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Communication using non-invasive
brain-computer interface system
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event-related synchronization (ERS), event-related desvnchronization (ERD)

254

Introduction : In the present study, we developed a brain-computer interface (BCI) system that used
surface electroencephalographic (EEG) signals recorded over the sensorimotor cortex to investigate
long-term effects of BCI use on brain activities in people with severe motor disability.

Method : The BCI system estimated the user’s motor intention (M1} in 3 different limb movements -
feet, left hand, and right band detecting event related desynchronization (ERD) in the mu band
(around 10 Hz) and event related synchronization (ERS) in beta band (around 20 Hz). To
investigate the long-term effects, we followed BCI use by a chronic tetraplegic subject with muscular
dystrophy for a half of a year.

Result: The subject was trained to control his avatar via the BCI by strolling in the VR for 1 hour a
day and then continued the same training twice a month at his home. We observed changes in ERD

4and ERS patterns and increases in BCI performance over long-term use of this system. At last, the

subject freely strolled and communicated with others users in & virtual world using our BCI system.
Discussion : Our results suggest that it is possible to develop BCI systems thai allow severely
paralyzed patients to communicate with others in a virtual world in the same way as a healthy person.
The present study also revealed that long-term of BCI use caused plastic change of brain activities.
This result suggested the possibility that BCI can be not only a substitute of a part of body but also a
rehabilitation tool.
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Table 1. Clinical profiles
Patient no. Agelsex Diagnosis ;?uration of Par'esis on affected Scnsati,czg on
isease (yr) limb (MMT) affected limb
N1 34/ F R intractable epilepsy 19 None Normal
N2 % 14/ M R intractable epilepsy 7 None Normal
N3 20/ F L intractable epilepsy 6 None Normal
. N4 22/F R intractable epilepsy 10 None Normal
N3 13/ M L intractable epilepsy 11 Nong Normal
PI 49¢ M R putaminal hemorrhage 2 Slightly spastic (5-) Hypesthesia
P2 66/ F R subcortical infarction 3.3 Spastic (4} Hypesthesia
P3 64/ M R thalamic hemorrhage 7 " Spastic {4) Hypesthesia
P4 65/ M Ruputured spinal dAVF 3 Spastic (4) Hypesthesia
Cl 3UM L brachial plexus avulsion 5 Complete (0)* Anesthesia
Cc2 49/ M L brachial plexus avulsion 6 Severe (1)* Severe hypesthesia
c3 47/ M Amputation below L shoulder 3.3 No arm None

Abbreviations : R, Right; L, Left; MMT, manual muscle test; M,

transplantation of intercostal nerve
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0. 7 mm. Unique Medical. Co., Tokyo, Japan) % & &
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Fig 1. The correlation coefficient of the high gamma powers

between hand grasping and elbow flexion for each
patient’s group.
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Fig2, Averaged classification accuracy with gamma band
power. .
Classification accuracies with gamma band power were
averaged for the patients of each group.
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7

* Patient P4 4 days

100 B -8 st session
B—m l -o-2nd session

% correct
L
(43

number of trials

Fig3. Prosthetic control with the ECoG signals. (Left) The % correct of each 20 trials over the course of the
entire free-run session of P4 (square ; first session, circle ; second session) . {Right) Representa-
tive photographs of the prosthetic arm controlled in real time by the ECoG signals of patient P4,

SVM % Fv:7: decoding BEHT 24T o 72, y RIE%
BT (G8ie) LidgiEEsdel. #E
ERVPERICHT (BR) ShicEsie—3 LT
WABERLHETAET, yIEBICE I N ER
BHOT T B L,

yIREZTHVWIET, 2T0BEZETHRARO—K
LDV BELBEBVEECTILIVHESTRETH -
Too EBE. BMEET ZIREEE TS E£H. B
e Wh o 72 BE C1 SRR R AR T 5 /2
FTLH 9 BORET 2 oOWIHEE X EET 5
BT EL, LA L. FEEE CILEEHENE
WABAZEDSKE  BREBEF VBRI TRES
FEBECIABRCEENESETLTCNE
(Fig. 2)o

B, R THW SYMICGPR 2T 5
BT, BEMEEOBERICT) BT ERNICHE
ELHFICE LB 2T bz, EERICA2R
FE B BIME R EE PA O LI CAB E1T -
BEOREREFERGICF - FLEFE R
L7ze BEIKITLA3EEOME BTz
i EREL B % 8L LOETERY
WHETLIEDPURETH 72 (Fig 37/K). T2
—EEB LTIV EENT4HBRSELE
BEfTolf, PHVABELEDHEEVTET
Botr, REREZHVTER LT a— FHH
BTHAENHREREZ BRI, HiZ,
FEO3EEEICNAZ. FOBITHRIZL 2L 2EE

