noisy robot states as error ellipsoids
with tunable confidence level, the information leaders are selected such that the Minieolome Covering Ellipsoid (MVCE)
summarizes the noisy swarm state boundary. We provide bounded optimality analysis and proof of convergence for the al§@athms
present simulation results demonstrating the performance and effectiveness of the propagaitahs.

#2149 A Biologically Inspired Multimodal Whisker Follicle

Hasitha Bandara Wegiriy@B, Nantachai Sornkar(GB, Harry BedfordGB, Thrishantha Nanayakkar@B)
Mammalian whisker follicle contains multiple sensory receptors strategically organized to capture tactile sensory stiliffelicit
frequencies via the vibrissal system. There have been a number of attempts to dewdopic whiskers to perform texture
classification tasks in the recent past. Inspired by the features of biological whisker follicle, in this paper we desgmaandvel soft
whisker follicle comprising of two different frequendgpendent data captung modules to derive deeper insights into the biological
basis of tactile perception in the mammalian whisker follicle. In our design, the innervations at the Outer Conical Bydyf @CB
biological follicle is realized by a piezoelectric transducerc&pturing high frequency components; whereas the innervations around
the hair Papilla is represented by the hall sensor to capture low frequency components during the interaction with theneenirdn
this paper, we show how low dimensional informatisuch as the principle components of-eariation of these two sensory modalities
vary for different speeds and indentations of brushing the whisker against a surface. These new insights into the Hiakigicdl
tactile perception using whiskers provleew design guidelines to develop efficient robotic whiskers.

#1624 Robotic Attention Manager using Fuzzy Controller with Fractal Analysis

t S SNISK@&dzR 2 t TSHWIH YO I=(BKY 6 + 1

This paper is focused on the application of fractal analysis in the attention management of humanoid robot. We desigizgd a fu
controller to combine the face detection, movement detection and the fractal dimensgmaks to control the head movement of robot

Nao. Also, the gaze problem is addressed by the controller. Implementation details are included in the paper, incléigingtémm
parameters, which we found optimal according to subjective analysis andbpities of current hardware. We found the fuzzy
controller to be advantageous for implementation of attention manager because of smoothing of the movement of robot when
compared to the simple rule based implementation, and also because the fuzzy éamingblementation of manager is more clear
then a naive ithen heuristics code. We also found the fractal dimension to be useful additional signal for attention management of
robot, which can be computed in near raahe on current hardware and statinput images.

#1031 Parameter design for twalimensional truss binary manipulators based on the Kolmogot®mirnov
statistic and maximum empty circles

Eiji KonakdJP)

In this study, a twalimensional truss binary manipulator is catesied as a controlled plant. The reachable points of the binary
manipulator form a discrete set of points, and their distribution depends on the parameters of each binary actuatoreebinatiy
actuator lengths. In this paper, a novel parameter desigithod for the binary manipulators is proposed. In this method, two different
criteria, the Kolmogorossmirnov (KS) statistic and radius of the maximum empty circle (MEC) are combined. MinimizingtttesticS
maximizes the density of reachable poirdad makes their distribution close to uniform one. In addition, minimizing the radius
minimizes the upper bound of the positioning errof end effector.Numerical design results for the twadimensional truss binary
manipulator are presented to demonstratee usefulness of the proposed method.
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#2324 Specific Validation Analysis of Stochastic ICING Model Based Estimation of Insulin Sensitivity Risifilg
Clinical Data

FE+ T a L gHUMent StewdryN&d sWs | Ho®ldk (HY, Chris PrettyN2), Geoff Chas¢HU),. St I t + yOT o1 !
In this paper the performance of an insulin sensitivity profile estiomamethod is analysed from the the aspects of clinical applicability. In our previous
studies it has been demonstrated that the grey box variant of the ICING (Intensive Controthatition-Glucose) model may be successfully applied
to improve the stimation accuracy of the insulin sensitivity profile of intensive care patients. This may enable the application of thiariedelinical
treatment, especially in tight glycaemic control. The sensitivity estimation accuracy itself and the accuraseingmt compared to previous methods
are highly variable, it strongly depends on the range of blood glucose concentration. In the present study the insulitysessination is analysed
from the clinically relevant aspects. Modelling error represenbs the difference of measured and computed the blood glucose concentration was
considered on the total glucose concentration range (measured in mmOIA ¢ G < 200f the cohort data set as well as on its four subregions, namely
hypoglycaemic (0 <@ Yy 2N 2 3f & OF SY X, @ild&kKR LISNBt B OKSy®@ndéaveref & EISRA D& &K 1A O omn § C
of the computations indicate that the SDE model was significantly better in the normoglycaemic asfd/peitdlycaemic rages, somewhat better in
the hypoglycaemic range and nearly the same in the sekgperglycaemic range. The 97 % of all of the concentration values were in the
normoglycaemic and the milblyperglycaemic range (5841 valjiewhich amplifies our statement ithese ranges, but further study is necessary the
ensure the verdict for the hypoglycaemic and sevieyperglycaemic ranges.

