for brain-machine interface. Neurosci Res,

Suppl . 2011. (P2-t13)

Toyama, S., Takano, K., Tkegami,
S..Kansaku, K.Gel-based EEG electrode for
Brain-Machine Interface. Neurosci Res, Suppl .

2011. (P2-t10)

Wada, M., Takano, K., Tkegami, S.,Kansaku,

K.FMRI activities in the left inferior parietal
lobule with left arm over right arm crossing.

Neurosci Res, Suppl . 2011. (P2-017)

i

TRIEER]. MR OATEZ RS D
BMI [CLINICAL REHABILITATION] 3I/ft:
HRERRED Y NEY T — g v — 2R
AZT 4 —ZBLTFES EHRHR, ()
Fill )

Kansaku, K.The Intelligent Environment:
Brain-Machine Interfaces for environmental
control. Smart Houses: Advanced Technology
for Living Independently. (Eds) Ferguson-Pell,
M., Stefanov, D., Berlin, Springer, (in press)

Kansaku, K. Brain-Machine Interfaces for
persons with disabilities. Systems Neuroscience
and Rehabilitation. (Eds) Kansaku, K., Cohen,
L.G., Tokyo, Springer, pp. 19-33, 2011.

2. FERHFE

36

Kansaku, K.BCI applications to expand
range of activities for persons with disabilities.
Seminar. Tuebingen Unviersity. February 2012;

Tuebingen, Germany.

MERET]. MR L M. ERKFEE
RS - AfmmEE ik 2012 £ 1 H; &
HL.GERD)

{EER]. BMI BilfD U e F—i 3
TEA~OIS AL B AR E R /R R
FeUNEUTF—gr-afly FLEOY
TV RICET DTS +Brain-IS AFZEA.
2011 4F 6 H; dLIuM. (EAETR)

SR AE

PEER]. IMHERERTRIFEOEEE B T
BT IGHE 2 Bl T — VRN
PRRERFZES. 20114 11 A; B

MEER. T A~ e A E—T
=4 ZABMDIZ K DEEE B IR H 48 [H
AARYNEY T—va VEERFERES S
FNF 4 AT yrar. 2011 £ 11 A; T

S

K.

Hh ERRER, #ERET]. ITEEEE. HAE
Bs. ALS B IZx9 % BMI BREMIES X7
LOBFE. G 70 [B] H AR AR FRRe

VURT T A 2011 10 A; B
— A E - R —

Wada, M., Suzuki, M., Agarie, H., Takaki, A
Miyao, M.,Kansaku, K.Tactile temporal order
judgment in autistic children: an initial report.

The 89th Annual Meeting of the Physiological



Society of Japan. March 2012; Matsumoto,

Japan.

Ora, H., Wada, M., Salat, D.H., Kansaku,
K.Functional connectivity of the left posterior
parietal cortex during arm crossing.The 89th
Annual Meeting of the Physiological Society of
Japan. March 2012; Matsumoto, Japan.

M E SRR e RS, EEFSL . FIHEE,
MEEBT RAREFRAE P300 7T LA -y
VoA E—TxA4Z (BMI) IZBITAEE

H 5
IS ED. 26 51 BB ARTENL - BEREMIRAL L
£ 201241 H; HE.

FIHEE, SRR, RILIEE. BT,
BRI, MEER. AR EFEIE T3
iF % B BER OIRERE. 5 28 RIENES
FINELYTF—a b A —EERES.
2011 4F 12 A; FTiR.

EER, JIEFBL, HEFIL T, MIEERL
272 ) BV EBEBRDOL-HO BMI B
FT7TUA A=Y, 28 BIESIEESR U N
vV T—va s —¥EERKRS. 2011
F 12 A; Bk,

KEBZH, MafE, REN+—. #1E
#FF. P300 LEFHREFREMZHH L
BMI BUBR SR . 25 28 MIESIEEE Y
NEUF—va b —¥EERES. 2011
F 12 A; PRk

M EsRRR, EfAER. EEFAL . /MR
= OMEE, #EET. AREHRA BMI
IR T A RANIEEI RN, 5 22 BT

EESS

37

TERGR R AE BRI ZES. 2011 4F 11 A; T

Takano, K., Sekihara, K., Iwaki, S., Kansaku,
K.Mapping functional connectivity during
P300-BCI: an MEG study.The 41st Annual
Meeting of the Society for Neuroscience.Nov

2011; Washington, DC, USA.

Sakurada, T., Takano, K., Kansaku, K.A
BCl-basedOT-assist suit for paralyzed upper
a combination of sensorimotor

rhythm, P300 and SSVEP.The 41stAnnual

extremities:

Meeting of the Society for Neuroscience.Nov

2011; Washington, DC, USA.

Ora, H., Komatsu, T., Nakajima, Y., Kansaku,
K.A BMI based environmental control system: a
combination of sensorimotor rhythm, P300 and
SSVEP.The 41stAnnual Meeting of the Society
for Neuroscience.Nov 2011; Washington, DC,
USA.

Wada, M., Kansaku, K.Effect of eyes
opening and closing on tactile temporal order
judgment. The 41stAnnual Meeting of the
Society for Neuroscience.Nov 2011; Washington,

DC, USA.

M EsRAR, EEFEL T TR, MEE
7. ALS BFE X A HREHBREE BMI & &
TLADOBRFEASEBRYI ANEY T— 3 v

EEE22MES 2011 4 11 A; FIE.
Takano, K., Toyama, S., Komatsu, T,

Nakajima, Y., Kansaku, K. Metal pin electrode

for brain-machine interface. The 34th Annual



Meeting of Japan Neuroscience Society.

September 2011; Yokohama, Japan.

Toyama, S., Takano, K., Ikegami,
S.,Kansaku, K.Gel-based EEG electrode for
Brain-Machine Interface. The 34th Annual
Meeting of Japan Neuroscience

Society.September 2011; Yokohama, Japan.

Wada, M., Takano, K., lkegami, S.,Kansaku,
K.FMRI activities in the left inferior parietal
lobule with left arm over right arm crossing. The
34th Annual Meeting of Japan Neuroscience

Society.September 2011; Yokohama, Japan.

BHR, SE8ILT, IMAmE, MEEF].
BMI B L7 A b A=V L B LKA Y
BV EEREBE O O LB E TIEE
5 [5] Motor Control #5843, 2011 4 6 H; .

B. IR PEMED IR - BERIKDL
1. FFFFIRE

ML, MEREE]. SBOL . MREE
PR, Bz B8 FAERAS . B O, MRz B 7E 4
&. (FFRE 2011-262032). HFEH 2011.11.30.

