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A SYSTEM AND METHOD FOR PROCESSI NG BRAIN SI GNALS IN A
BCl SYSTEM FI ELD OF | NVENTI ON The present invention

w0 edoaerobroadly to a system and net hod for prPCESE62008/000048

brain signals in a BCl system BACKGROUND Brain
Computer Interface (BCl) $ystens can provide an
al ternative way of communi cation and control for

A SSITEM WMNDWETHRIS FOR PRdbE@é]NG BRAIN ksteﬁ'AL@Wﬂ gdie
human brain to contrql gnputer directly w thout

relying on nornal ned ul ar pat hways. The nost
i mportant application for the BCl ‘systemis in the

vi di ng communi cation, control or
F'ELD%E%?&M%(? Non tool's for par al yzed peopl e who are
suffering fromsevere neuronuscul ar disorders so as to
ensate for. or re th st abjlities. .
A R RS Bn PRy bR 2R At eni e b protBesing
brain sigrsdsiinea Bpésydtem. conponents of EEG activities, extract
features fromthese conponents and transl ate these
features into control signals to operate devices such
BACKERQUNDY sor or a robot arm Furthernore, BCl systens
are also able to provide an inportant test-bed for the
devel opment of mathenmatical nethods and nul ti-channel
FHrginaloppyiee daterfgee BB s¥ptenes R odiie ma glterpalivebway rof

commlﬂﬁédt%htdrﬂsconﬁ'of ot é@'o%k—pfmth ralvBreSheal dsabiiads B@%Ilg\ﬁlng the
used in BCl stens is the evoke related potenti al

humary brggs) tq genteak @nmfapuf%rhe"?ssﬂwmogh galyingrpe Nesnal BeYyRRKsGutar

pathwz/8. ERel ﬂ@enmrtamplmatenn@i BEIBOI sga8MAs @Nthe Ared Bfproviding
raln_1n

Rl
comm{iSHiBRe B 5T PR FRARILHER oS aPY Paalieed ppome Wi prepplterng
from se\mmMGBmmmyaxStﬁlscﬁrdéns Sdb&itoﬁtdl;ﬁ&ﬁmpénsé?aquernﬁes&w thairilost
e |t ter a tar
abitteh. €3 Habnell.; RorTLEREY FEC el Bl it  Mptiiarengaine
componpeis SEERG aetivitidse rextyad, feaﬂueasafnqirh|the&éecwﬁpddeetsPaﬁDtranslate
these 1%%&{?@4 lnYc?Eérﬁr%l gn B:Qg gcla %RE—I)\‘a ehd%\n%s s% ﬁ\é%'l\c&:rg atrQaI roPot arfn

IClt I Ng event verse
Furthefrperes (BGhusyistepesy ateh@laomaéle ot bmyldesam nmeﬁwt)test@edt fve the

develoPBRI of RRAthenfXiCHEROHSIE ARk FhSiti-2HGThel signal processing to derive

command signals from brain activities.

A feature of brain signals that can be used in BCl systems is the evoke-reiated
potential (ERP) for example, the  P300 signal. The P300 signal is an endogenous,
positive polarity component of the evoke-related potential (ERP) elicited in the brain in
response to infrequent/oddball auditory, visual or somatosensory stimuli in a stream of
frequent stimuli. It occurs at a latency of 300-600 ms after a target “oddball” stimulus and.
has a parietal distribution on the scalp. Furthermore, the amplitude of the P300 signal
varies directly with the relevance of the eliciting events and inversely with the probability
of the stimuli (or the inter-stimulus interval). On the other hand, exogenous factors such
as stimulus size, stimulus duration and eccentricity do not usually give rise to significant
changes in the P300 signal waveform. Coupled with the fact that almost all humans
generate the P300 signal in response to infrequent/oddball stimuli, the stability of the
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as stinmulus size, stinmulus duration and eccentricity
do not usually give rise to significant changes in the

wo3dd/ogizgnal wavef orm Coupled with the fact tP@eE/SG2008/000048

al nost all humans generate the P300 signal in response
to infrequent/oddball sti2uli, the stability of
t heP300 signal waveformin the presence of exogenous

P300 sflirﬁag\%%\?‘ef@ni ﬁ’l\’{ﬁe E% dp% 8%%%&? Ea%tcp% af?JV\’/se(% ?386 X.HHe?ﬁQ be

effec“%()‘@*ﬁeﬁa@ gl B@lereysterrs work in a synchronous rmde
Wi th the assunption that the user is always in the
control state. Therefore the BCl systemis

coaditiongbuBEY sypiersi dnslHeing oR20A-Pased HBQGi pysisramamerkt dn a

synchr@ﬁédsaMBdé? Ml Pl LLRTFWBHSH 1R eRe \WBEMjst Qﬁ/a*’ss ﬁfaﬂ'\‘ség&ﬁ\tr%P Gtate.

to do so. This results._.in severa
Therefpiy B %fétséﬁt%‘r@ cgptinuqus!y, franFatinayipRCuT gl ibEsn isignplsrta certain
controll @®irhdrkisi gveh @heh ahe uwm@s @st intentdhe dBGo. FHiS tresIB oY sévral
nments o

h the .
reise S REIABRE Bt P ek vt suRdn o Esnssen gl the

BCI sysitmw engbrio doeomlanGUMIMARYe Atseos ditegt. t Bmbodimestt @sipecpresént
. . ' [ VI ded a nethod of
'nventléﬁg%&tg%ﬁg;eﬁ% glxg Hn8,Q; (ffweegt?oveééb éé) Stem the nethod
conprising the steps of processi ng the brain signals
SUMMAycontrol state detection to determine if a subject
Intends to use the BCl systenm and processing the

brain signals for command recognition if the control

ARbRiise 6 S inph ;E'?ﬁel&f)%f dgé %rghé}ﬁslnbgﬁtont HEereURI Bvided a

intends to use the BCl system The step of processing
methodihef progessiap ghiains SF%P'SCd'P\t‘% diCls p¥stemg dha ctedipdnggmprising

the st&psyTEr p@@ewr@vmell Bi8indsigals BRfdonesl sietb ddtedtibh @ dbiermine if a
{ ?eé%tedl éatln the stinmuli in rounds, erein
subject iiehds o ugeitRe B&E AYEMnatd Brocessing ihediralg Sinals, for command
recogrﬁte;hetﬁengmtrhlestmesqmmbw endifictl detSingRNéd that the! @BRROFedd? to
e [1 the stinmuli being activated during each round;
use the ﬁé :a/g

i ni ng whet her over consecutive rounds the
brain si gnal recorded for one of the stinuli

e S2BO0E BrdcRong R (o Bt or B SRl RO Sy
comprigaeproYidingea gre-pefinedcestrafsyiiondis renﬁaaed% @otisitigg dhe refignullien
round)2RREM iRt ddck eRBURHMESh stimulus is activated once: detecting the
respective brain signals in response to each of the stimuli being activated during
each round; and determining whether over consecutive rounds the brain signal

recorded for one of the stimuli corresponds to a P300 signal.

The determining whether over consecutive rounds the brain signal recorded
for one of the stimuli corresponds to a P300 signal may be based on a fixed number
of consecutive rounds.

The determining whether over consecutive rounds the brain signal recorded
for one of the stimuli corresponds to a P300 signal may be based on a variable
number of consecutive rounds.
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corresponds to a P300 si
pre-defifed SO FGTRTOR Cutrant RLBREce IBiader | of

of consecutive rounds. The determ ni ng whet her over
consecutive rounds the brain signal recorded for one

w@pooske728t i mul i corresponds to a P300 signal negr/8€2008/000048

based on a variabl e nunber of consecutive rounds. After
each round, different set3 of consecutive rounds nay
be considered, with respective nunbers of consecutive
rounds in the different sets varying froma
pre-defined m ni mum nunber -to a current nunber of

iR gachTRENedifferanhisaly oheanserutbipeiounds seaybevaonsidered,

with refs@l-:l&ﬂﬁe ﬁdlﬁb&é&ifrboﬁbgélﬁiverrSGerde?ldthfeQﬁffé}Bﬁt géts tv'%?ylrag from a

base

probability. The deternining whet her over consecutive

r.oun the br naI ecqorded for one of the

e ierming BB BRE 07 Fon SSSBe EgHS the g gonalresqsded for
one of haasmdmmmoaespcsidsn@asmme signal e be dbsetomtHd sk oPfounds with

determ nation. The risk nmeasure may be
ah'gh%?gb%g%oﬁ Pa Bﬂ%’t posterior probability that for one of

the stimuli the brain signal corresponds to a P300

Sf’hgznf?éterjrﬂ%@ %E@%FB}/Q%O&E%@U‘B% [ AR f}aﬁ}eg @?aq Jecorded for

osteri or lven a resu
one of E?ee*iI'iHbUémﬁr@%@nﬁﬁ Lt |P@ﬁ0 sighal rbasabﬁ fusihgnbsedfonomesioheahee

forevaRialifg'h !nsl@@fﬁﬁﬁ?ﬂﬁ’g%’_ﬁ%or‘godé’i‘erﬁﬁ%oﬁ' gnal in the current

determ nation. The processing the brain signals for
conmand recognition may conprise applying a
aha sk hicaslieGhay 154 Bk (VM &ﬁrsﬂﬁ&s@érﬂgr 'B?o“baﬁvh@‘acﬁéﬁ@} one of the

ed SVM score anongst e stinuli avi ng
stimull e B, piggel P IR e R Bl gt Piy ol deiempagin and a
secondsp@teror pTdftﬁabSity mat lgl\"@xya Géﬁmfdffaepl@m%uQ Hef@ﬁhﬁgﬁén dhe brain
p S sti an auditor
signal &' R FBRTIT e etonds (R PRl Soree e suon detsmanalipbet
of the present |nvent|on there is provided a system
f rain.si em the .
"8, BREERR! B WA hA0%e eSSt Somprie
applymgh@ otasawr mt@ngmatrwdf\umcm eletarmines tatrexohed! edtsragedt ®YM score

amonggtﬁﬁwgréﬂw'ﬂuﬁ b h?\uog#fI bi, ea%‘éo#né‘t%& MSn nﬂ?gorke%g E 933/ HePBhoo

a recogniti unit roce
signal.

The stimuli may comprise one or more of a group consisting of a visual stimulus,
an auditory or a somatosensory stimulus.

According to a second aspect of the present invention, there is provided a
system for processing brain signals in a BCI system, the system comprising of a
detection unit for processing the brain signals for control state detection to determine if a
subject intends to use the BCI system; and a recognition unit for processing the brain
signals for command recognition if the control state detection method determines that
thé subject intends to use the BCI system.
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signals for command recognition if the control state
detection nethod determ nes that the subject intends

wo eoog®e720he BCl system The system may further POIPG2008000048

a stimulation unit conmprising a set of stimuli;
wherein the stinulation uhit repeatedly activates the
stimuli in rounds, such that in each round each

Sﬂh’e'@%ﬂéﬁl 3y dGiHeY %b%n@é‘ a &timAlRHod 'i}ﬁlt dehBRlihPa d4p b# s’umuh

§Zﬁ1 cts . the res%eﬁctlve brain signals I n response
whereip the.stiggulatjon upjt;r qteq%pﬁyaggétﬂpg,aq%l ladptflqﬁg gggﬁhatdg géch
round as¢h éﬁﬁlﬂnmlsﬂ astivatiel Sitde; Q¥8Ithé @Bﬁﬁﬁéﬂ bHi@ deftéRdfhet R8pective

n SI ecor.de or. 0 timli
orain 5Pt SRS S SRS Ml ol ey hipaseach oy ac
determaep adtetiadr dvhe cmmemxe lonn@’ltheolﬂalgt dﬂ%ﬁaﬁ réoriddDor dRd o the
[ havi ng stored thereon conputer
St'mu"g%d&pr%é%n@gaf n ructl ng a conputer systemto
execute a net hod of classifying brain si gnal s in a BC
t t. f. ssin
PR K% TR FREEOTEG B 5 1l 4 550
storagejeedivm hryingfstered iisjreen compuierdiode anasme foriestBCling g sompyter
systen%deﬂﬁ%easﬁieﬂ%dt c?fecl&rs ifg %Pé?r‘ﬂ@’tgﬁalg% CRETBRbm, thg method

recognltlon if the con rol sta etection neth
comprizipg dperistRrs phRtoceHing (g deain jsignalsdfort cantrgk stateh deeglion to

determfrﬁéSf 8 l%hbj@&' I%n&:—%é:’ -He%l%st-ghE a';?%ygd@gﬁngm@gﬂafmﬂbﬁals

B‘% i nventjion w | better understood and
for CO‘P'é‘a rﬁc%BB'QP dhihg CB“BﬂeS%‘ef defeclionamgthed dateringsh thag the
subjectfintenad bhaisk ohd BGI §igtemi tt en description, by way o f
exanple only, and in conjunction with the drawi ngs, in
which: Figure 1 illustrates a schematic bl ock di agram
BRIEFI)E$QRIFBIDNsQE THE BERAWINGS t o a n enbodi nent of the
present invention. Figure 2 shows a flow chart
illustrating the processing scheme of the BCl system
&najmdifhentand ghe inventbamwitidoeckbetidy bm\dddaitcbcrmm retatdngafabpérent
to onetéfm}ﬁﬁa %lﬁﬁ%ﬁ%ﬁee Qﬂtf{roﬁ'tﬂg\f&%@\ﬁrﬁj ”IEH‘ sr Way, of

shows ustrating

examp[@r%}éﬁ\dng CeRHBARO NIt i dTngSa!anfmsh exarrpl e
enbodi ment of the present invention. Figure 4 shows a
flowchart illustrating further details of the

Flaveed dlusiptes A spberagiicoM erkriiagram:pf SecBRbsyseampeeording to an

embodEnOEH tHE Piesht ihgitigh.esent invention. Figure 5 shows a
flowchart illustrating further details of the

processi ng schemne
Figure 2 shows a flow chart illustrating the processing scheme of the BCI system

according to one embodiment of the present invention.

