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ElectroEncephaloGraphy(EEG)

ElectroEncephaloGraphy = H7|2| + || + 7| &
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« HA-ME| HEZZ Y H(Steady-State Somatosensory Evoked Potential: SSSEP)
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KU Neuro-Leg KU Neuro-Arm KU Neuro-Wheelchair KU Neuro-Driving

BRAIN COMR INTERFACE

KU OpenBMI (1) BRAIN COMPUTER INTERFAC_

Ll l§\

: \W‘ oy

Xe Ce Ve B8 N N

KU BI-Rac KU Neuro-SpIIer -_-;U Ear-EEG KU OpenBMI
[ Non-Invasive Brain-Computer Interface }
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KU Neuro-Leg

= _._ HOP Publishing meén of Nexlal‘ Er“gneeng
. ;qxﬂ* OLI Af% I} oI E oI *I OI 7} ° °h xg AOF AOF EH J. Neural Eng. 12 (2015) 056009 (14pp) doi:10.1088/1741-2560/12/5/056009
| i
ANz g% HLI(SSVEPD) 7|Ht9 2| =724 25X  |Alower limb exoskeleton control system
H| O A|AH based on steady state visual evoked
. B0 2438 SUs|E o|F BHME ZoS |
L ~ = = x l0-Sang Kwal laus-Robel uller — an eong-' an Lee "
A}%x} 2IE 9_'&!0 7}3?—P i'I +—I2 x1 EI OEF-T'—EIE ! Department of Brain and Cognitive Engineering, Korea University, Anam-dong, Seongbuk-ku, Seoul,
7H HF KM chine Learning Group, Department of Computer Science, TU Berlin, Berlin, Germany
E E-mail: nskwak @k ac.kr, klaus-robert.mueller@tu-berlin.de and sw.lee@korea.ac.kr
el ﬁ L — 2015
= Hetot 224 =X NOof A|ARQ d5 HIIF  |amamane
Al A S} o 2 M AH= e
2d2oMe M8 758 23 Journal of Neural Engineering(2015)
( & =%y h 2 7|8t AFR X} O| £ 2 A
SSVEP s &H CCA? 7|t AEX} 2|
S . T e e e
e ’, ﬁf,," fc\)/:_/\?,l:rd | ::w e j Machioe Learriog :
3: (9Hz) i il > K !
. | e ——— Vi W |
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=T T f | Ty P
Standing-up E L] Z j :
e 0| ] e 3
27} CH2 FOt4o AIRLATT RN A e T b e S
. A2 XS LED sS4 Fs YO 2R/
KUNeuro-Leg Al AR SEE
DSSVEP(Steady-State Visual Evoked Potential) 19 : ]. a I:H .gl.m
%%/ KOREA UNIVERSITY

ACCA(Canonical Correlation Analysis)
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KU Neuro-Leg

19-PLOS | one

- 52 MEX BY o QA HHUEE e W
. . - RESEARCH ARTICLE
%I! E% I'" 01% -?-I °._|' Iﬂ E'I IE,' 7| IEI_I' _"I'.I +_I (=2 'E'% A convolutional neural network for steady
7| 2 o ?_ state visual evoked potential classification
= = under ambulatory environment
No-Sang Kwak’, Klaus-Robert Miiller'2, Seong-Whan Lee*
» O|=

*gw lea@korea ac kr

[ .) Abstract
Check for
updates The robust analysis of neural signals is a challenging problem. Here, we contribute a convo-

E 7 F 0 I 1D of Brain and C , Korea University, Anam-dong, Seongbuk-ku, Seoul,
O L- Republic of Korea, 2 Department of Computer Science, TU Beriin, Berlin, Germany

Iutional neural network (CNN) for the: robust classification of a steady-state visual evoked
o i ials (SSVEPs) We measure alogram (EEG)-based SSVEPs
| | I I jtf -I-I il A I 2 E E1 E I E I—I 0 I *II EH x* x-l o I for a brain-controlled exoskeleton under ambulatory conditions in which numerous artifacts

e L I E ° o | = R B aUPENAGCESS may deteriorate decoding. Th? proposed I?NN is shown to achieve reliable perlcrmarme