2. ERFREEH
L

3. Fofh
Bl

38



[EA BRI E R MBS (BEEEXRREMIEEE)
S
T y—w A F =T x4 X (BMI) (L ABEEEFE T TEEEORRICET A9
SHFREREYL ol y b A—Y HAL OREEE B L X EESE~0O R ICET 515

SHEREE  LiE L

FRERFERFERE S AT LIER TR s

WEEE

AT, IHEERIEEFSESRIAREE L LT, T A r—~ Y A AT oA
A (BMI) (2 & B[EEE B LR OBRRICE L T, s fiET 550 Th 5, BMI
LT, #EBREAOA 27— XA bEZ &L, o, BEE B LXIEERS
LLT, ZhF CHIEBRAED TE/muRy h2—Y HAL 2%E - iFH+ 5, &4E
FEI, fEREEEZRRET A LICL T, THRARRY X7 AOBRBHELE, 726N,
FEARBR S AT A, BHFEEXBAONV R - T o R ER L, EREITo T,

A. FFFEEE

AHFFE i, IEBY IR LR R R AR B
EELLT, T r—< o U —
T xA A (BMID) Tk BEEEHELXE
HEOZBICE L C R EHEET 2 2 &
HME LTS,
PEREBEZUBETDHZ LITE-T, TK
FRER S 2T LORFHEE, 25N, I
T FARER S 2T & HEREMESR A D~
N7 o A—H & U R %
T2,

B. BFsE 5L

BLR D BMI Hi £ B o fiFsE & fit+
5EBEATHS THIFRERTH ST
b O RER B IR S B ER R T
HEETh D720, BT ORER, ABTFE T
JEFREAOBEANEEITR Y TH D LA
Wri., ZHEBELTHEEZED TV 5,
T EESRREEE OB SIS L
T, INECHERBAED TEoaRy
hA—> HAL #% B - 1EH35 2 & THF

39

GEHEME D NERIL % 13 1) | I LR BRBR AL B
DR & EREEREIT 9,
(REEA~ORRE)
ANZEBEMROMERREOHEEIZIL, 5%
FITxT @B e RD b D76,
WIS O HRERTT S B
+ 5 ER & ST LT,

C. Wroemss

WFZeBRFE HFEHIRE - T, HEkD HHFZEEY
HEED T THRARRS AT LD
feits, o N, EEARRI AT A 8
BE#EXERONV R - 74 oY
R RHEE O T DI B 2TV (B
§,/ BT HERAESEEOTEF) | BifER
BREDERE ML T D,

PEFe L BAF A ED T 7R YA AN
Sy IR T4 AR BENZ (R
1), & 575/ SRR B A
Big L. BUEtk BRIER L UEERGE L
HTND, EFEEED TS ST
~KEBEMZ TS,




WTHEEERZRZ TV D,

1 BERY AN IN\IR T H— (K
BhR)

X2 _ER%A HAL

Flo, ERXVEARBELED TE - LA
HAL 22\ THR 2127 T X5 RkBE %
Mz, BEREEE EiPTh 5,

SO B FEA HAL O A v % 7 =
— AERIZHR LT, BMI & OB FTHE & 72
D& 9. BN, BT IR AR EE O
WREIT>TWD, BIZ, BMIIZEALTH
AIREZ RO CRATE M L 72, X 4 (oRT
KO RIERERIELT, VAT A 2k%
A BT BIET, BRI
TV Z ol D7dlz, iR A
T LR L, MIEE N Z — DI EE A

40

R4 #HEAFE BMIANYREYRE
avka—JLiRy IR

D. 5%
BEIBADEINNLRURZITR S Z LN T
X7z, VAT AREKRIZOVTIR, BE, &
KOBWEREZED TV D, BlikA 27
x— A=y NEERT S Z & bRFT 5,

E. f‘mgﬁ
YRR FEHEE DT HER B8
HH R BV AT A L THEA T



XHEOEREWNOMERERZEDH Z &
INTET,

F. fEEEMRE®R
B4

G. #F7eFxk
(BHEHFIT DR R % & Te)
1. BAET HmHER
1) Atsushi Tsukahara,
Yasuhisa Hasegawa and Yoshiyuki
Sankai, “Gait Support for Complete
Spinal Cord Injury Patient by
Synchronized Leg—Swing with HAL,”

Proc. of the 2011 TEEE/RS] Int’ 1 Conf.

on Intelligent Robots and Systems
(IR0S2011), San Francisco, CA, USA,
pp. 1737 - 1742, 2011.

2) S.R. Taal and Y. Sankai,
“Exoskeletal spine and shoulder
girdle for full body exoskeletons
with human versatility” , Proc. of

the International Conference on
Robotics and Automation 2011, May
2011, pp. 2217-2222

3) Cota Nabeshima, Hiroaki
Kawamoto, Yoshiyuki Sankai, Typical
Risks and Protective Measures of
Wearable Walking Assistant Robots
Proceedings of 2011 IEEE/SICE
International Symposium on System
Tntegration, 2011 (in press)

4) Hiroaki Kawamoto,
Tomoya Shiraki, Tasuku Otsuka and
Yoshiyuki Sankai, Meal-Assistance
by Robot Suit HAL using Detection of
Food Position with Camera,
Proceedings of IEEE International
Conference on Robotics and
Biomimetics, 2011 (in press)

5) Tasuku Otsuka, Ko Kawaguchi,
Hiroaki Kawamoto and Yoshiyuki
Sankai, Development of Upper—I1imb
type HAL and Reaching Movement for

41

Meal-Assistance, Proceedings of
IEEE International Conference on
Robotics and Biomimetics, 2011 (in
press)

6) K. Hasebe, H. Kawamoto,
K. Kamibayashi, A. Matsushita, andY.
Sankai. Stepwise Process of Clinical
Trials in Safety—Conscious
Development of Human Assistive
Robots, Proceedings of IEEE
International Conference on
Robotics and Biomimetics, 2011 (in
press)

7 K. Yamawaki, H. Kawamoto,
K. Eguchi, Y. Nakata, Y. Sankai and
N.Ochiai, Gait training for a spinal
Canal Stenosis Patient using Robot
Suit HAL -A Case Report-,
Proceedings of the 5th world
congress of the International
Society of Physical and
Rehabilitation Medicine, 2011 (in
press)

8) WifEsge, SIBER, W
AEEW], @Ry kA Y HALD A F
//ﬁ;, H 7l§L7 7}3 V4 I dﬁé:;b Vol. 29
No. 9 pp. 780—~pp. 782 2011

9) Shiori Oshima,
Yoshiyuki Sankai, “Development of
Red Blood Cell— Photon Simulator for
Optical Propagation Analysis in
Blood using Monte Carlo Method” |,
IEEE Transactions on Information
Technology in Biomedicine, Volume:
15, Issue: 3.

10) AR HUR, A B, i SR,
“HERE - ATEEY ORI S BEA B D
Wx%M%i%@H]« ..... CEUEHERE & AT
T AR , H 4%1%&'»’5“@ (] i A Cﬂm,
Vol. 77, No. 774 (2011), pp.439-449

1) s o, ORRE, RS
xR w,mm% %&mﬁmwﬁw
PN S Aiﬁmmk/ ~ PHJE
DEEEE, ~-AXKIAT, hRasiE, vol. 29
(3), pp.14-18, 2011

12) Mmlmw,MM% , TIARTEW,
I ME, MBI, L - N —




13)

T U A MERROEE, HAEHBESES
114%1106%, pp.45-48, 2011.
Yoshiyuki Sankai, 7 HAL: Hybrid
Assistive Limb Based on Cybernics” ,
Robotics Research, The 13th
International Symposium ISRR,
pp. 25-34, 2010.