Figure 3 shows a flowchart illustrating further details of the processing scheme
according to a first example embodiment of the present invention.

Figure 4 shows a flowchart illpstrating further details of the processing scheme
according to a second example embodiment of the present invention.
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according to a third exanpl e enbodi nent of the present
invention. Figure 6 shows a flowchart illustrating

wo eooslgnodet ai | s of the processi ng schene accordi/sG2008000048

a fourth exanpl e enbodi ment of the present invention.
Figure 7 shows subplots i%lustrating the experinental
results fromthe i nplenentation of the processing

FOHREE SRS SNBECHR Mildralihg firtneX a8RIIE oL IHRSHHERBIg Beheme
present invention. Figure 8 shows subplots

t he ; ) A .
accorging tg & thigd PrRAe PRReYImMERiy thergeet dWgni- f r om t he

i npl ementati on of the processing schene according to

the first exanpl e enhodi men f the present invention.
TGP Shadbuaroioiat flter Helerh e Redretayig sohare
accordhfd tera foinéh exgpipderembediment abfthd fres¢nt awestionng schene
according to the third exanpl e enbodi nent of the
present invention. Figure 10 shows a plot illustrating
tffigureel7atshows bethpbsn tihgratiniR thed experirhétRalafresultst iem the
_ . ) ¢ b cdina.
mpler) JFRERTEF YR80k Bhg chfiefib BECRTHO% e EHRARPR Sh gt or
the prgsegiipeention.i | | ustrates a schematic bl ock di agram of a
system for processing brain signals in a BCl system
according to one enbadi ment of the present invention.
Hiigilee 813hows |sibpigtse dilustratinge faithes  BXresiRient agpulin dfory the
implen$afsdtRiN o hefroedssindschtihb adcadiflg &Y HeaRtQxalnpR &XEEEhEnt of
enbodi nents can be inplenmented. Figure 13 shows a
the presegURYENPN | | ustrating a method for processing brain
signals in a BCl system according to one enbodi nent of

the present invention. ED DESCRI PTL Sone,.

O Sro & fisuaRhg, FF HOG AR RSP BraTBlpBenaton of the
processinglscberhé gecanrdingrial the ithildyexpmpkeesmt iediirént o thegpredent invention.

al gorithns and functional or synbolic representations

of operations on data within a conputer nmenory. These
dfigoei1Orshnes dednt iliuptratmgsherethtivn etwesn dihe GIR aryhthelFPR after
; At At je0 u t ho ski ]
the inABhGRGNE o R Primelaify "Rl SBtortKa, WoRRe S oarhfle
embodimentsf st pipgast iventioni r work to others skilled in the
art. An algorithmis here, and generally, conceived to

be a self-consistent sequence
Figure 11 illustrates a schematic block diagram of a system for processing brain

signals in a BCI system according to one embodiment of the present invention.

Figure 12 illustrates ‘a schematic block diagram of a system on which the
method and system of the example embodiments can be implemented. '

Figure 13 shows a flowchart illustrating a method for processing brain signals in
a BCI system according to one embodiment of the present invention.

DETAILED DESCRIPTION

Some portions of the description which follows are explicitly or implicitly
presented .in terms of algorithms and functional or symbolic representations of
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of steps leading to a desired result. The steps are
those requiring physical manipul ati ons of physical

w@easvIies, such as electrical, magnetic or opti/862008/000048

signal s capabl e of being stored, transferred,
conmbi ned, conpared, and 6t herw se mani pul ated. Unl ess
specifically stated otherw se, and as apparent from
HeGLat6
operatidri®or cuéagé; n‘ﬂg]pem fhibdr Jg.gme RSS! Al éé&m&%g%d
functiongy ghsyagbol@ap@rgsmtatms are ﬂ@traeansnmqeg 'by thosg philiad mghe data
processnﬁd éﬁbslfoQ{om/élgmost FRARBHARALIHNce o@ﬁﬁ%ﬁmd?lgto cﬁhers stznl!ed in

eval uati ng' activating' det ect i ng'
the art. Agy gdgoritmtisy Befﬁcﬁn%ﬂe@ﬁ@!'yp?%@é{%é‘) b aeﬁe!f@ﬁwft@m sequence

of stepsshéﬁ@lﬁ@lo HteSicdl rbsﬂﬂt ?h@§tbb@ﬁﬂe&h§ﬁvﬂeaﬁirmé PRsicaPmbRBlLIBtiGHE
and transforns data r?gresente as _physical quantities

of physigat AU3NTiRE LASHASAeCtdsRbtBARNSHE & SPP@‘ swﬁ SPRbIP A |bping
stored, fraff@s&d) combmged oyiiatal, andathbivisemanibtibisd. t he conput er
systemor other information storage, transm ssion or
di spl ay devices. The present specification also
Unkest epextfically stpiad ottiensisé cmdEsrdpparannfjomhiee inlewiat) iowsl be

appremg{ed tﬁaet t”r?é@%?@}heﬁgbn?g ] f%gd%% H%Xus%%n@ %ﬁﬁz%te}/msn%uch as

constru
calcula&lngenelewlrmi@ingpo%mltmmhngut etraneformlnber coecatermtlsgl e@hes}mgy,

evaluaﬂﬁé vakiosing?, GasapG SPfh%dthy e?er%ﬁﬁé*%ﬁﬁo LRP PRSI

t he conplt er. qgor| t [ sp ays presente
ComPUtﬁéﬁ)Eﬁt(Pmapé stigler iefestrprintdeyice ethat epninyladesy apdtiangigimag data

represéﬁﬁilﬁpég Fhysitial eﬁé}ﬁle@ﬂ%ﬁ Qﬁé’é@mb{ﬁél‘ §48end G136 bitler BHEPSS farly
machi nes nay be used with prograns in accordance with

represenfpsl g@ dﬁﬁ?'ﬁ@]sqq?@mﬁsnw'tw'ttb? IFRIMPHET ySYSteRe OF T ripformatien

storageQframdMhiSsiSPeEdigdlayz@dicdppar at us to performthe required
nmet hod steps may be appropriate. The structure of a

conventional general purpose conmputer will appear from
rhe ﬂ@s&‘fti Qﬁécﬁi&athﬁ‘i @Wo Hisclaskh tanoBppdriis PfogSedtiorming the

operatGROGH e HioiPcisa Siep G aun ey bBe wREA, oRarRerdor the

required I<pdnb<mdas; or triy aompmshaata ddneral milrmscdau abmpttep or afthdrhédevice

sloot 35 R AT LRSI Lo BN 5 Bl T 08 5buflies g
algorithis anchidispldys oreseypted drareio Laramopnrw@r@rwmraigtddammgearandar ,

computeF B} %‘ffﬁ-ﬂtaﬁfpb%st I"V%rnseg gehdrai'blirboft nBRAMES Il He tWBL \ith

vari et rogranm
programs in accordance wrth the teachlngs herein. Alternatively, the construction of

more specialized apparatus to perform .the required method steps may be appropriate.
The structure of a conventional general purpose computer will appear from the
description below. ‘

In addition, the present specification also implicitly discloses a computer
program, in that it would be apparent to the person skilled in the art that the individual
steps of the method described herein may be put into effect by computer code. The
computer program is not intended to be limited to any particular programming language
and implementation thereof. It will be appreciated that a variety of programming
languages and coding thereof may be used to implement the teachings of the disclosure



10

15

20

25

30

| anguages and codi ng thereof may be used to inpl enent
the teachi ngs of the disclosurecontained herein.

wOoRenyRn] the conmputer programis not intendelPlCT/8G98/000048

limted to any particular control flow There are many
other variants of the computer program which can use
different control flows w thout departing fromthe

contaifigd héﬁenrp m&sc%e @b cbm§uﬂew%tarﬁrb nGtURRBEARY Fe 1iRRE & any
he conput er Ero gram nmay be

f
pamC{Err ?‘{ﬂ%ﬁje Q%i‘? 219 BENY SiH6E YERHR o é’&u%qwma@n Rrograg Avhich

can ummrbﬁtrcoﬁfrﬁlgroamvﬂmyutbﬁpéhlﬂ{; ®BmOtRe 3Pit 6:1098BP 6f the invention.
readabl e nedium The conputer readabl e medi um nmay

i ncl ude storage devices such as magnetic or optical
dFskermomeomeg ohinpse afr thet kteps sntfomageord@xténc @Eogﬁarhtmb& e
o i th t
portor P08 A0 ' B AARESOhy BT D SO0S S O oo
on anyeelraprieiu c¢rdablee pedivi. f Thed compuﬂee rememlenemtacmyntraay ioiude
storag¥ dEARS SR ! 5H§[§e&§8&e&9mlsk£ i ,%Qmogk E6s GMARPlofage

ephone system uter progra ded
deV'Ceéﬁéléah'% fpr giedasing withye a@r@al M@%"@Utﬁb (Ehercomputer readable

mediuff frf%&télé/&'ldéldd%sé‘|ﬁa§d4/vi?e@'ﬂ1é%lﬂﬂﬁrs%&#%st &?étm Ilﬂ%ﬁ!r onousﬁg%f‘et

the steps of the preferred neth
Sysfef%ﬂtwﬂ,fﬁ'%% ey sweh 9 exemmplified in Hee ﬁﬁbqune tslephone system.

The cdrﬁ;&ﬂéﬂ progam Wn P& LA éﬁ‘éﬁlee@ RAGuBR a\GRnerbRBurbB¥e computer
Iy in an as hronous BCl systemis

I | d

effectife) (gL lg@n@pgraé‘tﬁq‘ba‘gg‘ﬂem B 514640k hegefetied piniogh

between brain signals in the control state and those

i EREEPOEERE Sugh SRR S & vaction
BCl spsierns dhergioned aboeerb®isk ey tdiffiéulty hia tp).melmgnbnlasymﬁrd)ms BClI

Fi : 2. d t Li .t .

oyt F 81 R ATROM BRGAcr A4 R BRRb B s
the contel staté andthioge indbpoprtconfrbeeta.di ngly to the stimuli

that the command panel 102 provides. The command panel

102 contains a set of buttons which would enmt the
stipwrel 1 illpsirates aselmmatigriteok diggram of doe BSlsysiem 100 according

to an éiﬁlﬁdo@rﬁ@ﬂ"tﬁ'tﬁ@pﬂe@erﬁ iR th ?fguHaS?ra E&ﬂméﬂ@ A& 02 provides
04| turn connect ed a bf

stimuigh gupisge Lo A4rE! e mublegIOg ciralen hio @E beriotsniien yrespanding.
accordil’fyiy {oothen Simulinhattfe GBMnind TNeEX03 bravides NHhe/ chMﬁiand panel :
102 o8P0S o B SR SR TASES Sl S oS e, v
each mgionewinedpdralirgNtols Gartkukal @8esysheahd. Ofhd @uli}@@tlﬂ(mels m turn
conne&«gél J‘a %ﬁ%g e}e%tr%{%g ITh:&Gh‘?'heS lsjebtI o? ec%odes (ﬂ:‘ may g %nst e form of an
EEG cap or may exist as individual Ag-AgCl electrodes connected to the surface of the
subject’s head.' The set of electrodes 106 is then connected to an acquisition system 108
to acquire brain signals from the- subject 104. The acquisition system-108-is in turn
connected to a processor 110. The processor 110 carries out a processing scheme that
would be further elaborated below. In addition, the processor 108 is also connected to
the command panel 102 to control the timing of the stimuli emitted from the command
panel 102. The processor 110 is in turn connected to external devices 112 such that
output sighals are sent from the processor 110 to the external devices 112. The external
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a
" [0.5Hz sgla%]e'ﬁla%,ﬁltered brain signals are then downsa

connected to a processor 110. The processor 110
carries out a processing schene that would be further

web@Boyaved bel ow. In addition, the processor BOBSGH08/000048

al so connected to the command panel 102 to control the

timng of the stinuli em 8ted fromthe conmand panel

102. The processor 110 is in turn connected to

i v

doviog 8 R oAy bR Poerp iy el i ePie B SRR iy e e
eﬂernﬁh@e@@ﬁéﬂ Eé‘l‘%’é&ﬁ T@ysar] 2 rbebar @’a@’ﬁ'i}c@d’t“bt he necessary

actions in response to the output signals. The

ext er nal devbces 112 may be a cursor, a robot or an

af\hiFeePia em ?ﬂﬁme%ofé!aamsgnbma@r%ﬁtde@ﬁﬂlﬁﬁ’eaﬁofoé%\@whe
commianae;sanbpﬂotzsccd@m iab @ituals kéypbh@Meiith Th Efe@OBTIN RPRRENtING

cont JnsaV|rt wth a few buttons
charafigts AR SR b B B sy P et Lo resca oy B beens
of theBfdmraarst panel 002 iflssh rarﬂpmryaéacommg hlethblitrm@glfaomfol tph@vided by

n 02 fla cCcQr
the pERERE 118 Rty il ol FERE ¥ GECRE TRl Gopirol
state)sibjsebjectl 04 fontsesdm dre efdke bht&DrBCdorrgymmngl@(IhQ claractet or

the e&&r@tc@nmér@qh%m &G eétolfmf REMRSS . e e%fa\gé H)ethg léhhﬁeﬂ%nce

respon to the character O
of evqkhatz!atqd@oéarﬁwlé@ucfl 04 PBaQ eigdals irotheryain. srgn@isSofl thedgbjeas 104.