#2042 Calculating the Response Time of Action Flow in Stochastic Process Algebra Models

Jie DingCN, Leijie Sh (CN, XinShan Zh(CN)

Response time plays an important factor in determining the Service Level Agreement (SLA). For the reason that actual eneasstena large
amount of resource, theoretical/numerical analy based on Stochastic Process Algebra (SPA) is a good choice to obtain the response time of concurrer
systems. Among all SPAs, Performance Evaluation Process Algebra (PEPA) is the most popular one due to its precisAsemastiltsthis paper

gives two methods, theoretical and numerical, for analyzing response time between two specified actions. These two methesisiciesl in the
scenarios that there are no actions can be performed parallelly in a response. In addition, theoretical prsalgpgies to small scale models.

#2490 A New Approach to Notirragile Output Feedback Controller Design for Uncertain Tal&agieno Fuzzy Systems

JunYoneyamgJP)

The paper discusses néragile output feedback control design Tak&ugeno fuzzy systems with uncertain parameters. In control design for physical
systems, there are chances that malfunction in actuator and reaffhi@rror of the control gain calculation may occur. Hence, controller gain variations
as well as uncertaigtin the system parameters should be considered in the control design. For an uncertain fuzzy system, a design methed of a no
fragile output feedback controller is proposed by introducing a new type of controllers where the integrals of the memherstigms are involved. A
non-parallel distributed compensator (NePDC) is a generalization of a parallel distributed compensatoj(RB{Ch is a traditional controller for fuzzy
systems, and is used for the control design. A-fragile norPDC output fedback controller for uncertain fuzzy systems is obtained from new fuzzy
multiple Lyapunov functions and its control design conditions are given in terms of a set of linear matrix inequalifieatiibhisare easily numerically
solvable. The descriptor ggsn formulation, which leads to relaxation in controller design conditions, is also employed. These approaches reduce the
conservatism of the control design conditions. Finally, numerical examples are given to illustrate our nonlinear corgroladdsioshow the
effectiveness over other existing results.

#1114 Managing a Holistic Supply Chain Network for Proactive Resilience
Junwei WandHK), R. R. MuddadéCA, Andrew Ip(HK, W. J. Zhang§CA)

A concept called holistic supply chain networkSNC for short) was proposed by our group before. The nature2NM@ is that several supply chain
networks intertwine and intedependent to each other to form a more sophisticateetwork. It is our belief that management of such a supply chain
network has a close tie to financial crisis in 2008 and subsequent global economic recession. This paper proposes a riewagify the FENC
system to enhance the resilience of this kioidsystem in a proactive manner. By proactive resilience it is meant that the disruption of supply chain in
future could be avoided at large if not all. The proposed theory includes a model that represents the economic heaith of #néi context of aupply

FYR RSYFYR ySiiég2Nyl o ¢KS Y2RSt Oly OFLXidNB y2i 2yfeé I rHaNbeGsilieado NB
such an HSNC system can be enhanced is demonstrated by a potential technique to share the tioioh#he health state of firm and the knowledge

of disruptions over the entire network in future if one or more firms in the network fail to function.