14) Tasuku Otsuka and Yoshiyuki Sankai,

“ Development of Exo-Finger for
Grasp—Assistance” , Proc. of Joint
5th International Conference on Soft
Computing and Intelligent Systems
and 11th International Symposium on
Advanced Intelligent Systems, pp.
410-415, 2010

15) Atsushi Saito and Yoshiyuki Sankai,

16) Kousuke

“Hybrid Sensor for Measurement of
Brain Activity”’ , Proc. of Joint 5th
International Conference on Soft
Computing and Intelligent Systems
and 11th International Symposium on
Advanced Intelligent
Systems (SCIS&ISIS2010), pp. 428-433,
2010
Hiramatsu and Yoshiyuki
Sankai, “  Development of
Manipulation System with Cybernic
Master Arm based on BES” , Proc. of
Joint 5th International Conference
on Soft Computing and Intelligent
11th International
Symposium on Advanced Intelligent
Systems (SCIS&ISIS2010), pp. 422-427,
2010

Systems and

17) Hiromasa Hara and Yoshiyuki Sankai,

“ Development of HAL for Lumber
Support ” , Proc. of Joint 5th
International Conference on Soft
Computing and Intelligent Systems
and 11th International Symposium on
Advanced Intelligent
Systems (SCIS&ISIS2010), pp. 416-421,
2010

18) Hiroaki Kawamoto, Stefan Taal, Hafid

Niniss, Tomohiro Hayashi, Kiyotaka
Kamibayashi, Kiyoshi Eguchi,
Yoshiyuki Sankai + Voluntary Motion
Support Control of Robot Suit HAL

and

42

22) Shiori Oshima,

24) Hayato

Triggered by Bioelectrical Signal
for Hemiplegia - Proc. of 31st Annual
International Conference of the IEEE
Engineering in Medicine and Biology
Society, pp.462-466, 2010

19) AK FniE, FE Fobe, LE 22, 7

O B M & B F 5  Complex
Fractionated Atrial Electrograms @
BEVHECET 2% , ERETFE
& 49% 1 5, 2011 4F

20) Wi A, FH &—, Kl 3k, B

B BiE, B& Eh, g 22, 7
% R OEEET VI X DB/ O
S B ERIC L A BEE , AKET

&, 49515, 20114¢

21) FHEEIL LA, WWEEZs, ” A4

T4 — KRy 7 ERWER Y ARBRE
DR REIHEE I OREEL 2Ry b
A— HAL | X % BRELKENMESEE” |
H A6 Cm), 764, 1725,
pp. 3630-3639, 2010

Yoshiyuki Sankai, ”
Development of Optical Sensing
System for Noninvasive and Dynamic
Monitoring of Thrombogenic Process” ,
ASAIO Journal 56(5):460-7, 2010

23) FeRWLAS, JIEIER, HSSEE, (i

Bz, gRy NA—Y HAL IC kX AR5
IBIENMED X, B AEHMFSEE(C
), 764, 762 &, pp.227-235, 2010

KOBA, Kin—ichi  NAKATA,
Yoshiyuki SANKAI, “Assessment of
Coronary Artery Bypass Grafting
based on the Dynamics
Characteristics of the Vascular

System: Verification by Computer
Simulation 7 , Joint 5th
International Conference on Soft
Computing and Intelligent Systems
and 11th International Symposium on
Advanced Intelligent
(SCIS&ISIS 2010),

8-12, Dec., 2010

Systems

Okayama, Japan,

25) S. Tsujimura, H. Yamagishi, Y. Sankai,

“Development of a Bidirectional
Data System Using
Ultra High Frequency Radio Wave for
Implantable Artificial Hearts” ,

Communication



26) Kenta Suzuki,

2

Proc. of IEEE Tencon 2010, Fukuoka,
Japan, 21-24, pp. 1746-1751, Nov.
2010

Hiroaki
Yasuhisa
Sankai, 7
Intention—Based Walking Support for
Paraplegia Patient with Robot
SuitHAL ” , Climbing and Walking
Robots, pp. 383-408, 2010

Gouji Mito,
Kawamoto,
Hasegawa, Yoshiyuki

B4 D PR R

(BEHED R & & te)

1)

2)

3)

4)

5)

6)

7

8)

Yamawaki K, Kawamoto H, Nakata Y,
Eguchi K, Sankai Y, Ochiai N. _Gait
Training for a Spinal Canal Stenosis
Patient using Robot Suit HAL —A Case
Report—, 6th World Congress of the
International Society of Physical &
Rehabilitation Medicine (ISPRM)
World Congress, Puerto Rico, 2011
s, A =7 ZARE0 A
TREEAMOBAE & K, B AR
HALSCER A7 H A B 2, (LJF, 2011
WER Y, YA NN=7 AEFELTn
Ry b A—YHALOBUR &Rk, 829
Elo ARy hEaivakEe, Hg, 2011
Sankai Y., Cybernica:fusion of human,
machine and information system, The
7" Asian Conference on
Computer—Aided Surgery(ACCA 2011),
Bangkok, 2011

sz, THLWEMNEZEAY AL
ORE] ~ RS FICRBIT SR
v b A —YHALO " REME~, #518[EIHH]
ENBAEREE SR - PR
2y 7 RE, KF, 2011

WigEE2, YA /3= Xz BR{#E L 7-HAL
S ANy I Uy TERETRE, B18[H
HAEMIER LHSFRE, KK,
2011

WS, AT I7ERONES - I
R v NHAL, $526[E BERMESS,
HUR, 2011
WSz, IREFEE 15 -kt oE
PPEERIZ AT T, 25860 A KR EA
FRRE, Bk, 2011

F =N,

43

9)

10)

11)

12)

13)

14)

15)

16)

17)

BRI, AR, T, bk
B, s, ASCRBERERRICK
T BERBR D= DT A RTA 5K
TENZ T 7ol e, ARVE ARy SR R R A
AET PR PG R4, 225-228, 2010

TIARVER, KA 2, BAE,
AR, (. AERaR o b
DB I D BRI 22 i R 77 1
TADRE. FRBEIAATR v NES
FTHETHS, RSJ20101AC2J2-3, 2010.
BIR =, BRI R, W 22,
BREHEERRE LA T DHALIC X 5588
FRAREBE OO OBITEE -~ %
F AL DT ER-, F11E FHE
S AT AL VTS L—
= CHERPRGE < (S12010), pp.
291-294, fli& (2010).

KRE &k, sz, ek
AR LR ViR AT
LOBR%E, FH13[E B AR TR & VR
4%, 2010. 11,20, @M.

RE &k sz, SHEHRE
B & in—vitroZBRIZ K A AR MEREREE D
PR & VB LR E R O Feig, 5
13[E] A Ade i H & VR,
2010. 11. 19, #&[H.

K& &k, IR, JeFRF
B T T o MEEER HEE, 513
B B AT H & IB R,
2010. 11. 19, f&[.

Shiori Oshima, Yoshiyuki Sankai,
“Prediction of Thrombus Formation
with Non—-invasive Optical
Monitoring System”, 18th Congress of
the International Society for Rotary
Blood Pumps, October 2010, Berlin,
Germany.

Shiori Oshima, Tadashi Motomura,
Yoshiyuki Sankai, and Yukihiko Nose’ ,
“In vitro assessment of cardiac
recovery supported by rotary blood
pump LVAD” , 18th Congress of the
International Society for Rotary
Blood Pumps, October 2010, Berlin,
Germany.

EREAS, EEEZ, mARy A
— Y HALIZ & 5B BhENESRRF D
HEE LN BEE G E I BT D Al



R, FBEIR ARy FFEE
FivEEES, RSJ2010AC2J1-7, 2010.
HHEN, PHES—, WEERZ
BRIZ 3T 2 A IRFLOFHE - &R
OEFRET NV L D MEBW DT HD
FHEORE. EERETIHVVRD T A
2010. 2010.9.10. AL#%
EREA, s, -
CHELY N DS 72 kI m HE 8 A
HE, ARETFEY R T L2010,
2010. 9. 10, FLi%.
ARFFOIE, W2, FEME OF
BN I T 2 LB N R F AR 2B
THWIE, ERETLFET ORI T L
2010, 2010.9.10, FLIR.
EAREA, WWEEs, (EE@FEEHRD
7o O E R B B AL E OB
3, FIENFHRAIFAEN 7 +— T 4,
2010.9.9, fEME.
BN, THE—, KLEk, A
BHACE, mAREW, Drost Cornelis J,
BOHEE, sy AR T 5T
& DYIEERIZ BT 2 MAEEGTOHERE.
o 15[E] B AREEBN ROV 2 R4,
p. 106, 2010.
23) Stefan Taal and Yoshiyuki Sankai,
“Practical Design of Full Body
Exoskeletons” ,
Conference on Biomedical
Electronics and Devices (BIODEVICES
2010) January 20-23, 2010, Valencia,
Spain