Whentths sé’tﬁé’&%@%@s Rt n%@r &5 0 R &) e%@ﬂtﬂo@'(ﬁorﬁy&mroaétate) he

nals in al n S|gna s of the su

or shwm rtqﬁ Y8 I8P EBY bmzp &i8 sighlsifroneig %J%%M Pfe detgcted by

the s&y&te@éﬂtﬂﬁ@s ﬁﬁ@%n& Qﬂé ra@buu%tdaﬁﬁ’ahe AQuiitioh N sRL 308 Othe brain
cus on any but Brain signals fromthe subject

S'Q“a'i 62 Hien saa&teé'e%arosﬁaoﬁ d1&kor p(ﬂ‘ceé?‘%% p5iBg éé"‘i‘{?és'aﬂ golgnee to

be elabofited BtbrObhd frocessgul B the® ﬂaﬁ#ﬁﬂﬁ&tﬂ@&gnﬁlﬁo xeirdBl devices
ignal s are .then sen

Si or or )
12, GlEB paSUET Tgosh Bhikas Ltk gRelHE TR Pusraden Ritsspandng to
the but@hevhichTthe syisjext 484 trfodukthgtdren transmits out put signals

to external devices 112, such as a conputer screen

which in turn displays the character corresponding to

t Figubau® tsbowsai fidw Chegt Blustjadioy tHd pracesding ashemye 8060 of the BCI

systerjr:\ 'aQU&%mg; i3 %ﬂ&%nﬁ)oﬁiﬁ%gft 8?@.5 réég&}" ﬁ%ﬁﬁdn” ghé@ gssm scheme

ocessing sch ystem ac
200 wﬁecmmjmmemocgefsmgqetepr&"ewhembvéhe|munrqmé)ram S|gnals are

transf@rrn%‘%ﬁt%' J‘&m%ﬁi%%??n ﬁ)g RurfricF §ﬁal 143bRe e?érﬁpl@r ﬁ’i@‘iﬁé bfé@essing

wher eb acq UII‘e rain signals
step %%'mw%% tefmﬂqsalaﬂ"@uns amﬂée Pmlmnngaalsﬁe remere Qw@ Ragugney
nouseé En@U&y%}Wb\%s wiftea B rder @Tg‘ﬁéﬁBﬁ%rﬁb@tﬁ) fik} it b@ﬁ%ﬁﬁ@of
filtering on the brain si gtorem)ve hi gh

ple by a factor of 4 in order.
to reduce the computational complexity. The downsampled signals are then segmented
from 100ms to 500ms after the onset of a stimulus from a button. In other examples, the
pre-processing step 202 can include tasks such as detecting and removing artifacts in

the acquired brain signals or re-referencing the brain signals.

Step 204 of the processing scheme 200 implements the control state detection in
which a decision is made on whether or not the subject intends to use the BCI system. If
it has been decided in step 204 that the user indeed intends to use the BCI system, step
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noi ses and very slow waves wth a 5th-order digital
Butterworth filter with a passband of [0.5Hz 15Hz].

wah@soyi2oer ed brain signals are then downsanpl BGI/B§G2008/000048

factor of 4 in order to reduce the conputationa
conpl exity. The downsanpl & signals are then segnent ed
from 100ns to 500ns after the onset of a stimulus from

206 is%g!éhteﬁfbd th AeRiARE t!‘?é(@dmlnSﬁd th‘aPﬁmeRfsSr nﬂ{e%g dnhé‘& ikb @rﬂe BCI

can i nclude. tasks suc det ecti ng enovi n
systeray his gemmand is fiansgridedl focRKiasnal deviceg i aiitpyt signals in step 208
so thdt@hé kRN detBet RROURT 8ay SLORR! SeceSiHP a%@élnsoilcctohﬁng to the

bi (gr oceSS| ng schene 200 inplenments the control state
subjeqifnieRt on i n whi ch a decision is made on whet her or
not the subject intends to use the BC system If it
h n, deci ep ,204 that K the i ndeed
| FBURGE Speve e depRhA LI S g e S piasr i pebgme
200 atawrdieg & aifiret ekiveplecmmizniiméntatharétsy alfiesd lenyirgighat Gerification
hi transm tt.ed
and a hBR YL bI Jég{&oﬁ%am@gﬁ%?cﬁ 3SR 08o!se! B as i
performhdtontth@ aeqired hadin dignblsso ttmtuhel bcm slgnaiataret fransformed into a
¢ .
sutabBEAFRFLHBELhARS: SO B bifePUEF Shd 2 Bro
details of the processing schene 200 according to a

fiid Slepe30aBhE r@HA0SH BYBIRL sigE "eSthsais frbgtbd A Stdddon

verification and a non risk-based deci sion maki ng
systemy, f365 ignah pREChd® gSsaciatad with Q@E“WBlaébBtF%b@s%‘Prﬁ?Q"i"sand panel

and d@ﬁdté@ﬂiﬁ@@lgﬂ@l sdnertt Gtbnk Qﬁ’e RuBbEYsS bgitetrs re°s90ﬁsl%afo &himulus
formed into a su formfor

it ? ain sugﬁg s, are tran
emittef! fiofrh e y8i VeGP §leeewn§@&9msmcf&mﬂé9mﬁ§0 ePms ater
the oreatofstat stxmume mom the Kitiep f&aﬁs oﬁmﬁighﬂwﬁﬁcl@fOM AuRd of signal
s is received t he acqui si.tion system
epoon it ER AR w7 SytBdn Rl e e sl one
and ordyibb@n Tba colrderds thearintreassel byame idetept368. t he si gna
segnent fromthe subject's brain in response to a
stimulus emtted fromthe button. In one exanple, the
t irateps dh@ruppod Met®O Machine 560N sedreds caltidated farteack signal
epocht iA ethétdwégt”ré‘ccenft &Eﬂdt Hﬂebé‘% O ofed F@a&”‘ Sigﬁ%lgg?dch 99 UMulated

One round S|sotane

accordingi @Héat&?’cﬁé W r@tm éhs dherSVM rcpenardrixt is thideature vector -

constrﬁétéd!ﬂéﬂ/ ld:%nélaﬁé}%tlﬁ& %é’ﬁllerreaé‘s%ed Qbﬁa%%uﬁéd inssté;h 862 and their
reased by one in step 3 ep 3 % )
. s

dynamgy B%ewm%ast{w ok ¥ by 819\@ @zﬁ%@nw é%} wwetyaﬁf
are thei greroRREEA sighals Nghd BS{H),! eceZ\’é(Nﬁ %‘r'é‘Qhe HRam¥Mea s The

of each signal epoch is cal’ ¢
construction of the dynamic feature As(n) is in turn glven by Equation (3) whereby o is a

predefined normalization constant given by Equation (4) so that the dynamic features
maintain similar variances as compared to the static features. In Equations (3) and (4),

M is 5. Furthermore, x; is the i support vector and k is a kernel function, for example a

Gaussian function. In addition, parameters a; and b are predefined values set using prior

training trials with labelled data. These parameters are set so as to achieve an accurate
SVM model.
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according to Equation (1) whereby d is the SVM score
and x is the feature vector constructed by

w@eonsarenat i ng the pre-processed signals obtai PEOSG008/000048

step 302 and their dynami c features. The construction
of x is shown in Equation02) whereby s(1), ... s(N
are the pre-processed signals and Ds(1), ..., Ds(N
are the dynam cyfeatures. The construction of the
dynami ¢ featdn&%}k@)xjpbn turn given by Equation ¢g)
whereby a is a‘pfedefined normalization constant given
by Equation (4) sQ t hat the dynam c features mmintain
sinilar variant€d as,s@Pared)t o- seN3tRti c feat ur €8)
In Equations (3) and (4), |\/|IS 5. Furthernore, x is
the I'th sup 0 is a kernel function, r
exanpl e a Gan ’g)l M{’]lcs: on I'n addition, par ameter(ép
aj and b are predeflned val ues set using prior
training trials ythKiabelled data. These paramater
are set so as to aEEg;ve an accurate SVM nodel . g)f
,-»S(N) J ,As( )J ,--, As(Nf T ]- LT (2) MAs(n) a
ms(n+m (3) m-MM (4) TO=Af In step 312, a check is
performed to determne if the counter is greater than
Nin steptdd2ed ghetk-ig Rerforgledi to detqmirdeif theembuwie isegrehtat than N,
1 GAtes ' I ds tq be
wherat§ T8 fof Brea i B EARG RieR L BE oG HIREe et rouncs
to be sedsjvedtbefore emakingt a)ders%om he wEthes yiet subjeck Tntérius to m:seﬂtma“ BCI
S {
syster'n IF c&fn‘?éff §F10t Qﬁep{haﬁ%’@ ue‘ilg(i e stecbtseﬁ)% tggﬁg‘ a(r)esf' é)eated

are rep eat e erw se, orne
Otheryisg, |smm Fifeist @er@rmﬁ@o‘ﬁtep 031ée*trml€rm¢rés af ohelgs to Glstermine| & the

.count&qg @huélqo NC-if Adk, é?@pt 3163&%rf§r%’§ed \ﬁhé}SlSJ f% chﬂgbﬁé’& %é]?als

| i est round S|gna s col | ected
CO"EGI%'SC‘%W%@ pad éi@c?@ﬁ%%’d'suiﬁcm?éed c&yh@m %téervxs&eer;st%n@m is

perforhfed.

In step 318, a posterior probability P, is caiculated for the signal window formed
at the end of step 314.

A signal window, S, is a matrix containing at least L., (L, =3) rounds of signal
epochs. An example of a signal window S with N, rounds of signal epochs is shown in
Equation (5) whereby s represents the signal epoch acquired in round j in response to
a stimulus emitted by the i button. In this example, there are a total of N, buttons in the
command panel. }

i (1) ‘ (2) SI(N,)'
: (1) (2) .l SéN,)-

®)

M @ . )

s -




performed. In step 318, a posterior probability Pi is

cal cul ated for the signal wi ndow fornmed at the end of
wWGEe@p/ogkdr A signal window, S, is a matriXx CONPEI/BGTIY8/000048

at least Lm (Lm >3) rounds of signal epochs. An

exanpl e of a signal windoWlS with Nr rounds of signa

epochs is shown in Equation (5) whereby s } represents

t hﬁeré' HOMHres %@E‘ oﬁ&@h‘él reﬁgcﬂsn db8d bl o, B %11%5@ qm%afﬂ? snal

L)nu us emtted byt rth button.” I'nt
epocht Rie “e"‘"at?eeTHe?eQ)@fﬁlth%farQ@ epoth @rydhighnis Bh@cmmwmmhe event that

f deno
the bd@t@ﬂ ?érggtlé@ rt])g tﬁ’oé ?thg&rt ggec Mﬂ?%h&%ﬂniﬁhg% ﬁlke wp%e’[ epoch w(ljuch
is asscrtn@tg@ W&h éhe enent thetjibe nep(wget@d\nmtms are emttting thatséauliatdithe
5 non-cérhl%l RS otviiadn Féﬁ%sg%té?ﬂeﬂcﬁﬁ%{eﬁqh@éu%@& ?:H'E{hg%on-c%ntrol
tting the stimlus € non-target
state. assoc:| ated with the event that the non-targeted
buttons are emtting the stimuli and the non-control
eﬁ] ch O which rergresents an epoch when the subject is
P STYRRIE PP (thes Buttiect Intgndh & ps@ds BCI wigtemt he or she
wouldS(bduseRionerttf emdlsut%oﬁs ldg Qhét smB&hd §é/rﬁél ahfe teh@%c@c! bﬁttfh |M§Nﬁ'étﬁrg
f ocus ne_of e buttons nran ane
10 the oqriifiiky Bt BFarothel HEeRdd Rt NBned ea e maring Simudife an
~ evokewelat@spdtentlah pet theVﬁegettdpeciwa; WOuRINbé Secdbrédd Mthd! Subjd&t is
; evokgh EI g? otential i,e. the target epoch (Q
ocusifie g §hip QU toRnyser then® siang| weyld ibe rpersdrd. iRjrepresenting. the

resporisgt dfdive biirher Mihﬁﬁ not f&eﬁl@lﬂt@ﬁilon\w ki Rh-GReR epSH. Hence
sentin the brain to stinuli

t o BERRAIFRDUER Uik BT BTeea s MG 6l Mt YRGS in
15  Equatioh (5heowd bh@monlyl’th@ BigRalt ®. Siseh 4 BignBWinddis Is&Bimed thi REhtfol

patert 348 oSl e Sl -l o i 6 s ot

does rﬁﬂmﬁérﬁi toﬂ@bt’tﬁé BCP%)éﬂﬁn @ncﬁ%&mﬂ]oﬁpéi{en?(‘ﬂ’ $s §$’[9W5d Wﬂereby an
ation the other-hand, if the subject does

exam%?f‘?’r'ﬁ %W’W'B Ea%@'oﬁr(é) with alkipws daying tmprtfmtr@lcﬂpoch 0.
pattern, Y, is obtained whereby an exanple of Y is
shown in Equation (Q vvlth al | rows having the’

f . 1

non-control epoch - O] -. F

. @
4P O ... D

20 E=|® © ©® © (6)
® O - @
® O @]
O 0 0 O
O 0 0 O

V= oo ’ (7)
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ff... fQQQQQ( ff ... fffff OOOO0Oy =0

OO0 (7)) OOOOOrhe posterior probability PJ
waea2aisvaved in step 318 refers to the posteri oPCT/SG2008/000048

probability that the control pattern was received

given the ensenble of SVMigcores, D, in the signal

wi ndow received. Pf=P(X| D) is calculated accordi ng to

CoNg R Bl A 9, 480, o

prob Illtyethafttl‘iatconm paitergl was eaecivéd stm greaensehibe ohSYMwcRtes, D,
= 0.5
in tho 3ol Sindbi koo IO, AbuRA R0 aRE Y Eudtolar % o
use the BCl system P(E, R) - P(E) (9) In addi ti on,
p(D X R) |s t he condi nal probability that the SVM
scores D Et ai ned Ervéﬁpi%d%)ﬁ(ﬁeleéubj ect is
at t endi hg to ﬁ button and is given bé: Equat i or‘ )(
10) assuming t hat2tM& % EndiCefocrd AP Ai(dependent .
P_(D_I R) Yl p(d g’r_Q) ]Jp(d |F_) _(10) i k, J,k_l_
Simlarly, p(DY) is the conditional probabl ity that
tge SVM sc ar e obt ai ned %I ven that the subject
| I FEyan (B R b o prapapaBnEL B9 Dol pRterY redsived,
grvenlﬂﬁeﬂ tﬁ&ﬁn@@koﬁ%ﬁ@?&@rﬁ[&qlé in rQJv\F@‘ Bné¥ MJ Qﬁua(tl%ﬂr)(g) Wikreby

_Equations (10) p(dij | Q
PE) p?’ ¥} FO)-S aseurpine a8 dwrpb@mléy t db%ubmtu retgntishm ugehthe BCI

system@VM score dj i-s obtained for the ith epoch in the j 1
round i.e. for s

P(E,R) =F1~P(E) (9)

s

In addition, p(D[E,R)) is the conditional probability that the SVM scores D are
obtained given that the subject is attending to the R; button and is given by Equation (10)
assuming that the signal epochs are independent.

p(D!E,Ri)=HP(d,y 1) [ [2(d, | ®) (10)

k,j k=i

Similarly, p(DJ¥) is the conditional probability that the SVM scores D are
obtained given that the subject is not attending to any button i.e. not intending to use the
BCl system and is given by Equation (11).