#1235 Strictly Formalized SituatiofDperator-Modeling technique for fallback layer modeling for awnomous or
semiautonomous systems requiring softwarbased failsafe behavior

DS2 NH (DB Bi%k Sdeffke(DE)

Autonomous and serrautonomous aerial systems (AES) are often needed to perform tasks inecoama dynamic environments, especially in logis
FYR GNI yaALRNIFGAZ2Y LI AQOFGA2yad LT AYyTF2N)NI A2 ysighas Ardziot aliakable S346 iehad)
like navigation is required. Here safe navigatdenotes spacial movement with freedom from unacceptable collision risk. The safe navigation ass
as well as safety assurance of AES are still open research issues. Traditional combination of safety aspects withateidsdmsksednd in consegnce
unmanageable AES system complexity as well as unpredictable effects during the spatial environment interaction mateal tsaditiy assuranc
methods inapplicable. From AES related literature it can be concluded that system safety is mosilgredrisiconjunction with mission tasks like pa
planing, reduced to human safety operator as-Ealtk level, or emergency landing. No integral AES safety concept by the best knowledge of the
can be found in the literature considering safe sitaatl behavior, system malfunctions, and technicattfaltk layer. This paper introduces Stric
Formalized Situatio®peratorModeling (sfSOM) technique for AES safe behavior assurance. In combination with the System Safety Surveill
Control (SSC) system concept a AESHaltk layer concept can be realized. In comparison to other approaches, in this concept a separation between
regular behavior generating missidasks and safety assurance roission tasks is used. Furthermore, the systenejmsated inwelR SUYy SRX & °
taskd LISOAUO Y2RdzZ Sa FyR Oy 068 NBFfAT SR dz&AAy3 &Gl yRINRAT SRfcangeRtdming NA& |
an industrial Programmable Logic Controller demonstrates the successfol 8§SGased falback layer also for comparable applications.
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#1609 Detailed octocopter modeling and PD control

Nedim Osmi¢BA)

This paper presents a detailed octorotor model derivation. The full derivation of the rigid octorotor body dynaséck b

on the NewtonEuler approach including the Gyroscopic effect and motor dynamics is given. We also discuss a
generalization of the model thus making it applicable to any symmetric and balanced multirotor aerial vehicle (MAV)
system with even number abtors. Finally, simple stabilization control is designed and compared with the state of the art
results.

#1206 An Adaptive Unscented Kalman Filtering Approach using Selective Scaling

Jaehoon KinKR,. t+ t A y(HU), DoAgik fe¢KR)

Classical Kalman filters require the exact knowledge of process noise and measurement noise covariance matrices.
Different versions of Adaptive Kalman filters are used in situations where the noise covarianieesnate partially or

fully unknown. In the discrete time case, one option is to use innovdigsed adaptation laws to update the covariance
matrices using measured data in a finite length observation window. This paper presents an augmented version of
adaptive Kalman filters where additional state variables are used to estimate parameter values and/or unknown inputs.
The behavior of the augmented state variables is modeled as random walk. The convergence properties of such adaptive
filters may be poor, gpecially when the parameter values or the unknown inputs undergo aléteghange. To improve
convergence, the paper suggests a selective scaling method so that uncertainty is scaled up for state variables which are
not measured or belong to the set afigmented states if a specific scaling condition is satisfied. The method is applied for
adaptive unscented Kalman filters that estimate parameters or unknown friction forces of a mechanical system as part of
the augmented state vector. Simulation resufts such applications are presented to show the effectiveness of the
method.

#1497 Tubebased robust MPC for pump scheduling in water distribution systems

Istvan SelekF), Enso IkoneKF), Csaba HoéHU)

¢CKAA LI LISN) LINPLIZAaSa | 00GdzoS o0 aSRORSNRPAGWESR ¢ a ta/l (IS INLINEA A N
subject to water demand uncertainties. The underlying mathematical problem is formulated within a robust decision
making framewrk where the operational decision (which is obtained using feedback) is cost efficient and feasible under a
range of water demand realizations. An application to the efficient pump scheduling of the water distribution system of

the city of Sopron (Hungayys presented.

#1761 Populationindependent Subsidy and Lurspum Tax Based Control of Multipopulation Replicator
Dynamics

Ryo Kadoy&JB, Takafumi Kanazaw@lP)

Many social systems consist of many selfithyers. All players may not have the same sense of values, and players who
have different senses of values can be considered to belong different populations. As a model of such systems,
multipopulation replicator dynamics has been proposed. In gen#raldesirable state may not be realized in the systems

of many selfish players. In order to realize the desirable state, the government that offers subsidies to players regardless
of their populations has been introduced. In previous work, however, isssimed that there exists an equilibrium point

that corresponds to the desirable state. In this paper, in addition to the subsidy, we introduce sslumtax that makes

a desirable norequilibrium target state an equilibrium point and formulate replicattynamics with the lumgsum tax

and the subsidy. We also derive the stabilization conditions of the target state ipdyuolation twostrategy games.

