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1 ASYSTEM AND METHOD FOR PROCESSING BRAIN SIGNALS IN A
BC! SYSTEM FIELD OF INVENTION 5 The present invention relates
broadly to a system and method for processing brain signals in a SCI
WSS BNCKGROUND 10 Brain Computer Interface @C7FEy8¢8195048
can provide an alternative way of,communication and control for people
with severe motor disabilities by allowing the human brain to control a
om%uter directly without re on naormal neuromuscular pathways. The
A R O HER o T G RA R DAL P dhcRtding
15 communication, control 5W§Wllltaﬂon tools for paralyzed people who
are suffering from severe neuromuscular disorders so as to help
FIELLT % jé%(ior restore their lost abiliti(_as. For example, non-inva_si\_/c_a,
ase systems measure specific components of EEG activities,
extract features from these components and translate these features into
cOhtrgirsigmais tordiperatieide vicesiguch:as aieursot onalrabalranmceBing
brain SYHREIMAr8CBCdsystems are also able to provide an important test-bed
for the development of mathematical methods and multi-channel signal
processing to derive command signals from brain activities. A feature of
BACHRRYRals that can be used in BC' systems is the evoke-related 25
potential (ERP) for example, the P300 signal. The P300 signal isan
e@%@ AGH5LROSHG-RA Y CUPRARENtal e ayoke: relaled Hoteial,

ERPlg elicited in the brain in response to infrequent/oddball auditory

commirataiHl 8BMhSESEEN AT SORLIMIT S_YEE T B frelirbet AP RSEEfeat
humag fagindy of300-600mitftetigay geithodoishiinstimulusahddwagraiscular

pathwRgsietab distsbriionm0 4ppiseadn. f&UﬂB%mCﬁ’ﬁﬁéHﬁr@m phsuge-0htheRshg
commuBgl 30 ¥ %e% %'J%SEX%’Y{Q%& g4sieyan Lﬁ%&f gliciting, gvents and. g
Inversely Wlt |t 0 e stim Zﬁ ﬁﬂter stlmulus interval):

from S@Wfﬁ@%%?%ﬁ‘ﬂ?ré%ﬁ%%d? ﬁfB@%EH%Eﬁ%fS&%‘ i%“@fﬁﬁhﬁjsiost
abilitiegur &o nexadhplecentrigityadv s otlisiralyagiv @ik estotsignificemtichangasfin

compdRBAR30P émaAoW@éoemep@@%wmﬁh%a@ thaiRkRAst é\khh%a@!&%e
th g erateyﬁhe P%O% z}:\ in res to mfre ent/oddball stlmull
858 U"?S ¥ ?hCE) o, ast‘i na Wavefc?u‘?f}lﬁc}ﬁ? e as a CUE’SOi’f or a 1oh 0
presence o exogenous

F‘J“h@fﬁﬁ%‘?s SfdwyHee3os ﬁ&ﬁa?%%@eﬁé’&tﬂ%l%ﬁé@%%ﬁif%f the

develdmaditiosfaink8Gheyste mesthodkiding RA60ihased BG=systemsiny ok dawd

Comn%%gggq,%mg%vggﬂ%assumption that the user is always in the
control state. Therefore the BCI system is continuously translating
concurrent brain signals to certain control commands even when the user
déds3iptE meprditosinas. tRiisae deltesiprde REaBTalsainte i ctaissbiatie

potentMRIERIENIS Wwhichil) Wwien resyltsidhaevamlresperses of ShedBGdrysiam

' pos:’m%o&rhﬁﬁ/cgé %@ﬁgn\fvgpt”%ee%% ?e'lg 8@55‘&9\8 tgii égeno{ Sgpe}i%(?n

inventioh seek to address one or more of the above pro ems
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 “oddbail” stimulus and.
has a parietal distribution on the scalp. Furthermore, the amplitude of the P300 signal
varies directly with the refevance 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 fo infrequeni/oddball stimuli, the stability of the
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SUMMARY According to a first aspect of the present invention,
there is provided a 15 method of processing brain signals in a BC] system,
the method comprising the steps of : providing a pre-defined set of stimuli;
rePeatedly activating the stimuli in rounds, wherein in each round each
stimulus is activated once; detecting the respective brain signals in
response to each of the stimuli béing activated during each round; and
determining whether over consecutive rounds the brain signal recorded for
300 eigeafetiim ifi tbe wespond sitexade800:dayialstolideteimiR8UP aiguldjexbe
effectUENAR40UsE thR B!, 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:.. wherein the detennining
whEHERS) e PEONSEREve roHESEhE BPAHSGRaFeconiemor ofs*ofithe?
synchstinull eardespandidamasR3pihsigndl isdurteeribaseayonrattisicmeatunetfor
There%@l%'@@!%9§éﬂfi@@ﬂ%§u@§m%mﬂ8ﬁg%nt brain gg&%%@%ﬂg

whether over consecutive rou %s thep 98? recqrded 30 for one of

contrih EORHIRINBYFEHBRYS o 5 P 30651 DERed G S HIR I TBEN

S|gnal

 false plerpreteiienivel ibamgain signaihehirdtérivi mgam@mé@\w@rrémm@he

BCI dpipdsibeiRrarsignaloeaardad iaeoseiatihe stimticonesonds teaant
inventiy ?\0 3&9:%%1&&}%)4 b%?%?%g%ﬁ%@%@%% BrUpRgT.of consecutive rounds. 3
ter each round, ditfferent sets of consecutive rounds may be considered,
with respective numbers of consecutive rounds in the different sets
SUMWMENEAK g from a pre-defined minimum number to'a current number of

rounds. 5 The determining whether over consecutive rounds the
br&l:n OS]_I nal {Decor%]g for %nte 81 Hg @%I {:orres 8Qd%ht§rea %’3@0 sgngl
may sed &n'the S&t of roun hest poéterlor proba il

metha@Tefe M@F&e‘rﬁm@wwemew%i%ewcans%%hmy@mna%ethwmﬁ §@ﬁ‘§l”5m9
the stk@eQgied for one of the stimuli corresponds to a P300 signal may be

f@%&ipgg%&%gawm&forevaluatlng a risk of making a wrong

deter%cftlo T er u_re ma ased on a rstlg)osterlor
ETen . e

B t%at %ne o? 1'% f'mﬁsn theBrain S|gna rgkesr%nds toa
stEmUS PSR ﬁ ﬁ’%urrent determination and.a second posterior probability

tH&"@Q’WrﬁF ESER-GTR PREY IS cie ARiRRton tisedbr afr st grEnwf one of

' bemgth@s@&*ﬂﬂmaespbmﬂm@omd%oo signal in the current determination.

determining whether over conseculive rounds the brain signal recorded
f_or one of the stimuli cormesponds 1o a P300 signal to determine if a subject

. intends o use the BCE system,; and

processing the brain signals for commarnd recoghifion i the control state
detection method determines that the subject intends to use the BCI system;.
wherein the detenmining whather over coenseculive rounds the brain sighal

recorded for one of the stimul eﬁrraspoﬁds to & 300 signal is furiher based on a

risk measure for avakuatmg a nsk af making 2 wmng determination.

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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The processing the brain signals for command recognition may comprise
20 applying a classification method which determines a maximal averaged
SVM score amongst the stimuli for having an associated brain signal
corresponding to the P300 signal. The stimuli may comprise one
or more of a group consisting of a visual stimulus, 25 an auditory or a
somatosensory stimulus. Acéording to a second aspect of the present
invention, there is provided a system for processing brain signals in a BC!
system, the system comprising of: 3a a stimulation unit comprising
aﬁ_&@rQ:f_a%!tmt!ﬂn&{r@@%m%ml%Eﬁ@e%ﬁ\)@@@@}\%glwi%@t%&@ﬁemd,
with resélmgjvgl égr%n%% sgc@g%gat é;'%j \gach roéJn,d gﬁch _%lmulus IS activated once;
ana - A GStechoR T for Getertify thd e SHimre sranaRRaIdam =
TSSO BARHTIRNE StipHUP g Betivhfedrdlsring each round and for
determining whether over consecutive rounds the brain signal recorded for

oG Qfdgsti couEsBRNds IR BR300 sianalig determine if a subject

finten?s t? use the SCI system; and a recognition unit for processing

one SR BrAMH SERERRBP R St ST PRETOARr s taie HEterdromith

a highggbpieigisiprb@nidhat the subject intends to use the 13ClI system;
wherein the determining whether over consecutive rounds the brain signal
o0 e RS RS WML ABHERRNG5 10 e RS LIS LIS for

based on a risk measure tor evaluating a ris making a“wrong

one of PeimWhadresaends R & BrGP §ies BivdPadpebrobmedna sorthmeamion,
forevaihetind s prbvitiedidrdaiavstogadpamediiionhaving stored thereon computer
code means for instructing a computer system to execute a method of
c&%sri@{(in Q@% rsrign%lg %n %EC! s%sttem, the method comprising the steps
~ of. providing a pre-defingd set ot &timuf =terior probabify i thagimh fitin
stmull Bgrain s o emmds in @ G0N sinelis & artrdtddiendestion and a
secondletetting thetedsireatiive brain sigaall i tespanssstaashaiithe stinilin
signal BEIRG &Qﬂﬁ%&ﬁglﬂ lgéﬁ%ﬁa%%g %Q%@B%ﬁgnaf gi%&%f@m"é}? e@gr%zq%%ﬁgr%r
consecutive rounds the brain signal recorded kir one Ot the stimuli
corresponds to a P300 signal. to determine if a subject intends to use the
Bbs shstespsiandihe  prcesisimmisttierbraimsigrhlsstenosiomeany comprise
app#yirr@@g;mﬁiﬂﬁbﬁtﬂ% ermtl S&ﬁiﬂx%&ﬁﬁ%@ﬁtm%ﬁﬁ@%ﬁ&w@\mﬁsmm
' C. e rein the determinin
g oA A2 S T
‘stimuli corresponds to a P300 signal is further based on a risk measure for
evaluating a risk of making a wrong determination. BRIEF DESCRIPTION

Qhe Tt RAY\ENpHse one or more of a group consisting of a visual stimulus,
an auditory or a somatosensory stimulus,

signal

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:



Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written
description, by way of example only, and in conjunction with the drawings,
in which: FiPure 1 illustrates a schematic block diagram of the BCI
system according to an embodiment %f the present invention. Figure
2 shows a flow chart illustrating the processing scheme of the BC' system
according td 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. 5
Figure 5 shows a flowchart |IIustrat|ng further details of the processing
scheme accBrififitf i HiiteRRTie eniBbefi Hintottherprekergtimulaton
invénfigapestedly aCiyaie dhsheivsd frovwohast hstramdgruthe rdetdils:of
thesgiroges sirgtselremacbagwbrding to a fourth example embodiment of the

present inveptieRction uRiigur adt=show &subRBELUSERAINGHNS in responss
exr}srgg&n@lw%&r%&ﬁee&m@%&w@Mb&R&O&ﬁ&%&%@@%ﬁ |
accwghgggg, tt(};)v épgafnrsécgg(v%mgu%% g%pent of the rresefnt |nvenftt1;_)ne ?ﬁmm’