PD|¥)=]]rd;10) (11)

In Equations (10) and (11), p(dy|®), p(dyj®), p(djjO) are the conditional
probabilities that the SVM score d; is obtained for the i epoch in the | round i.e. for s®
in Equation (5) given that the signal epoch received is a target epoch, a non-target
epoch or a non-control epoch respectively. The posterior probability for each epoch type
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in Equation (5) given that the signal epoch received
is a target epoch, a non-target epoch or a non-contr ol

wepmshonespecti vel y. The posterior probabilityPdDsGEaghoo4s

epoch typecan be nodel |l ed by Gaussi an functions as
shown in Equations (12), (133) and (14) for the target
epoch, the non-target epoch and the non-control epoch

can HOTRRBAG 7 Glecldn (GBI B0 Sndutfih eduztths3PE) b b 1 or the
target enchslep nantargetapapiianditheainaaontsel epoch respestivslyi lnEquations

(12), Pﬂ&ZEM Eﬂlt),gpl%greEEﬁéQh@ﬁ‘\E%* FbGARYaA QistHuAdNSH ¥ rébr8sents
earni ng'process fromtrai ning sanples using the

the stgpdard vieViehen ofths iGawssian gisyibetion rihestrplanaters cdn be(abtained

ia a T SPordrek Flsi 2 ibnkil

v 3 B o ST et el UF fruliond e <

postefgid (MR HPetiPSbabi lity P| in step 318, a check is
performed in step 320 to determne if P| is greater
than a pre-defined threshold h. The pre-defined
t hr eshai(d | @) =Nkt gpifiaded according to the fol | ow rigR)
steps in the exanpl e enbodi ment: 1) Training sanpl es
of contm8Il WiTgNed s 4arfth )si mul ati ng non-control si gndl®
are collected. The set, of control signals are randomy
partiti®He®) FlY & t o Bubsets: set A and set B. 2) Al4)
SVWMis trained to discrimnate between all Qand all F
signals in set A 3) The SYMis applied to set B and
t dten dbe walsuldiion af ¢éhe Elobiedore grobahiityeRpinr stepl 318 am chack is

ta I d viation.of..the outputs for nd Si I
pertodf B 3ich P2 LRt FUR S b brech e rdarghn St
pre-dpfirgidethieshol ol adzitdrimiriedsacablirgbloathe dllowd)g §18ps i thB, exialiple

osterior probability neasure, p,(a) (probability that

embdt%ﬁréen ‘ontrol pattern is received given the ensenbl e of
SVM scores, D) is calculated. Simlarly, the neasure

p,1§ y%ra&ﬂgogzﬁ%lég Ey CM%‘i s‘d?)glsné)nr}f gi%%arti% r%%!ctoﬁ{rcr)‘ siig’nals are
collected. The' set of control signals are randomly partitioned into two
subsets: set A and set B. .
2) A SVMis trained to discriminate between all @ and all ® signals in set A
3) The SVM is applied to set B and the outputs d; are collected. The empirical
mean and standard deviation of the outputs for ® and @ signals are
calculated and the .sigmoid -parameters for the posterior probabilities -are
obtained. ' -
4) On set B, the posterior probability measure, p (probability that the control
péttern is received given the ensemble of SVM scores, ‘D) is calculated:
" Similarly, the measure p{*) (probability that. the non-control pattern is
received given the ensemble of SVM scores, D) is obtained.
5) A threshold n that produces the minimal false rejection rate, e, and false
acceptance rate, e,p, given by Equations (15) and (16) is-obtained where Ng

is the number of control patterns in set B, Nyonc is the number of non-control



10

15

20

25

30

recei ved given the ensenble of SVM scores, D) is
obtained. 5) A threshold h that produces the m ninal
wo 200809712ej ecti on rate, ered, and fal se accept aPCESGZ0E)00048
eapt, given by Equations (15) and (16) is obtained
where N is the nunber of cdntrol patterns in set B,
- NNonC i s the nunber of non-control patterns for
trai pafemanst tdi ' i8R ' '
t akegja t he valtta['em%%%ﬁg)tihg S‘u>(<)€;)cl)y§1r?gnt§ %Eggﬁ#ﬁéw@%ﬂdé@gﬁ neivalue
ot hePhP Fa=0gnd takeg il valugofi 1 gtherwisene post eri or
probability P| calculated in step 318 is greater than
the threshol d h,éstep 322 is performed in which a
decision that thé i.ectci\ntends to use the
systemis rr%ﬁ"e. ]\qggﬁzesé’ )steps 306 - 320 ar 3%)
repeated. After the decision is made in step 322,
steps 324 agd 326!ar rci)o_r?g;sd. In step 324, all the
col I ected sighaly| ous $Pare i scarded and the (19)
processi ng schene restarts fromstep 304 in which the
counter is set to zero. In step 326, the process of
c ) Ak i e i ne the
o TR PSR P SURRIEPITBED 535 FEREEE) Mg B gy
n, stegy3d2:is perfarmgt inewhisp |ce decisien Hwtithe sabjectrintepts tud usd itehBCl
svsteRli€ | ; Wae -1 PRV \/ Ll ) s .
e M ParneC) 008 ot A etk ojigmace in
step 3¢esiCpn 324 ANGAYRare RerfsmedtIntsisp 3246 2l edllected signal rounds

are dighaY@dt &0 the Yadde88ing ddhenVd RIERY thBnLl%tte% '§§4 ‘H’E\'gﬁﬁﬁ Bb cqunter is

t signal tinme, i refers to the it tarl's o
se OEffg’at ion (17) are described in "T Manoj, C. Guan, and
W Ji ankang. Robust classification of EEG signal for
bnaitgééggqgter i nt efface. | EEE Transactions on Neur al
PRS2l REFEES Pl SOPTARC EFRGORIIGR FsEriotmed fo defomuine the
commandahiat thbesubjent BMdraisof mbhtcim@g%_ BOf @yfRemalie dnbex8inBle, a
lassifiii SS- I rence.  crargmax. (ﬂgflﬁﬁtq) ( ,\)gl\lext, out put
Cass'@%&ﬁiﬁieﬁlﬁ’éﬁ&éﬁ%H*CF%@P&@%?f&f‘é‘a"?! b SVhb st 8 imong
all thet uttoxs ds padd. dihwl lpdtoni thaisthepusdR Bas intériald toh@leek hes Brl SVM
score, 42 YiveR Dy EafhaléH () Wﬁgretbpel‘ A S S %%tngptprﬁe, i refers to the i"
button. Details of Equation (17) are described in “T Manoj, C. Guan, and W. Jiahkang. :
Robust classification of EEG signal for brain-computer interface. IEEE Transactions on
Neural Systems and Rehabilitation: Engineering, 14(1):24-29, 2006”, the contents. of
which are incorporated herein by cross-reference.

c:érgmax,. Zd(i,t) (17).

tel

Next, .output signals based on the decided command in 326 are sent to external
devices in step 328 so that the external devices can carry out the necessary actions
according to the subject’s intent.

Figure 4 shows a flowchart illustrating further details of the processing scheme
200 according to a second ‘example embodiment whereby a fixed length signal
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according to the subject's intent. Figure 4 shows a
flowchart illustrating further details of the

wEe@sesring schene 200 according to a second eRERGEHO8/000048

enbodi ment whereby a fixed | ength signalverification
and a risk-based deci si ort5maki ng approach are used.
Steps 402 - 418 in Figure 4 correspond to steps 302 -

verifica %Ia) ang Fﬂlsqiiga%]gg &E@;aﬂ%&gx@& gﬂprg&ﬁ\c 5r‘ebl‘?§éda§fé¥)§ 40bn- LRI

ecl sl on
Figure wa;remondm stads 302~ @é% in Figus @ a’?J’ﬁVé meﬁ@. d%%ﬂ"lé%ﬂ‘ ahyg:
Step 420 first calculates a posterior probability that

the control signal is received | ven that the ensenbl
dh sEMRE o Figsoimaking @ defiyer OaKY ihﬁ'étheﬁ*ﬂgleﬁtr' (Frdu use e

BCI syQt%Fn! i 'cgiaulgfbdv\’efépf@fo firfteafulledcd posiérin geobabilitythattthe c&@iol
systemis t the ¢

. nt [
signal FEONEA AVGRIPAICREIEAMBE RO GEER gh % ITAEVEREnd hat the
previoOdecisioH SIPWheRbE m@rsuhﬁemaatenes:m u@jthe'Bmsys:temdstY drrady be

the dobien JH U QTSP Palterne Yeerarr el bRt fat Y nb Ebnrp
patterrl ‘@‘ WiLRcikEn. anfs Einbitibhall robamtlitp asdatuulated pdfc@hmhg td Equation
that the control signal is re elvege{gt 2% Pt(r'ﬁ)lsthe
(18) whereby BUHDHBAG PEFOVSPTIOABSUES SEFES A1h 3
posterfBP ‘Bi‘aclblabfﬂf:} thjé‘tethﬁ Qoh@biadigran iheteivean gﬁéﬁ ties She/ ﬁrestoai; @scision
\9 a sinp Mar kov nodel éq l?ng ‘&)c( %)&e in
was Y( R@l rr'ﬁ@bta"se,@ taffmﬁ%ﬁ!'mg‘hﬁce%@? NPT RS & yltes using

DhAGl mdakends to use the BCl systemis then
asmpzézil cul at ed by Equatlon (19) in which RL is the risk of

maki ng a decision that the subject intends to use the

BCl sygi# a- i Repyi sk of making a deci si on(18)
t hat thg ?alaaijrbec?(z:dg?gngt intend to use the BC

system The values of R and R2 are pre defined using

tead fiél(‘ % gggmgeg deBs Bn %Whéﬂqe‘ﬂh@ éub]ecPlrﬁ(er{dQJt)))us(e]iﬂb BCl
In's | S er or ned eter{lnm

i f
systom iR celsulaiarciy ERIaS0R Y1930 YNGR ey nEinemakng a dedfion

that tHY &b ?&f inﬁﬁﬂjsttb nashed QCRBystBh dn& rehie thé sk bihabkingal dbcision
resu

In the m nimum su cti
it erabes) dipetot 865 BBl B b SRR R R e
definddlingitRshittpéanplés.t he exanpl e enbodi nents. Two sets of
data are collected during the training phase with one
set used for nodel training and the other set used for
R=RP(E|D,Y)+R,P(1-PE|D,Y)) (19)

In step 422, a check is performed to determine if the risk R obtained in step 420
is greater than a pre-defined threshold Rn. Rn is the risk that would result in the -
minimum sum of false rejection rate and the false acceptance rate. Rn is determined
using training data in the example embodiments; Two sets of data are collected during
the training phase with one set used for model training and the other set used for
evaluation. Based on the training data; the false rejection rate and the corresponding
false acceptance rate for varibus thresholds are calculated. Ry corresponds to the

threshold at which the sum of the false rejection error and the false acceptance error is
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eval uati on. Based on the training data, the false
rejection rate and the correspondi ng fal se acceptance

WO 2008/097201 vari ous t hreshol ds are cal cul at ed. RACT/SG2008/000048

corresponds to the threshold at which thé sumof the
false rejection error and6the fal se acceptance error

i sm nimal. If it has been decided in step 422 that the
minima blﬁ EQ?Se%eS "i]c}e rmtsl&;% Z?Sthiéthgﬁﬁk gﬂ@ ](")ér%\ﬁé’glgarﬁﬁﬁ ste%s 406

to 422 dr%llrep@t@chénkenmepeﬂebdﬂﬁmjpetr@ﬂded-erm ne if the control
pattern was received i.e. whether the subject intends
to use the BCl system Step 420 is perforned by
tostepHRAg etiaek it Parformed & Aetermiipg if the gonipipajipsn W<'I’~°r received

i.e. whe R ithe sﬁjebtsmlt&rﬁé fohade R éCP%%thYBt ?4@@% %e&&n’(ddaby

e control tern was received

comparusg p&f’bﬂlﬁé(d E(Slah'éirtvm%z@ Py ))426f i 31%64[? & méd %Eér e‘g9"
R,(1- PE‘}jb \@hg dGaLibRk ﬁ“a@%esb&{t‘r%‘ SR das %@l\/@ﬂ%%gégn@@%ptm is

sSi'ng schene rest arsfromste 04 in which the
perforrcexli Gitiegrwise, step 426 iy eerformpd whewhy 29 @e C&"a@er’ 8ioB reyngs are

discardddSana4Ré ﬁﬁ{ceﬁéﬁﬁ& BdeniOradins om S6b 46¥ &l wiith fhenuated ROset

subseque steps 430 and 432 are perforned. Steps
to zera4 30 and 432 correspond to steps 326 and 328 in Figure
3 respectively and have been described earlier. Figure

5 sh fl hart ill f t h

Hnetap GHb st kP B e b e PR Riridy pece
and s@%@@%ﬂ nfiP Blep$a80 %bM £BVAE Ipabbrgrdde Stepl 48D gmel| 432 c_orrespond to

verification an non [i as in
steps 3a8ANLRAY "&?@”U’s GeSpgftéV g’ ?ﬁi‘ave g%ﬁgg%ﬁ ﬁ%é;d;o t ogst eps