258

OEE RN TERZ T 720, BEVPESOLE
B2E,rTECEVEY ICHRFEAMEL. B%
BoTHL T, BoltFiCHIECRI LA
(Fig. 340 '

I #%

AR T, BRTHO THREREOFEME
RN Lz, BMIOBIGBETHLE
BRI ERETH., yWHOEERZE, &
N F CHR SR E N R L EE TR
T B EEPEOHEAERTH 5 HHP S I
Bolre Tl MRETEREERTERE T O BEBES
BB ERZHEETEAEIRENT, Ly
L. WEIBREEREESNEE TR 5 & FERTRETD
WENEICEE - T BET, iz b Hifc 2
BHHEDTRMES Nz, YIRS IBREE TR
KA HEEIC L) B2 BN OB IE
o TLEIBEIREINTVE Y, REET
FRENTZ 2 DOEEIEED y 3% — DAL D KB
FHEFWECEIEBILEEZ 5 Nb, &%, FE
B BMI BT 5 5E. HEROKMEE
HRECLIVALULEEREREEHICNT 4
ToOPOINE)F—2a v 2T NEFHL &
#Ex Do

BEYH

1) Brushimeier M, Dietz V, Leenders KL, Roelcke U,

Japanese Journal of Cognitive Neuroscience

— 509 —



2)

“of prosthetic devices by a human with tetraplegia.

8)
9)

10

Fam

k4
Missimer 3, Cutt A : How does the human brain deal
with 2 spinal cord injury? Eur J Neurosci 10:
3918-3922, 1998
Chao ZC, Nagasaka Y, Fujii N : Long-term asynchro-
nous decoding of arm motion using electrocorticog-
raphic signals in monkeys. Front Neuroengineering 3 :
3, 2010 '
Flor H: Phantom-limb pain: characteristics, causes,
and treatment. Lancet neurol. 1: 182-189, 2002
Flor H, Elbert T, Knecht S, Wienbruch C, Birbaumer
CN, Lrbig W, et al : Phantom~limb pain as a perceptual
correlate of cortical reorganization following arm
amputation. Nature 375 : 482-484, 1995

) Gerloff C, Bushara K, Sailer A, Wassermann EM, Chen

R, Matsuoka T, et al: Multimodal imaging of-brain
reorganization in motor areas of the contralesional
hemisphere of well recovered patients after capsular
stroke. Brain 129 : 791-808, 2006

Green JB, Sora B, Bialy Y, Ricamato A, Thatcher RW :
Cortical motor reorganization after paraplegia : an EEG
study. Neurology 53 : 736-743, 1999

Hochberg LR, Serruya MD, Friehs GM, Mukand JA,
Saleh M, Caplan AH, et al : Neuronal ensemble control

Nature 442 : 164-171, 2006

Kamitani Y : Brain Decoder Toolbox, in, 2010
Kamitani Y, Tong F: Decoding the visval and
subjective contents of the human brain. Nat Neurosci
8 679-685, 2005

Leuthardt EC, Schalk G, Moran D, Ojemann JG : The
emerging world of motor neuroprosthetics : a neurosur-
gical perspeciive. Neurosurgery 59: 1-14; disous-
sion 11-14, 2006

Mikulis DJ, Jurkiewicz MT, Mellroy WE, Staines WR,
Rickards L, Kalsi-Ryan S, et al: Adaptation in the
motor cortex following cervical spinal cord injury.
Neurology 58 : 794-801, 2002

BREF Vol 13 Neo. 3 2012

— 510 —

12)

14}

15)

16)

17)

18)

19)

Miller KJ, Zanos 8, Fetz EE, den Nijs M, Ojemann JG :
Decoupling the cortical power spectrum reveals
real-time representation of individual finger movements
in humans. J Neurosci 29 : 3132-3137, 2009

Nudo RJ, Wise BM, SiFuentes F, Milliken GW:
Neural substrates for the effects of rehabilitative training
on motor recovery after ischemic infarct. Science 272 :
1791-1794, 1996

Ramachandran VS, Rogers-Ramachandran D, Stewart
M : Perceptual correlates of massive cortical reorga-
nization. Science 258 : 1159-1160, 1992