° o E -6-} x* -.-I- 3} u E AL Citation: Kwak -5, Miller KA, Lee S-W (2017) A under these challenging oonmlpvs. To valldalg the Pmposedmethud. we have ﬁcqulred an

e - a u g e a rn I n g —E P L —— T E comyoitionl neural o somvissal  SSVEP dataset under two conditions: 1) a static environment, in a standing position while

1 evoked potential classification under ambulatary fixated into a lower-limb exoskeleton and 2) an ambulatory environment, walking along a

7H H F emvironment. PLoS ONE 12(2): 0172578, test course wearing the exoskeleton (here, artifacts are most challenging). The proposed

= A1) Y97 Seuumal nnna 0179678

PLoS ONE(2017)

Weight sharing

é’; Subsampling

Local field

Input Convolutional layer Subsampling layer

CNN 2 & EZ
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KU Neuro-Leg

= 1% 9 0|5 EAEA 7| = Wl CNN 7|8H9| AtEX} o|= HE Hetx Hluw
Data 1% g7 SSvep 0|8 &4 SSVEP
Classifier CCA MSI CCA-KNN CNN CCA MSI CCA-KNN CNN
s1 91.27 91.54 100 99.86 92.43 94.02 97.69 97.67
S2 93.78 95.71 99.80 99.70 90.40 92.35 97.53 98.81
S3 76.14 75.74 93.91 98.86 73.10 78.31 82.77 91.40
S4 92.86 94.67 98.97 99.16 65.46 69.22 77.27 87.51
S5 67.85 70.61 99.13 99.47 43.99 43.67 68.25 91.98
S6 78.22 79.34 93.26 98.61 69.90 71.00 85.43 93.38
S7 82.56 83.43 98.86 99.33 75.05 77.80 83.58 96.90
Average 83.24 84.86 97.70 99.28 72.90 75.19 84.65 94.03
[ CNN 70| ALB X} 0| = 35 WiHo| 7| Fo| WHHEC 243 M52 £ Y ]

= Feature representation= &0l X|2tsl= CNN 22| 5 &2 &4
> XT FAE GHEY FI4) AR HE
9 Hz SSVEP A& 11 Hz SSVEP 413

|

13 Hz SSVEP s 15 Hz SSVEP 4=

H

(5]
=

9Hz 18 Hz L= 11Hz 22 Hz 13 Hz 26 Hz 15 Hz 30 Hz 17 Hz

Feature representation ﬂ a [H gi'l'm
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KU Neuro-Leg Demo

(Patent: Method and Apparatus for Control of Wearable Gait
Robot based on EEG, #10-2014-0190972)
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KU Neuro-Arm

KU Neuro-Arm

ot o ol (=) — S = , , oL e
u E E xﬁl :I E AOFAOP OEF [[H AOH L°1 EI — il tl 2 E IEEE TRANSACTIONS ON NEURAL SYSTEMS AND REHABILITATION ENGINEERING, VOL. XX, NO. X, XXXX 2014 1
H MG H Il ol= A EI . . . :
=510 2X TS H|ojol= AlAH Decoding Three-Dimensional Trajectory of
> AFZ TS 22X o] k| NSt T Y= Ato]o] Executed and Imagined Arm Movements from
HE 2Mslof, MAASH Mo | ASTLE 0|23810 2 Electroencephalogram Signals
% ‘_él' x‘" O'I 7|- 7}%:6_" AI ] Eél 7“ Hal' Jeong-Hun Kim, Felix Biemann, and Seong-Whan Lee, Fellow; IEFF
> SX Y0l AESHE AES XI5t 2X 20| % 0]
—_ — Abstrace—Decoding motor commands from non-invasively use of a prosthetic arm during fine motor control tasks such
E ;?_I-J-'—I- %Iﬂl OI xI L'(':;I-E ;?_I-% _E_'Igl' OEI‘BE}A‘I E% ‘é'. :’;‘:;':;:f h:';':;:g :Eﬂ(‘?;‘r:;:;m:“:;";m:ﬂz:‘:;l}({'; i::;:l""]: as. sgl.f-fezdmg., in t.axperm‘leni on nun-hurqﬂn primates [1]
Mol AARIO| 2at0l s SA 25 S et e ot e, e BT e b oo ol
IEEE Trans. on Neural Systems and Rehabilitation Engineering(2015)
M 2S SHY met 44T m 7|AehS 71" S o] 8%t FEE ZaS o| 8¢t
< 4 HH =8 U SHY o= #X EX 2 A9
) « T D « N
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25 E 15 _‘-gea, ook 05 7IHI-°:II'§ 7|hé|-|2§ _>I§_%IIE_|
A= HEo= 22 Bol
XY 2 g%l 2HY WEE Hof