#1326 An Iterative Method for Analysis of Joint Visit Model at Dean East Clinic

Hyo Kyung Le@J 3, Xiang ZhongU3g, Jingshan L{US, Albert J. MusgU3g, Philip A. BaifUuS)

This paper introduces a case study at Dean East Clinic to model pidentvith joint visits by provider and medical
assistant (MA). A Markov chain model is presented to describe the patient flow and provider and MA services. To reduce
the state space dimension, a convergent iterative procedure is proposed. The studgridexkto nonMarkovian case by
introducing an empirical formula based on the mean and coefficient of variation (CV) of service times. The results have
been validated with good accuracy using both collected and randomly generated data.
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#2447 Multi-step-ahead prediction techniques for LithiuAon batteries condition prognosis

Roozbeh Razatdar(CA, Shiladitya Chakrabar{CA, Mehrdad Saif (CA)

This paper focuses on the usé different multistep prediction techniques for loAgrm prognosis of the Lithiuron batteries condition.
Various inductive algorithms including adaptive nefumzy inference systems, random forests, and group method of data handling are used
along wth three strategies for multstep prediction and prognosis. These prediction strategies including iterative, direct, and DirRec schemes
make use of the historical and current data in different manners to forecast the future values of the capacityangharizon for estimation

of the remaining useful life (RUL) of theidn batteries. These mulitep predictors are trained by means of constant currerbhibattery
datasets. The attained results present the effectiveness of these techniques ftortiperm prognosis of the RUL of the batteries. Besides, a
statistical analysis of the attained results indicates that the RF predictor outperforms other techniques.

#1025 SmaltSignal Analysis of a Kild/att-Grade Power Converter

KarJun Pa{TW)

A power converter supplying kilwatt-power from its output side is developed in this paper. The composition of its pstage includes an AC

DC converter and a B@C converter. The topology used by the-DC converter is the phashifted full-bridge with parallel currentioubler
rectification converter (PSHBCDRC). For the sake of feedback controller design, the-sigradl model of PSHBCDRC will be set up and
employed further to analyze frequency responses. Moreover, the tbeemina switch model is used in this paper, therefore, the transfer
function of PSFBCDRC is available to be acquired to simulate and analyze the frequency responses. Via practical measurements, the derivat
of smaltsignal model and system compensation paetens can also be approved. The analysis and design procedure will be presented
thereafter in the paper. Moreover, the simulations and experimental results are verified that both of which exactly codrasptme
anticipated results of the theory, and flnermore, the validity of proposed design approach will also be approved and demonstrated.

#1842 An Analog Ensemblbased Similarity Search Technique for Solar Power Forecasting

Andre Gensleg{DB, Bernhard SickDB, Vitali PankraZzDE)

Power forecasting for renewable energy power plants has been a highly active field of research during the past decaetetoisugsgdort the
operation of the power grid, sophisticated algorithms haweptedict the future development of power generation. Algorithms in the class of
analog ensembles conduct the process of forecasting by finding historically similar situations (e.g., by comparing vieatioes)siand
merging the historic power generati time series during similar periods to an overall power forecast. However, these algorithms often only use
very simple similarity measures, which in turn do not make optimal use of the historic information available. In thiswetipl®pose and
compae advanced search strategies for similarity assessment. These strategies include the assessment of forecasting tirms penibdke
instead of granular points in time, and joint time windows of histosicd future weather situations. Also, historicyer time series are used
directly in the comparison strategy. Furthermore, we propose a combined scheme to perform automated feature selectiorighting for
individual weather parameters. We evaluate the proposed technique on a solar farm data séticgnof 21 photovoltaic power plants which
is made publicly available. In the evaluation we show that advanced comparison strategies not only offer an advantagelevstraiegies,
they are even able to outperform other reference techniques, eughsased on physical models.

#2338 Nonlinear Phenomena of Varying Reference Current Boost-IITZ Converting Solar Cell System with
Incremental Conductance Method for MPPT

Po Lun Chan@Ww)
In recent years, carbon reduction is theeind of the world, and inexhaustible solar power is booming. The current efficiency of solar power
generation is still low. Therefore, improvement of the power generation efficiency will be the research objective totscidinbiger the world.