302 - 310 in Flgure 3 and have been descri bed above.

| t 512

dgﬁg?sh%w ?2‘8 6 rjf hlu&r%ﬁq[) fﬁﬁﬁ@%e{aaﬁ %ﬂl‘%r 5909@33”9 dh8me

200 acostdingt ©s at tlm'dmemmplm ewhodment wherphyl a r‘@r‘ﬁ@'@ lepgihe signal
verifi c%t%grean\éeéjn rf s Saz{egikd&%rcﬁhrqgﬂg 59;5}05’(91 Aaalskerskpeso2 — 510

ect ends use S em In step 514,
corres’phm focuensr 308 Prlibdiigure Biasd have b%ﬁ'] despEbeslboVe e

signal w ndows collected at the end of the nost recent
round are cal cul at ed. Eachd%?sterr probabi | it

chi e 812 eheckrisPREOMSIEG FetsrBine( gshegaav@f s ﬁ%‘?f ﬁ‘&“ L
(L >(2h\ﬁhér85)glL WH&P&ES Qhe AR Qﬁmﬁérg Bﬁbr@nﬂ%bﬁdﬁ edbbyedaived

ossibl e signal w ndow i ncl ud es al | unds,
beforef m@lﬁng pdepipion Oﬂéﬁemqry‘%%rbre&med‘ P HURE ‘k‘%gﬁhéysg%ﬁnd
that was collected |I rounds before the nost

In step 514, the posterior prdbebilities for all the possible signal windows
collected at the end of the most recent round are calculated.‘ Each posterior probability is.
calculated according to Equation (8) above. Denoting the total number of rounds of
signals collected by k;, a possible signal window includes all signal rounds, from the
most recently collected round to the round that was collected | rounds before the most
recently collected round, whereby | is the length of the extracted signal window (L <1<
k,). For example, with L, = 3 and N; buttons in the command panel, all the possible
signal windows, Ss, Ss and S, as illustrated in Equation (20) are extracted to give the full
set of possible signal windows at the end of the 5% round.
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recently collected round, whereby |I is the length of
the extracted signal w ndow (Lnk | < kr). For exanple,
wowak/oviE 3 and Ns buttons in the command paneCT/S@Ld08/000048
t he possible signal w ndows, S5, S4 and S3, as
illustrated in Equation (£0) are extracted to give the
~full set of possible signal windows at the end of the
5th round.In step 516, the signal window with the
maxi mum posterior probability anong all the possible
signal windows is found. The signal w ndow, wth
length Im has a posterior probability, P m
associated with it. In step 518, a check is perforned
to determne if Pl ms® gy®at gf tbﬁﬁ]a pre-defi ned
threshol d h wher gby @)is(getqﬁpingﬁ in the sane way as
in step 316, 0f |Fegure 3 and fms Beeh descri bed above.
If Plmjs greater than h,: step 520 s perforned.
O herwi se, steps, 506 - 5 arge repeated. Steps 520 -
526 correspond wg?sﬁéﬁs-é§2 SﬁéZSSfp Figure 3
respectively and have been descri bed above. Figure 6
shows a flowchart illustrating further details of the
processi ng sch 200Q;,accyr di to a fourth exanple
enmbodi ment mheﬁggg dggarggbléﬁgéngth si gna
verification and ri®k-b&sed®deci si on maki ng approach
are used. |§,Elgare 8, stz_eps Bop- 616 correspond t o)
steps 502 - %16 of Fi‘gure: 5 ahndjhave been descri bed
above. In additlion, gbeps@6l@cr| 630 of Figure 6
correspond to sté@ps 420 -"432"i-h Figure 4 and have
al so been descri bed above. The advantages conferred by
the enbodi ments of the.present invention can include:
Firstly, the BGLJst§9n1kﬁ)the enbodi nents of the
present inventilo 3)i S @&n agy nchronous BCl system whi ch
all ows the bjjedt t& voFuntarily sw tch between using
and not usi g the BCl: systemw thout the aid of any
ot her external iﬁputsi Th'§ makes the BCl system nore
user-friendly esyeci sy, ysﬁo patients suffering from
neur ol ogi cal diSorders which result in them having
short concentration spans such that they are unable to
C ﬂpgtbg %9?',%‘1@( ﬁ%‘hgﬁpﬂd&ﬁ withThd HaRinkidt b&dlerid? prédabfigt aneesall
period of trnme. The asynchronous BCl system i .
the pessthlecsiponl windews injounsi hie siopaljwaedqvb With] gty f"hi’?? A Rogterior
probaBFROB, ERbeiakl ilhGt. I8P EH O éreck RIPRYortadiRsdeterthine if Pry is
S|gnan generated by the subject )
greater than a pre-defined threshold n whereby n is determi
step 316 of Figure 3 and has been described above. If Py, is-greater than 7, step 520 is -

performed. Otherwise, steps 506 — 518 are repeated.

ned in the same way as-in:

Steps 520 — 526 correspond to steps 322 — 328 in Figure 3 respectively and

have been described above.

Figure 6 shows a flowchart illustraﬁng further details of the processing scheme
200 according to a fourth example embodiment whereby a variable length signal

verification and a risk-based decision making approach are used. In Figure 6, steps 602
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when he or she is not intending to use the BCl system
or is not in a conscious or good control state. These

wapaesy2ed signals may | ead to confusion and cBCEEG2008/000048

unwant ed actions fromthe external devices. Thus, the
BCl systemw th the rejedBion algorithmin the
enbodi nents of the invention is rmre robust. Secondly,

- 616 ?Arﬂegs%?rﬁ)(pf thg)se Ebi on51lﬁe%f€# %lﬁg 5a bdBYdadfived &8V, In

avin ariap ngth signal
additiomesterfs 6 901 of Figuse @neRsrpes @ %ep& rri@eripifdgyre 4 and

I ystemto be nore adaptive as it
have agé gg%‘@ d%&:ﬁbﬁg}

attention | evel of the subject by
finding the tinme wi ndow during which the attention

'T%\éeéd\)aﬁta?% CBhieREd 1y A6 drhisbditheme f (thd-pidseat Myveationt ban
vari able 'ength signal verification allows the BC

includesystem to respond to the subject's command nore
pronptly as the processing schene automatically

o855 B BB, b oS SR @
asyncmrgfmal BOU sydt@m Wwhitio mtovisuthie sebjeantal wollindarilys switahf leatweeh using
and noI KEing &%%E h%}(ﬁrt' E\)I\{l#l?ﬁteﬂe%?d: b@é@qotpakéﬂ&nggﬂﬁﬁécﬂlé thakes

I nvent Nt o account
the BGIheysteins narg usér-flrlhadlxs wispediallysfor paiients swiferiap| fsvn Mmgutdirgical

dlsordc,ggI wﬁ%&ﬂtt 'Mvﬁ'lgaﬁftﬁr‘g @cfrﬁ:ent': ron e RB | s%ch 'tflatathb,|§ Qfre

stem nhas | etter reV|ous
unablestaccargnmash 2idoe] tpa singlsritioncio an @f}ﬁﬂf’e%rﬁ’éf'%i"f fime. The

asynchr ?ﬁ&%r B ITQ té}h”hté?:We%(ﬂnrﬁeﬁnI{/ i b@kuélﬁb tah fe?eoﬁ@ﬁraﬂ’@ﬁﬁhrﬁ an the
SO acC | ower numnbe eCl S| ons qP
embodipensrt Hes VDGR oaeEIaVR éJré’G%‘?ﬁ %tg@%s engraied by the subject

when %P%é"ﬁ%m@ﬁndﬁﬁ@qo Qfs@Sl%ﬂBCl BBt bors, ndﬂwa icbnaoiduslor- good
results fromthe inp mentafe@gn of di nents

controk plgteyr desh tundagiEss F'@ 2 1F8S iRt Lﬁ‘éqn W'é) Ryt émvyanted'
acnon§ h@msmé Witk Selibéd) Thugtthe GO lsgstexipeitti therrejektioreslgbritm in

m t he ] ement ation of the processing schenme 200
thee"}i’@e@?‘?ﬁ‘itﬁw tﬁ%my oIS PreR %1 e enbodi nent whereby a

f| xed | engt h si gnal verification and a non risk-based

S MBI AR e By B e v
the vapabldz Iengtmmgrsal Mmf@atmi ihdls %bo%@ntg@ﬁﬁ]egn\g%ﬁlomgows the BCL
systengj to/ ég &b %H%tlvg ds'it Qa0 B Re2f@nion WA HRESufedt® finding

the t|me window during which the attention level is perceived to be the highest:

Furthermore, the variable length- signal verification allows the BCl system to responq 1o .
the subject's command more promptly as.the processing scheme automatically chooses

the optimal length of the signal window at a time instead of waiting for.a fixed length of

the signal window béfore further ar)alysis is performed.

Thirdly, the risk-based decision making approach in the embodiments of the
invention takes into account the history of the subject’s intention, allowing the BCI
system to be more accurate. For example, if a user of a BCI system has input a letter

previously, he or she is more likely to continue to input .another letter. The aim to
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for training the SVYM and set B was used for producing
statistics of the SVYM scores. In the experinent, N is
we@eowaioor2or 10 i.e. 10 rounds of signals were coPCESGHUES/000048
.before a decision on whether the subject intends to
use the BCl systemwas mad&. Since non-control
patterns are so diversified, the focus in this
minimizepiski Mehis WBToAh dars BRE| athichd REIoWer HARHRP B MRbng decisions
pattern called the varying-focus pattern.
Specifically, such patterns are generated if the
subj ect changes focus fromround to round. For

e . i hgzfocus ter have a si ghal .

o8 83l BARE a3 B trhodiens pFind pepsent entn
experigedtal oesuls forh thenémplementafiort o the gevabsdilehtsgott e present
invent®h@ré@bresdi8d balow N9-focus patterns are closer to true

cont roT patterns because they contain Qsignals in

each round. Therefore, it is nore challenging and

| FilgBfeC ST | SHbwisO & i L QR P e
i r e'begt [ ng t hese Egtg_%ée?l[]&gtr%@nq?%r %%%é@%ﬁgr%?ﬁserfmm the
'mp'e'ﬁ%{{ti’té)r‘hQ FE’_l?r PREeREIPG, st APy Pesrdivastpdbe efimt example
embodiefaihénsbs iamitedt 1BAgth | Slyrlal Qefthes BRAL, niH ﬁ%-{?%‘eh%ﬁé%?sion

ion O e

made

King 20 be sinul ated by changi ng the posit
making ARRroRCiLAE4SEdy ounds. I'n addition, a sinple rejection
nmet hod (baseline) was inplenented in this experirhent

t o, hi ghljaht .the .advantage of the rejection

5 BBt i ARl sl D G T SePRips o S rioans were
collected.nfiecsanmjie sti was divitibd dqudBadito abisya ahchlB,Swﬁb#dHJéeQA was used-

rej [ s.a,gating nechani.sm
or waf S5 S AR 8D 383,20 9L O TRE DU £ W v i
the exppdmentohhbs lequgl teedl ired0 riels oinsigndis avete polléRsd before a

. i i ' ected agnd tested

cecisESAaRe b33, OB BRI IS BB EELE gl

corresponds to the cross-point of the SVYM scores

il ot ) RO 860 B LSl v on

su
a speqfal fiype qf|nofecontrebpatigrycatigd Mye waniingtfecusanatierr Spepifiealiyesuch

patterrisaire gehdrate@st the 4abjaei&hdAyER)focudURith Riuihd IO, F& example, a
varyiné_ﬁ)l({:ustrate the rates for the test sets and tralning

S1°US PRUYBCPRY BRYP MR AIINAOs PaYpfa rPepddt Ao siangloen: s¢fhfor
o s ion DAY o600 08 B SRR A A oo
patterrﬁaqargeclgiq;etstgg.m:gomm @sttems rhesa @4 ey npn@dd @ signals-in each
round. Therefore, it is more challenging and interesting to study the system pérformance
for rejecting these patterns than for rejecting other patterns. Furthermore, such varying-
focus patterns can be easily simulated. In the experiment, such patterns can be

simulated by changing the position of the @ signal across rounds.

In addition, a simple rejection method (baseline) was implemented in this
experiment so as to highlight the advantage of the rejection method in the embodiments
of the invention over the simple rejection method. Basically, this simple rejection method
uses a gating mechanism and the threshold is set directly on SVM scores rather than on
the probability measures. When an unknown pattern is received, the maximal SVM



10

15

- 20

25

30

Subplots 7C and 7D illustrate the rates for the test
sets and the training sets respectively when the

W0 ejogoei2on al gorithm according to the embodi mePCESGL008/000048

the invention is used. It is clear from subplots 7A -
D that the rejection al go#d thm according to the
enbodi nents of the invention has achi eved nuch | ower

score i& %le%r@tlesledrrr\]@ Qéété’d‘aééiﬁﬁ%é t'ﬁﬂa%hblh@vt%kéﬁﬂ tﬁe tmesmio:t &Umhesponds to
u t he sum of the
the CTGTS§1P§¥§"‘ ﬁfctE%ﬁ‘tV%%‘é’“? ‘3?”5\46’“# f‘r’é%]t&? pﬁg‘ ®tion rate as

a neasure of the performance of a rejection algorithm

B v AL MR e BBTIRILTERGE (ke 7oA
and 7mmaeﬂe fadse dit&:eptan‘pé extee(lioes Fo4A ah@ GO4BY Subblatse’A Ard 7B
1|Iustra(j§] ee(% i i gte A PUEL Mr?twm’gg?etg %ép% ﬁﬁe‘{‘fmh@ﬂctﬁe rGhfle

reJeC Ion ra [ ots
rejection blgsmhat iis rugecﬂ Untaqiemoe,m@piotﬁem af‘ég (P 't'%StﬂaFQ)WPtfﬁﬁe rejection

rates {Igg% ﬁgﬁﬁ and 702 g)rp% &?e%'té?'\ge Sr‘éﬁa%”@’m@@ Orpaecandli MD)

|ment wher-eby a fixed | engt

Subpls gAindVa? i"lﬂ$t@éﬁ e i 58 0L
when m%ﬁ%tllc?fég n&fglﬁl? g?é@rd gg éhe%iﬂfﬂdﬁﬁ%n&%ﬁf ﬂhggnve&ﬁ)ﬁ l%Q)A!]EaH heis
n t
cloar {arh AUPIB A, ~ BORE) NS EISRD Sl9oNBLBRGIUGIR TTh ATREITHY
the |n¢r/$e}*§lo§(r:rit'a§ra%|hfe%d Rhtiewér RRE rejediion ngegdthiaa thetstmple rejection
i ve

th |
e S ot SRR AL S0El U 1, e
rejecn@ﬁfrélé @s(l mm@@ﬂtﬁe p8ﬂ&9)anaﬂ§1 df atdjeatiof lalgoathng GaighloB 04Dy D

|llustrett% gnat térlfgggmp%éj ngj 03 él?seclngtglﬁg) 2«9 %(Y::\ft’n%\\// 2.1 &b mﬁér}JrﬁFme% as
compér@ﬂ & tHesimpla rgiectidnhuigaittvo sidoe gwetyd\am eCIGﬁYﬁ!}Uﬁi lewer-supfofthe
false %qcagﬁaﬂ%/eﬁ%e' ol %,h%lfé@e ?e octbfBid Y, the rejection

acco e enbodi nents of the
|nvent|on has achleved nuch | ower recognition errors.