4 \ 4 \ 4
KU Neuro-Arm §%E ﬂ a m -o-'m
|

25 KOREA UNIVERSITY




Robot Arm System

Model : WAM Arm

Company : Barrett Technology
Degree-of-Freedom : 7-DOF
Maximum speed : 3 m/s

Reach : 1000 mm

KU Neuro-Arm

Motion Tracker

Model : Polhemus Motion
Tracker FASTRAK
Company : Polhemus
Degree-of-Freedom : 6-DOF
Maximum distance: 4.6 m
Sampling rate : 120 Hz

/

EEG Acquisition System

* Model : BP-01110 BrainAmp
DC 64-channel

+ Company : Brain Products

* Input noise: <1 uVpp

+ Sampling rate : 5 kHz

4
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Velocity (cm/s) Velocity (cm/s)

Velocity (cm/s)

KU Neuro-Arm
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KU Neuro-Arm Demo
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KU Neuro-Wheelchair

KU Neuro-Wheelchair

ijl Bl (SSSEP*) 2
A| A

> MELCE Fht2 IUSols XSS & £1F 2o &%
> ZoM TSt x50 HE S22 2M Exoje] HE Hof

TREE, TRANSACTIONS ON NTURAL SYSITMS AND REHARILTFAITON ENGINTERING, VOL. X, N0, X, 2015 1

Commanding a Brain-Controlled Wheelchair
using Steady-State Somatosensory Evoked

Potentials
Keun-Tae Kim, Heung-1l Suk, Member, IEEE, and Seong-Whan Lee, Fellow, IEEE

Abstract—In this work, we focus on a brain-controlled
wheelchair, one of the major applications of brain-machine
interfaces (BMls), that allows in. Is with mobility
impairments {0 perform daily living activities independently.
Specifically, we propose to use a steady-state somatosensory
evoked potential (SSSEP) paradigm, which elicits brain
response to tactile stimulation of a specific frequencies for
user’s i i in ing a ir. The rationale
for using SSSEP is two-fold: (1) SSSEP allows the user to be
free from losing visions to the environment by focusing on

wheelchair based on non-invasive electroencephalogra-
phy (LLG) signals,

According lo the study initiated by the Chrislopher
& Dana Reeve Foundation!, there are approximately 6
million people {1 in 30) with paralysis in the Uniled
Stales, caused by amyolrophic laleral sclerosis (ALS),
spinal cord injury (SCI), brainstem stroke, and cerebral
palsy, among other condilions. Although people with
paralysis are unable (o control (heic body [reely, many

visual stimuli and (2) the SSSEP-based system is not com- iaare; ! !
ic, i1l i imao; may_still think normallv. In this respect, the brain-
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KU Neuro-Wheelchair
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KU Neuro-Wheelchair
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KU Neuro-Wheelchair Demo

(Patent: Method for Control of Machine Interface, #10-1549325)
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KU Neuro-Driving
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KU Neuro-Driving

Neurophysiological Response vs. Behavioral Response

' Traffic (Emergency situation)
=) THR s Physiology (EEG)
< e Behavior (Brake pedal)
@ )
o
-
a
&
D =
(A) -2500 STIM RESP 2500 5000
Time [ms]