The maxinam power point tracking (MPPT) is an effective way to improve efficiency. Existing maximum power point tracking methods are
incremental conductance method, perturbation and observation method, voltage feedback method and so on. Because of theotiatpubf

the solar cell is lower than the normal one. This paper chooses boosDOQonverter as the converter system to enhance the output voltage

of the solar cell. In this paper, the nonlinear phenomena of boosDB&onverting solar cell system witleiemental conductance method for
MPPT by varying reference current is studied. Considering converter operation in continuous conduction mode (CCM) withcundenot,

Firstly the solar cell maximum power tracking system and converter working pringiplexplained. Secondly, the construction of solar
maximum power tracking with incremental conductance method and boost DC converter equivalent circuit model, then mathematical
model is derived, and simulated by MATLAB / SIMULINK software packaggglTtire timedomain waveforms, phase plane and bifurcation
diagrams, to explore the changing the reference current system from a periodic s$&tdyinto the chaos of nonlinear phenomena, chag
evolution mechanism of the system is analyzed.

#1073 An aveage consensus approach for the optimal allocation of a shared renewable energy source

Raffaele Carl(IT), Mariagrazia Dotol{IT), Gregorio AndriglT), Anna Maria Lucia Lanzal(IT), Raffaele Garramon@éT)
This paper investigates the problem of optimally distributing the energy produced by a shared renewable energy sourcesamspmgtiuout
relying on a centraled decision maker. We assume that each user is only allowed to communicate with his neighbors and buys energ
producer under nodinear pricing. We formulate a quadratic programming problem aimed at ensuring a social wigfaral allocation of tle
shared resource. We propose a l@momplexity distributed algorithm that relies on average consensus. We show the convergence
proposed algorlthm to the unique optimal solution of the resource allocation problem We also prowde numerical smda!rmnstratmg
GKFG GKS FLILINBIOK Fffz2ga SELX2AGAYI (GKS LRGSYdGAlLt 27FstsNBySgl of S
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#1621 Dynamic analysis of Thermoviscoelasticity in MeRhysical systems: A Bond Graph Approach

Amir ZanfAU), Fangpo HéAU), Peter C. Breedve(tlL)

Controlling thermemechanical behavior of muphysical systems has always been a challenging issue, as the general behavior
in this case is a result of mplex energetic transactions between the existing subdomains. In this study we propose a novel
thermo-viscoelastic model in which the thermmechanical behavior of the system is generated from the interactive dynamics of
its involving subdomains. The proged model then provide an energetic structure by means of which the general dynamics of
the system is obtained with respect to the constructive dynamics of each subdomain. This added capability to the mottel leads
automatically capturing the thermmechanical phenomena inside the system. The obtained simulation results for a simple
structure, highlighting the impacts of the internal dynamics on the observable behavior of the system, prove the capdbdity o
model to cover a wide range of thermmechancal behavior including material softening, vibrational heating, dilation,
relaxation, conduction, and damping.

#1647 Anomaly Detection in Smart Grid Data: An Experience Report

Bruno RosgiCZ, Stanislav Chre(CZ, Barbora BuhnovéCZ, Tomas Pitne(CZ2)

In recent years, we have been witnessing profound transformation of energy distribution systems fueled by Information and
Communication Technologies (JQ®wards the so called Smart Grid. However, while the Smart Grid design strategies have been
studied by academia, only anecdotal guidance is provided to the industry with respect to increasing the level of ggenhiceelli

In this paper, we report on a succagisproject in assisting the industry in this way, via conducting a large anatagdgtion

study on the data of one of the power distribution companies in the Czech Republic. In the study, we move away from the
concept of single events identified as anogné&b the concept of collective anomaly, that is itemsets of events that may be
anomalous based on their patterns of appearance. This can assist the operators of the distribution system in the transformati
of their grid to a smarter grid. By analyzing ®mdeters data streams, we used frequent itemset mining and categorical
clustering with clustering silhouette thresholding to detect anomalous behaviour. As the main result, we provided to
stakeholders both a visual representation of the candidate anomaliel the identification of the tofi0 anomalies for a subset

of Smart Meters.