Roricht S, Meyer BU, Niechaus L, Brandt SA:
Long-term reorganization of motor cortex outputs after
arm amputation. Neurology 53: 106-111, 1999
Schalk G, Kubanek J, Miller KJ, Anderson NR,
Leuthardt EC, Ojemann JG, et al: Two-dimensional
movement trajectories using electrocorticographic sig-
nals in humans. J§ Neural Eng 4 : 264-275, 2007
Takufumi Yanagisawa MH, Youichi Saitoh, Haruhiko
Kishima, Kojiro Matsushita, Tetsu Goto, Ryohet
Fukuma, Hiroshi Yokoi, Yukiyasu Kamitani, Toshiki
Yoshimine : Electrocorticographic control of a prosthe-
tic arm in paralyzed patients. Annals of Neurology,
2011

Velliste M, Perel S, Spalding MC, Whitford AS,
Schwartz AB : Cortical control of a prosthetic arm for
self-feeding. Nature 453 : 1098-1101, 2008
Wessberg J, Stambaugh CR, Kralik JD, Beck PD,
Laubach M, Chapin JK, et al : Real-time prediction of
hand trajectory by ensembles of cortical neurons in
primates. Nature 408 : 361-363, 2000

Yanagisawa T, Hirata M, Saitoh Y, Kato A, Shibuya D,
Kamitani Y, et al 1 Neural decoding using gyral and
intrasulcal electrocorticograms. Neuroimage 48:
1099-1106, 2009



ALSEHR ELIETLAL 72 e A2 3—T (R

A R R P B B Sl &

AR e (DUTFALS), PRI, e
sk HEEERE, RSB EEABEAE TR
BE AU TRBE, B&ENE kP ER)
BERBEEPEZOONBIR TS, 22 BT TV
AV ewyy A vE—Tx—2 (BUFBMI) &
S A R C, BE O EE - EEEESE L
RIT 3 2 EOWYE - FSSICBEIR D MlA T E S
(CCRHE I o A - 7 RHITEUE) . BMIE i,

%%&E@W@%#%myggwa$mwf%mA
BHEA < AR, 2OEMEY IRy PNV E

ﬂﬁ@bt@ IV -
0§ AHAR T ).
Blfe, M fUTEEICBE L T, Bk s h
EORBHREL L TR XA C350EE75D
Fth, FREERERITEE S UCEHER
W&/&w@a%HwT\bf@ %*ht%ﬁ%
%m%me% B A CHitBENTE A LS
%ﬁhﬁfﬁ% LT3 5080 L DR
%éhfhﬁﬁﬂxuﬂ6§%@%®@%ﬁ%<&
SEHELHNTSVEANTEE T, ALSRHY
Z b7 4 = CHCADIEBRHIODVIRE TR, 7
ROBEMEEAELRLS B-TE, KOM = ZIEE
f%f*ﬁ“(h%‘% mmx%gra@“( BMI% 7= 7 A8

2N e R ARV

P300EEEmEKE

ALSO S HEFEG CIXBIRO BB RS EE T &
&#ﬂﬁ@%&&é“Aﬁéﬁﬁﬁgwwivﬁw
AT HEMME L & ORES » 6 BRI AHH L,
FREENTRIC R D £3, Wk FIH U ZBMI
L ABEEEEFEL LT, PIOEEREREL S
D&, ZOP0EERBEEEIZI0FIE ERizE
A BN DT, W TIRALSTORKIIEN T

52 HER&EEERY 7 Voll7 Noa2 2012.3

KEAZESSROENE 22

(BMI) DEGER R A O EAFF

%, FH ¥z
mE 7R, HiE ®E

*EEEESESE 5~ BH HE—

BREEE
BT Jrar-wor A ra—"71—A0OBEE

LRy bR

b h T, 20FMESEIDENDDOE D £,
P300S IZE BEE X PI00FER WAL & v 5 Nk o
BISZIGH U BEEREEE T, $98EasAR
Jia 7 FE DB A OO RGO F 1287 FIF < v b fsh
H%ﬂﬂZLﬁﬁﬁH%%ww%%Lﬁ&%@@

&%%zﬁ ﬁgaxﬁﬁﬁayaahnﬁbi
T B2 EIFHL TS E, EOX
PIZEH LT A 25T 0 E 5 — 2 DEESIE 4 1%
WU CHBE L, 10RE ECHHE LTW0» 335050 % i
““ﬁ?be<hﬁi,uh%ﬁfé &T ﬁx