Figure 8 shows subplots illustratin urtﬁ SiFgexperlmen Tesutts fro

miTERTERRATON ot (e ProeR o g EHERR WE CORINTh TERATE frteinpie
emBEERERof the present invention. 15Figure 9 shows a plot illustrating
the ROC cugvescafiendhesimplementatienyitbeipsacessiag sehamamand
accoLgingidn hedhisdaspuple smbedimentahthebrasRat IMEMIONbiect

quH{ee %thgggv&éa&%y&@{atmg the relation between the ITR and the
FPR aifter the |rr§) %u § tlon of th ocessm%gcheme accorgl rlg %the
em €1

third example E 'oF Sen ran

FIhe presenYenveH?on
|IIu§ﬁ3?é§%°§ﬁ%ﬁ?5ﬁ&’%ﬁcﬁ‘%%’?ﬁhwgwwﬁ Bﬁ%’e?'gf?ﬁﬁ ’Br&lﬁ“er
sigh@isdPaBtEk Spawit SE RIS die chiBgtnm e mereResrageion.
invention. 25Figure 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 BC! system according to one embodiment of
the present invention. 30 DETAILED DESCRIPTION



Some portions of the description which follows are explicitly or implicitly
presented in terms of algorithms and functional or symbolic
representations of 6 operations on data within a computer memory.
These algorithmic descriptions and functional or symbolic representations
are the means used by those skilled in the data processing arts to convey
most effectively the substance of théir work to others skilled in the art. An’
algorithm is here, and generally, conceived to be a self-consistent
sequence 5 of steps leading to a desired result. The steps are those
reqdiFiRs Ky Scal %‘f%%%ﬁ%ﬁ%ﬁ% B phFSRY Rl ShetR Heasrerdadcal data
stomggnetorepiicabbignblssapablenpibeicgistoreshdransfetreding a computer
sysRAMRINedRMPAEH-AM & RaniRgiRIRdUNiess SPRCHICRlY methoq
_Cm,ﬂst%g?nd %Qaer ise, aigd as apparent from the qlllow[ng, it WI|| e 10 o
] ﬁappre%late gf tﬁrbyghout the present specification, discussions utilizing
~ termereddings peatisiiaethet otietieriiining”, "outputting”, "transforming”,
~"concatenadip Gictheliegking sirevaluatogls," activeiing ' sadatesiig sashe
stikuEaialdRdle actipn and processes of a computer system, or similar
'.4 r%%g%%te&has
al guantities within the computer system into other data smfmarly 15

ggﬁnﬁh%%%a%ﬂ les within the ComC%lger system or other

infor RSB ER MiEh HareTh eI PP GisprayRiicasin siangldasradett
o gaeift Ao ATHIYD crsteesiaicah TR o e detenirigatit eparbiions of
intereisietivedss BOtbyvapparatds may be specially constructed for the 20
reqUbeE=BHAORE Hrai BRSO FBP HSAABANEEBL PMEPOB EQBRMPLREOther
GlEYIGE MBISCIVENRAHIMAIRY AL ISERDNGHLGERY ACIHYBLSLPLRGAm stored
in the,compwiets e Algouhms And displavs presshieducreln e ot
inherently related.to an partlcﬁar computer or o'f?n,er appara Us. 3arous
S SRIHE LTI B R SRR T R a0 SRR A RSB BB with
rsth@qesrch ot Huring ik efarking aneesAstetewshions 25 more specialized

apparatus to perform the required method steps may be appropriate. The

. | ‘ [ ose computer will appear from the
B%L%%%%%ﬁé&?@ %%Pﬁ%@%%ﬁb]%% nt specification also implicitly

discloses a computer 30 program, in that it would be apparent to the
pers@mskidfieckinistiae @it thabiieddivis aksiens-eihene thail desayibegarent
te%@@f@?&ér%?ypéﬁﬂlm ﬁé@%‘r&b%&%ﬁé’%ﬁs%ﬁ @?ﬁé%@&é%ﬁ&%g@g%éy of

not intended tg be limited to any particular programming language an
TR R, 7B A 3D FEIRF PAFA aticty of

programming.languages and coding thereof may be used to implement
‘the teaghingmeiibedissippmaid MontaiRghReseine MoraareiniiReording to an

M%ﬁ&@gg@g is ot gg}%eﬂn&ed to be Ilm!ted to any particular c_ontrol
flow. There are'many other variants of the computer program, which can

use different control flows without departing from the spirit or scope of the
inveRiBHe SEliptie miene chae Brsisiawhmeresepsing ssbarpempiils BCI system
acpoagingnn ma\chnairennedis pemielrathesthan sequentially. Such a
computer program may be stored on any computer readable medium. The
computer readable medium may include storage devices such as
magHBHEoT BT PSR G ERTB 4P AeiGeo Pl R REes e
acfording e fitgt witmalg enradimapoddheamsetainTémticomputer readable
10 medium may also include a hard-wired medium such as exemplified in
the | e ' ' C emplified in the GSM
ot e B B b Stheme
acerdsinrorr R etagarie aTpariBeR ebiv ateretdairdigtesults in an
apparatus that implements the steps of the preferred method. 15An
asynchronous BC1 system is proposed to address the problems of
traditional

Fe



10

15

20

25

30

BC systems mentioned above. The key difficulty in building an
asynchronous 1301 system is in developing a computational approach to
distinguish between brain signals in the control state and those in the
woanesonteok state. 20Figure 1 illustrates a schematic block diagradrrhiieecss

E301 system 100 according to an.embodiment of the present invention. In
Figure 1, a command panel 102 Srowdes stimuli to a subject 104 and the
subject 104 indicates his or her intentions esponding according| to
R A BRI 19 B Goiais, o i GoniAvae B

accordiog ioontaid s zesetotbutdnewhichayoeddre nitetkiestimuli in a random
manner, with 25 each button corresponding to a particular user

d. The su |s In tur necte et of electrod s 106.

TP iR B M Ry 2 RS T

accof%eeaﬁa@@uﬁh%@m@e|emee@e@e5cééﬁmeawt@métwrface of the subject's
head. The set of electrodes 106 is then connected to an acquisition

S%FE 108 Ja.aeauirs ain gignais dromethe, suhiesti 04 1he agguisitiqn

em 108 is in turn nnected to a processor 110. The processor

‘mp*erﬁﬂt%éﬁ?@ "8%P&O%?S%e%ss%e@&qaeﬁ%%@wgt%ﬁlﬂ dBeRE @fﬂB‘é‘?ﬁ?&Bf of

the prpegoiinYarddaition, the processor 108 is also connected to the command
panel 102 to control the timing of the stimuli emitted from the command

402 Ih&,RraGessaL %%Qstﬁal%“m r‘&?é?”%%%%% &% deyices,td 2

suc that output signals are sent f rom the processor 1 e external
impleqgalialu ol I rRe SRR T Ue REEY 419 "Eh@}? é“&??ﬁ’fﬁ%‘?ﬁe%ﬁw of
the pragtidrisvimiesponse to the output signals. The external devices 112 may
be a cursor, a robot or an artificial limb. An example embodiment of the
PiESE Neion e (rsoribed 73 liens, The. b CT MANC RANGHIOR e
ains avirual ?( board with & few buttons represent Raracters and
Pfﬂce%ﬂﬂﬁ%ﬁﬂﬁﬁ%@%éﬁ%ﬁ@%@ﬂ%@e?ﬁ@%ﬁ@% Qfé%?ﬁ%??‘ﬂ#@%ﬂﬂ@hs
of the command panel 102 flash randomly according to the timing control

PrOyiHed iR RrecesRelAie: dihendbs subiest %Qﬁﬂtsn@ww&ﬁe
the *@ﬁ?g’é em 100( ontrol state), the sub ect 104 focuses_on gne of the

e sBontdnd’ fSCﬁ% 8 2SRRI B r TP IHEL dRinE R o MikNar R RIS
embotfiipeagiybidbe POBMEEMESIONNput. This leads to the appearance of
evoke-related potentials such as P300 signals in the brain signals of the .

v%;se Jr%wrlaeg Qﬂecﬁa%ré &%%%4?%%%}%%%@ 5%%&8@%%5%5“

non-control state), he or she does’not focus’on any button. Brain
Ssgna%lEh%%cﬂﬁ?’ﬁtﬁ%%ﬁmg@?f%ﬂ%Qrﬂ%‘fg%?éatBytff?eoé"éﬁeﬁ @\égéfPBHes 106 and

are acquired by the acquisition system 108. The brain 15 signals are then
senhisthe pregpasersl @&’l@ﬁﬁﬁ@fﬁé@ﬁ‘gié@@& &P @@9@@&9@@&1@%& tpde
t ess0 then transmits.outpyt signals to
me&%?tag‘?g%%%\lﬁcge{st 11%‘ cﬁ g%éc}(%{m%ru e?“gc?eeeme\/‘ﬁlcﬁ%n %urn displays
.the character corresponding to the button which the subject 104 is
fdogsing 9sh@0¢- iy teed shdivstatfigna chalttad dstnatvogstegirete skings in
a BCIYARMSP RIS RELHIEMACERELINGIR ANR eRABRdIment of the
present invention. The processing scheme 200 first contains
pre-processing step 202 whereby the acquired brain signals are
DETAR Ef Stmefeh it @4¥uitable form for further analysis. In one example, the
pre-processing step 202 implements temporal filtering on the brain signals

t 0 igh fregyen S d lQwy W, ith er
o A e RIS AN 3 U T

digit f

preseCigh o ARG O LATHbIGE o AORAETB) P4 THHIET d5RERTEEUE® O
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 30the 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 BC! system. If it has been
decided in step 204 that the user indeed intends to use the BC' system,

step 9 206 is implemented to determine the command that the user
iNntendec to inniit into the RC' cveteam Thiec command ie tranemitted to
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5 Figure 3 shows a flowchart illustrating further details of the
processing scheme 200 according to a first example embodiment whereby
a fixed length signal verification and a non risk-based decision making

wWapMYeti%re used. In step 302, pre-processing is performdd- iy a@ns/006a48
acquired brain signals so that th§ brain signals are transformed into a
10suitable form for further analysis and in step 304, a counter is created
and set to zero. In step 306, one round of brain signal epochs is

operatipggeRiedarontitAE - GAMSRIGT SHSMRPR- EXRiGiRarEpptndesauels &
functionsitoraspatindiol ashettotetonthe e dm maadsparel bnthdenotdisdre Higria

processcfﬁgm R e PSRl IR IR EBSRARS R SIBAIL S B e RNfled in

utto In one exam tlme ment om l S S
the art. af%{é? Oeﬂonse e S i u US #om { aewlf)e[cji Ozli;ﬁsﬁes mo(;r;cl)é}ssgl %%lse%é%lgg]
of stepifacipy ﬁmaoﬁ%ﬁgﬁ%r%@cﬁg%%ﬁaaf?ef&%ﬁéﬁaugmﬁf‘a@%m@nwﬂiw
of phyS¥aNRINEs&£ifts the atioridals wagestn doodyicn cigriblecapsinite pisctien

stored, '(H%%m b&fa%%g& %@rﬂ;ﬁ:@&i %gmﬁ@%%gn%%t Vector Machine

VM) score is calculated for each signal epoch in the most recent round.