18)

19)

20)

21)

22)

International

44

3. F&E
1) mARy bA—> THALe) BRI - AL~
DOFERIE, PRI, pp. 78-85,2011 4 3 A

==

e

H. 589HEEMED HFE - BRERRI
(ZHIVE TOBEMFEOREE L)

L B 5T HUS
D FEHOLFS : MLiteHAZEE S IOt
FHAZEE 2 W o S BRI E

HEEA « SR
HIFRE = - H7JH 2011-021936

2) HHADOLFR . EEXEEMBIER DX
YT b—g VEE ROy ) T L—
IV bl =B/ N

HFE A SR

RS 5 « %5 2010-181601
3) FHHADLTR  BWrEERE

HIBEA - SUR R

HIFEZS 5« FFlE 2010-198554



ITI. R OTITIZE T 2 &



R RO TATICET 2 —&ER

E5E
EERA mXAA Mg EREERO | E OB 4 (A HURR (HRR | ==
e 4 o[
Kansaku, K |Brain-Machine Kansaku, K., |Systems Springer Tokyo[2011 |19-33
Interfaces for Cohen, L.G. |Neuroscience
persons with and
disabilities Rehabilitation
YRR TR EERS D TR 2 (TSR - | TCLINICAL | 3E AR RO ENHIEE
KT HBMI 5245 - BJF|REHABILITAT
B3] [ON] Jilfftt: #
FREER RO
Uynels—
avr—A
AZT A —%
L CTES
Kansaku, K {The Intelligent Ferguson-Pell|Smart Houses:  |Springer Berlin in press
Environment: , M., Advanced
Brain-Machine Stefanov, D [Technology for
Interfaces for Living
Environmental Independently
Control
MERS
FERAERL WX H A MV FRFES B ~_R— | AR
Ikegami, S., Takano, K., |Operation of a P300-based  |Clinical 122 991—996 2011
Saeki, N., Kansaku, K. |brain-computer interface by |[Neurophysiology
individuals with cervical
spinal cord injury
Takano, K., Hata, N., |Towards intelligent Frontiers in 5 60 2011
Kansaku, K. environments: an augmented [Neuroscience
reality-brain-machine
interface operated with a
see-through head-mount
display
T ERR ] BMIIZ L ABRESIEE a3t a—< A F 7 |133) 15-18 2011
o= hr—3g OB = — AFEEEE
Ve ] RS FIEOBMI~ DG |F <12 - BARBRFER(6(4) 191-194 2011
i B

45




e ] BMIE T 2 M U7 B8 | B ARBIE R SRR 27(2)  [30-83 2011
ERVEE7
Oshima, S., Sankai, Y. |Development of Red Blood [IEEE Transactions on [15(3) 356-363 2011
Cell- Photon Simulator for  |Information Technology
Optical Propagation Analysis lin Biomedicine,
in Blood using Monte Carlo
Method,
REMET, AR B2 RRARY o e 2 AR Ry MEREE 2903) 14-18 2011
B, EMESE, T IS LA ASEER e Ry M
L5 DS
WESY, SEER, 2Ry NA—YHALOZE |HAvR v MERFE 2909  [780-782 2011
A A ey

46




IV. W5EpeRotAT8 - Bl



Human Interface

1. [FUBHIC

WA oDEFZEHIL . EeFH L THESREEL T,
I3az=y—Ta O, AEEREORIE, B
RERFTBIETH, [TLAV-%v v AV FTx—2A
(Brain-Machine Interface: BMD ] d L<iE [ LA -2
¥a—%- 4% 7x—A (Brain-Computer Interface:
BCDJ g s Hi7chba—< A8 72 —AD7D
OFAMATER ST b B

BMI i, 26 0ESEMEYT 5 BMELZET L7020
R ML T [BER] L FRELEEE Ly [P
SUERL] (IS NS, FMELEE ST, JEERENITK
PEDEFEMET L FEELTE, Bk EEG). BE
TR (PET). BIENRALEE G MRD. B
W (MEG). &aRybatik (NIRS) EE2HITHith, i
Wik, B FOBRED S LBAEEICHET S T EASTE,
B EREL BV, BMI TEHCHH SN TV S, i
FC, B OZEM ORI, BONAFEHRICHIRA S
NHEMERERETISHT I EFE LW EEZ SN TWADS,
BEIGCHENOFEE LRTHIETI) LRI HE
ENTE, BREEROEWLETRIT BT 2 Bk O B
e, P300 S50 FRMIBRRE* M3 5 A%, k% H
V72 BMI OfFERISE CHEE ST b,

FRTIE, FHESORFEL TV A BMIIZED W BE
IS AT AEEFFAL DS, BMI2SEE - BEZEOH
VBICEB T AR OWTER L T &zvy,

2. BMI L&D T—T0ERERIE
2.1 HEFRMUBCEOFA

EE O, HERHBICTHEESNAREES T &1,
J—T7aVEANBITFTAZ 54 bOEITRTLEDF v
YRV ER Lo R BRFREREOBREL T
AF LB L. TOY AT AT, BIE/ AV EICE

1 BMICED O BIESIE S X7 LDOBESR Gt 13 & W)

Ea—-IUA VI TI—REAEE Vol.13 No.3 2011

EREEEU/IN\EUF—Y 3

—
——

e
)

BMI [CKPEREHHE = 1 =5 — 3 VOfER)

ay

Ve —HRA e BE

.
i

BL7 A3 RCED S AR R L2 hs, B
B BIZEEE LA EE L, SESZERIL. Ea @i
HIET, PrRLATAIVRLFDH LENLEFER LT
HEOhEHEBIL, TOHEINaTy FERMETEE
DI %L, ZHTHIET, FEXEHNSTIDS
OEF AT CTHBTIRET 2 E05REE 25 (F 1),
e SA v & LU Cld, Donchin Hi2 L » TREX L
P300 AT — B LIEN B RELEFE Lz, 2O P300 A
RT—=TIE, 6X6TADT M) ALIZT VT 7y b &
BEFEEBELTCBY., M) ZA L0V E LITE/E 15
FORBIHRFAERT L Vo FELHWE I LT,
BREDER L T b ) WIIEHEMI R HEET S8 L. 2
UL > TITE R R ENEFNIFET 5. BEHOIL, C3/C4
L~V OSEREEEIC L Y TR D & B EEE DS, FED
e LICARY AT LR IRET R CH L Lo iE LY,

2.2 WBERMBOIX

FEL o BMI BEBISHI S AF A5 ERLT HIH720,
BROMHBRSL e, 7L THRICOWTHEE T AL
BN B Parra b, fFEFOGENITAPADTEE
KR LTEYVREERELEY, TICETEEHESIZ,
LRV AT AOBMEREE LY. EROBERLBLORE
FOBEbr HOTHE L2 T2, FOMHERKICOWT
WETFOr ATy —NE BV 2z iiho7e HEEL
TIETF AT T4 P DL FRBDO AT %47 5 720
BEEEBIUREFOBELZHWTRELLES
By FAZ T4 ORI B TIIFEEAMEE LTIy
538% Tdh - 7zDIzxt L, BZEILTIEFEY 828%. FARZLD
AN B TIIEE DL L TIE Y 517% TH 72D
L. BELTIEFEE 783% L. SEA b aEbe#H
L7260 20% B DIBEDM LG EICBE SN,
ToEBRE TR A, MEELTHRIERVWREEL R L
B T 40% T8I &\ ) BEE R IEE OR LA BigE sz b,
F72, HRBICBWTL, B EEBICEVERmE 572 7,