%ﬁ ‘&Qbfwéiﬁﬁ%&ﬁﬁbﬁ&aam
KTHEA90.3F TP300 & vy 35 -k & R i BEAL 2 i ¢
METEBDT, ZOKIGE IV E 2 — & TRET
L0 EDTT,

%ﬁ H&ﬂmw/ay@%%$$Yb KBk

kgﬂmwﬁﬁ‘k%ﬁﬁ%QMmVﬁ%fg &

— 511 —



Q32 —Yad

RERERAGIC TRV TV E T, HLBRCIEE 2
iR H OBl R & TV B i, FIFICE
BEAKMPDTH L&, AMEPHEREHNS
B0 2. 2%, HRELTNBRENR
iU, EROBTIC BT bR HIEE ) E
K Bbhxd,

EENEIE A B 2 EEMERENITRE

P00 R e R U N A AV E 528, B
VL THZEAGY A B O 2 BT R E O -
BISE &1 - TV E T, EEMRIEE VD O, st
RHEEAC & 0 B4 TEE USRS Ui & FHllS
BE0T, WL OPOHEHA D D T4, RES
ELTWAORBETEREw-T, ¥V T
Lo PSR U 2 S HE O S & oA
ICEET A0 TT(E4). PMARETTA, K
O ICER A EEE L 20, EEREED B
LA RBEOBVMEE EHIITE, Bo5ha
BB IEEICEL TEA LVWIREA B T,

RN EEOESIC R - T AT I
F 4 v 0 REE b IR E R AR S AT
X2 L3 TEE U, HIAZJAPANE WS X
s BT A & X ORGIIH A MRIE VS BlREE T
HA LT, =a— I AT a—F 1 v IElE T
B L IS O BJAPAN & 105 g JL T
%L nEAENS & 2 A TR S L TOE
0

BRI T D= 0 — T AT —F 4 v ol R
TR A O T ., B X AOMBIEME LI < A
HO O . SRR BB A A RIS HEE U T,
R X ANE S ICa Ry PV FEY TS
A AEhER LS T A0S RETY, BERE
AT, Ry AV FEEGEDICEPTIE
RTRIUL, B E ADERE L LI BICEEE T
3z LA EnE T,

BEe PRI B =TTV EVNI - TANT T
F 4 v S EER R BT, TR D RSk L 7zl
EEAEHTA kD, B, FEES. Fr
B < 75 & O F O WEIME & T70~90% D LR THE
TR AL IATTRTHET, & HICHAIEE
17 T B BEOBE RO RE» b #TF 4 A
FOuEy by FEBALT, Bk o OHEER
FUzfESWTuRy bV FEY TS A4 ARREE

M2 POOBHRERBOINE
Hk & AR O TR & B S B

PROOEER BN
i A ]
gy "
i@ RV L.
[ i T 5%
# g
!
H
A
s ERLTOLALERSOLEBORER
Ak SHLTOBLESATLEROED

®3 PI0OHmEBN
AH LTV B RN T 3 &, 03B BICRpITK
A EISH TS, POEEEREE TR, Theay
Vo — 2 CHT Az Einkn, BELTWELFE
4 TR LTWL,

K4 fEEFEE

FEBIE. WIERE G S h T BB TS, b
BB O T LA Y ey Y4 Y E =T = A D
BETEBET, BB oRy MRS
RCESHZEAHBLCEEEICEBREREL TV 5,

X¥BTLIEIILTOEFES ,H6). H6TE
g n B AR LT, FOEERETRy FICHES
wrnETR, FAESSETEHAA-VELL
ZITeRIC L Ry PERETHIIEHNTE
= LE0OT. HEHEASRLEOEE X AD LD
EERE S R WHTEEBOA A -V ETAHETT
Ry P ABETEILNTEREFLONET,

PO LCEB RS T HIEERRLTOET,
BRI, HEATEON L THE R B IR 2 AR
a0, WERMET Ad Al & DIRIRD D IR
EE(E 4 T) & — IR LB S AR T Y

st 7 Voll7 Noa2 20123 53

— 512 —



OXald—rgl

| FORNL R
| (A/DER)