#2011 Singlemachine batch scheduling under timef-use tariffs: new mixednteger programming
approaches

JunhengChengFR, FengChu(FR, Ming Liu(CN, Weili Xia(CN)

Timeof-use (TOU) pricing has been implemented by many electricity suppliers to alleviate the peak load of power grid, which
provides a good opportunity for industrial consumers talwee their energy bills. In industrial enterprises that involve batch
processing machines, energy expenditure often accounts for large portion of the final product cost. Optimizing batchngcheduli
under TOU tariffs in these enterprises will be of gregh#icance. This study investigates a single machine batch scheduling
problem under TOU tariffs. The objective is to minimize the total electricity cost by optimally scheduling all jobs witken a
planning horizon. Two mixed integer linear programm(iMdLP) models, which are respectively based on {ingex formulation

and timeinterval formulation, are developed for the problem. The models are solved by CPLEX. Computational results on
randomly generated instances demonstrate the effectiveness of thpgsed approaches.

#1784 Applications of Support Vector Machines to Standby Power Reduction

JinShyan LeéTW), JianDa Tong TW)

In recent years, energy conservation is a very important issue. The maiongeugs this paper is to deal with standby power

reduction. Most existing approaches combine multiple meter outlets with the remote control to reduce the standby power of
household appliances. However, they have to use extra sensors or even require mperzions to achieve desired results. In

GKA& LI LSNE | y20St YSGIK2R LI eAy3d GKS &adzLll2NI @SOG2NI YI OF
usage of household appliances has been proposed. By using the prediction of future hsagetamatic power management

and power consumption reduction could be achieved.

#1038 Measuring the Effectiveness of Zonal Heating Control for Energy Saving

Mohamed Farhat IbrahirfCA, Mostafa Mohamed CA, Behrouz H. F4ICA)

This paper measures the heat energy consumption in a typical Canadian house taking into account a commonly used furnace.
The aim of this work is to measure and analyze the energy savings for honoesilifheat control system is used. A control

circuit is used to sense the indoor and outdoor temperature and turns the furnace ON or OFF according to the preferred
temperature chosen by the householders. Zonal heat control is performed by closing thegheatits in the unoccupied areas

in the house during night times. Over onenth test period in wintertime; the measurement results proved that this zonal
control system can save the energy of heating up to 36% depending on the weather temperature. Jhesstuis support the
anticipation that, more save in energy consumption can be reached by controlling the delivery of heat oAbg-zone basis.
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#1461 Simulating SysML Transportation Models
Christos KotronigGR, Anargyros TsadimagGR, GeorgeDimitrios Kapos(GR, Vassilis DalakagGRH,

Mara NikolaidouGR, Dimosthenis Anagnostopoul¢SR)

Modelbased Systems Engineering (8B promises efficient and effective systems development, by providing integrated system model
views and streamlining the transition between different development activities. For instance, system testing with sinahatitthbe
provided as a simple faitjl for the performance evaluation of complex systems. Transportation systems are complex and their behavior
is determined by dynamic factors. However, research efforts define simulation models for transportation systems, usingocustom
simulationspecift notation. Additionally, moddbased approaches for transportation systems emphasize peripheral issues, such as
safety conditions and environmental impact. In this work, a framework that enables seamless performance evaluation of Railwa
Transportation Sstem (RTS) models via simulation is proposed. The de facto standard for MBSE modeling, Systems Modeling Langu:
(SysM), is selected as the modeling infrastructure, while other standards, like Query/View/Transformatio, @& Tsed for the
generation & executable simulation models. The latter can be simulated in Discrete Event System Specification (DEVS) simulators &
the simulation results are returned in the RTS SysML model. Additionally, the application of the framework in the pudfli&atRIrS

and the obtained simulation results are presented.

#2409 Detecting and Diagnosing Open Faults in NoC Channels on Activation of Diagonal Nodes

Biswajit BhowmiKIN), Santosh Biswa@N), Jatindra Kumar Dek@N), Bhargab B. Bhattachary@N)

In an onchip network (No{; the channels often experience several open faults because of certain manufacturingdield idefects.
Such faults may cause emaoous loss of packets degrading the reliability and performance of the system. A reliaititg NoC should
include a module that has the capability of detecting and locating an open fault in the channels so as to enable altetnatypaths

and to prevent excessive packet loss. This paper proposes dimerest scheme that detects open faults and locates the faulty
channelwires in an NoC. The proposed scheme makes use of diadovah test strategy and scales well when the size of the NoC
increases. We evaluate the performance of an NoC under {aajéic scenario and our simulation results establish the effectiveness of
the proposed scheme in terms of several netwanktrics.