The SVM score of each signal epoch is calculated according to Equation
(@ykgrerpisiigabytiiats\aiheesee. and scigrhareshfire Verioiowwastiuttds by

apmecma@ﬂtm%@mat@m@;m@@aswm@ﬁaﬁ &bbahrm}mmm@%mmﬂmls
calcu!%{%amj‘gz nThgumgdcuggnema@hovwea%%ﬁ (%Mtzﬁgeby

he pre processed signals and As( are he

evaz“%}&?}?am‘?’@ éaaiiﬁ?es deirstugnsl fgildieorise Wyﬁﬁn?‘ga?é‘a?ﬂ ("(?ﬁs%slﬁ) téirn
computiveydbyn quasiong S platicmibylevisea fvddefinedalemeiliz dHopfeors e
represShYEN & drgMBHoRL AR mﬁim@i@kﬁﬂﬁﬂ%@@%ﬁ iMaistain é;iiﬁ iGilarly
varignces as com to th eatur ation
represleﬁ‘f.gﬁﬁt Rermore X E[\Ex %q Re ith %%r(tx\’/rg% %grra I%k IS gpk%%hgzl n%{(lg%b%ﬂor
StD"ag%)&aﬁﬂﬁF@S&‘B'@‘Ggﬁﬁﬁéﬁ%%ﬁmn. In addition, parameters al and b are

predefined values set using prior training trials with labelled data. These

pﬁ{éﬁb%%&%@r@pé&héam th@C@igMSs%Q ageuatersviM ”odekiodfing the

ttlc +6 x— }%33’ gN) Ais AsoorysAs % s(n +tpu3tedEfcgp2( in5
operatphg; R perf%br?ﬁ uto S S RS (U SR
requw@\a?ﬁl‘@ﬂ&%eﬁéww ERINRSTIE pReBRTRTE RIIRRS e 8P THRHERES ﬂa@qfxeawce
selectifstinfer afcsignaddavinds:ihe meegived hetprenmakidgreidecisipnten The
algoritwngtg% mgpﬁé'y'gj%%é@ﬁw-ﬁé%ﬁisﬁéhﬁogEherent!y related to any particular |
computer or other apparaius. Various general purpose machines may be used with
programs in accordance with the teachings herein. Alternatively, the construction of
more speciallzed apparatus to perform the reguired method steps may be_appropréate,
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 {o the person skilled in the arl that the individual
steps of the method described herein may be put into effect by computer code. Thre'
computer program is not intended to be limited to any particular programming language
and implementation théreof. it will be appreciaied that a variety of programming
languages and coding thereof may be used to implement. the feachings of the disclosure
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10 system. If the counter is not greater than or equal to N,, steps 306 to

312 are repeated. Otherwise, step 314 is performed. Step 314 implements

a check to determine if the counter is equal to \11. If not, step 316 is
woanfsrengdwhereby the earliest round of signals collected i$distaraEPHITES

the counter is decreased by one..Otherwise, step 318 is performed. 15

In step 318, a posterior probability Pl is calculated for the signal window

ed at the end of step 314. d n
conte Ky NBRLPE A Lo SGIRIE b S PR E o RIP e

particypn Sigivl WikdoheS withdanvouinelsof sigh afdpe clesiesiiowsniam, which

can ukOgiadient (&)ivbereby wihtepmepenisithersighalppesh ageuireskimyosh
in response to a stimulus emitted by the ithbutton. In this example, there
are a total of Ns buttons in the command lpanel S51(1)(1)S2 (1) SAc

(jj%ﬁ}e@jﬁg% f@)as&xrémre (‘Xd“@lsfﬁﬁi of the computer program may be

performed in parallel rather than sequentiaily. Such a computer program may be siored
on any computer readable medium. The computer readable medium may include
storage devices such as magnetic or oplical disks, memory chips, or other storage
devices suitable for interfacing with a general purpose computer. The computer readable
medium may also include a hard-wired medium such as exemplified in the internet
system, or wireless medium such as exemplified in the GSM mobile telephone system.
The computer program when loaded and executed on such a generai-;ﬁurpose computeyr
sffectively resulis in an apparatus that implements the steps of the preferred method.

An asynchronous BCI system is proposed to address the problems-of traditional
BCI sysiems mentioned above. The key difficulty in building an asynchronous BCI
systefﬁ is in developing a computational approach to distinguish between-brain signals in
the conirol state and those in the non-conirol state.

Figure 1 iliustrates a schematic block diagram of the BCI system 100 according
o an embodiment of the present invention. In Figure 1, a command pane! 102 provides
stimuli to a subject 104 and the subject 104 indicates his or her intentions by responding-
accordingty to the stimuli that the command panel 102 provides. The -command panel-
102 contains a set of buttons which would emit the stimuli in a random-manner, with
each bution corresponding to a particular user command. The subject- 104 is-in tumn
connecied o a set of electrodes 106. The set of electrodes 106 may bedinthe form of an
EEG cap or may exist as individual Ag-AgCl elecirodes connected to the'-surface‘ of the
subject's head.‘ The set of elecirodes 106 is then connected o an acquisition system 108
fo acquire brain signals from the subject 104. The acquisition system 108 is in furn
connected o a processor 110. The processor 110 carries out a processing scheme that
would be further elaborated below. In addition, the processor 108 is alse connected 1o
the command panel 102 to control the timing of the stimuli emitted from the command
panel 102, The processor 110 Is in tumn connected fo external devices 112 such that
oufput signals are sent from the processor 110 to the external devices 112. The extemal
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S2(Nr)S(5) 25 11 There are three types of signal epochs, denoted
by 0, 1 and 0 that each signal epoch, si(1), can be. These are the target
epoch 0 which is associated with the event that the button targeted by the
WeLBEvEEmItting the stimulus, the non-target epoch (10 wBEER§&2008/000648
associated with the event that the non-targeted buttons are emitting the
stimuli and the 5non-control epoc% 0 which represents an epoch when the
subject is in the non-control state. In one example, when the subj ect

deviogiidd4hen R Y P SRSRIFEH ETPBR N ISTREN ST IR B iR bignes-
exiertittensenittiscommandrpanekdivé targetadidielttorbindicating 10 the
command that he or she wishes to input. When the button emits a

W U N e U bt R
recor ocu5| hIS utton erwise he cI s nal

CGm‘W@GI&E@Pe@%d"éﬂ*@f%e@r&@ﬁhﬁ@%%s‘ﬁ%s@ fﬁ“(h@%%‘ﬁiﬁ f@@ﬁ?ﬁ‘ﬂﬁ%t
chard@6eiwng salitegtiamireriie Woard dig S peahrHEN0e inf dher sidpjatt intencs

of ihé%%%ﬁh% BinePYSeMsA %HSJ;‘?nf?‘é’c@&%)ﬁg“ﬂﬁﬁé"ﬂWa&%ﬂé&ﬁ%&“&?
the ES) would s quonlyhthe nal%!Such asi naI § S tter %go :

PESHRTBY patterh ety s own Gin E/uyﬁ @ e
Siat@bﬂh@rﬁ@h@?’[f%f%’éﬁé@m@ r%ﬁhﬁtéﬁm @@é’@ﬁaﬂa@m@m@ﬁﬁw&cmr ar
the cB@RgCMRARATIRENN sieblaheswhrreby an. axaniaobisshonesitnce
of evEAURAIRR (S0t RILIAW S BYRAINGRINHLHFAHERGHIr 2 0Bject 104,
When the subject 104 does not intend 1o use the BCI system 100 {(non-control state}, he
or she does not focus on any bution. Brain signals from the subject 104 are detecied by-
the set of electrodes 106 and are acquired by the acquisition system 108. The brain
signals are then sent o the processor 110 for processing using a processing scheme to
be elaborated later. The processor 110 then transmiis ouiput signals to exiernal devices
112, such as a computer screen which in turn displays the character corresponding fo
the bulton which the subject 104 Is focusing on.

F’iguré 2 shows a flow chart Hllustrating the processing scheme 200 of the BCI
system according to one embodiment of the present invention. The processing-scheme
200 first containg pre-processing -step 202 whereby the acquired brain signals are
transformed info a suitable form for further analysis. In one example, the pre-processing
step 202 implerhents temporal filtering on the brain signals to remove high frequency
noises and very slow waves with a 5™-order digital Butterworth filter with a passband.of

" [0.5Hz 18Hz]. The filtered brain signals are then downsampled 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 bution. In other examples, the
pre-processing siep 202 can inciude 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 stale detection in
which a decision is made on whether or not the subject intends to use the BC! system. if
it has been decided in step 204 that the user indeed intends 1o use the BCI system, step



12 The posterior probability P, calculated in step 318 refers to the
posterior probability that the control pattern was received given the
ensemble of SVM scores, D, in the signal window received. P=P(3D) is
wagisiatédaccording to Equation (8) In Equation (8) FRERRIyI& w48
probability that the control pattern.was received, given that the single row
of 8 signals lie in row R, and is given by Equation (9) whereby P(E) = P(T)
3 assuming a 0.5 probability that the subject intends to use the BCI
206 ‘ﬁ'ﬁ%@?é?ﬁm 0 dem”’r‘i“&&ﬁﬁ&ff?f“ﬁ’@@ﬁfﬁ? RSB INBrO BB Frht
systeithel BV Mratwres B trestbbbtdined givéweratthdesubadtsemtieinditep télthe
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so tniR uIBeR B genby Equaliond 1) assuding thabisesianahgrodts
sub;egt !%pendent AD | EA)=I IP(du 1) 1113(d0 Cb)(10) k,przl 20Similarly,

IS the conditional probability that the SVM scores D are obtained
glven that the subject is not attending to any button i.e. not intending to

ustgthe BEheysteivanicbs Hietming Botratialeiid)oPd byoceyd)tidme

200 a¢ebndRguations(&and &%@M%Q&h&@ﬂ%'%@dﬁé@g% !&Qﬁﬁcatmn

condmg%a robabilities tpat the SVI\{L score d btaéB or the it
and a non & e jt @r Ox%zﬁta mg ap(%a roach are use n step pre-pmcesssng is
performed on the acouired bram signals so that the brain signals are transfornmed into a

suftable form for further analysis and in step 304, a counter is created and sat to zero.

in step 306, one round of brain signal epochs is received from the acquisition
system. Each signal epoch is associated with a particular bution on the command panel
and denotes the signal segment from the subject's brain in response to a stimulus
emitted from the button. In one example, the time segment from 150ms 1o 500ms after
the onset of the stimulus from the butlon forms one signal epoch. One round of signal
epochs is obtained after a complete cycle in which every button emits the stimulus once
and only once. The counter is then increased by one in step 308. 7

In step 310, a Support Vector Machine {(SVM) score is calculated for.each signal
epoch in the most recent round. The SVM score of each signal epoch is calculated
according to Equation (1) whereby d is the SVM score and x is the feature vecior.
constructed by concatenating the pre-processed signals obtained in step- 302 and. their
dynamic features. The construction of x is shown in Equation (2) whersby s(1), ... s(N)
are the pre-processed signals and As(1), ..., As(N) are the dynamic features. The
construction of the dynamic feature As{n) is in turn given 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 ™ support vector and k is a kernel function, for exampie a

Gaussian function. in addition, parameters & 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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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 13 can be modelled by Gaussian
WinpEBeE28s shown in Equations (12), (13) and (14) for the BFGSCEHEENR0648
the non-target epoch and the non-gontrol epoch respectively. in Equations
(12), (13) and (14), jt represents the mean of the Gaussian distribution
and a represents th%standard deviation of the Gaussian distribution.
These parameteys. l%?g [ Svia a learning process from training
samples using t%ye gktfe f?é%r}fglqrié;ximum a posteriori (MAP) methbd. p(d
10) = N(d /20 ,cr)(12) (13) 10p(d | 0) = N(d(14) " After the calculation of
the posterior pretraliifiey P indvep. 3265 chasiigpérformed in stefi?320 to
determine if P, is greater than a pre-defined threshold h. The pre-defined
threshold h is détém@cm:(ndiﬁg)to the following steps in the exginple
15 embodiment: 1) Trairintj samples of control signals and simulating
non-control signals are collected. The set of control signals are randomly
partitioned into two subsetg.. 8kt A and set B. 202) A SVM is trained4b
discriminate between all €3hd all Co signals in set A 3) The SVM is
applied to set B and the outputs du are collected. The empirical mean and
standard deviation of the qutputs for 8 and signals are calculated and the
SPERP SErAR ST 5 HHe BB GILF BB TIog SPUUBR AR S5 AP
whergby B; iNexBdisterivegsivisabiityentied sutieapd (prdibabitiyntimtatheégeantoohds
to beDRKENBISHEERIVEE G SR BRSSMRIERE VM SSere bR Balcy I Aie B
sysicRiT NS Ease po. (Rrababiily fhal ne non-ganiial gatiem ts
Yo eceived given the erdemble of SURT scores; Bt)eFés 0 alﬂea. ar%seﬂea ed.
OthefnigghoiRP T1 that PRSMIRES tiéeminirhAPfirsesriseatidivatts, epteraing falbe
counBHaceqpibncs, riteotYspip give s pyrbaguat one(dib) taad 46 )i scobtedneldnals
colle¥T8 MEIFIOE MMBET LAY RAHEINR BSEHE: BHMRRE 18315 i

numdber of non-control
performed.