RERTRE

5 ORy AL FOUTIVEA LFHIHY X
7o

SLERPC

—»  ORybAIR

PRI~

Ee ORy bNLROUTILE A LER
BT M2 V2 2 20 L D FOM»OBIES IGE A, 5E8AND . aR y MRS 204 RIF X R T LA TE S,

F4T7TELUTHECH DU CEZ, Zhs0W5s4s
FfoToES, HHL T3 BRI BB T
HHZFWS R TWAERTH 5720, AR LT
WAHHHOEREEOBMRE 4 )L nE
WHERERR GRS LHIFEL T gy, —F. ALSK
EDBE XATIFEEMICh S TRF L TIEL 72
BT, B SR ZNEE 4 o — Foksbc
ERET 2O TIEEL, T4 v LU 2ME TR & Bt
THMBEND D T,

IHIRBEIAVETHLEVIHBET Tk
<. R EHEANR T - FTORB-TINS LA
BIVEMIES & 200 T4, WITRSITEBAL L
TLEARDBDR—A X —~HD LS50 FOLEFEE
BEXAPERTI oL, T<HRIZHZ 5 L
B ELREHA,

T — MNRE

BEEAICE > THIZBUOBEFHET 5 12
O, HARALSHIRICESHT 51,9185 D 8% & A s xt
RELETVr— FPREEETOE U, BIEE - 4E
TRYL - BMIZHT 5 B0 - BMI B4 % Bl
DWTHRE L7z,

w2 el

54  #BBEEEy 7 Voll17 Nod2 2012, 3

& R

TBHOBE X AL L EEEOH» 5 HE 4 1H
& LA, HEHEONRIZEEARAYS, Nikdic
F B - Ip19%. MREHIC &k 2 BEEROER
37%. T0fCA128%., SORA20%DNETC L 7=,

(EBEE CEBENE)

BER AR IO A UAE R 130T < | SEEESR N
LEEALBOVEREOHC LR, BIELEICE LT
164%D T B TAT VI A2 1. 46%D 5 A8 A TR
R ORREIRIE A Z 0 Tk Lz,
{(BEBEEOBIK)
RIRBGHIZBE U TR E D R & B 20k idw]
BEEVIHIENENE DD, R LR
HEL DIPRBOBEAFHL AR EEADS
<. BUROEBEZEFRIIHUTAERSZ L A%
LT3 hPE<RongE Lz, BEEEEEC
BILTHE. b 7O HIEHICE L O EE T
TWBEFPUTIREZNESTT,

{3y FED

TEL ~B4FIHT %] 46%, [1ELAE~&LH
U] SI%IC A &g Uik, £72, 604

— 513 —



A3and—var

B F O, RO R X AT 2 YRIANHE
EEWEWIBRTLET ).
{BMINDBEL)

M8mkdic, Bl - FRESKEADES L
77%D F HBMINOBE LD & 5 & M4 ahzx L,
A B0RERT D A EEAAAE LR
45 - RFOBA. 7SV 2 VRIFEOBA THECH
DAFnENSIFERTCLEZ, BMID R I T %
BRI - AR - BIZE R - oSV 3 VR
DA D & TIHERABMINOBI LA < |

SERED TR IEE I BMERIRO Bl &2 A IS E

“ﬁ%ftﬁa

(BMIC 2 T HERE)

FBEEOE 12DV TR ER O ME. EEIHIETE
R ZSHe . BRI CIIBERO T 7 — Abnd k

30z HEATEICERS L AR iR CER
MbE A SR IEAVEE RS D E L, e, RE
FIBMIC B DA S B L HIE & P NAY NN FE S iR
% x - & 0 & SHEE - BERE A BMIORRE %
WX M TV AR TUA(E 9 ~11).

F e

7o
YEnhnh B E o ) -
ICAREHERETE BN,

7y FRHRR

A TREEO AV, RS
BB & I T 6 I
gEPEVL A ABMIZ, &

S
THae%

%umunm

415 T5H 18%
RALZEL
10%
7 ¢y arOFBRR
pMIzt g SRR
Egoli)
Ekdml,

FEERERIL
BLBY
29%

. H8 BMIUCHT BBID

B ECGEETD W HETH wHEUBELLL  BERAL EREA
Mo BEEECHETHEE

sWEETE e BETH o BRURELAL  EREAL @ REA
10 SEBHIEICEAS T S

2 WSS = HETR SBIURELAL ¥ BHELGN B ERA
E11 EREBHIGICHRAS T HHREE

T A AN B BRI BMIC %; 5 #E T AL E
R TOE L7, BRI I3 AR R D
) ?’&ﬁTﬁr~AJ§*%%§R ﬁzu:mm&ﬁfk
DRI RE ORI X D QOLEBH T2
NEFRTOVET, 72, kl:@f@%ﬂif&%ﬂi vy
LT 37 CBMINOBIL B E D - 72728 i
O FR 8 3 VIR TORVER AT
neTLEROBERIEEE BbhE L,