#2407 A TopologyAgnostic Test Model for Link Shorts in@hip Netvorks
Biswajit BhowmiKIN), Jatindra Kumar DekdN), Santosh Biswa@N), Bhargab B. Bhattachary@N)

With the evershrinking global geomets on a die and the concomitant rise in the complexity of interconnections in arhipn
network (Nog@, the links used therein often suffer from various manufacturing defects such as shorts. These defects not only caus
logical or functional errors but asgive rise to various other system level failures such as duplication, misrouting, or dropping of a
packet, thereby impacting the performance of the network significantly. This paper proposeslae ¢&ést method that detects the
presence of pairwise shts, if any, and identifies the faulty links. Several performance metrics are evaluated to demonstrate the impact
of these faults, and simulation results demonstrate 100%coverage. The proposed method scales welldizdalgeCs irrespective of

the topology and linkwidth.

#1334 Predicting Crime with Routine Activity Patterns Inferred from Social Media
Mohammad Al BoniUg, Matthew Steven GerbdlJS)

Prior work in statistical crime prediction ha®t investigated micrdevel movement patterns of individuals in the area of interest.
Geotagged social media implicitly describe these patterns for many individuals; however, methods of extracting such gadterns
integrating them into a statistical medl remain undeveloped. This paper presents methods and experiments that begin to fill this gap.
We investigate the use of spatiotemporally tagged Twitter posts for inferring Aeee movement patterns, and we use real crime
data to develop and test a ndel informed by such patterns. Our results indicate improved performance for 15 of the 20 crime types
studied, when comparing our model with a baseline that does not use Aegs movement patterns.

#1884 Optimal Allocation of Ad Inventory in RedlimeBidding Advertising Markets

Juanjuan L{CN), Xiaochun NCN), Yong Yud@N), Rui Qi(CN), FeYue WandCN)

With the rapid development of big data dgtics in online marketing, redgime bidding (RTB) has emerged as a promising busi
model in recent years and now becomes one of the major online advertising channels. Based on analysis of Web Cookiés;nisT
are able to precisely identify th&fl G dzNBa FyR LINBFSNByOSa 27F {GFNBSG | dzZRASYy OS:
to competing advertisers submitting bids for their besatched audience in redime ad auctions. As the supplier of ad impressio
publishers typicayl have multiple channels to sell their ad impressions (i.e., ad inventory), making their strategies for alloca
AY@Syi2NE 2yS 2F (GKS Yz2ad ONRGAOIE NBaSKkNOK LINRot SYatdwg ad
inventory across online channel of RbBsed auctions and offline channel prevailingly realized in the form of guaranteed cont
Considering the ad reserve price as the control variable, we establish the optimization model. We also explicitly tafeltheetalty
in offline channels into consideration, so as to balance the steonh online revenue and lonterm offline revenue. In our work, w
analyze altogether three kinds of strategies for publishers to allocate their ad inventory in pursuit qftimalostrategy, and validate
our model and analysis via computational experiments. We find that there is no dominant strategy that can outperformrotiers i
cases, and interestingly, publishers using the hybhidnnel strategy do not always gain maevenues than those using the single
channel strategy.

Regular Papers

SMC 2016 BudapepfTechnical Bgram



Human Factors
October 11 (Tuesdyyl14:0015:30, Sofitel Budapest Chain Bridge, Academy 3
Session Chair§etsuo Tsurutal akashi Kawabe

#2293 Dictionary-Based Sentiment Classification Method Considering Subferetdicate Relation

Rainer KnaufDB, Yukiko Yamamot@JB, Takashi KawabglB, Setsuo TsurutéJP)

In order to achieve enhanced credibility of social networking services such as twitter, it is necessary to (1) idertficthed to (2)

check, if the majority of the tweets having the same togliow the same opinion. Therefore, it is indicated to improve the accuracy for
Fyrtelay3a GKS OFftSNRa SyziAazyltf SELINBaarzy 27F (KSionaFowidsi A 2y | §
reason, a semantic orientation acqiisk 2y G SOKyY Alj dz8 A a LINE LR & SFspeech BaseO Kemanticlodeaalivni Sa a |
RAOUAZ2YIFINEBE YR I &4dzaSO00 LINBRAOFGS NBfFIA2YAKAL O2tlel RR&NSR a4 S
feature of the proposd method, a semantic orientation of an adjective or predicate due to its greatest impact on identification
semantic orientation of each tweet or document is determined. In addition, the dictionary is created by using tweets. &tboalsm

have problems wh the opinion classification (90 % of the tweets are judged nedativg the proposed method has a more correct to

negative judge rate of 60%. An integrated semantic orientation dictionary of phrases is used to improve precision dfitivatidtes