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

A signal window, 3, is a malrix containing at least Ly, (L. >3) rounds of signal

epochs. An exampie of a signal vizihdow 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. |

S}m SIGZ) S}(Nr}
M D S OAE
5 S e 8
S: 2 2 2
: : (5}
(1} () (M)
Sn, Sw, 0t Sw,
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WO 20081097201PCT/8G21108/000048 14 patterns for training and the
u(x) is a unit-step function which takes the value of O if xZ0 and takes the
value of | otherwise. If the posterior probability Pl calculated in step
wB1Bsggnsater than the threshold n, step 322 is performed P RHehPep/ 000048
decision that the subject intends tq use the BC' system is made.
Otherwise, steps 306 - 320 are repeated. After the decision is made in 10
step 322, steps 324 and 326 are performed. In step 324, all the collected
SiHRPOGHISE XRES CA R FRPThE Frocssivgtschénithdethrecoideep
epoct364,inawhicHT thec ounter twsatdoozt® whidtdp B26citheipriicéissobnt that
the bifRMEARLIRS AN LD ERECImEn/ deleiminedhe Lo carmandilahe

, subject intends to input into the BD system. In one example, a
i assppidefivdfdheReEnb b Hen pidresar e trairia PR Rdger Skt eeoibe,
non-c@iglarperiglaiviih bepteasis asethothavbentdre thidtitheis setthasintented
siate 10 Select has the SVM score, ¢, given by Equation (17) whereby T is the
detected signal time, i refers to the ith button. Details of Equation (17) are
described in "T Mario], C. Guan, and W. Jiankang. 20 Robust
classiifc SHBRRIF EES s RaF BIe b ANREDTFULER ite rBideSyERE he or she
wouid Fransactionscd thdl puitah Sys tbmscamdaRe: hatlit étoorrgsigiheagting ndicating
the cérﬁﬂé&%“ﬂ?a?’&?&Qﬁ'él@%&%&eﬁﬁrﬂjwmf@r&é”&%&@@%@@5 berginR¥, an
cross-reference- %%5,3 argg1 m d(i %xt output S%%t als based on
a

,t)%‘lq? Next,

evokepARRLiHRE Y 556 SPELRP Lo BRIR A HRYILRS thltep asE'sh
focusitiipbithibieidtmal Giweivasscére chrigimltthdhbeessadpdciionsrasadintiribsto
respofiig SEPieErsinie BlimFigUuR AahpPuailiawehad mesté@gga%fﬁam@iéﬂﬁ@lls
if the %qugeeag? Inignds 19 SANGAP0 according 1.2 8econd XM Gindow S in

embodimen wheresoy a fixed ?éngfﬁ S|gna$

Equation (5) would show onily the signal ®. Such a sighal window is termed the control
pattern & and an example of B is shown in Equation (8). On the other'hand, if the subject
does not intend 1o use the BCI system, a non-control pattern, \¥, is obtdined whereby an

example of ¥ is shown in Equation (7} with all rows having the non-control epoch O.

® @ P
P @
O P o
E=l0 © @ © (6)
o @ @
1 © ¢ @]
00 0 0
0 0 0
Y= (7)
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WO 2008/097201PCT/SG2008/000048 15 verification and a risk-based
decision making approach are used. Steps 402 - 418 in Figure 4
correspond to steps 302 - 318 in Figure 3 and have been described
waleetIrEstep 420, a risk of making a decision on whether & SE3R#8tH00648
intends to use the 5 BC! system is calculated. Step 420 first calculates a
posterior probability that the contr&slgnal is received given that the
ensemble of SVM scores D is received and that the previous decision on
wHeherasersn ppechabiin ds terisdalns BT ge8tetifisrafens rtayise posterior
pmbaiﬁﬁgsthatmnatdmrcbmtmmmerfe&;masgﬁeeim@eéh@ﬁaﬁisivm thakrdben,

e R E

probability calculated in step 418 and P(EIY) is the posterior probability
that the control signal is rece red 5&@9@ evious decision was Y.
PLY) is obtaifiéd! by medetingtr EEF 6} 5 5 A-successive gates
using a simple Markovﬁtpdelztﬁﬂ(ﬁta D ., Y3-p 8 ‘EJY})’E‘@ -3 1 D)(18)

The risk of making a detision on whether the subject intends to use the
BCI system is then calculated by Equation (19) in which R1 is the risk of

a. decisio the subje use t e BC' system and R2

is the ‘?“?E‘o?cﬁ?&k}gﬁﬁ & kf%tw%tyrhe 54 Je&ncfoegeﬁtgﬁn‘f’@ﬁd' teoles:
givenia B §mewwwmeem1rawm@ne gren definediising) trdiainly
P(=) SaMples. Rs=RiRtnd B Y5 fRARGT (Rd: Bher DAL 2REnSIER 422, 1AL BRGK
|s performed to determine lithe risk R obtained in step 420 is greater than
a pre-defined threshold Rn. R-ri is the risk that would result in the
minimum sum of false rejection rate and the false acceptance rate. RI) is
determined using tralnln_q data in the example embodiments. Two sets of
data are g&ﬁe‘@ted n(g*)the training phase with one set used for nfodel
training and the other set used for 30 evaluation. Based on the training
data, the false rejection rate and the corresponding false acceptance rate

fomvadaitisrthpesEigsiang < alaw e Btgmﬁrﬁﬁp?ﬂldﬁe@m theshoida
ooafNh LSisKT L he dalsssiation s1r ANGLInG s Aceepiance srrapis

072008/097201 minimal. |
assur?frﬁé'bah@? AR RER BredResaitan Rh, steps 406 to 422 are

repeated. Otherwise, step 424 is performed. In step 424, a check is

performe&}gﬁeﬁgmﬁ }_I;tgjel gﬁﬁb%}ﬁ% was received (10)

&, f Rl

system

Simitarly, p(D¥) is the conditional probability that the SVM scores D are
obtained given that the subject is not atfending to any button i.e. not'iniending to use the
BCI system and Is given by Equation (11).

(DY) =Hp(d,-j | O} (11)

In Equations {10) and (11), p(dyl®), p{ds®), p(ds|O) are the conditional
probabilities that the SVM score d; is obtained for the i epoch in the 1 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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5 i.e. whether the subject intends to use the BCI system. Step 420 is
performed by comparing RiP(EID,Y) against R2(1?(EID,Y)). If RIP(EID,Y)
is less than R2(1-P(EID,Y), a decision that the control pattern was
wieywR/edi8imade and step 428 is performed. Otherwise, stély HB61808/000048
performed whereby all the collected signal rounds are discarded and the
processing scheme restarts from §?ep 404 in which the counter is set 10to
zero. In step 428, a decision that the subject intends to use the BCI
can %%t@%ﬂi%drﬁa%%%86%&%%&@%&%%@@%@%@3@@%ﬁfWééﬁr the
targeStepsiY 3¢ and-43R:-tepresponidite steps 326 emetBB2SpedhiglyaiBEquations
{12) ﬁ%‘?%ﬁ&!\(%x and haveResp desciibed %%é‘graﬂa%zstnm!ﬁ&%ﬁéﬁ%@%%&ts

wchart illustrating further details of the processing scheme
he sndsidin gwaﬂaw%&?ﬁﬁféaar?{s%&fﬁﬁ%{wﬁé%&r%é%ﬁ@@ﬁﬂewa|
via ydrficatiorandsa omrigRiyascthdetisiosinmking cpprodichebreadedn a
postEPsREE mbkeLcorrespond to steps 302- 310 in Figure 3 and have been
described above. 20 In step 512, a check is performed to determine if
the counter is greater than L, (Lm .3) whereby Lm indicates the minimum
number Qﬁ@@@éh@{[ﬁd‘sﬁm@e}recelved before making a decision oii2)
whether th tends tg use the BCI system. 25In step 514, the
postenor%&ﬁé %g@fofuaﬁy e possible signal windows collected gtthe
end of th t:e GROLI r%uryiz?re calculated. Each posterior probatelg 4 is
calculated accordlng to Equdtion (8) above. Denoting the total number of
rounds of signals collected by kr, a possible signal window includes all

sig«f&irrweeﬁmmﬁhefnﬁ%tﬁm@mw@@H@ﬁtﬁd mumdﬁeﬁhmmt@d:mm& is
was coII ?ﬁ r s before the most 3 ecent col n
port R TR 10 s g Bl Mt (e Rt . e
pr 8—@@%ieﬁeﬁhﬂﬁdm i& el IRR RATEIENR ifl’léh@oﬁﬁﬂ’i@i’&ﬁa pigneingirerample
embp@seite signal windows, 55, 34 and 83, as illustrated in Equation (20) are
extracted to give the full set of possible signal windows at the end of the

5th round. WO 2008/097201 PCT/SC2008/000048 17 85 = gl)
1} Training samples of confrol signals and simulating non-control signals are

collected. The set of control signals are randomly partitioned into two
subsets; set A and set B, v

2Y A SVM is frained fo discriminate between all @ and all @ signals in set A

3} The SVM is applied o set B and the outputs d; are collected. The empirical
mean and standard deviation of the oulputs for @ and ® signals are
calculated and the .sigmoid -parameters for the posterior probabiities -are
obtained. ' ' _

4) ©On set B, the posterior probabiiity measure, p2 (probability that the control
pettem is received given the ensembie 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 5 that produces the -minimal false rejection rate, e, and false
acceptance rate, e.y, given by Equations (15) and (18) is-obtained where Ng
is the number of control patterns in set B, Nuue i the number of non-control
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(1)S2 (2)S2 (3)SI (3)S2(4)S1(4)S2 (5)Si (5)S2,S(4) N( AT,
W)= (2)Si(2)S2: (2) sN,

WO 20688/097201 PCT/SG2068/60G048

14

patterns for raining and the ulx} is a unit-step function which takes the value

of O i x20 and takes the value of 1 otherwise.

i =
€ = “A"}”“Z (- pf) (15}
P -

o = I 2 u(pf? —n) (16)

NenC

if the posterior probability Py caloulated in step 318 is greater than the threshold
1, step 322 is performed in which. a decision that the subject intends 1o use the BCY
system is made. Otherwise, steps 306 — 320 are repeated. After the decision is made in
step 322, steps 324 and 326 are performed. in step 324, all the collected signal rounds
are discarded and the processing scheme restarts from step 304 in which the counter is
set to zero.