SHICHERIBOE 2 5 8 A FHICRET 5, 1
AL, FEFOEEETOBE, BEEEDO S OLE
16D 3 &t REL., BEBROIELIT-> T WikERE Iz
LT, PIRGDAT 16 XFEG, 5B TR o7z, 1
FEIEAL DSt & S B LD &M TIREERICEE AT
BRI NGholh, HEELOLEGLOLIEEDOW A%
B DM, BLEEOW % Z(b 38540
BOTHEICEEERZRLE Y,

2.3 HEBEEOFM

SHEMREEETFEE AT 52 LT, BMIEROER
PR B & RS A BFFE b ST L 7o BRICEE S, Bk

000



Bl ==

WRER R S SL B M R o FEF BN T4 (EEGAMRD B X
Ui (MEG) % FIH L7-B5e 247> T\ b,

EEGAMRI EEOBERELE L Tid, P300 AT —%if
BELzbOEHAWE, BWEEIZIZ, TL 77Ny M EHTE
FRLIZ6X6XADT NI 7 ALN R DBIE/R NV D
BESNYVEEHT 28 EE 5 2 70 BEEBLIU
HEFOBELEHNTENREN I L 720 £51T 21
XEFDOREE TV, ZORO IMRI §5 B L 'EEG 12
FEEHNL7 (EEGAMRD, ZDHINICIL, 15T © MR %
BB LU MRESTSI LR S 2 7 2% vz,

MRI Tid, Z&MICBW T8 - EIEENICE &
LGB & 7 (P<0.001, uncorrected)o #k&FDOBELL
G EBERLEM L A BT 5 &, RTE - HIEEE) G
TALEMET L D3 IFEEIL T (P<0001, uncorrected)o
FEERS Nk 5. IREGES), BREPHREICHE) 7—F
777 MEBRWICRIL, ENENOWEBREOSREEM T H
ML72E2 A IMRIIZBWTEBELEHTL YR ES L
7 BN AEI S TG4 fF & DT 300-600ms (2B TNk % 52
O, MEEELEM & WL TR THEEICE WIRIE
R (P<005) ¥, E512FE S 1E, MEGIZELTY
R OEE F /- EBREIT-> T ) Y 23 L7 BMI
HERABEOE ZMEE 2 5HMliT 5052 b LIS, YATFAD
SO BRFANEBT I EEZ T D,

2.4 BRRFMEREEORSR
INFTOWET, 29 LAV ATFADERTEEIS
WIERHLNERoTE, L L. EBRICBEWTCE
BMI VAT AL, 2V Ea—FE LTEIZREOFTAZ by
TRV AYEFHL TSR ENICELENZT 52
EVPRETH /D, FAFOWMYVELLEHETSH 72,
INLEBFEZFEE ST, ERNGEREMPEE %%
L7z H#EEIIPCZEDTRyZILL, WYEILOBRVLD
& U7z, BUEET (24bit, 1024Hz) 13812 X A YEEE % 7T 48
& L. 4ch, 8ch, 12ch @ 3TEFCHERLCTE 5 L 5 1EkETL.
AL v T REEMDOEMRETATIBT 2R L2 &
DYATFLDV T by TEHOMEICEREL, 23227 —
VaryBEL LT, BHREAND, BFA—V, 15 =%
VER. v T T I IREREE L, T, Bl
PESHTERNLZEBBOEIEL, #L T, REEEED
HHIICOEBYRHAA, TIERTEHL TV,

2.5 ERRFHMEARTE

EEOIL, FTEMBEEANRELT, BAELAVA
T LR FEFEHIT A3 A 1T o 7o N RIZSEREIESGE 10
B R MRS b BEEE 104E L, EB
121 8 X 10 v A F R B L7233 B/ SR VE W, SR
ABETB L UREFTOCEILDLMETHRFFERL 72
Jigi e % BE R AR > HF0ER - BT L. BERENE O FETE
WLTWh 2 HEIL, FOEERZEHHL/. FOREE,
SERERIGE R, SRBE LD IBREFOEEOLEETE Y
BIERESRO SNz HICHERGEHTREFTOBE
LOEMGCIk. ZORVEFRBEIX007% 12:E L7 Y, SHEEE
BEIZDOV AT LAERFTRETH ), SHIFEFOE
BALHEA 52 L CHRIEBESSE L.

000

—
I~

BN
o]

Human Interface

EHIZEFRLIL, BRREFTR T ERERBTLS
&SR e WEFTI O EAEE MR ALAE  (amyotrophic
lateral sclerosis: ALS) BEEXHRE LT, HENHIC L2
BMI BEDBERBEOEVELRET L w5, LT, =
No ORI S BN/ T =7 FBRIC T4 — F
Ny 7 ERT A,

3. SEHOEE
3.1 IEERIBE (AR) W0

ZH LN T TICEFE L2 BMLERICES X, Bas
DEFTERIECELA VTV 2y b ADRE, S512
BA TV PRAEYLVOBREALBES LG
BT hw" (K2), #OFENHERIZBVTIE, A
TR T 7 OUEFBES THLIENEFNL, L3k
BMI BUBREEHIB S A 5 2 Cld, IRIIZ A b Tl 238 1E
ISANEHREIRRTTAI LG Lol #2TES
Hid, BE (MERY) ERENGS LENEFEHE IR
TRY LM TH HYLTRIEE (Augmented Reality 1 AR) &
BMI 7 & 2 Bl A S8, RBICE U CRME/ SR VR R
HEZ [ARBMI#%4i1] #BA% L7z ShEMETLZL
TY AT ADPREIIS U BHREIVE L. Zhicdber:
BMI B S A VR EHE IR T 5 2 L AT BEE 72 By

LPaY

E3 HMD %#HEu 7= AR-BMI (3Zik 14 £ ) %)

21—V T —REREE Vol.13 No.3 2011



Human Interface

iR a5t

{ BEORIB H?%%ﬂ:
BMI

M4 I—-Yz>hOKy hEEBVEARBMIGIR 15 & 4 3Z)

FBELPRE LIV AT ATIE, BIETRERICHL
THEMNT SN AR v — B 2 EREXFITFT/2A AT
T A LT, WHRICEDEIRE AV DPRREND
B3 ZOVAFLAFRNT, BEE 5% 2REL
TF LV EDBRIER TR LEREITV, COBRIEBE LT
fliL720 BSE SR NATAY Y 0 b P4 2714 (HMD)
LLARERE=F 2R L TIRR L. £08EHE, HMD %
FAVZEAIC 827%. WhE= Y & AW HE 12 88% D
VEISENE NIz HMD 2 HWGETOMEE=s % H
WA LRI EDSTTRECH B Z LRI Nz, T,
D & DB HEHI L 2 E S 0B E O LIcES L
TVEPEFRE A, B - EIEESD O OEEINEE
MECECESE L TWwAI EDRnZan M,

SHIZEHELIT, CNEICHL, TAH AT DI/ —
Ty bhaXRy bENTSH ARBMI VAT A bHEE L (X
4o DY AFATIE, BMIIZL Y BT fER T~ >
PRy FOTAHRATHPARY— D52 RHETLE, FD
AR ¥ — B IZBEAT SN RBE DM/ SRV HTRIR S
Nt, Thbb, KVAFALHWALI & T, BIEEIH
Bl &b, Ry M EaRELELCEHS Y. BER L.
Fv b T—2 Filh AN EEOBREN R EFIHTES
£ B TOVAT LEMHL/ZERIIBANT, OFRy
FOKIEE FTA S T4 NOBEEE IS BT O o/l T
A, TRy bOFHHIT 900%. TAZ T A bOEIET 807%
DFEETEMEDTRE T - 72 1