F 13 P00 AE (R ME T x & AL LT
. FHOBEL EVEOLEALLTOE, K
SRl IR T & 0 B D OTEERE BT
Fr AR 2 AR A L LT g v &
ATWVET,

e ke 7 Voll7 Noi2 2012.3 - 55

— 514 —



Human Interface

Jr—ADEE

TUX Vx4A

1. Brain-Machine Interface &i&

Brain-Machine Interface (BMI) &iZFRES®EHILT
INEaEa—% T (decoding) LT, WEFTOE
BTHEA, ThbbEERRONELEE L. S
PEAETHILICLY, Ehh R r TS5
WThsd (KD, . HEEEMFRE/LE (ALSL £

TEE MR HOEERE L IL D & T 2 i E
FIH LT BMI S O CiiEIEZ A S Z:T%ﬁf
BHRBEA R DDH L. KB TIHERE BMI 0if5cH
BOBRREASBOBZEIZIOWTHET 5.

2. BMI CHVLWSNZHES

BMIICEHWLNAREEIRELEHITELICELD
D, FOFUFEOBRIMEIC L ) BER L EERANIST
Lhh, BEEBMIZESIZHEEAN~OMAER T H
WHbDE, TERTESRD AT EH 5 RN
BMLIZ& T bb, BMIOBRIZEWTIHIALORNES
ORFEF L CERLT, BRI LTV, EETA
ZENEETH L, WHENRERIC BT, RICER
I BMI OFERHNL I EIC LY, FHEERISH L, £+
NCRA ) St BMLEATRREL L, BRISHTA 2 &
RS BN B,

Eﬁi s Y P

B 1 BH%E prain-Machine Interface (BMI) O#i&R

Ea—RUAUY T 1—AFEEE Vol13 No.3 2011

7u4y-79y'43971—2ﬁ$
BREEZAWN T LAY

VY eAU5

KBRAFAF T TH e TR AIEBE @S
U TR EEEE

= i8]

EEREIIEBETHY, HEFREMN. POERE
fiI. slow cortical potential (SCP). BMEEEIZEILE Vo7t
%&@#é@ﬁ%&:‘%%ﬂﬁ LTHERThTERY, L

. BERREGE CIINEREE. WIE. EEE. EESONE
"fﬁi&@f‘&’) BRESHY1/5 ~ V1003, Bl a b
ET45, $AEEEHEROESTEENTAILPEET
Bhe FNIHEREINE VAVIHEATRERRSY .
YN F g DB SCER BIEL TS
EDHLNLTWS

A TIL, IMRI A7t 43965 (near infrared spectroscopy;
NIRS) oMK E/LE BMI OEEE L THWARFED
fFhhTwa, MMFEEIEAERERTIC 4~ 58NS
DTN A AEIZE BN, FFRETHLATELTY

bo IMRIIZHEI M ICRIZED D 278, EBHSERRICERT
BY., BICHFERCEVSRTWEE
ISR L THIASHER > S iﬁ}w’c’)?’?é‘%ﬁﬂﬁﬁ@ll\"

A PEEHRPEEEOMERBEOESENTH S local field
potential (LFP) 25gHll & %, R OEBIEF oM AR
MBS L vwiEBh A1 (directional tuning)
FHOW, ThEMATLLEEEED R FiEHEE
WEFE20C, Y ARHEOLEBYERTORY F 740
SV TIVF A AL b T a—s D~V L
BMPETELZEFHEESNEY FEERTWS, LA L,
FIABRIIEER IR L CEREND ), BEOFAIZL
NERINDFERBIC L0y BB CEHENSET
T 5. BEPHILLIKWEBORESED S TWEH,
B EREE RO o TWARVIRIRTH 5.
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bl AESEERIIENTOWAEENS L T, -
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ﬁ&Lf@ﬁ?%@m;%ﬁﬁﬁ%ﬁﬂﬁ&ﬁ%ﬁofﬁ
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L. EHEEOBM - EEHREOHFFI% support vector
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?%bmo@@%ﬂﬁ@§u4ﬁ\@%%m4@\wﬁi
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4.2 Ofy kNP EQUTILEA LR
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K&Uﬂﬁ%%gﬁ\D%vbh?ﬁ%U?»?fAﬁﬁ@
T3