[Haufe, Journal of Neural Engineering 2011]

F =2 &0 & 24|03 A5 S S0 | ¢=

NFMRBY ABO| 120, 9% S Aty
=4 7|gh 8-S 0] Aot BRS 2L WE (Al 100kmOi|Af 3.66me| X}OJ)
Neuro-Driving: k| 412 M-S Sof| 27 =S QA5tn 2%t
ol & mfesto] Xt2HE X 0f5t= 7| =

| ed el
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KU Neuro-Driving

KU Neuro-Driving

- EEG MZE 0|83 A8 Mol w= HE

> MZME|SH 0| WS Hrg(Hyo|A HY
52)ECHHES 0|88 XAt HIS AlAH

> AN WSECHWE AZMESH NS £3
X|HEQI DEALD O 7Hs

> J1E @70 S o B ZRo| AHATY 3
MZME| B whSare 2 A4310] A8 40| O]
= 87t =1

[OPEN ACCESS]|

IOPF Journal of Neural Engineering
doi-10.1088/1741-2560/12/1/016001

J. Neural Eng. 12 (2015) 016001 (12pp)

Detection of braking intention in diverse
situations during simulated driving based on
EEG feature combination

Il-Hwa Kim'~*, Jeong-Woo Kim'~, Stefan Haufe’' and Seong-Whan Lee'®

'Dcpanmcnl of Brain and Cognitive Engineering, Korea University, Anam-dong, Seongbuk-ku, Seoul
136-713, Korea

*Neural Engineering Group, Department of Biomedical Engineering, The City College of New York, 140
Street and Convent Avenue, New York, NY 10031, USA

* Machine Leaming Group, Department of Computer Science, Berlin Institute of Technology, Marchstr 23,
D-10587 Berlin, Germany

*Bemstein Focus Neurotechnology. Berlin, Germany

E-mail: ih_kim@korea.ac kr, jw_kim@korea ac kr, shaufe@ccny.cuny.edu and sw.lee @korea.ac kr

Journal of Neural Engineering(2015)
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KU Neuro-Driving
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KU Neuro-Driving Demo

(Patent: Method and Apparatus for Neuro-Driving Training
using P300, #10-2012-0064265)
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KU Neuro-Driving
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KU BCI-Race

Cybathlon and BCI-Race
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Brain-Computer Interface Race
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KU BCI-Race
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KU BCI-Race
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KU BCI-Race

KU BCI-Race Demo

1st Cybathlon(BCI-Race), Zurich, 2016
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KU Neuro-Speller

KU Neuro-Speller
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KU Neuro-Speller Demo

(Patent: Method and Apparatus for Object Control using
Steady-State Visually Evoked Potential, #10-2013-0048614)
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IEEE TRANSACTIONS ON NEURAL SYSTEMS AND REHABILITATION ENGINEERING, VOL. X, NO. X, 2016 1

Motion-based Rapid Serial Visual Presentation
for Gaze-Independent Brain-Computer
Interfaces

Dong-Ok Won, Han-Jeong Hwang, Dong-Min Kim, Klaus-Robert Miiller,
and Seong-Whan Lee, Fellow, IEEE

such as an exoskeleton, a robotic arm, or a wheelchair
[1]-{5]. Electroencephalography (EEG) has been widely
used for BCI research [6]-[10] owing to the follow-
ing advantages: good temporal resolution enabling real-
time BCI control, non-invasiveness, and reasonable price.
EEG-based BCIs have been categorized according to
the type of brain activity used for the development of
a BCI system, ¢.g., eventrelated potential (ERP) [11],
steady-state visual evoked potential [12]-[14], event-
related (de)synchronization [15], and slow cortical po-

Abstract—Most event-related potential (ERP)-based brain-
computer interface (BCI) spellers primarily use matrix lay-
outs. The practical value of these spellers is limited for
paralyzed patients with severe oculomotor impairments. The
fundamental objective of this study is enhancement of the
perceptibility of target characters by introducing motion
stimuli that are presented in the central vision, thereby en-
hancing the p of a gaze-independent BCI speller.
We developed three ERP-based BCI spellers by using rapid
serial visual presentation (RSVP) with fixed-direction mo-
tion, random-direction motion, and non-motion stimulation
i every