In step 326, the process of command recognition is performed to determine the
command that the subject intends to input into the BCI system. In one example, a
classification method which picks up the maximal averaged SVM scores, d(i,t), among
all the butions-is used. The button-that the user has intended fo select has- the. SVM
score, ¢, given by Equation (17} whereby T is the detected signal time, i-refers to the it
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.

et ér»gmaxi > di.1) (17).

sl

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

Figure 4 shows a flowchart fllustrating further details of the processing scheme
200 according to a second example embodiment whereby a fixed length signal
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verification and a risk-based decision making approach are used. Steps 402 — 418 in
Figure 4 correspond fo steps 302 — 318 in Figure 3 and have been described above.

in step 420, a risk of making a decision on whether the subject intends o use the
BCI system is calculated. Step 420 first calculates a posterior probability that the conirol
signal is received given that the ensemble of SVM scores D is received and that the
previous decision on whether the subject intends to use the BCI system is V. Y may be
the decision that the conirol pattern = was r@ceiﬁecﬁ or the decision that the non-conirol
pattern ¥ was received. This conditional probability is ealculated according to Equation
(18) whereby P(Z{D) is the posterior probability caloulated in step 418 and P(EY) is the
posterior probability that the control -signal is received given that the previous decision
was Y. P(E]Y) is obtained by modelling the correlation betvﬁeen successive siales using

a simple Markov modsl.
P(E|D,Y)=PE|PE]|D) (18}

The riék-of making a decision on whether the subject infends to use the BG
system is then calculated by Equation (19) in which R, is the risk of making a decision
that the subject intends to use the BCI system and R, is the risk of making a decision
that the subject does not intend 1o use the BCI system. The values of Ry and R; are-pre-

defined using training samples.
R=RPE|DY)+RPI-PE 1D, 1) (19

in step 422, a check is performed {o determine if the risk R obtained in step 420
is greater than a pre-defined. threshold Rn. Ry is the risk that would result in the -
minimum sum of false rejection rate and the false acceptance rate. Ry 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 various thréshotds are calculated. Rn corresponds to the

threshold at which the sum of the false rejection error and the false acceptance error is
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2(5) N,_ (5 Si (5)Sz. (5) SNs(20) 10In step 516, the signal
window with the maximum posterior probability among all the possible
signal windows is found. The signal window, with length 1,, has a posterior
wprglsabiimp: Pim associated with it. In step 518, a check is patfatyteaswoccss

determine if Pin, is greater than a pre-defined threshold n whereby n is
determined in the same way as in tep 316 of Figure 3 and has been
described above. If Pl, is greater than n, step 520 is 15performed.

minimaDtHérivsdestepeckite irbdigraf@s didtedisk R issigsies dipo Spg steps 406

to 422 GRERPRARG: (O®IaNE:S 24:p328. b fugbraskrespectively and have been
described above. 20Figure 6 shows a flowchart illustrating further details
of the processing scheme 200 according to a fourth example embodjmgnt

ety varatsie feprRTATEIGA A VBIFIEHHOR B AR IPBEEB I GRS
Le. wimakinghapprgachisremasead. dseFigarB®, steies6G2p\A30 is performed by

comp R3S/ SOFEABRGTISERAPEIRYANE G 016 Carprgond (0isleps50amhLE
of Figure 5 and have been described above. In agdition steps 618 ;830
Re{1-FéFiEGre 6 CHHRISHBHA oS B4 P FIGRE 4 St eV §f0 Ben

perforflesctlieavalg\wep 426 is performed whereby all the collected signal rounds are
discarded and the processing scheme restarts from step 404 in which the counter is sel

io zero.

In step 428, a decision that the subject intends to use the B! system is made
and subsequently steps 430 and 432 are performed. Steps 430 and 432 correspond-to
steps 326 and 328 in Figure 3 respectively and have been described earlier.

Figure 5 shows a flowchart illustrating further details of the processing scheme
200 acocording to a third example embodiment whereby a variable length signal
verification and a non risk-based decision making approach are used. Steps 502 - 510
correspond to steps 302 — 310.in Figure 3 and have been described above.

In step 512, a check is performed to determine if the counter iszgregier than Ly
(L 23) whereby ‘L, indicates the minimum number of signal rounds to-be received

before making.a decision on whether the subject intends 1o use the BCl system.

in step 514, the posterior prdbébiiitées for all the possible signal windows
collected at the end of the most recent round are caicuiated.' Fach posterior probability is.
calculated according to Equation (8) above. Denofing the total number of rounds of
signals collected by k. a possible signal window includes all signal rounds, from the
maost recently collected ‘ro'und to the round that was cofiected | rounds before the most
recently collected round, whereby 1 is the length of the exiracted signal window (bp sl <
k). For example, with L, = 3 and N; buttons in the command pansl, 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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5The advantages conferred by the embodiments of the present invention
can include: Firstly, the BC' system in the embodiments of the present
invention is an asynchronous BC] system which allows the subject to

weoliAsariseswitch between using 10 and not using the BCI $Stétaanitisasss
the aid of any other external inputs. This makes the BD system more

~ user-friendly especially for patieng suffering from neurological disorders
which result in them having short concentration spans such that they are
unable to continuously attend to a single button for an extended period of
time. The asynchronous BC! system is achieved mainly by using a
rejection algorithm in the 15 embodiments of the invention to remove
undesired signals generated by the subject when he or she is not
intending to use th Bf@! sygfermfi? issfét ins’g) nscious or good control
state. These undesired sigials piay lead to,confusion and cause
unwanted actighs=forh the exterfal deVices”. Thus, the BC! system with
the rejection algorithim in the embodiments of the invention is more robust.
20 Secondly, singg the{Attenfjon kel ofa person may vary from time
to time, having the variable length’signal verification in the embodiments
of the invention allows the BCI system to be more adaptive as it adapts to
the attention level o §hﬁ subject Joy firﬁﬁn the time window during which
the attention level i pg ceiVed to e the highest: 25 Furthermore, the
variable length signafyeriffcatiofzallows the BC! system to respond, to the
subject's comnigdnd mére promptly as thelprocessing scheme
automatically choosesdhe gptimakjength pf the signal window at a time
instead of waiting f f&fixébﬂslensd’th ofg’t’h signal window before further
analysis is performed. 30Thirdly, the risk-based decision making approach
in the embodiments of the inventign,takes into account the history of the
subject's intention, alRﬁ%ingf’?ﬁe B@I ystem to be more accurate. For
example, if a user o g;BCIsg,ystejg} as input a letter previously, he or she
is more likely toSgentinue to'input anpther letter. The aim to WO
2008/097201PCT/S(G2008/000048 19 minimize risk in this approach can
also achieve a lower sfimbe’of wifong decisions made. To further
illustrate the advantages of the embodiments of the present invention, 5
experimental results from the implementation of the embodiments of the
praserpisteniersigrelpresentedibélewnaximunigaiesior sienebisismers al

the ﬂHHQHﬁ@tH@an‘ RIRPRE rig%ﬁﬁ!ﬂm@dﬁ@ﬂwmw plgmemgatinn r@‘stb_qjosterior
orob S :&Z%S'f‘ag ggge{gg wzg Oita%c%)t%r}aéoai_‘-@ﬁew{sag%éﬁg}mgd]tg%@g%%%tm is

iXed length signal Verification and a non risk-based-decision

greamdk&p@aapmg@p,eg,@rggwg n whereby 7 is determined in the same way as:in
' stepr 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.

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

have been described ahove.

Figure 6 shows a flowchart iliustrating 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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To obtain the results illustrated in Figure 7, samples from six participants
were collected. The sample set was divided equally into sets A and B,
where set A was used 15 for training the SVM and set B was used for

W RIHRI8%AY Btatistics of the SVM scores. In the experiment, R KSEqid/g0o4s
10 i.e. 10 rounds of signals were ¢ollected before a decision on whether
the subject intends to use the B& system was made. Since non-control

patterns are so diversified, the focus in this experiment wag on 20 a
615 Spmeiatyh SRS EERM ] DALELER oA LA T DL e:

additichpesificaliy,-s6eh pattiems areogesieraded ifitis $dBject ThiangEsodud
have SLOMSorad toraungdzor example; a varying-focus pattern may have a
signal on s8(13 for round 1, a 9 signal on. 85(F) for round 2 and so on,
with the rest of the signals being the (1) signal. The varying-focus patterns
Focclebantoara e odAtoN fat ki SBEEATRhay L5 e EREIN T 4t
include2d round. Therefore, it is more challenging and interesting to study the
system performance for rejecting these patterns than for rejecting other
patterns. Furthermare, such varying-focus patterns can be Uy,
Shiiiutehe 1R e sXpetifelht Selﬁ}é %Eg?%%:tﬁs%;ﬁ be IFselsrrei.ﬁ?altré ﬁb%/xghigng?ng
asynclihenposiiohsykitte Bhiigreiossr 8 Féterdo 0IHERIITRHIA SRRBRE" 88 on
and ndRethedithaselispywasimplementedintistaxperimeatisouas (hisighiight

the BHQV%}?% vantage of (e relggt %%ﬁig%é%ga@rﬁ@m@mgm%@f therw@ption

0 e simple rejection method. Basically, this simgle reégctgjé; @ethaor
disordgege ¢ GatRiyiBchaRis Ay %H%WB¥?T§’ ettty on {}ﬁ dcores
unabléathenithamoshthtard babilitinaie hutipasionsre Adendekmeret patERR-is e
asyncﬁ?&%xgdsé?%{Je?shmglt@{zwéewaé’&%ﬁwm BGajéSf&aoaﬁm&?% 2@@
score is selected and tested agains r

embO@B}?@EpBEngtb“}’ﬁg{;gpog%fgg}ﬁ of the ¢ %%‘é;%%gg %%ﬁggg !#orgt%]g
when PENpIyRDE [SanesineringidR Heer e BIS| RESTR SN B 79I G AR FaRE g o0
contrdlCiRsHOTratRs (oes 20 2yiaanchA0 R3)atud dbifisitve ant apuascamgrsed
action(s” B8 R4 %ﬁé}Qa? g@&)ﬁe§uﬁm9,t$hyb@9 dyéRBillusirate thesbatesdigolartast

sets and training sets_resgectlvel when the simple rejection algorithm is

the eyl MeERIHSHMSBIE DELTEYD illustrate the false rejection rates.