4 YTILaAS LKy ME
WBRESTENL(IITT, e Fak, N—OVT
hpEFI & EEN A MESERESRCDEDOVT Y
Twﬁfhﬁﬁﬁwbﬂ>5ﬁ7~\?a*\”~%ﬁ5o

AT AT T~ ATFRE Vol.18 No3 2011

— 516 —



Human Interface

BERMEEOREEN TER TEEZ BB S -BE0H
HEEBC, FEREICLATREY Y FOYT LT A LE]
HEFT o7z, AR TITEYENOM. a. B y BEEF
WOy - LEMEE L TEA L, Z0KE, BlELL
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DFEZFHLT, BEOBEDPSIIEALERZLY TV
FA4RITRy MY REEESEBIEMTER (K W,

5. U/ VU AREIBARBEORE

EEEED BMI 2 EHE T 5720 MO S 5K ETC
ERPFEH SIS CHEL, SHREMSEECRERMEY
BT AN H B, FITHRLIELDBREORBIEIC

5 BMIBH3RREBREEHE
A B RFEER. C D B#EAE. wThb FOMRI 25
ERE LB 3 REEF L L BULEREE, ¥ — MELAD
BEERRIC 7« v bT3 3 RTHRED B, & SICEEHE
BrYosmmEEBELILTVS, B MEBHHE,
3 KT CAD L OEER. 3D 7Y L 2l L BED rapid
production,

&

Be 719 L BAEBEOTD MRS T
AR 3 A TERESEE. B EIBR 3 RAEBEEH,
CrEMLY L 7THRAT S ATESSSERERy — > 7.
D:7vHERYv—HEBERF—> 7. E. EERRE
HE. F: Bluetooth 74 ¥ L ZEEER

E2—RUA0y T r— 2585 Vol.13 No.3 2011

T4y MFB3RTEFEEEBELHEEL. FOMEFES
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BEROBEIOATO 2 —F R Ey hAEHIF—
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e AR BMI Y AF 4070 b7 4 TRERRB L
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BRIEICBIT LV EE R TV 5, EMEBFISLE
ThHiHH, ARBEOEBOERENTEIIL L% SFIERE
LEDTEY, FRGILOES—AA—=T—DLHIZF
OFEFENTLEI L) REBIZL Vv,
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BMI T 4 O/ SBHHEESLEL & 5. BEIEE
FHBTLERE LR LAORy b7 A0,
Ay Ca—-FHIHENT, PYAMA—Y, BERNY FL
ERBTLhG, BEBBEETEETAEEL LTI,
YES/NO #EBRTARbERNLZIOPG, 20 a—¥
NOLEATEE, RAOESHEERARETHEBL LN
HHro BIBALIZALSEZ~OT7 75— FlETY
BMI 3L CHBRBROEENH D 2 LD E Ik
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A raRy POEBCFELR- M58 CKE
KEFEANNVAT TURFA T AFFAL Y TS5y b 74—4) %
B L e 29 LB TOEDNrSBEO— AR HE
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ElonbkE L Twh,
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futhiFHNEicH TS
BMI DEE

FHHiEZ ", HEHEH"

Masayuki HIRATA, Toshiki YOSHIMINE

D) KRRERZRESRER RN
F 565-0871 KBAFRCH T ILH £ 2-2

BEREEBWZBMIICEY, SHETEIREE L RSB E/ mEEch 5 &
BINTWS, ChETIChOEEHFOESHREICHEFRTHSZEPELMCEH, O
SEL—ZDH—VINEERYTILEA LOK Y NI TEIREIC K - 7. IBTE, T1vL
ZIBAKBIBARIATVS. TOMEEE - BRCHICERMRE, B T2 ES
EE, Bk, A%, LEBCHAIERNERIREIRTHS. ZOLE D TRESRAR
Eif, BESEHARERISCHE VY EBELFE 48U TV 5.

Key Words: Brain-Machine Interface, #BEBE, RERE, neural decoding, IBAKE

I. BUBHIC

Brain-Machine Interface (BMI) &%, BfE%5
ZEHUILTZhEZa v ¥a—% THFE (decoding)
LT, BEFOBKT LIS, bbbtk
DNEZHEL, SRS ZRIETHILIZLY,
FbN MR RITS 28 TH 5 (R1).
A, BHEMUAREILE (ALS), FREEGL
IR OBEME L XL LT 5 Mk EE
FHIH LT, BMIBM 2 AW CTRRHELZXA
) ETAMRDPEAILL LY DODH L.