3.2 BEBMIFEDHEAADE
INFTITBA LA P00 REZ V2V AT AT A
=24 v FEAETHIEERA, HLBEOER A X —
DIEES BRI b 2 M ¢ 2 B 2 AR A Y, T
AT LATETNZEAE L7205, EBIA A —DILL BT AS —
A Ay FREEMCERET A 720121. BRZH» R ) 0F
BT ANENRD T, ZD2D, B)—DDTAT — A
1y FELTCEERESREM (SSVEP) DOfHiFE %8
MU7z. SSVEP @& #RIZIE, F v h—F— FIRIZEF]
ENAREFTORNET A+ —F (LED) »MFEOEELHT
AL CHRET AREREE Vo, B, BRI

Ea1—-RUA VYT I —RAEREE Vol.13 No.3 2011

(3)

DEZERBEOEBIREE T O/ -0 EBE S
7o TOFEBRIIFNTCTEML I Db o EEE IR,
Z D SSVEP % Wz A7 — A4 v F o BB OIET 5
e BT A ERTELY, BEROBEELEL L
2V SSVEP HREZHWAZ LIZLoT, BHIZTAY—A
49 F 2T A EDTREE o7,

3.3 EFHOMBINEITT

BMI 04 #%OBERICE L TEESNTWELOD—D L
LT, s nES%FHE L CGEEORBIZ 4T B0 A
W& 5, Pfurtscheller i, R OBHEBIOAFR SN
C4/5 LV OSEERIBIEE S, Hh Bodifon bz,
ROEEN A A~V CTEFOEEFHAL, AFOER A 2 —
VTEEZEIEMITI0%DREE T EEL oo/ &R
&1 70,
FELOMEETH, 2T TIZBS L7 BMI HiflF %
RIS, Moo CHRETRETH )., hrofEER
EROA BN EHEDHBI 2 e 56 L7 AN A~
v (BMI/BCI based Occupational Therapy-Assist Suit:
[BOTAS)) #BAZELTw5b, ZhET, EE7 VA NA—
v DEREIZ AV B BMI FiE & LT, P300 Belixik, Eg) 1
A—VIZHE ) B, SSVEP & W AE & L7z P300 BB
HE AW/ AT LT, BE - BEEIITVAMA=Y
TEHLAVEBOBRIRZTHOE A LT ERICLY [1B
51 BoER REIT 52 gz s w72 Y, SSVEP % H
WU AT AT, TVANA—YTBEICERE LY
AF—F (LED) #VE#HT5Z & CHBRER (FEERHL -
L 2%) 2EREIXELZEATEL D, BEHLTE
T BMI FiE% 9 GRAE DY, WML Y AT L OWSE
EHIELV
BRCTEFLHFEETCOFRICTZ D 25D TldZRw
WUEE-BEEELORE L EERENZINE) T— g
IAOIEHEBE LEBREYRBL TV b, MrbnEs
FEOMLTCERT VA MA—=VIZOR X, &6IZFkE
PODEFTERIZT A — PNy 745 v - HER 2
Ao ET, BMUATEEEFERTAZ LM INT
\/‘z) [21]0

4. BHoblc

FE. MEBAEH L b= A YT T —ADT?
D OEAMTH D BMI BN % 15 Uhk & RIF3EBI AT &
NTwb, NFET [WEHME] &V o2B3E0 HIaHER
FLTH o/ v AT AR ERISES . SO BMI &) 7 —
TTIRHANDEE R L 2255 P, BMIFEMOIGH - %
Fibiciz. B, T2 20, PHBoNE T LoME
WRTRTAREZELZOND, T2 B - ER~ORY M
AEMED T zOIE, WENZMEL T ERE L &
DWHED T T ENFIRERDTED D,

BMI #5472 & HIZHIERZE L T 2 & T, AMER R
HERG 7 &1 & 0 BEEE OB U BB R 2 v, T 3 2
=T a R HFEEMECEREY S LT A EE - BE
FOBEMTIENEDRITI,

000



(3]

(4]

(11]

(13]

000

SER
WEER]: TLAY - XYy AV —T 2 f AL B
TR OF 7= 72 8B . Journal of Clinical Rehabilitation
16, pp.891-895, 2007.
Birbaumer, N. & Cohen, L.G: Brain-computer interfaces:
communication and restoration of movement in
paralysis. Journal of Physiology 579, pp.621-636, 2007.
Farwell, L.A., Donchin, E.: Talking off the top of your
head: toward a mental prosthesis utilizing event-
related brain potentials. Electroencephalogr Clin
Neurophysiol 70, pp.510-523, 1988.
Komatsu, T, Hata, N, Nakajima, Y, Kansaku, K: A non-
training EEG-based BMI system for environmental
control. Neurosci Res Suppl 61, S251, 2008.
Parra, ], Lopes da Silva, F.H, Stroink, H, Kalitzin, S:
Is colour modulation an independent factor in human
visual photosensitivity? Brain 130, pp.1679-1689, 2007.
Takano, K., Komatsu, T., Hata, N., Nakajima, Y.,
Kansaku, K.: A non-training BMI system for
environmental control: a comparison between white/
gray and green/blue flicker matrices Neuroscience
Meeting Planner. Washington, DC: Society for
Neuroscience, 2008. Online. Program No. 863.9, 2008.
Takano, K., Ikegami, S., Komatsu, T. Kansaku,
K. Green/blue flicker matrices for the P300 BCI
improve the subjective feeling of comfort. Neurosci
Res Suppl 65, S182, 2009.
Takano, K., Komatsu, T, Hata, N., Nakajima, Y.,
Kansaku, K.: Visual stimuli for the P300 brian-
computer interface: a comparison of white/gray and
green/blue flicker matrices Clin Neurophysiol 120,
pp.1562-1566, 2009.
Ikegami, S, Takano, K, Wada, M., Saeki, N, Kansaku,
K.: FMRI activities during P300-BCL a comparison
of white/gray and green/blue flicker matrices.
Neuroscience Meeting Planner. San Diego: Society for
Neuroscience, 2010. Online. Program No. 63813, 2010.
Takano, K., Kansaku, K.: Neuromagnetic activities
during the P300-BCIL: a comparison of white/gray
and green/blue flicker matrices. . Neuroscience
Meeting Planner. Chicago: Society for Neuroscience,
2009. Online. Program No. 664.21, 2009.
Takano, K., Sekihara, K., Iwaki, S., Kansaku, K.
Mapping functional connectivity during P300-BCI:
an MEG study. Neuroscience Meeting Planner.
Washington, DC: Society for Neuroscience, 2011.
Online. (in press).
Ikegami, S., Takano, K., Saeki, N., Kansaku, K.
Operation of a P300-based brain-computer interface
by individuals with cervical spinal cord injury. Clin
Neurophysiol 122, pp.991-996, 2011.
Kansaku, K.: Brain-Machine Interfaces for persons
with disabilities. in Systems Neuroscience and
Rehabilitation (eds. Kansaku, K. & Cohen, L.G.)

—_—
~—

w
O

Human interface

(Springer Verlag, in press).

[14] Takano, K, Hata, N., Kansaku, K: Towards intelligent
environments: an augmented reality-brain-machine
interface operated with a see-through head-mount
display. Front Neurosci 5, 60, 2011.

[15] Kansaku, K., Hata, N., Takano, K.: My thoughts
through a robot's eyes: an augmented reality-brain
machine interface. Neurosci Res 66, pp.219-222, 2010.

[16] Komatsu, T., Takano, K., Nakajima, Y. Kansaku,
K.: A BMI based environmental control system:
a combination of sensorimotor rhythm, P300, and
virtual reality. Neuroscience Meeting Planner.
Chicago: Society for Neuroscience, 2009. Online.
Program No. 360.14, 2009.