(lines 7020 and 702D) and false acceptance rates (lines 7040 and 704D).
Subplpiey7 Srardiisilkiaivate it atpsrion theytestySetsdintd thaitrairingng
sets respect] | ertionAlgRdtinassaeing tadhethe BCL
the _Vae”r%%gd? %2&%%% %ﬁgr%\}gﬁégﬁ E@fﬁ%t IS t(:Ie r fr m sy bﬁlligtéscz@ -ffg Qtﬁgt
systepndorBRERSR AMGBINARASILEGAIIT J1S thE ENISOdimMEnts Of the Tnvention has
the taehievetbmuchigweridhlshe sjdetitnm e tifangmeiahpie RSeEfoRighest:
Fuﬂh@&%?%hme VigreRagicuasghakingitbaisuriohthedaten @(méafptmﬁ cepate dnd
the false rejectipn rate as a.measyr Jaieetans
oo B EIEIR A R SR LR PO R AR ltnes
the opfresitenshavii pevA vadaial pamsHSiARS Jaline [ed TSR SO
the sitgjgclipaaigaithmusineetiabyibdo/esdonieded a lower sumtn.the false
acceptance rate and the false rejection rate. Figure 8 shows subplots
illustrating further experiment results from the 20 imple ' f
TSP D R SRR R R e o SALAHARE Hne

ccording to rst example embodiment

 inventidterelsgsainivedcremigintag RtV e o UiRFLS BT R A e (18 R

systefaking appseachrare BsedxSubiplota dcand 8BShaeieheecopaitiptetier
errors bef ines - - ines&H4AI8RA 3 Kejeetion:

prev ’%Uusﬁyrilgtes §£%ér%dg8'é§§r%év!\l/{ %ﬁ@r%ﬁ%%ﬁ?e%e@a%%ﬁammg data sets
respectively vvhen the simple rejection algorithm is used. Subplots 8C and
8D show the recognition errors before (lines 802C, 8020) and after (Vines
804C, 8040) rejection. Subplots 8C and 8D show the errors for the test
and training data sets respectively when the rejection algorithm according

- to the embodiments of the invention 30is used. Clearly, the rejection

algorithm according to the embodiments of the invention
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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
WG I08097201PCT/SC2008/000048 21 only is it clear tHt T6fepts/000048
recognition errors are achieved afgr rejection algorithms are applied, it is
also apparent that the rejection algorithm according to the embodiments of

- inyention_is more effective than the simple rejection algorithm as it

1 ]
m‘“‘mggc R raPé’c%"‘g“r%t%‘r‘? S Sohigte 2o ee'é‘é%“rﬁé@?eﬁ‘%ejcl?’fé’ﬁ‘%ﬁ%?‘s‘ms
mad@rejection Improvement Training set 7.9% 5.1% 35.4% Test set 2.4% 0.9%

62.5%
To further illustrate the advantages of the embodimenis of the present invention,
experimental resulis from the implementation of the embodiments of the present
invention are presented below, '

Figure 7 shows subpiots illustrating the experimental results from the
implementation of the processing scheme 200 according to the first example
embodiment whereby a fixed length signal verification and a non risk-based dacision
making approach are used.

To obtain the results illustrated in Figure 7, samples from six participants were
collected. The sample set was divided equally into sets A and B, where set A was used:
for training the SVM and set B was used for producing statistics of the SVM scores. In..
the experiment, N, is equal to 10 i.e. .10 rounds of signals were collected . before a
decision on whether the subject intends to use the BCi system was made.

Since non-control patierns are so diversified, the focus in this experiment was on
a spebiai type of non-conirol paitern called the varying-focus pattern. Specifically, such
patterns are generated if the subject changes focus from round to round. For example; a
varying-focus patiem may have a @ signal on 55" for round 1, a ® signal on.ss? for
round 2 and so on, with the rest of the signals being the ® sighal. The varying-focus
patterns are closer to true control patterns because they contain © signals-in each
round. Therefore, it is more challenging and interesting to study the system pérformaﬁce
for rejecting these pattemns than for refecting other paiterns. Furthermore, such varying-
focus patierns can be easily simulated. In the experimert, such patierns can be

simulated by changing the position of the @ signa!l across rounds.

In addition, a simple rejection method {baseiine) was implemented in this
experiment so as to highlight the advantage of the rejection method in the embeodiments
of the invention over the simple rejection method. Basically, this simple rejection method
uses a gating mechanism and the threshold is set directly on 8VM scores rather than on
the probability measures. When an unknown pattern is received, the maxima! SVM
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sole Error rate Before rejection After rejection Improvement Training set
7.9% 6.6% 16.5% Test set 2.4% 1.7% 292% aDle 10Hence, the
advantage of implementing the rejection algorithm in the embodiments of
wehaespetion for the implementation of an asynchronous BEyftensianon4s
clearly illustrated in Figures 7 and 8, and Tables 1 and 2. In another
experiment implemented according to the third example. of the 15

invention whereby a varlable lengt nal if]
scofe Wﬁﬁ?@oaaﬁéﬁ%ﬁ AGEIRYS %F%‘Qélc?d%(‘fg uvs?()érI %ﬁ%e F%%ewe%%%%?gﬁ rc]ia o

the crotsapactaristicS RGE)ref thariptioay QeRiNvere ﬁﬁ%@d In this

experiment, a few machine-guided tasks so as to conduct offline analysis

Tngs%ures éesY)%ﬁﬁggé & dgy '%@%;L%&%@%s@%?e%@#PQL@S‘QI@é@@GzA

R -G e U
ilustrate the rates for the test sets and training sets respectively when the simple
rejection aigorithm is used. In addition, subplots 7C and 7D llustrate the false rejection
rates (lines 702C and 702D) and false acceplance rates (lines 704C and 704D).
Subplots 7C and 7D ilustrate the rates for the test sels and 'the training sets respectively.
when the rejection algorithm according 1o the embodiments of the invention is used. It is
clear from subplols 7A ~ D that the rejection algorithm according 1o the embodiments of
the invention has achieved much lower false rejection rates than the simple rejection
algorithm. More particular, taking the sum of the faise acceplance rate and the false
rejection rate as a measure of the performance of a rejection algorithm, subplots 7A— D
illustrate that the embodiments of the invention have achieved a better performance as
compared to the simple rejection algorithm since they have achieved a lower-sum-of the

faise acceptance rate and the false rejection rate.

Figure 8 shows subpiots ilusirating further experiment results from the
implementation of the . processing scheme 200 according to the first example
embodiment whereby a fixed length signal verification and a non risk-based decision

making approach are used.

Subplots 8A and 8B show the recognition errors before {lines 802A, 802B) and
after (lines 804A, 804B) rejection. Subplots 8A and 8B show the errors for the fest-and -
training data sets respectively when the simple rejection algorithm is used. Subpiots-8C
and 8D show the recognition errors before (lines 802G, 802D) and after {lines 804G,

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

respectweiy when the rejection-algorithm according fo 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 obiained by the
algorithm in the embodiments of the invention and by the simple rejection algorithm. Not
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The three sessions in which the tasks were grouped into are as follows.
Session 1 consisted of 3 sections. In each of the first two sections, the
subject attended to one button for 8 rounds, paused 2 seconds (as per the
WEeOoHB (Y video guide) and moved 25 on to the next butto ARGk B ipe048
she had gone through all the .9 huttons. 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_t_sect!on were
only isyibplags Sept R TSI (B S C AR AL FEh IR e TG A o target
applie®308 dateappahet3hsetitiorjthiorPagndhitorwasitlpsedharmridigianie
the inSlaygH:in the.nen-soatihstate sHencelhaidatadsamnthe Srdsestieniovas
used to estimate the distribution of SVM scores of non-control epochs. 5In
recogrBIA RIS the subject stayed in the control state and concentrated on one
button for 50 rounds, paused 2 seconds (as per the computer's video

S ayeand ;(ovaéfenet&j&mmext buttafenntiehbioor she haergomenthrbugh

Tathe 9 S: Thc?s%biun was used g gyaiuate e propegedmetho
i terns of the true positive rate (TPR).-10Session-3-¢onsisted-a£-3

destistis. In ehch of tHe™¥sections, the subie? stayed in the no:r};i:ﬂfé;ontrol

state, paying no attention to any bigtds or the computer display. Each

section was as long as Session 2 which contained 50 rounds of signals. In
the first sectign.-the-subiect\was-sin

D

LI A A PR A lllgiﬁ% & SGIenINEOIn th 7 DULQ.H govgﬁ,{%&{{l, th
Sipj&etwas relaxet RHTREST helr eyBt A2 OIh the third Ty

TeaibijErtavas given a qié8kion sheet 15 infiding a few arithm%%%?ésks,

Frdiwas required 1o Tipish, these tasks quiekiy. In total] the three28ections

allowed-the-evaluation-of-the-emb 'Jijggﬂ its-of the-inventioninvarious
non-control conditions. During the fata analysis, the three sections were
combined. According to the timing scheme mentioned above, Sessions 1,
2 386L3, tagk 26deppoxinudtelyplebamitngeshd marrslien antbdtminitedhe
emboBSRECIYEN: ThesURIRF AR RlHGLIpAakean shidisaakspdtsPsten is
minutes in between two dsgssm .b];er%e,ltg]'%l‘-zdata collection on each
clearl ilyslrateg e b IoHES O, ARTAteR 40 MiRttes excluding the time taken for
preparations. 25In the experiment, a NuUAmps device from Neuroscan, Inc.

Was HReHdP Bxgasiethenpratpdicainesigndiiy Thetrainisigmaiemiere! the-
invenﬁ%%ogr\%%gegspg' A%-AC) elactades plagedion the suHacealsar wdkiashs
“heaq, corrésponding to the inferior frontal c%ntral and {gaﬁ%g rﬁﬁk‘ﬁ@%& .
making PBRERCH ECUIRE e e (REEVTO BT ATS SORIBHIR Fate Oz
systeFuntireranehgad brikiy exmedmentadawcoreiitesridra (Rgssaiay tyconduct
offinStHRMEBaRNGIation I0nardwiadRoRsIivRso tsksonverguspedwhierdisy
folofiEtlys code (eptosenting. 2 BaERRNLIOR [stuisuRs-peskihes
“Rafdware via the para ol port. Next, the signal machine inserted this
b‘—‘“oﬁﬁr‘ﬁiﬁ‘l‘d@%@‘é‘é"lﬂfd’g‘%ﬁéﬁéﬂ%H%.‘Hﬁgf.)qﬁ'?his way, precise time information
. was recorded, even though there was a delay between a stimulus being
W@, 2008097201 ¢ T Rfer R34S L graaner atethandsthdiows. Session
carresponding.brain signal heing received. T 0 i
1 cor e PR REED SO g eeione RS SO b

b
 buttom e SHEH e PG Z??%dﬁﬁ&%&i@%&%ﬂ%?s@&?p@fﬁ%ﬁé%%g
on tdlage SsjesigoponeR hisaieshn the wsle theyaverlbtbe ety Uthrtrs each of

the two sections contained 72 rounds of signals, corresponding to 72 epochs of targst
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™ gection, the
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flashing of the target button. The performance assessment of an
asynchronous control system involves two factors: the capability for
detecting the true events when the user is in the control state 10 and the
Woaadiiizdor rejecting the signals when the user is in the nGH-EB6LHIS/000048
state. For the first factor, the performance measure termed true positive
rate (TPR) can be used. The TPRndicates the number of control events
the system is able to detect within a time unit, for example, 1 minute. Fort
mﬂnﬁfr—ié’*@émﬂfmFbwmgt%@@éﬁﬁwm@Miﬁ%%ﬁ@mﬁm galg fiam
the dfsee:tibhenkP Rdadlicatesioniaveragestibatiotmbanof faise:d avemts:tinthe
epocion-control state) that the system will detect within a time unit. Since
a threshold on the posterior probability was used for the detection of the
control state, both the TPR and the FPR are monotonical functions on the
thiesksieloy dluausdhive Altiedinabroldniner side syridoth TRRraind BPRNe

buttobrd@pubbtisdheie isdthabyays minad ephbbrinesiutRRAAdHHR
onfo %@%{%&;S&%ﬁ%ﬂ t]ilé'%tlg %%Q)J%olgﬁ'ﬁe ré;baﬁ%v C%a tr?nes uﬁ%ds Osz';po I%%te

ormance of Stem w curve Is a curve
used &ﬁ%ﬁ 5 Hﬂﬂﬁ@tﬁ@tﬁﬁ?%ﬁm the EW%IW@%%\%& a plot

illustrating the ROC curves after the implementation of the 25 processing

S%@a@#@@oagﬁ@y@m Téé&h@rﬁ“fﬁi SXBPIR-ebogimenthereb@yed in
vari ab{ &en th SI na ven ation and a nan risk-pased de ISI n r[%? Ea%h

e P OACh Are L é"‘gm ure‘%f‘ the RO e o r SRBH S e
sectiof BiRtRS(IiPhss %ﬁe@w il goBipiRs &%W“Q@anﬁér@‘ﬂﬁr@sﬂtﬂ(ﬁm‘
sectionathe setjen the pogtagiarsprebabifity sneaglisedtisrohtaisenidnt hayatpRdB)

with ﬁ%r&haeq%v&t'aasgath@tﬁeam slaiRxPatb éhaé&?ﬁaerqibga\e F&Bs@éﬁ sheet
ofonical functlonstfﬁQ n the threshold value, When the thresho