BMI oBZ L ERIGHICIE, #1IIETAH L
) L K DEFRBMPLEI LS. Thbidk
BEB L OBRRAER 2 (IR A2 R
fikk#), EERELY, oRy FLEZETHIH

880 [y#iEsFhESR vol.21 no.8 2011.8.

bOERAEBICE A5 THBY, FRNRET
e, P X DA T B S ATAE &
5.

BMI &, #MBICE T AT ZmEIconizil
PO CTHRERLETHDZD, RTINS, R
LR —SEIEIC % B & IR S 0 B R BMI ©
WEEBIsE DBIR L SHOBZIC OV THESLT 5.

I. BMIICAWS hB3ES

BMIWCHWONLRMEZFICEFR2IZET S &
A HY, TOFHIFEORREICLYRE
BMEFERERMICHTONS, REEIBMIIEES
CRHEEA~NORABBE Hnsd0L, WET
AR A O BBk & BRI B B E ik BMI 245
FoNns. BMIOBREICBW TS ORKE
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E1 {23 Brain-Machine Interface (BMI) O EX

1 BENBMIICSELERERN

=R A RREEE B DREEEHE

BESOEEEE - M

HRERSNSEHEORE & KB

B{EEME (neural decoding)

KEEERED - RTEB O 2D DA SEIESE S L U7 OHIE
BFHBO/NRERL - 71 v L Xb & ERIEARH
FHREISRTE O 7=  DIERIBEME

W N =

¢}

@) N
—_ T D=

~

RiEEAFDER  vol.21 no.8 2011.8. 881
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FMEITRHHNS

DT

®2 BMIICRAWLWShBRES

BriEsES 24 RAE R > AR e HREENR  REE RESTARENE Al

fMRI i L 37 O3~5mm Xx4~5% x4~5% O%KL OE XL
NIRS Bt 37 X 2cm X 4~5% Xx4~5% OfL o= OR
EEG e X 3~ 4cm O1ms (@ gV OxlL OB OR
MEG &g A 5~10mm ©0.1 ms (©F gV O% L = X% L
ECoG  MNiEE O2~3mm 00.1 ms o% L AR = OR
LFP Fbd = & O1mm ©0.1 ms T (©F gV b= Arh OR
spike R iE 8D ©0.2mm ©0.1 ms I oxL X XK OR

fMRI: functional magnetic resonance imaging, NIRS: near infrared spectroscopy, EEG: electroencelphalography, MEG: magnetoencelph-

alography, ECoG: electrocorticography, LFP: local field potential

FOR#E L ERLC, BIZIE U Tl
EHTAZEVERETH L. BMENFHEIBICE
Wik, BLICRER BMIOFEEz AL L
& D, FMERELS LN, THIRAE) Bk
O BMI B 2L, BRIRISHT 5 Z A5k
Lhb.

FRMIRILIFRETHY, HEFREEM, P300
FH BN, slow cortical potential (SCP), By ft
BB b & v o 7oA R E 2 R Lt
AT TEZY. UL, SRR TIRR
FRW, R, EHER, ERESFONEMEKOD,
BifE 553 1/5 ~ 1710 123, ZEMo ST
T5. I, BRAEFEOGEEEFHTLI L
W#ETHL. €00, FRIND LN)VIHRK
HTEBRA»HY, UNEYTF—2a Y ~ORH
h IR B LTI ED bR T 0.

&I Tid, fMRI (functional magnetic resonance
imaging) X R4 (near infrared spec-

882 MESNPHER vol.21 no.8 2011.8.

troscopy; NIRS) & ? Il Z 1t & BMI D155
ELTHwAIIE D IThbITWwA. RiEE X
Pt BERBUC A ~ S END -0 TV 7 4 A
2% 5%, FRETHLETENRTWVAS. MRI
TR ICHTE D B 5 208, RS RREICENTS
D, BHEHEACACLRTYS Y,

CHUZH L THRIASHEm A S 1, fl 4~ OfhiEH
Fao 2784 7 GBI B E O MR MO £ A B
T®H 5 local field potential (LFP) 25iHil &N 5.
FIROBET ORI, RS & RS
L3 iEB) 5 (directional tuning) &1 ¥,
IhEFIHTSE 100 BEEDO A 7 G % 5
WS BT, Sz Hn-gERTORY 7
—AD KT TNE A AP bTayEa—
FOH— I VEIEANTE B A BESR T, &
Hah7z BE ARTOEMRRRBRIES
Tz Lal, MABERNERICHL TR
Birdy, BEOFIAICLYERINLRER
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