QJF%S QIS sé@%&@cﬂlhé’tﬁ%tlﬁgsﬂﬁ’fﬂeﬁ h&pE@RestNirédurs from the
al ne algorithmin the enbodine
lmplemfantlah@ |¢fv§m mﬁce&ﬁ@gbycfteme A0Ppraecordipgctq Jhe 1 st Gxample

embofinRt WhBFBby I\?h%ﬁ Jenbfh dibndt hveficatib@tant @WR6N Fiek-DgsHd: deision
errors are achieved after rejection algorithns are

makmmﬂpr@&h arg usesl. gl so apparent that the rejection

al gorithm according to the enmbodi nents of the

i nvention is npr etgectlvethanthe Si eclii

A REPIPtrA 830 88 ot D6 S0P SatsogriP e pERF G028 and
after (lines 804A, 804B) rejection. Subplots 8A and 8B show the errors for the test-and -
training data sets respectively when the simple rejection algorithm is used. Subplots-8C

and 8D show the recognition errors before (lines 802C, 802D) and after (lines 804C,

~ 804D) rejection. Subplots 8C and 8D show the errors for the test and training data sets

resbectively when the rejection:algorithm according to the embodiments of the invention
is used. Clearly, the rejection algorithm- according to the embodiments of the invention .
has achieved much lower recognition errors. '

Tables 1 and 2 respectively show the recognition results obtained by the
algorithm in the embodiments of the invention and by the simple rejection algorithm. Not
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Tabl e 2 Hence, the advantage of inplenenting the
rejection algorithmin the enbodi nents of the

w0 poogfgi2zon for the inplenmentati on of an asynchPOneGR08/000048

BG systemis clearly illustrated in Figures 7 and 8,
and Tables 1 and 2. |n aridther experinent inplenented
according to the third exanple of the invention

only ISWSESQKE@gMF ?@cgéﬁtul)ﬁe @QBJ% §rb %ﬁievé@ bftéd l%j%!ch@rn a@Bﬂthﬁhs are

cl sion g are us d ¢
applied; ddeplserapppenhithehthedRiseli @Q‘P E‘mé?c? Eﬁ@)méff‘e PRao '@é{“s o
the mvé}{ B MG orRBRAIY BN thd Binfpl FejéutipR llgteitim a8 itf @Nieves lower
I ne-gui ded tasks so as to conduct offline analysis
remxru@nﬁﬂvﬁoc curves were devised. These tasks were

grouped into the follomnng 3 sessions. Furthernore,

the command papel—i hi-s—exge

B fais wi b h Hofe 6‘?)?‘3 Phon | of %Etﬁ'érelleé;d?{\&Ug;rlnal"ﬁ)é%’r?gem

TriRmglsaf €€ FesSsi ong% n Whl‘h t hesti36ks werle gr o8pdw

Lnto Q'Fr\||r\\nc- an 1 cAanci o

ucoo OTT L d Ibtcd f 3 0,
Tet6flons. | n each?8t the first Lwd°sectid ns, ¢ B&5%

Subject attended to one bdawblen for 8 rounds, paused 2
seconds (as per the conputer's video guide) and noved
on to the next button until he or she had gone through

Ei}dr ritbe 9 putBedors. rejblettwe eaaﬁtﬁteofejedﬂent selmirovesent

nf :n norl 749

z—tGu © ghats; A eSPUT di 1Y l18572
'néﬁﬁﬁﬁﬁ’of- argetvgﬁbo and 576 eé%%ﬁs of ron-taroe#’

P3aGQetlat a. | The t@el%ecti ohs werd.Bbth usdd to 2P&n

t he SVM-t-ol-di-sert+mnrate b'TLaBVFGCQI tat get and—Ton=tar get
P300 data. In the 3rd section,” thenonitor was cl osed

and the subject stayed in the non-control state. Hence

oG5 bl VB EERAPE BREEAnHe oo CRfechh CabbRie 4 "ehe

| on o on-con epochs. In
embo@mssisaf tR invéniop dty] the implempaiatiom of ae a%ﬁbWBPU% Bl %ysm Is

Rl QR8s U RBIdsOr a2 r OuNds, paused 2
CKM”éﬁg%%g%ﬂﬁas ﬁer the conputef s video guide), and noved
on to the next button until he or she had gone through

L ahgtﬁelg PR - mﬁ@néﬂé@'é@:ﬁor‘ﬂﬁ@ us aieh ttieirce\exhimpleeof the
sed nmet hod in

mvent(on crokse soyRuHDS IEEHIE] ST VERIRSURR PP Ghaoh ok Rav fson
makmbh&ap%a“cﬂcél’eol%d ke réfdémee@be@mageﬂaractanbmsnmo@pnt thel. BCI -

systere (WﬁS‘f'J pgﬁy%lﬁldg B] tgwf; e%(tggﬁrﬁtehtog fGtJV\c/) m%r(]: me-%;ud%g ks sB%s to-conduct.
offline analysis using ROC curves were devised. These tasks were grouped.into- the:
following 3 sessions. Furthermore, the command panel in this experiment contained 9
buttons with the duration of one round being 900ms.

The three sessions-in which the tasks were grouped into are as follows. Session
1 consisted of 3 sections. IIn each of the first two sections, the subject attended to one

~ button for 8 rounds, paused 2 seconds (as per the computer’é video guide) and moved

on to the next button until he or she had gone through all the.9 buttons. Hence, each of
the two sections contained 72 rounds of signals, corresponding to 72 epochs of target
P300 and 576 epochs of non-target P300 data. The two sections were both used to train
the SVM to discriminate between target and non-target P300 data. In the 3" section, the
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section was as |long as Session 2 which contained 50
rounds of signals. In the first section, the subject

woR®S®IT2gi ng a song. In the second section, theECEN008000048

was relaxed with his or her eyes closed. In the third
section, the subject was g2ven a question sheet
including a few arithnetic tasks, and was required to

momtér'v@ Jfosteggﬁ?\? élt\éa%.lkb?%egia9g+ Wt rﬁoﬁ %%)ﬁt](% s{a@ee ﬁel?mg fhe data %‘rom

ect i ons eva ron o e efibodi rent s
the 37 section/was iusaditn eﬁamatmﬁﬁendﬁtrtbumrr of Sydhdteresms. non-control
epoch®Uring the data analysis, the three sections were
combi ned. According to the timng schene nentioned
above, Sessions 1, 2 and 3 took approximtely 4.5

mnngé%‘ion Z, ﬂﬁb%b}%@t él@?’ed?lnlth@‘ db%trsﬁsté@%&ddeehﬁfatea' BR one
ct was all owed t ake a short break

e 2
b““"”n"Ph%R BNy, RgEeshe Aed &%Com%eftsdf%ﬂo Q}téﬁ!eé and moved
on to @ IneLtiton umlﬂ hg_aw Bhe ﬁbqi g6iie madugh@mfﬂa@@ bOHArERTIe Yesdfdn was

m nut es,.. excl udi tine t or ons.
used eVekEB e Pt Mol inieite o305 Bue SosnRaahr 6Bk
Inc. was used to neasure the scalp brain signals. " The
r e rQ ect.rode .
o Gislor™ BHRsEod oo B e i S, Bag S eI SByea
the nqrmwgbsin@i, naying no laientitnetoi any tfutbntoalthe cenpmtat diapldy. Each

sectiop%ei(e%éallonb% @Q%&"f ZtMClpEgétQiEgghq? I%'\:l s[t hF gf;%ggvincﬁ‘\e first

at "a sanpling rate
sectiogriasubiaet wasceingin@ arsenariaitheysesond seatian thet subiash was relaxed

with h%tdr"ﬂélr W9e08P&IRN] PR HBRAsARbA-RE QUbBEILARGISH 5 WRESRioWehSet

d whereby a stimul us code representin parti cul ar

'”C'Udﬁgtq oW qu‘@??ﬁ"n‘@%%@“@&?ﬁ requirel do ﬁa'ﬁl]\i&%ﬁséq%"é quigkly. In total,
the thikalsatiidls MOweEd tH&Q@VTaluatuﬁ}ﬁoﬁthlS @ﬁiﬁoﬁﬂféhl m?f thfl ﬁﬁéﬁtﬁﬂ\ ih Rhfous -
us. code j speci al channe n is wa
"°n~c<mifé>im %'@'Wﬁgwfwsé?‘%ﬁqtﬁ GRakeRIS: fh%%%%%fﬂowgﬁfetq%wﬁd
there was a del ay between a stinul us belnggenerated
a t he I ondi brain,. si bej rec o
Tﬂ B (aﬂ%g ﬂfehﬁ'% ?r}\%m?n?' ntigne; nabé’ly %Fgﬁﬁ'ﬁsﬁ %tagpv%took
appronmaﬂalwm*é wasitass é’dmi%mltﬂs heh Rt hyinsteb)| resneetlvay | THeabwhject was.

allowekaetb%gé’]a %Boﬁ $re%2 L?ﬁet%r%mﬂjnug Soﬁr te'tv%el?\at(lv% §esg ehg'lﬁwet tﬁ%alxdata

ARSI s concen
colleci!cmsw eaqh@ybmeir ren é@mrqxonaieluwo nhihetes,| exshiding tiad timbéaken for:
prepalafib@et button. The performance assessnent of an

asynchronous control systeminvolves two factors: the
capability for detecting the true events when the user

| 1 the ekPRintetd RUARDSHBvice from Neuroscan, Inc. was used to measure
the scalp brain signals. The brain signals were recorded from Ag-AgCl electrodes placed:
on the surface of each subject's head, corresponding to the inferior frontal, central and
parietal regions of the brain. The digitizer device worked at a sampling rate of 250Hz.
Furthermore, to ensure an accurate: recording of stimulus timing, a stimulus generation
and data-acquisition software were ‘used whereby a stimulus code represénting a
particular button flashing was sent to the hardware via the parallel port. Next, the signal
machine inserted this stimulus code into a special channel. In this way, precise time
information was recorded, even though there was a delay between a stimulus being
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and the capability for rejecting the signals when the
user is in the non-control state. For the first

w0 2809720t he performance neasure termed true pPGI/$G2088/000048
rate (TPR) can be used. The TPR indi cates the nunber
of control events the syst®mis able to detect within
atime unit, for exanple, 1 mnute. For the second

generfatmit @ihd tie doRaspUrRingebRBs Sighfebengi tdosRel AtRirdughRlt the
ates on average, the nunber

ex‘)erg‘i’e'}t aéf"s'gfcéé\?g'm"gs mt?{vi"ﬁé% SWBHEFY state) that the

systemvvlll det ect W|th|n atime unit. Since a

t h ri_o was, used
| RES2 ki Mph0. BRB-BL HehuRh SRR Wt et
exper'tfwt-l'—'ﬁﬁldp éhmwtwczta']cmbntfam otiitie: tasb,nthé% eetdhsigkeb @d dount the
ﬂashi@ﬂﬁeﬁ?gﬁ%ﬁgnt he threshol d i ncreases, both TPR and
R w

rop. Thus, there is always a trade-off
between the TPR and the FPR vvhen sett| ng the

t hﬁ@%ﬁbﬁnan@@eas%n@ﬁf \Sie afY %@y er G c%ﬂ%él@gé% ﬁvél\bees two

er f or mnce of yst em

factory; the coRARIEN é?fé%e&ftwﬂ]ﬁ Bl Puegts WeerTiR usghlisna fihe brtBPRate
and tHe @#aemﬁ/ f&hfé}&:tlﬁg Meigridd \H?érf ki Rer N tr%rpwn‘(r%fsst%tg For

th fapl {o H ggl enentation o he processi ng_schene
e firglagiog; t TMa8ce Hisaguredarmadetrgperitiveente (TINE) eay bg used.
The 'IW mmaeesl tha giumbst gnadntmeévémﬁfd SRt s BbIBA detect within a

based .deci sj o a oach are used. In
tme. {fi o0 BRI T Bistlb PO e sPESo et e patiie dampestfelse
positivel latﬁe §F Fgg)anrQBd us&Der haﬁﬁPF@ Q&licatsscos bO&Vﬁg@ tﬁlé Guthber of false
t he.posteri,or I 1)
event%@ggﬁeﬂggné%o o s‘ﬂ&%gtag%e @ﬁsﬁ Wihdetest V‘f'{t} € H8t-ecti on
of the control state, both the TPR and the FPR are

ﬁgmeé %1h?é§hofdu(ﬂp &b?&%@ﬂ?%b%ﬁa&q}% lds%g\é% qey\g:fgrb Chfe.