[17] Ora, H., Komatsu, T., Nakajima, Y. Kansaku, K.:
A BMI based environmental control system: a
combination of sensorimotor rhythm, P300 and
SSVEP. Neuroscience Meeting Planner. Washington,
DC: Society for Neuroscience, 2011. Online. (in press).

[18] Pfurtscheller, G., Guger, C., Muller, G., Krausz, G.,
Neuper, C. Brain oscillations control hand orthosis in
a tetraplegic. Neurosci Lett 292, pp.211-214, 2000.

[19] Komatsu, T., Takano, K. Ikegami, S, Kansaku, K:
A development of a BCIl-based OT-assist suit for
paralyzed upper extremities. Neuroscience Meeting
Planner. San Diego: Society for Neuroscience, 2010.
Online. Program No. 2959, 2010.

[20] Sakurada, T. Takano, K., Kansaku, K: A BCl-based
OT-assist suit for paralyzed upper extremities: a
combination of sensorimotor rhythm, P300 and
SSVEP. Neuroscience Meeting Planner. Washington,
DC: Society for Neuroscience, 2011. Online. (in press).

[21] MEREE : A —N— Yz —  MEEEED S BT R
JE O F D #E . Journal of Clinical Rehabilitation 16,
pp.909-912, 2007.

221 MAXE: 7vA4y -2y b )—2 A5 =T LA
12 & BRI | R OFE 57, pp.315-322, 2006.

=EEN

e g5 (hASLK [FAL):
TRERFEFEEE, RN RHEME L C#BE, F
KREREZENERE T, BEFIE, KEEHENEH
(NTH) E#REBWZEE 72 &% T 2006 4£ X 1) E 7 EEE
UNEYTF—a by —B5enT - EE RS
- BERABEEER, 2010 4 L) Biae RREERZE
- BRI R E R BMUEY AT A AR,
RS,

Ea—-IUAVFTT—~RAFEREE Vol.13 No.3 2011



Clinical Neurophysiology 122 (2011) 991-996

Contents lists available at ScienceDirect: = =

www.elsevier.com/locate/clinph

Operation of a P300-based brain-computer interface by individuals
with cervical spinal cord injury

Shiro Ikegami ®P, Kouji Takano?® Naokatsu Saeki®, Kenji Kansaku **

*Cognitive Functions Section, Department of Rehabilitation for Sensory Functions, Research Institute of National Rehabilitation Center for Persons with Disabilities,
Tokorozawa, Saitama 359-8555, Japan
Y Department of Neurological Surgery, Chiba University Graduate School of Medicine, Chiba 260-8670, Japan

ARTICLE INFO HIGHLIGHTS

Article history: o This study evaluates the efficacy of a P300-based BCI for individuals with cervical spinal cord injury
Accepted 23 August 2010 (scn.

Available online 28 September 2010 o Two distinct types of visual stimuli, white/gray and green/blue, in an 8 x 10 flicker matrix were used.
o The P300 BCl with the green/blue flicker matrices is effective for use not only in age- and sex-matched

Ié?l’wm ds: able-bodied controls, but also in individuals with cervical SCL
BMI
P300 ABSTRACT

Chromatic change

Cervical spinal cord injury Objective: This study evaluates the efficacy of a P300-based brain-computer interface (BCI) with green/

blue flicker matrices for individuals with cervical spinal cord injury (SCI).

Methods: Ten individuals with cervical SCI (age 26-53, all male) and 10 age- and sex-matched able-bod-

ied controls (age 27-52, all male) with no prior BCl experience were asked to input hiragana (Japanese

alphabet) characters using the P300 BCI with two distinct types of visual stimuli, white/gray and

green/blue, in an 8x10 flicker matrix. Both online and offline performance were evaluated.

Results: The mean online accuracy of the SCI subjects was 88.0% for the white/gray and 90.7% for the

green/blue flicker matrices. The accuracy of the control subjects was 77.3% and 86.0% for the white/gray

and green/blue, respectively. There was a significant difference in online accuracy between the two types

of flicker matrix. SCI subjects performed with greater accuracy than controls, but the main effect was not

significant.

Conclusions: Individuals with cervical SCI successfully controlled the P300 BCI, and the green/blue flicker

matrices were associated with significantly higher accuracy than the white/gray matrices.

Significance: The P300 BCI with the green/blue flicker matrices is effective for use not only in able-bodied

subjects, but also in individuals with cervical SCI.

© 2010 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights
reserved.

1. Introduction

Brain-computer interfaces (BCl) or Brain-machine interfaces
(BMI) are devices that use neurophysiological brain signals to con-
trol external computers or machines (Wolpaw et al,, 2002; Daly
and Wolpaw, 2008; Kansaku, in press). One approach to using
these devices, invasive BC], relies on electrical signals recorded di-
rectly from the cortical surface (electrocorticograph; ECoG) or a
single neuron (unit recording) (Kennedy et al., 2000; Leuthardt

* Corresponding author. Address: Cognitive Functions Section, Department of
Rehabilitation for Sensory Functions, Research Institute of National Rehabilitation
Center for Persons with Disabilities, 4-1 Namiki, Tokorozawa, Saitama 359-8555,
Japan. Tel.: +81 4 2995 3100x2573; fax: +81 4 2995 3132.

E-mail address: kansaku-kenji@rehab.go.jp (K. Kansaku).

et al,, 2004; Hochberg et al.,, 2006). The other approach, non-
invasive BCI, uses electrical signals from the brain in the absence
of surgery. The primary approach for non-invasive BCl is electroen-
cephalography (EEG), where neurophysiological signals are
recorded from an array of scalp electrodes.

Several types of electrical brain activity have been proposed for
controlling EEG-based BCI. These include sensorimotor rhythm,
slow cortical potential, steady state visual evoked potential, and
P300 event-related potential. If the chosen communication system
results in more than 70% correct responses, it has potential for
practical use as a BCI system in people with disabilities (Sellers
et al., 2006; Kiibler and Birbaumer, 2008; Nijboer et al., 2008).
Some BCI systems have already reached this level. Thus, BCI sys-
tems based on P300 signals were tested in patients with amyotro-
phic lateral sclerosis (ALS) and other diseases either in a laboratory

1388-2457/$36.00 © 2010 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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setting (Piccione et al., 2006; Sellers and Donchin, 2006; Hoffmann
et al., 2008) or the patient’s home (Nijboer et al., 2008). The major-
ity of subjects used in these studies were patients with ALS, and no
studies have examined age- and sex-matched controls for
comparison.

Qur research group recently developed a BCl system for envi-
ronmental control and communication (Komatsu et al., 2008;
Kansaku et al,, 2010), in which we applied several flicker panels
that were modified from the “P300 speller” (Donchin et al,
2000), which uses P300-like evoked signals. We previously
reported that a male volunteer quadriplegic SCI (C3/C4) patient
successfully controlled our device without significant training
(Komatsu et al.,, 2008). However, we sought to develop better
visual stimuli because the white/gray flicker stimuli used could
possibly induce discomfort or seizures, particularly in subjects
with a- history of epilepsy. Parra et al. evaluated the safety of
chromatic combinations for those with photosensitive epilepsy
(Parra et al., 2007). Five single-color stimuli (white, blue, red, yel-
low, and green) and four alternating-color stimuli (blue/red, red/
green, green/blue, and blue/yellow with equal luminance) of four
frequencies (10, 15, 20, and 30 Hz) were used as the visual stim-
uli. Under white stimulation, flickering stimuli with higher fre-
quencies, especially those greater than 20 Hz, have been found
to be potentially provocative. Under the alternating-color stimu-
lation condition, as suggested by the Pokemon incidence, the 15-
Hz bluefred flicker was the most provocative. It is noteworthy
that the green/blue chromatic flicker emerged as the safest and
evoked the lowest rates of EEG spikes. Accordingly, we used
the green/blue chromatic combination for the visual stimuli used
to elicit visually evoked responses (Takano et al., 2009b). We pre-
pared a white/gray flicker matrix for the luminance flicker, a
green/blue isoluminance flicker matrix for the chromatic flicker,
and a green/blue luminance flicker for the luminance and chro-
matic flicker. We applied the experiments to the able-bodied
subjects, and showed that accuracy rates were significantly high-
er in response to the luminance chromatic flicker condition than
in response to the luminance or chromatic flicker condition. We
also found that the green/blue luminance flicker matrices signif-
icantly improved subjective feelings of comfort in able-bodied
subjects compared to the white/gray flicker matrices (Takano
et al.,, 2009a).