'“‘*"”‘?W@ré‘a?&’sa‘%‘ﬁh@% AR ﬁ?%ﬁediré‘)p“i‘ﬁbﬁ‘%% RS aﬂb\/%l% g total,
the thielecofiPpefliesprtie PrRRainT pidiErambadinesta i dhehistaréshdidaThes -
non-dofC cundaiaa) beringeskiosadicate ) enperfernanrmoivad Hamsiataction
system. In Figure 9, each data point corresponds to a specific threshold
and illustrates the tradeoff between the FPR and the TPR when different
thfSSAIEY dretdhdBURY EErERaTIRRIRTAR AR e SRUTHPTS ser e thdbte
approRPRIRY] Y eniniieiniferfutsbject 908pineB Gesystimcafhachibiestavas.

allowd®R efiapppsimataly éi)et»semmmtm Tt RenbiRst-3Q8 ko WYkl Baty
coliecggﬁ %Iﬂoelgé@? & gcltl?g]nt%@t ?o'>:< mate ngévent { mlnut? ];9 Hf‘fl)%%g ? Qén%r

ystem can achieve a of 4l appt‘ommate
PrepaSRiSi®/minute for subjects 902 and 906. Similarly, if the threshold is set to
achieve a TPR of 15 events/minute for subjects 902 and 904, the FPR

wwtqei REFRARRAR ammm@%é RyaNiS(Rise far S\HQ@%@@%@;@W

o <204, illustratin t or tradeoff 10 between TP
e s R o e o s e e e

on thy erfasp bR euRierbidiparheoTRiatiEde thie interisdraptalitgetral and
parietsifesgrationf oine iszablEHe dgmmunisaie wiiestivaly thippghothe 36 | ods

Furth@¥RIR0 YR AUOR 2o EQUBHAN (B duhRN {ﬁnnn umherRffonads.

er minute and P is the\%robablllty at the target Is |t (I.e. the contro

and (ERaTIHSEoR: SR ST B S S qppeseniing &
particidasdvainn feshing thestarss YejbethartvBRRia kit theratd agnitiyaxadbarsioya!

machir@ aeRoteingitoshauREO (32hB = deeaNHaRnlao 2 Rits (hah) lpedkd Ry
infornlgyo'r?'wégjr)egc)(?ded, even though there was a delay between a stimulus being
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P = (1- FRO* Fa(22) 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 25 embodiment whereby a

wogfiefiiesmgth signal verification and a non risk-based--de&iSIERGHARIPRY 48
approach are used. In Figure 10, the ITR is generally monotonic over the
FPR for each subject and the right limit of the FPR axis is 7 events per

te. Th observation that each curve roaches a m

fes tr?gfabe ona’ Eeven‘stgpmm fgm% ch?t dgéf‘éﬂpa%n%”ﬁﬂ‘
SXpeRE thifge MYt Wﬁé’ﬁs%ﬁﬁ%ﬁt@ﬁc?ﬁ@%@%iﬁﬁﬁnute can be achieved. With
such a high ITR, the BC! system according to the third example of the

'n)ﬁ%ﬂp%@éﬁﬂ? Q&%Q@%W’?n%ﬁ’e%é@@@a‘ﬁ’@@i&@@ g%%%‘;ékgo%a@éké@ QW lifis

‘fg:%n%g{ rﬁg%@b WO 2008/097201PCT/SG

e BrIMHREED FaNS W R thifs SempRy SrfSafiee ﬁ?m‘a}ie%

ﬂﬁs“‘&@/@fﬁﬁ@l@‘ﬂ@ﬁ@ﬁ@i‘gnal verification and a non risk-based decision making
approach are used, the online performance of the Bel system was

Inyestigatetn e %&L&eﬁ%‘?@‘o‘?’% M@W&%&Q é@rﬁré?éy 100 fboes, two

processi Stem using Visual C++ and C# and an 5online test I’O'[OCO|
Taciong;y ‘@‘%8@@%&%’ for eﬁﬁ‘fﬁﬂgﬁﬁﬁér{&?‘fﬁ%‘&’&ﬁ@&ﬂ%u%@& %f'?ﬁ&ﬁ‘é’ﬁ’&%@fai@
and tRpuastidjectsrweicetingabicinignas. Wheniexpernient Sessiomcaisiisfett Was

the feea@eﬁquega@mém@wmmém had &e@%i%qm%@fﬁrm used.

The r In (f gcr)xlua ert%n Otnt{0|\rtg‘n k%hTwos %‘tgo?) ro‘l ]Epe a% Ws’t{\
rea dlng an restlng were Included In this experiment nthe readin ask

gonolL"

time fllsfBjeREWBlRd TRl EBNTEbiten Steres TRk WHMQFPtF@’F@%f?éSG

positit@skgtth 88D esb weulsktakiha FERt willdiis arheveeygs dhesedhidneictanisol

| evemtﬁ KRN EHRS -G ERS RANERCE Qb2 HRe A ARIRS H ARG HAS the

utton command panel was used, the digits from 1 to 8 were randomly
selected to compose the sequence, while the.digit '9' 15served as a
"batespaderepirtd rdhtorsteEm\PIpaRiEN sraduheg Gnilihe deserign of the.
contrflaghisessinraiarka avidhice Faarling tasictohueryiar iBpukdaskeshold
vaiue! SAY iRk %@iﬂe&xgw .%?&@QQ %@&ewtae EBRIA 3R, W%sd%@m

of each task was su é ect-dependent and no break Waséggjven in between

aivas i GRET (SIS EE | LB L& BT 20 PR 18Kl B R

curvergatlitg wasid dndrgicete thinpedorormthe nédtinPGiskyButavseetvetex iR C

curvedbEREOR OfSRGEIEATN WBSINEFRSERRY JeapReake the accurate computation
of the ITR and FPR, the actual start/end time points were recorded by

having the subjects press a mouse button when they start or end each
taEIgUt? SRNttR ARLLHHSERENS 1P RRC GHEVGR S4te tHe larnipnantaiar Ahied
procesripgricdibyio 2ed ehcsulijgdbubintpitd esteaipiegeotétalidbré ovisrdbyae igiablan

Eengt@gi@%EFPeBﬁll@ﬁ%{ H?%%MHH%E@}:JJ&% @&ké&ﬁtﬁ%kiﬂgll%p%%ﬁrw%dd int
e Ine reegpac acn su | n 19ITS
Fiaurg e e e e e R b A i e S R

P%XOI’]

SIfm""fhe computer monltor After each session, the ITR was derived. 30The
results for this experiment are tabulated in Table 3. As shown in Table 3,

thg:%‘%ﬁtﬂ@é‘%@@%&’f%@&%ﬂ B RyalRgy &%%%%t%@ﬂﬁé@é%@é‘%@@'ﬁ
ch.th atfo&avera%g it can com 1% te at an ITR of 15

Eq“ag%/r%?mﬁe in tr(?eé% REIPor itk & SRIBUERY & EOdiR &S Be?™
monofaivedb WOrdisny, ahd B direskekhyaiveortdhey ﬁbqﬁéz‘eshold increases, both the

TPR and.FPR will drop. Thus, there is always a trade-off between the TPR and the FPR
when sefting the thresheld. The ROC eurve can be used fo indicate the performance of
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WO 2008/097201PCT/SG2008/000048 26 third example embodiment is
able to respond to the subject promptly while keeping the number of false
positives per minute low. Subject 1 Subject 2 Subject 3 Subject 4
WRARNAPEIIR (bit/minute) 21.67 17.37 10.60 10.37 15.0 FPRCT/SG2008/680048
(event/minute) 0.20 0.71 0.39 1.54,

the detection system. In Figure 8, each data point corresponds to a specific threshold

and #lusirates the tradecff betwesn the FPR and the TPR when different thresholds are

chosen. Far example, when a threshold is set such that the FPR iz 1 event /minuie for

subject 908, the BCI sysiem can achieve a TPR of approximately 5 events/minute for

subject 208, However, if a threshold g set such that the FPR is 1 event /minute for

subjects 902 or 906, the BCI systemn can achieve a TPR of approximately 10

avents/minute for subjects 902 and 906, Similarly, if the threshold is set to achieve a

TPR of 15 evenis/minute for subjects 802 and 804, the FPR would Increase to

approximately 3 events/minuie for subjects 902 and 904, Hllusirating the cost or tradecfl
between TPR and FPR.

To further evaluate the BCI systerm, the information transfer rate (ITR) of the BE&I -
sysiern is calculated. The ITR indicates the number of bils of information one is-able:to
communicate effectively through the BCI and is given by Eguation (21). in Equation: {21),

ny is the number of rounds per minute and P is the probability that the target is hit: (l.e.

- the control paitern is sent and the command is successiully recognized): P is-determined:

by the false reject rate Frr and the recognition accuracy F, according. o Equation (22)
B=n {log, N, +Plog, P+{1-Plog,I(1-PY(N_ -1} (21).
PZ(I"FRR)*FQ ' : (22)

Figure 10 shows a plot Hlusirating the relation between the ITR and the FPR after
the implementation of the processing scheme 200 according io the-third:example.

" embodiment whereby a variable length signal verification and a non risk-based decision -

rﬁaking approach are used. In Figure 10, the ITR is geﬁeraily monotonic over the FPR.
for each subject and the right fimit of the FPR axis Ais 7 events per minute. The
observation that each curve approaches an asympiote indicates that beyond FPR = 3-4.
evehtslrﬁinute, a subject-dependent ITR in the range from 20 bits/minuie to 40
bits/minute can be achieved. With such a high ITR, the BCI system according 1o the third
example of the invention has been shown to be one which can respond fo the subject’s
command promptly.
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0.71 Table 35 In another experiment implemented according to the
fourth example of the invention whereby a variable length signal
verification and a risk-based decision making approach are used, data
wanzgEBifetted and analyzed for an offline evaluation of five HeHftfg00s/ 000048
subjects. A nine-button command.panel (Ns = 9) was used in this
experiment. 10 Each subject spent two hours or so in the collection of

thr e sessions of. dat Thes e ns wer as follows: Session 1
mc% 8”%329 {spe?;ge%?ac Orirou "E % enl{a exa embec? i”SAereby

e su ect was | nn}ﬁm W
variaginiporStsienzhyaiis %’61|eci'ea fiassed tsdisinm Pt eRIPEDY are

usedclhssifitns (BNdvisinSestiba RUhelsted dasahoddigsigh ahroBotsyatbenyas
impldReReRIRC Wﬂﬁ)é"‘ﬁﬁ@@'&Me§%§ gﬂe‘}lﬂe satg cellested:was used 9 4

Onhm\{al aggt th deteé:tlon accuracy 15 Session 3 included 3 sets of 50 signal
e sufﬂec ‘was imthe non-control state and the data was
used to evaluate the false alarm (false acceptance)- rate. In <the first,
sethndand thitdheebchecuies wassipgngngestiog suﬁjeda&s\wr@@se&eﬁ

total. CiQ%%%QBQr;ﬁ?AEP@E‘.QQr(eéF&%‘&}Q’&'%@%EQQJS ononsing, LR ok the, PS d

system for each su !ect when'the fixed length S|gnal verification algorit

had %ﬁ?‘ﬁpa%‘%ﬁﬁ rARIPLE (PR PR A TSR ‘ﬁJﬁﬁ%‘érrﬁWPe"%B?@%‘ :
tasksp|serdhovesdhedtR ofelseiBdidsystethiforameinsobjbctwheadng terkalite
subjdemﬂascjaigé@i verificatien ék%{ﬁnkelgfﬁuw%@%erl dtrwéqéméo%@t@ %aa@l@fci
m tw e e resu e 4 hay obtained wit
WOUI%:%%% sée %Erm%%}r{gte%t 8%%?2%0%% Jﬁﬁ 4eRCl9E ekq%qf Su% ecqgl %@ 3}?[

Sequgﬁ_‘;?@félgzl‘%‘@%rb‘f@ét @egf?r@igd As the 9-button command panel was used, the
digits from 1 o 8 were randomly selecied t¢ compose the sequence, while the digit 'g

served as a "backspace” button to correct any input error during onling testing.