hreshol d 1 ncrease
contm'rﬁt?é,e atle e |TERaamlasr@ PR raa@enqﬁotom furetiorishen THeRthaarstiold:

value 'éh& widR tWBaRresRdIb 'M?‘Qeés@@ Mf epRoLEy FP Eewﬁ(%:;g ttﬁg {3fk-is

used to iIndicate or mance o

atwayg G40 ptppL e TER atihe FiFahor Reticaihedbsshald. The ROC

" curve %QQCUJ used & lﬁ&lhﬁbdh@'b@rfbﬂrﬂa%é%o@ttﬁ‘é B %yétélﬂmréby the - ROC

ween t he [ erent threshol ds

curve ﬁ%cw%ggqpraﬁegpygfogmt@eTaﬁ@ﬁa‘gsqtnfsggﬁem d is set such
that the FPRis 1 event /m nute for subj ect 908, the

tem can hi T€§ pr OXI mat el
L aHRLS N 2 Peb il H(iredhe RO% cunsRerir the plsmaiation of e
processingssthesec200t drabrdingeto BiRRhirg e&amplerﬁmddmmeﬁt evhbfgby a variable
length-signal verification and a non risk-based decision making approach are used.-In-
Figure 9, the ROC curves for each of the four subjects (lines 902, 904, 906 and 908) are

shown

Since a threshold was used on the posterior probability measure as obtained in
Equation (8) for the detection of the control state, both the TPR and the FPR are
monotonical functions on the threshold value. When the threshold increases, both the
TPR and.FPR will drop. Thus, there is always a trade-off between the TPR and the FPR
when setting the threshold. The ROC curve can be used to indicate the performance of
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subj ects 902 or 906, the BCl system can achieve a TPR
of approxinmately 10 events/ m nute for subjects 902 and

w@O®s/H0%i2m | arly, if the threshold is set to acPtEY&2088/000048

TPR of 15 events/m nute for subjects 902 and 904, the
FPR woul d i ncrease to appPbxi mately 3 events/m nute
for subjects 902 and 904, illustrating the cost or

the dettdicﬂ:dﬁQiyétebleUME@nreTQ,FééUhddaTzE’B?mﬂ_@orfréHpbhg teC%(% H&ﬁc,ett'ﬁ'&%old
n tran r
and ingegaidy Bt Ba Bl S AR o R TR Rt irentpitofre

choseof Fdyi exampfe, whko ranthtdshold ds eeti éncahlhz& th® FERMBUNVeat Aninute for

: B d . by E i.0
sutiod SRR RO UAN SN L5 A B e Bnc <3l o
subjeqtiNNGt éiowmerplf ias thréshofst isheebisuch yhatithe FPReist dregett isnute for

t t S nd the co
s otpl b S0 I 5 S e S8 U B SRR o
eventg/gingte fOéJSé@?ctﬁe&()@ FRAO Simitrslyr #dbe thirestumtd @cs&jrta@phﬁse a

TPR &ngéﬂeﬂﬁs/ﬁ\?tﬁqwt éﬁb&@%bz %d”go{ﬂp%zl'ﬁ% EA’)O%ZEBre g)to
- o — -
approxingiges f%e'gﬁawt%f% ISH'PJePtP |9}Q£ ﬁnﬂtﬁfoﬁg'"w@tlﬁ@ thet ¢ash or tradeoff :
betwebeTPReMJAPR. | TR and the FPR after the inplenent a_tl on
of the processing schenme 200 according to the third
exanpl e enbodi nent whereby a variable |ength signal

VEs furtheaévatuateathe mcmatem %:h@smdtxdiﬁfdr&féa rﬁata@hm @f the.BCI -

o R e b VG b e A T
communigate ef_féctlvhle tfﬁBngmhlesBGI&na ieyieat by Beuatiohi2t)ein Bdiation (21),

n: is ti%brzﬂé ae?tdf %lhntdg er W\Q %E&EIS%R% 3)5@? @ltﬁ?%tﬁ? ga ! oItS ?‘nt (i.e.

~ - the corit jpetierndeprn aemha coRmand ik succengfellyf reoogrfediR s/dastemtred

by theffe_ﬂrsRe:é‘%{é& Fatd LG Rko Riidf Qéc% %c@tFﬁ%%ﬂdﬁggexguﬁ%og r(‘%%);

he BCl "system ac or
the i nventi on has been shomn to be one which can

r tarth t omptl y. I n anoth
e?%g’?ﬁﬁ’gﬁ?’ ac‘ggJ d?in-gﬁt ﬁ%%@ﬁ?ﬁé‘%xa | e enbodi msf%”.
whereby a variable length signal verification and a

non ri sk-based deci si on nmaki ng approach are used, the
O%|:idi16 fpek Hor mance of the BC system was investi gaf?é’dl.
The BCl systemwas inplenented in a real-tinme EEG
processi ng system using Visual C++ and C# and an

Figure 10 shows a plot illustrating the relation between the ITR and the FPR after-

the implementation of the processing scheme 200 according to the-third:example.
embodiment whereby a variable length signal verification and a non risk-based"dgcision .
nﬂaking approach are used. In Figure 10, the ITR is geherally monotonic over the FPR.
for each subject and the right limit of the FPR axis ‘is 7 events per minute. The

observation that each curve approaches an asymptote indicates that beyond FPR = 3-4
events/rﬁinute, a subject-dependent ITR in the range from 20 bits/minute to 40
bits/minute can be achieved. With such a high ITR, the BCI system according to the third
example of the invention has been shown to be one which can respond to the subject’s
command promptly.
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online test protocol was designed. The online test
prot ocol consisted of the follow ng. Four subjects
wowerns/oeed in total. In an experinment session,PEI/SG2008/000048
subj ect was seated confortably in an arm:halr and had
to continuously perform al2®rnating control and
non-control tasks. Two nonrcontrol tasks, reading and

r elstarmmetﬂ&&ﬁerimlégit Uﬁe&dln@ tbhthe tﬁ?@@i’(érfﬁﬁ@temdoﬂlrﬁenﬁ whereby a

as read sone given
variab BN g3 vpr I B At nomask gef%aeq'sa@k making apprjast @re
usedthe| atlinekafamarst ofitheé B Isgzst@rh vl?&rmﬁasagatédj OH%OBCIQ%tem was

lmple?r%wooilnfr% ?e%lfgmégét% #or&gs%rcﬂq grg,ge nglgﬁéf g (%!s@?fr an

onling fast mOQJCDbNéSrdﬂﬂgnedo 8 were randomy selected to
conpose the sequence, while the digit '9" served as a
"backspace" button to correct any input error during
onffenenlipg dest miptocal chnsisted iob thestollowing. Feurtsubjecsadéragised in

total. IR, exbpBli %QN%’%SQMn a@ shﬁ]eﬁtwésa%‘aéecﬁc&ﬁﬁ}ﬂﬁb&/ﬁe n?&%cﬁﬁr and

|n ut task rea atron
had %fCOQHwUF'&Wﬁ% a%%m?fm %ﬁeh@%noramtwbtaﬁk@aw%@ -control .

tasksg rééﬁﬁhg andd ﬁﬁs\w@ Wekd H&R@@H i @it aXKSrim&RC h1 ﬁ\‘ébﬂe‘ég% ‘cthEfJ‘ ghe
n total on the readi ng %

ut i
S“bleﬁi W&i"gée%% SoHe %‘V&gﬁt?fgest %{%%d wheeas 4R th%eesa&%ask fho subject
wouldltai@t & cestofitte dishot- ABK eY@s clRESE SOAé ohPoleRIB| iRpdthey a given

e.C utati.on o | TR and FPR, the act ual
soqugfiE i r AT REL Belfitactl aidRe StbiER dobyransaig: witb used. the
dlgltssf[smr} écto $ eressnch)nﬁp sslectbdttdi Oﬂnmﬁthbf@ﬁu@io@r whity' thelfigit ‘o’

the.t h
Sewegga%t%r %?%Pa‘{e b ect| Fo} Ctagygg’tu rrrr?r Jé‘&‘”%r?ﬂ'i"}e ei"0y for
each subject using the training data so as to achi eve

a'Ea@ﬁ Sbidish EBRd QMRS Feggn% l‘ellisjp ﬂ)lﬂgl dég%@%%ut%%%ha restqask"

hi s ex&er I ment supp
and a@u'['ﬁ% Eskigpd eagechivighp irepsinarigski dhe stueatiodiopach task wits yubject-

deper{dén’éaﬁcﬁﬁ@ Bld}%b( wa8 g‘i\ﬁ‘eq’m @Qﬂle(an)coﬁ’égceh\;et faglas }Eggh gutﬁé{,&%pen’c 6

to a textbox on he COfT'p noni t
to7 "%‘ét%? Byfotat %thﬁmﬂ%taé&an@ édo 9Tweutreé§u ithesressting. tabk. Because -

the e)@é’p@iramfﬁf catietabr b %b@é%sb& td @hélﬁe the &%u%@&@n Lﬁatgv Al fhe

nl i erformance he BCl system accor
TR g KIHE BRacheL Rierisng R BaPiscHEe: Soatdet] fynRvinghie Subibcts
pressameo@geyuttoh whan ttfﬁayl’ﬁl’ambﬂél}dfba@h tté’dk !;}Ié:&ldﬂfon lpe thresholdo fo; tlhe,

e contro e il e producin .

contrc? faiée H%tgélopl iy ggtea'glpe&emmrgal?y 2 S?q:rysubgefpé Bg@ tlgeygqn@ﬁg data
S0 as je achielienan ¢ffine F@Rlowdr thsarfprhiauenbheli Bmﬁ Bystér lrablhsﬁe%p@nment
supphﬁg%nm{édfeggbécneto %HQJ. gl%je(g 9@} Lr&hhgh mg die(t%gt%lj r<]J‘T\‘glts quickly (0.5
seconds) in req, and (b) outputting the digits into a textbox on the computer monitor.
After each session, the ITR was derived. |

The results for this experiment are tabulated in Table 3. As shown in Table 3, the
online performance of the BCI system according to the third example embodiment is
such that on average, it can communicate at an ITR of 15 bits/minute in the contrdl state,
while producing 0.71 false positives per minute. Clearly, the BCI system according to the
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nunber of false positives per mnute |low Table 3 In

anot her experinent inplenmented according to the fourth
wex@spdronf the invention whereby a vari abl e | PCTy86:2008/000048

signal verification and a risk-based deci sion making

approach are used, data we® collected and anal yzed for

an offline evaluation of five healthy subjects. A

third eS@érﬂSlékéﬂﬁﬂdaﬂn&ﬁ re@mg t@?é!s?bmﬁ RSthe stibjet@sroRf while kB

ng the
experinment. Each sub spent two hours or so in the

' "”mb%&ffa&f’(ﬁ%ﬁw%?p?rlﬁ?'@@eé‘é’&m ons of data. These three

SeSSI ons were as follows: Session 1 included 2 sets of

¢ |1ndc when-the subiect was in the control

A = A=

state and {heupigetd clol PEIedE \&a§m3t Subjegt4 | Average

ITRF(’aOMrm@) PRO021@7ass] T 1 &7.87 (SYVE) 10. @@SSI on i ancl udedqs o
set-of 50 -siagnal ounds—wh ect _was ih-the
FPR (Elﬁ?ﬂﬂlnﬁ'i‘”t%)t hte BAY the “d&t 8 col]l ecOet? wag uséd*t o 0.71

eval uate the detection acquprCy. Session 3 I ncluded 3
sets of 50 signal rounds when the subject was in the
non-control state and the data was used to eval uate
tlhearﬁmhéreemeamn( iraplsmented epdcantity to rtaé dourt ekén@iple of the

inventi];o}é ereb &C laH%qer&ﬁtﬁﬁ als\%étgc%%gg Sg FIJ]S bagfaé 3?(3?&\ Elga’klng

approaodas@recuaedeﬁ@ta W&sbb@leatesmdsamdiﬁemfﬁr ah dfffiee BGhiustiont @‘nﬁve
h L

vt SRS N HR S Ot . L9 ol epgrinan

Each gubjecg mpentedwe h@ye?dor $1umt Werqwe@onwﬁhn@ezmawgns ghem@ Tiese

three ée-gaoﬁ.fs m’eﬂ?a@gll e;sg]oﬁ'lof inRRE8d szug&se?f 8 %ﬁ?l &)Uﬁdshwhen the.

vari ab verification orit

suble%@arrmhﬁgoméo F?ée ﬁ@@mehdeéa( a#lﬂc@dm%ﬂﬁrawd%\mé@a -P300:
cIassW-EP@(S\Mﬁé)' $&ssion 2lindllifedt1 Bavst d@ﬁsﬁc}ha@%b@ﬁ/ﬁeﬂ‘&l‘k@ubﬁ%t was-in-

larmrate at 0.05/seco Clearly,

the 000%{?'. %{Btﬁeandéhgmtasvﬂﬁaﬂedmm p$edafo; %\f?'m}heaﬁegjawomﬁﬁwracy
SessidnnP ineluadd Bhetd dibd¥igAaRRbedsRAeH the3iHjert wao IPREabnt@ntrol

the, f d | erifi ct on .net hod Hence
state e dh v BeRsrorG Al U8 akP STE VASTECaRg e In e
first, seeridf argathird setméiichaubjécd wiak esireyifig destmgtmtmfﬁus oh@epepsaidsed:

' [ i learly illustrated in Table 4, whereby
and Cé{kﬂula%ﬁ%é%g’redﬁ'?& of the BCl systeminplies that the BC

system can respond to the subject's conmand nore
Table 4 shows the ITR of the BCI system for each subject when-the fixed-length:
signal verification algorithm with N, = 4 (FL-4R) and N, = 8 (FL-8R) were 'used:
Furthermoré, Table 4 also shows the ITR of the BCI system for each ‘subject when the
variable length signal verification (VL) algorithm according to the fourth example
embodiment was used. The results in Table 4 have been obtained with the false alarm
rate at 0.05/second. |

FL-4R FL-8R : VL

Subject 1 35.71 31.16 - 4517
Subject 2 41.33 30.98 ‘ 42.26
Subject 3 9.87 17.13 14.81
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pronptly. Figure 11 illustrates a schematic bl ock
di agram of a system 1100 for processing brain signals