This study focuses on the efficacy of the P300 BCl in individuals
with chronic cervical SCI, who are potential users of the system
(Daly and Wolpaw, 2008). We compared individuals with chronic
cervical SCI and age- and sex-matched able-bodied controls. Sub-
jects had no prior experience with the P300 BCI and were required
to input hiragana (Japanese alphabet) characters using our P300
BCI system using either white/gray or green/blue luminance flicker
matrices. We show that the P300 BCI with the green/blue flicker
matrix is effective not only for use in able-bodied subjects, but also
in individuals with cervical SCL

Table 1
Summary of spinal cord injury subjects.

2. Materials and methods
2.1. Subjects

Ten individuals with chronic cervical SCI (age 26-53, mean 41.9,
all male) with no prior experience with BCI devices were recruited
as participants. The mean time since SCI was 18.2 years (range,
5.5-29.2 years). Five individuals were diagnosed with complete
tetraplegia according to the American Spinal Injury Association
(ASIA) impairment scale (Maynard et al., 1997) (summarized in Ta-
ble 1). All of the SCI patients had severe upper extremity dysfunc-
tion and needed the help of caregivers to use appliances for
emailing and other tasks, and most needed Alternative Augmenta-
tive Communication (AAC) devices (e.g., mouth stick). All SCI sub-
jects were outpatients and visited the laboratory in wheelchairs. In
addition, 10 age- and sex-matched able-bodied controls (age 27~
52, mean 42.1, all male) with no prior experience with BCI devices
were recruited. This study was approved by the Institutional Re-
view Board, and all subjects provided written informed consent
according to institutional guidelines.

3. Experimental procedure

We modified the so-called P300 speller (Farwell and Donchin,
1988). The P300 speller uses the P300 paradigm and involves the
presentation of a selection of icons arranged in a matrix. According
to this protocol, the participant focuses on one icon in the matrix as
the target, and each row/column, or a single icon of the matrix is
then intensified in a random sequence. The target stimuli are pre-
sented as rare stimuli (i.e., the oddball paradigm). We elicited P300
responses to the target stimuli and then extracted and classified
these responses with respect to the target.

All subjects sat approximately 100 cm away from a liquid crys-
tal display that displayed a flicker matrix and input window
(Fig. 1). SCI subjects used their own wheel chair, and control sub-
jects sat in a desk chair. We prepared an 8x10 hiragana matrix
for the P300 speller, modified from a 6 x6 matrix using the English
alphabet (Takano et al., 2009b). We used two types of intensifica-
tion/rest flicker conditions, white/gray and green/blue. Luminance
was measured using a chromatic meter (CS-200, Konica Minolta
Sensing Inc., Osaka, Japan), and was 20 cd/cm(white)/6.5 cd/
cm(gray), and 20 cd/cm(green)/6.5 cd/cm(blue), for each condition.
The duration of intensification (green or white) was 100 ms, and
that of rest (blue or gray) was 75 ms (Blankertz et al., 2006; Sellers
et al., 2006). Each row and column of the matrix was intensified
once per sequence in random order and, according to the P300 par-
adigm, the target stimuli were presented as rare stimuli (i.e., the
oddball paradigm). One complete cycle of eight row and ten col-
umn intensifications constituted a sequence. Online performance

Age Sex Level of SCI at injury Time since injury (years) ASIA impairment Scale
SCI 37 M C3/4 16.3 Incomplete
45 M C2/3 5.5 Complete
43 M C5/6 253 Complete
40 M c4/5 15.9 Incomplete
42 M C4/5 104 Complete
37 M C3/4 20.5 Incomplete
48 M c4/5 271 Complete
48 M C5/6 21.8 Incomplete
26 M c4/5 9.9 Complete
53 M C5/6 29.2 Incomplete
Mean 419 18.2
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Fig. 1. Task timing for hiragana spelling. Two types of matrix were presented (white/gray and green/blue). The stimulus onset asynchrony was 175 ms, consisting of 100 ms
intensification and 75 ms rest. EEG data were collected and used for classification over 10 sequences (180 intensifications). Averaged ERP data (Pz) of the SCI group for the

green/blue condition are shown in red (target: thick line, non-target: dotted line).

was evaluated, and each letter was selected in a series of 10 se-
quences (180 intensifications for each hiragana character).

We first collected EEG data to derive feature vectors for the sub-
sequent test session. All subjects were instructed to attend to six
successive letters of the matrix under each condition (training ses-
sion). In the test session, using the feature vectors, all subjects
were required to input 15 letters from the 8x10 hiragana matrix
under each flicker condition. The order of the experimental condi-
tions (whitefgray or green/blue flicker matrix) was counterbal-
anced between subjects.

3.1. EEG recording and analysis

Eight-channel (Fz, Cz, Pz, P3, P4, Oz, PO7, and PO8) EEG data
were recorded with a g-Tec cap and g.USBamp acquisition system
(Guger Technologies OEG, Graz, Austria) (Krusienski et al., 2008;
Takano et al., 2009b). EEG signals were band-pass filtered (0.1-
50 Hz), digitized at 256 Hz, and stored. All channels were refer-
enced to Fpz and grounded to AFz. Recorded EEG data were
downsampled to 21 Hz for analysis. A total of 800 ms of EEG data
were segmented according to the timing of flash onset. The first
100 ms, occurring just prior to flash onset, was used for baseline
correction, and the remaining 700 ms was used for classification.
In the training session, feature vectors were derived for each con-
dition (white/gray and green/blue). During the test session, using
these feature vectors, target and non-target characters were dis-
criminated using Fisher's linear discriminant analysis. The result
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of this classification, as the maximum of the summed scores for
the each row and column, was used to determine the icon to which
the subjects were attending. The intersection of the calculated row
and column was regarded as the target.

During online performance, the percentage of characters en-
tered correctly was defined as the classification accuracy and was
also translated into bit rate (Wolpaw et al., 2002). Correlations be-
tween SCI subjects’ accuracy and their demographic characteristics
(age, time since injury, ASIA impairment scale score) were evalu-
ated using Spearman’s rank correlation coefficient. The effects of
patient group (SCI vs. control) and type of flicker matrix (white/
gray vs. green/blue) on online accuracy were examined using
two-way repeated-measure analysis of valiance (ANOVA).

For offline analysis, the accuracy for each sequence was calcu-
lated. The effects of subject group (SCI vs. control), type of flicker
matrix (white/gray vs. green/biue), and sequence on accuracy in each
sequence were evaluated by three-way repeated-measure ANOVA
followed by post hoc paired t-tests with Bonferroni correction.

4. Results
4.1. Online performance

All subjects completed the 15-letter spelling task in both the
white/gray and green/blue conditions. The mean online accuracy

of all subjects was 82.7% for the white/gray condition and 88.3%
for the green/blue condition. Under the white/gray condition, the