#1508 Unmanned Aerial Vehicle Control Interface Design and Cognitive Workload: A Constrained Review
and Research Framework

Wenjuan Zhan@U3g, David FeltnefUS, James Shirlel g, Manida Swangnet(TH, David B. KabdityS)

Unprincipled design of unmanned aerial vehicle (UAV) control interfaces can increase operator cognitive workload and degrade
performance. It is important to identify dipnal interface design features that can serve to prevent cognitive overload under demanding
task scenarios and environmental conditions. The present research summarized literature on critical issues in supertisbry con
interface design, current UAV #face design approaches and existing evaluation methods. A research framework was also proposed
for a project to systematically and quantitatively relate UAV control interface features to cognitive workload outcom&anTework

also supports developméran effective and efficient interface evaluation tool to predict cognitive workload based on specific design
features.

#1091 Effect of Physical Workload on Navigation Task Performance byRigioung Males
Maryam Zahab(US, Wenjuan ZhangUS, Carl PankoKUS, Mei Ying LaUS, James Shirley (J3Pavid B.
Kaber(US)

Many occupations require both physical exertion and the ability to r@®ign an environment, simultaneously. This study assessed the
effect of physical exertion intensity on direction determination and distance estimation. Thirty high fit young males b#teveges of

18 and 34 completed a lab experiment. Results showed while high fit young males were accurate in determining direction across
levels of physical exertion, they were significantly less accurate in distance estimation under high exertion intensitgh/Alticuracy

in direction determination was not affeetl by physical exertion level, response time was significantly shorter when participants were
subject to low physical loading in comparison to medium and high loading. In addition, we found that distance estimatinger¢ispe
increased as physical wookld increased. Findings of this study can be used to enhance presentation of navigation information in
occupations that require concurrent physical activity and navigation.

#1848 Influence of Cultural Factors in Dynamic Trust in Automation

Shihyi ChiefUS, Michael LewigUg, Katia Sycardug, Jyi Shane LiI'W), Asiye KumrTR)

The use of autonomous systems has been rapidly increasing intrdeeades. To improve humautomation interaction, trust has
been closely studied. Research shows trust is critical in the development of appropriate reliance on automation. To exartrng h
mediates the humasautomation relationships across culturghe present study investigated the influences of cultural factors on trust
in automation. Theoretically guided empirical studies were conducted in the U.S., Taiwan and Turkey to examine howyndiuies d
affect various aspects of trust in automatiorhe results found significant cultural differences in human trust attitude in automation.

#1701 Study on Communication Channel Property of Deliberation Support System for Citizen Participation:
Comparison between FTF Type and Social Media Type Discgssion
Asai Toshik¢JB, Chiaki TakenouclidB, Akinori Minazuk{JB, Hidehiko HayasHKiP)

Because of the spread of using social networking service iaugasituations, it is becoming easier to transmit information. However,

the communication channel of SNS has some negative aspects like a lack of rich expressions of information compared to the
communication channel of fage-face (FTF). Also, in the Fddmmunication environment, it is necessary to improve a limitation of
room or costs of moving to a place. In recent years, under the influence of future uncertainty, much attention has beengpaigh
decisionmaking based on discussion as one sidedefocracy. Deliberation Democracy is one of them. From the viewpoint of
information communication technology and deliberation democracy, we will consider effective utilization of DeliberationrtSuppo
System. In this paper, it is targeted the citizen defiten or dialogue or discussion. We analyzed that the difference of
Communications with the Social Media and FTF type. We clarified the difference of the communications frequency and the conten
between participants and viewers. As a result, when the catedone was compared when social media were used, a synchronous
number of conversations (conversation rates) obtained the difference (93.6% (social mejli&6é6 (Do not use it)). Therefore,

social media are used, their active was clarified. Morepvewas clarified that the extension of the discussion that had been
occasionally expressed only by the discussion between the performers tended to be brought by the viewer in the analysis of a
qualitative content.
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