WO p008/0BCh1 syst em accordi ng to one enbodi nent oPCT/B&2008/000048

present invention. The system 1100 incl udes an i nput
unit 1102 to receive brai? si gnals, a detection unit
1104 for processing the brain si gnal s for control

S’i]b 40'eteu i om 'u|7ue1ern ne |r1§ E eum FCT IT]Il ges to
he B systemand a ernnmt?on uni 1106

W&@m ng| t he btZPh signhls f of4-288nmand recogﬁ?@?on

Aerh controt SIGOE detection B qgoo de er‘mTlge qnat
t e thuﬂ(‘ intends to usé the BC syst eﬂn The rrethod

and system of the exanpl e TéWBddi ments can be

i npl enented on a conput er syst em 1200, schematically

shown in Figure 12. |t npl enent ed _as software

sYleqr 'Yaé"eav%@ﬁﬁ?d?'&ih E'SB@r"éﬁf C[?@P'h éV‘e)M%*éﬂ iprevgchthe fER by
approﬁrﬁﬁﬁbyt % 9Y eh@parkd Q9 theameédi lé@ﬂﬁ @@hé%ri\"&ﬁxoﬁ mhﬁd%r Hence,

the adg t v Q%Q%j\g%gglﬁ_géﬁgétﬁ ngp Cfﬁ@@ mte zlgerabodiments
of the cpeesqeut mr/ermmd ui; eleﬂaﬂ;@ﬂlustrmmnn ‘ﬁmilel I4e$vhewbb tas highkeliRoaf itle

1204 .a nd a ur al 0 ut put_devi
et sysfety, iRy e K 2y SfladpPid by v aiechl b Fipre
promptipdul e 1202 |s connected to a conmputer network 1212
via a suitable transcei ver device 1214, to enable
access to e.g. the Internet or other network systens
sftigtredd illustrates A& schemetioblork giagrdm of a wysiem A168 fiarrogssking
brain éné{)&h@ |nTQQ3(9‘%?Eﬂéﬁ1eécc%Rﬂﬁﬂ fo 33&%nib%di‘iﬂb%t %Fﬁ-l%r@ éd%%}éﬂﬁ&n

processor ndom A ccess
The sueﬁtmn 4 16@ dnsludss RnNBRKS rupit (TABRtO Tagsjve hrﬁ@ %@J’Pﬁﬁjtae‘i‘et?ﬁi@m”é"t :
1104 fb?%@seﬁgltnelmﬁ%@.awﬂp%ne& étaeuaéthttoa% éétél@)me if-the

i nterfaces, for_ exanple Ointerface 1224 to the

subject;rigjldgto usgghe Bl system ’T’ﬁ%?f“é“c‘@”i'?%m!t 11toﬁé°'k%r)?5%°é‘|‘r@ the

brain sighitis foTb@mﬁ@ﬁ’ﬂO@@j’ghﬁnoﬁﬁf th8 eoRtedIR 8 detRbeH Methddetermines
via an interconnected bus 1228

thatthgﬁg&ﬁ% rggwgﬁ{f%gl K ! 9§ e person skilled in the

rel evant art.
The method and system of the example embodiments can be implemented
on a computer system 1200, schematically shown in Figure 12. It may -be

_implemented as software, such as a computer program being executed within:the

computer system 1200, .and instructing-the computer system 1200 to conduct.the
method of the example embodiment.

The computer system 1200 comprises a computer module 1202, input
modules such as a keyboard 1204 and mouse 1206 and a plurality of output devices
such as a display 1208, and printer 1210.

The computer module 1202 is connected to a computer network 1212 via a
suitable transceiver device 1214, to enable access to e.g. the Internet or other
network systems such as Local Area Network (LAN) or Wide Area Network (WAN).
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The application programis typically supplied to the
user of the conputer system 1200 encoded .on :a data

wat@sagronedi um such as a CD- ROM OR fl ash nenoP@T/SG2008/000048

carrier and read utilising a correspondi ng data
storage nedium drive of a8data storage device 1230.
The application programis read and controlled, inits

epeé:%m Utewn&!ime o PIRRRS R nﬂ&ﬁ ,Jxawés”s%ég\kfsf%%@se

rogram dat a N% e acco shed usin

Randqm gj’&P%SSl SEINERA |18Wé|aafita an%an#yaMeﬁ@na(i?@MhdaZisGOe
comth@r n@agréeﬁzmmnsbnﬁélw&é 8 Pahbek @f%pﬁ@b&a&t PO FR&PEUsNEbr

t he [ entlon
oxamiyS o0 THEHRRE Sghalcs e SRIANG 180 PO ieafe 4228 do the
keybodef £204.on to determine if the subject intends to use
the BCl system In step 1304, brain signals are
processed for command recognition if the control state
dEteecarnponanis bf)ﬂwedmrmutémmdmbatzazmpisalm athmunicaedsa an

e T AN v AT

art. and/ or nodifications may be nmade to the present
i nvention as shown in the specific enbodi ments w thout
departing fromthe spirit or scope of the invention as
bFisa@pplicdise rirpg@m o &yRivady exvppbiem delithe mssr af dhe computer
systent] hﬁZ"OQf 8h&detOo ey YaRs sHFARH Mddidth! sUcRsREE B0 IQ or ﬂashf

| lustrative and not restrictive.For exanple,
memoa% RAGIFE 2pd iend yElisieg @i %@SP§@¢'ﬂ%Iqat%§*§fﬁ‘ﬁ_eewe€l@§t ﬂf"fﬁa@f a

data dt@ra@@ Qﬂe@]b’é”m:’»h e%@déﬁﬁf@éﬁorpf)rdd?@mﬁﬁ &éﬁ@tan'clnfy&ﬁtto'"@@ in its
panel s using ot he F? es of stimuli such

execuligp) .bv% C%S&ﬁﬁﬂ&ggnslawmg Slorageh of PERGITE e dna: be
acconigliehahising RAM $220. t he present invention. CLAIMS 1. A
nmet hod of processing brain signals in a BCl system
the net hod conprising the steps of : processing the
bfigime 3 ghaws af Bowahartt iluétraﬁhgataerr@ﬂioelci?&(mnfof qur@im‘sah@ibﬁﬁn

siona 1 & 623 5 B BERo cho o ort of RS B st
1302, prain signajoater mocsssaﬂéommot $tane deiedtionl tal determine éghe kattject.
intend BPuSIPLESE) életeﬁﬂqlﬁ steP 1498, A signals are processed for command-

recognition if the control state detection method determines that the subject.intends-to

. use the BCI system.

It will be appreciated by a-person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirii or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered_in all respects o
be illustrative and not restrictive.For example, while a command panel using visual-
stimuli has been described in the example embodiments of the present invention,
command panels using other types of stimuli such as auditory or somatosensory stimuli
can also be used in the embodiments of the present invention.
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BCl system 2. The nethod as clained in claim1,
wherein processing the brain signals for control state
wa@ledosoeizon conpri ses: providing a pre-defined BeL/S61008/000048
stimuli; repeatedly activating the stimuli in rounds,
wherein in each round eac®9stinulus is activated once;
detecting the respective brain signals in response to
craig@ch of the stimuli being activated during each round;
and determ ni ng whet her over consecutive rounds the
brain signal recorded for one of the stinuli
1.0A rieisqDoidsrotessind Bidth Sigamalin a BCIBYSteiR e thelitodCddthpshg
tH n.claiom 2, wherein the determ ni ng whet her over
88 ti ve rounds the brain signal recorded for one
of t hepsicensihg tio® bradrs pigndis foocentfed @tats idgtagtion so Haadine if
on a fi . e ive roungds. 4. The nethod
as cl a?)r%g'gjﬁgﬁﬁgﬁggcﬁsﬁng f?g\ﬂieeég %yst?%rg Y& er ni ni ng whet her
over copresessing he rwaindsgndie for admmeing rekbogretimr dettie f amtrol
one of [ ' i [
based o505 Srilh mtRtd daBRfSs biuhe Hibe® Hidfls 1S uss te
The meBfdaysis™el ained in claim4, wherein, after each
round, different sets of consecutive rounds are
considered, with respective nunbers of consecutive
2 timmpsthod e elaimed d sldimskivherainypragessinghihg brain signals for

cant®t stafd dstdctindomgnsagTber to a current nunber of
unds. as clainmed in claimb5, wherein

ro 8. The netho ai ne
t he ‘H@‘l"g\nﬂian’?rﬁg%ﬂﬂégﬁgf°fo?;'8"r”"consecut i ve rounds the
br airepsatgdigl actiestriglée §wmulprerdinds hwhsieinil kach round each

corrgﬁpwds t9 a{ P300 signal is based on the set of
r ourd L WS | EYRIGH Q8 host eri or probability. 7. The
net hisdecimgdhairespkdtive dmgin cignads irctespoBsel td eadh ofver stinuli
t helgﬁgém@{é@dm&%%% QY a%gnsecut ive rounds the

brain ghal Tecor of orie of the stinuli :
cor rdsigronning twheth@30@rséagsatutive oundshére besedignal eecorded..

r1 SkoPBRS Uf e 'sBmuf LBHEESIHAE 18 a'P306 SndfBki Ng a wrong
determ nati on.
3. The method as claimed in claim 2, wherein the determining whether over
consecutive rounds the brain signal recorded for one of the stimuli corresponds
to a P300 signal is based on a fixed number of consecutive rounds.

4. The method as claimed in claim 2, wherein the determining whether: over
consecutive rounds the brain signal recorded for one of the stimuli corresponds
to a P300 signal is based on a variable number of consecutive rounds.

5. The method as claimed in claim 4, wherein, after each round, different sets of
consecutive rounds are considered, with respective numbers of consecutive
rounds in the different sets varying from a pre-defined minimum number to a
current number of rounds.
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8. The nmethod as claimed in claim?7, wherein the risk
nmeasure is based on a first posterior probability that

w0 o00809200f the stinmuli the brain signal correBQDSER0$/000048

a P300 signal in a current determ nation and a second
posterior probability t hatd, given a result of a
previ ous determ nation, the brain signal of one of the

6. ?hé%btho@oésf %@Rﬁédﬁnttﬂalm BSQﬂw@elgntab deﬁertﬁilﬂng: whether over
det ermi natj on.

a D&
consReyPaRaUe G B H8eREr e REe B D cuelh BeraBFsgion
P360 §igAdlSs Hazed oanmease of mundsivth amighestposteeer mppatynmg a

cl assification method which determ nes a maxi mal
averaged SVM score anongst the stinmuli for having an
7. aasmetmabds lwizingd $i @nglonevfralaimeidiong, wheneiethe rmining
WhB‘ih 8¥ﬁ;r consFJIJ% rl[% {28 Sr |ka§|g§hpa ‘]%d?ar(f@ayfoP%ﬁlef thd timuli

ereln t rise one or
comespendsf toaa B3 @Lsigned issughergsed om ayisk Ulﬂasﬁrﬁlfﬂﬁ.ﬁr‘v@?at'%a risk

Of@H%h%QWoﬁHdeté} ,Qémgh_osensory stinmulus. 11. A system
rocessing brain signals in a BCl system the

system conprising of : a detection unit for processing
8. tgh@ n@d%d"aéblgmdsmfﬁ mCPI'WHe@ém $aatisk Hehars iobaded on a first

eterm BCI
posiatoTEIRBBHNE! BhOME P e I DEGCal AGreBTEbaraY 1o & Pa00
sighhOind4 Sufréxt d‘é@éfﬁ‘ﬁtﬁﬁiloh efhagaisecand pdstérive prabrabiliy thet, adiven a

rost oY REAgI ey Elio (e Py ey A gt Bl by Sonas

to & IP@Dosifhalwh eeaiurehtistarystationf ur t her conpri ses: a
stimulation unit conprising a set of stimuli; wherein
the stimulation unit repeatedly activates the stimuli

9. i Ther eatieisl, as uddimedain any emehof then dresgding selpims) ygherein - the:

prci;cetsé X@t &4 paGE; ﬁ%g tf&e OShBRET RRogHHidn @%\%ﬁée% taPElymg a

i ve brai nals in response to each
classrrmnon nipshoshwhich d&fatr@lﬁe%la maxgn% awae%ﬁ‘dMaSﬁere amongst the

stifhGli ®r %ﬂﬁ% Oiﬂ’g@%&?ﬁe@t‘ﬁ%h h Sk FM@MQPMQE’& PBO®sighal N

si gnal or one imul1 corresponds to
a P300 signal.

10. The method as claimed in any one of the preceding claims wherein the ‘stimuli
comprise one or more of a group consisting of a visual stimulus, an auditory:or.a.

somatosensory stimulus.

11. A system for processing brain signals in a BCI system, the system
comprising of :
a detection unit for processing the brain signals for control state
detection to determine if a subject intends to use the BCI system; and
a recognition - unit for processing the brain signals for command
recognition if the control state detection method determines that the
subject intends to use the BCI system.

12. The system as claimed in claim 11 wherein the system further comprises:
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13. A data storage nmedi um having stored thereon
conputer code neans for instructing a . conputer

wGeBBeYI20D execute a nethod of classifying braP@I/SG2008/000048

signals in a BCl system the method conprising the
steps of: processing the Btain signals for control
state detection to determne if a subject intends to

use th@sawawﬁwambomadsmgawafaanmhe brain si gnal S
e control state detec

wieS i B FRR LI ee M racledty olitatSeid shrafh® Bynde Siondhat

in B&h systiezach stimulus is activated once; and

. the detection unit detects the respective brain signals in response to
each of the stimuli being activated during each round and determines whether
over consecutive rounds the brain signal recorded for one of the stimuli
corresponds to a P300 signal.

13. A data storage medium having stored thereon computer code means for
instructing a. computer system to execute a method of classifying brain signals in a
BCI system, the method comprising the steps of:

processing the brain signals for control state detection to determine if
a subject intends to use the BCI system; and

processing the brain signals for command recognition if the control
state detection method determines that the subject intends to use the BCI
system.