(the conventional stimulation). In these

IEEE Trans. on Neural Systems and Rehabilitation Engineering(2017)

*ERP: Event-Related Potential
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Visual-Feedback

10135 Transactions on Neural Systems and Rehabilitation Engineering

High Performance Spelling System based on

EEG-EOG Signals with Visual Feedback

Min-Ho Lee, Dong-Ok Won, John Williamson, Siamac Fazli and Seong-Whan Lee, Fdlow, IEEE

Abstract

Iy provosed L

et ERP)

IEEE Trans. on Neural Systems and Rehabilitation Engineering(2017)
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KU Ear-EEG
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KU OpenBMI(#A|
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GitHub 7|% OpenBMI
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Development of an Open Source Platform
for Brain-Machine Interface: OpenBMI
Min-Ho Lee, Siamac Fazli K(.ur\ Tae Kim and Seong-Whan Lee

Department of Brain and Cogni gineering, Korea University, Seoul, Korea
mh_lee, fazli, kt_kim, sw.lee} @korea.ac kr

work a features of the OpenBMI as well as its future
development plan

1. TOOLBOX ARCHITECTURL
ere, we introduce an apen
.-lmm. . amed OpenBMI OpenML offers various

BMI 4. OpenBMI-Framework

OpenBMI
experimental des 3
supports three most widely use

motor-imagery (M), event

ee and open-source pl;

The OpenBMI toolbox covers
ihe entire pmumm‘_ hains for offline and online analysis of
. such as motor-imagery (M
s) and  steady-state visual evoked
is article, the OpenBMI framework, its
future development plan is introduced.

penBMI
namely as
(ERPs) and

steady-state visual evoked potentials (SSVEP).

features as well a

Keywords-Brain-Machine Interface; Open-Source Software;
OpenBMI; Psychophysics Toolbox; Real-time analysis

fded into three parts: ex;

analysis techniques and real-time feedback technology
L INTRODUCTION

B.  OpenBMI-Paradigms
SW 7 L-I Brain-Machine Interface (BMI) technology allows users to MI, re the typical experimental
Al control external devices by an ny,.ng their brain signals [1] paradigms  in  BM reh, OpenBMI  provides  the
M1 y can offer a lif y for for the offline and e analysis of a number of
-I OI — "'I- . _ll- ol &iad patients by cnabling them 1o increase their The F Toolbox [6] is
b oI q HI E ° OH I q _—rl_ 7| pr -II' I o capabilities with the outside world, These include patients  open-source software and a popular choice for implementing
_ | with severe motor disabilities, such as quadriplegics, patients sciences. The
> G ItHu 2" —_ L =2 O L 2 [ s [— N | who suffer from locked-in syndrome due to aolbax in Matlab and available
Jateral sclerosis (ALS). among others. During the las via Github, The m.ulmm paradigms in OpenBMI have been
IEEE BCI2016 Conference(2016)
PattemRecognition / OpenBMI OuUmatch~ 13 Wunstar 14 YFork 7 \BMI 0 - - " amn
O Coce Issues 2 Pull requests 0 Projects 0 Wik Puise Graphs B edieia ()
An open software package dedicated for the development of Brain-Computer Interfaces with various advanced pattem recognition Commits o0 77 2014
algorithms R
8 35un
10181 commits D relezses 4 8 contributors B U O
Branch: master = | New pull request Create newifile ~ Uploadfiles  Find file m
e KQREA
L seonMinkim-tu sues for option functions Rebasing with master (7) A%l &
i BM|_examples Merge pull request #30 from PattemRecognit What is OpenBMI?
e BV manuals delete documents Translurm tomap sm§m po_i_m back into original coordinate space B aeas O
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W Paradigm update Resize with padding l? preierve aspect ratio g oams 0 [———
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£l READMEmd e READMEd e it
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