Each session started with a: reading task, foilowed by an input task; a rest-task-
and an input task and ended with a reading task. The duration of each task was ‘subject-
dependent and no break was given in between consecutive tasks. Each-subjectl:spe‘ntz—ﬁ
to 7 minutes in total on the reading {ask.and 5 to 9 minutes on the resting.task. Because-
the exact duration of each task was necessary to enable the accurate computaiion of the
ITR and FPR, the actual start/end time points were recorded by having the subjects-
press a mouse button when they start or end each task. In addition, the threshold for the.
control-state detection is determined empirically for each subject using the training data
so as o achieve an offine FPR lower fhan 1/minute. The BCI system in this experiment
supplied online feedback to each subject by (a) highlighting detected digits quickly (0.5
seconds) in red; and (b} cutputting the digits into a textbox on the computer monitor.
After each seseion, the TR was derived. ‘

The results for this experiment are tabulated in Table 3. As shown in Table 3, the
online performance of the BOI system according to the third example embodiment is
such that on average, it can communicate at an ITR of 15 bits/minuie in the contrei state,
while producing 0.71 false positives per minute. Clearly, the BCI system according to the
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30.98 42.26 Subject 39.87 17.13 14.81 WO
2008/097201PCT/SG2008/000048 27 Subject 4 5.17 1235 17.67 Subject
512.57 14.29 17.67 Average 20.93 21.18

W 2008/057201 PCT/SGZOO8/066G048
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third example embodiment is able fo respond fo the subject promptly while keeping the
nurnber of false positives per minuie iow.

Sublect 1 Subject 2 Subject 3 Sublect 4 Average
ITR (bitfminute) | 21.67 17.37 - 10.80 10.37 15.0
FPR (event/minute) 0.20 0.71 0.39 1.54 0.71
Tabie 3

In another experiment impiemented according to the fourth example of the
invention whereby a variable length signal verification and a risk-based decision making
approach are used, data was collecied and analyzed for an offline evaluaiion of five
heaithy subjects. A nine-bution command panel (N. = 9) was used in this exper%fneﬂt.
Each subject spent two hours or so in the colieclion of three sessions of data: These
three sessions were as follows: Session 1 included 2 sets of 8 signal rounds-when the.
subject was in the control state and the data coliected was used to train P300/non-P300
classifiers (SViMs), Session 2 included 1.set of 50 signal rounds when the-subject was-in:
the control state and the data collected-was used {o evaluale the deteclion accuracy.
Session 3 included 3 sets of 50 signal rounds when the subject was in-the: non-conirol
state and the data was used to evaluate the false alarm (false accepiance)rate. Inthe
first, second and third sat, the subject was singing, resting with his or her-eyes closed-
and calculating respeciively. l

Table 4 éhows the TR of the BCI system for each subject when the fixed length:
signal verification algorithm with ‘N, = 4 (FL-4R) and N, = 78 (FL-8R} were.-used:
Furthermoré, Table 4 also shows the ITR of the BCH system for each subject when the
variable length signal verification (VL) algorithm according to the fourth exampie
embodiment was used. The results in Table 4 have been obtained with the false alarm
rate at 0.05/second. '

FL-4R FL-8R ' AR

Subject 1 35.71 31.16 - 4817
Subject 2 41.33 30.98 ' 42.26
Subject 3 9.87 17.13 14.81
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27.51 Table 4 Clearly, the variable length signal verification (VL)
algorithm improved the ITR by approximately 30% as compared to the
fixed length signal verification methods. Hence, 5 the advantage of

WHAWRE%20ariable length signal verification method in the erib&aftati80sF+8
the present invention is clearly illystrated in Table 4, whereby the higher
ITR of the BCI system implies that the BC! system can respond to the

subject.' s command.maore promptly 10121_?__“:@ 11 illustrates-a cr\hnmﬁflr\

%Biﬁ?td%agrarrh of a syété?n IllOO for proca ?rffg br;ln sgnals?r? g BO

Syisteirbaccording to 6ag&embodiment of #HezBresent inventioi? Phe

detection-uhit.1.1.04-for prnr\aeew\m the-hrain-signalsfdr-control-state

EYsiehE 1100 nciudeg@ggnput unit TT0Z2 3§ fgceive biain signais,ia

CL1 AT o7 H TAATO™T T U\JIILIUI OTALT

detection to determine if the subjecat intends to use the BC! system and a
recognition unit 1106 for processing the 15brain signals for command
reneghitior iftheroshighsitedetettitnniéthathoatenmines/thioththa R by

appm)‘? H@@W g %%@e@% Ble! SRR Agtn s&gxglevg?ﬁgéggnarﬂgtﬁﬁeﬁbﬁééhe
example embodiments can be |m lemented onac g;ﬁ % zg/glhem 1200,

the a‘%’@i‘?@r%%ﬂfsaﬂ)f%a\xﬂ‘ﬁ?ﬁ&r\%hﬁ ARS8 eI DURRAT,
of thegureheas inveofiupliteripady fvnstsetdgreXabietéd wWithipYHEChWTutERs p&fem
BCI s}200, anddostuctingibescompuiss sysiem 1206te.cpngsaidhemmathesof
pe example embodiment. The computer system 1200 comprises a
PromR gmputer module 1202, input 25 modules such as a keyboard 1204 and
mouse 1206 and a plurality of output devices such as a display 1208, and

pERter: 121ilistrates dRvbacatip ilecimipden1dG2ssstonréBledtoracessing
brain %&{Eﬁ%&?ﬂ%@%@%ﬁ%%aﬂ@;@@iﬁﬁ% W@{t dgviee p}aééwtt@@a@b&e

The s}%@%ﬁ?&éﬁgd&l & Internet or h%%ﬁ rggéw\(? A St%{ggsa %el{?to o unst

rea tWOI’ e compu er
1104 9o QURSEESDY ﬁh@hér@;aaﬁw@lﬁni%a@étral priste sigdpatiprgicadRigHAKS, i the

- subjeAGaRsgMe SR AM) sl2@0hand & Readr@ioly Memosg (ROMpd2RR. Fhe

bramg LILGF Prﬂh'é%dl?BQ%??J%MP&HQ%%M%{H%@&i@{éamt@%aeutdé@)mnes

nierraces, or example 1/Q interface 1224 to the display 1208, and 1/0

that ﬂ?ﬁt\‘é‘r‘?é%fé 'ﬂ%‘fé%otﬁ%_@%hﬁ BoMUT>04.  The components of the

computer module 1202 typically communicate via an interconnected bus
12282 anslHibcdnarpsicknonvmiodharpessontsikiiladh s thanrblevrapicarbnld

on JQS &iiggoék?&é?ﬁOQ%B I typicalsLPRIgd fo they g;reofa@e;@o tsg.

syst e encoded on a data storage medium such asa C

impleiNen &% GRIARe PURY 784 ‘Eﬁﬂ?ﬁfﬁafd’ﬁ%ﬁ@%\o%‘&%&% o‘?’é

compuiedisysiedriveed, aaddtnsiodipe deviceni286r Fyeeapplration ?ﬁ@@#ﬁ‘hﬁh%

meth&83¢ fadkcantirllesbadismaatexecution by the processor 1248.
Intermediate storage of program data may be accomplished using RAM
1220.

The computer sysiem 12()0 comprises a computer moduie 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’ conneéted {o 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 (YWWAN).
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Figure 13 shows a flowchart illustrating a method 1300 for processing
brain signals in a BC! system according to one embodiment of the present
invention. Instep 20 1302, brain signals are processed for control state
Wo@stisrnzee determine if the subject intends to use the Bel $ySt&mm20%/806H18
1304, brain signals are processed for command' recognition if the control
state detection method determinethat the subject intends to use the BC!
system. 25It will be appreciated by a person skilled in the art that
nﬁﬁf‘er‘&%i’aﬁ&ﬁ%‘ &GP nifb Al SHBRY ¥ AYHE MaBl e B dsdf @
Randimyeintiensalishowniriie ShEtdficenbedinentsviuithout Beparting frofne

mmpm@%%egm S%@%%t%iM%WQF%Q%Q%%?M%@%}%%8&, for
e iments are, refore . con ered |In respects 1tQ
examﬁ%s{?ati\lpe?ea%r? ehéétEr%{t?clnct{@g@gp %affar%%%‘, ﬁﬁﬁeigécgﬁg ﬁ% d ?)%%geliﬂs%%

keybagehaE86 stimuli has been described in the example embodiments of the
present invention, command panels using other types of stimuli such as

amoc%%mtg%%@eaﬁ%v'}rmselsgd@@sgh‘ dhe empadiments of
) the present invention, . From; ECSF PCVSG2008/000048 Received 9
IntercRNGHR IS0 A C IATNTE A FREMLI 8 PoceamitliBrain BRy iRy aTR

art. BCI system, the method comprising the steps of : providing a pre-defined
set of stimuli; repeatedly activating the stimuli in rounds, wherein in

e r h_sti S.is acti : ting the ective
o R O e L R e
systeg, (RAB AR PHaatSRtnniY Ife AR BV sHeh o it S Ridsam dash:
memirairesignahrecordedifeinpre ofrthepstidinl detresiponis tediP3Qbsigah
data RHgieraiordl esdbjectdnigpisitiisedhiaBGe StEINARolied. in its

execuiion by the processor 11248, - Intermediate storage of program dataimay- be
accomplished using RAM 1220,

Figure 13 shows a flowchart iliustrating a method 1300 for processing brain
signais in a BC! system according to one embodiment of the present invention. In-siep.
1302, brain sighals are processed for confrof state detection to determine if-the subject.
intends to use the BCI system. in step 1304, brain signals are processed for command-
recognition i the conirol stale detection method determines that the subject-intends o

_use the BCI system.

It will be appreciated by a-person skilled in the art that numerous variations
andfor modifications may be made {o.the present invention as shown in the specific
embodiments without departing from the spiri’é or scope of the invention as broadly
described. The present embodiments are, therefore, 1o be considered'in all-respects 1o
be Hilustrative 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 stirnuli
can also be used in the embodiments of the present invention.



- —-proeessing the brain signals for command recognition if the control state

| FirmoE[:SFdetection method Qetermines th_at_ the subject intends to usejthe BO pCT/SG2008/000048
- " system;. 15 wherein the determining whether over consecutivexgsirdsithecember 2608

brain signal recorded for one of the stimuli corresponds to a P300 signal is '

further based on a risk measure for evaluating a risk of making a wrong

determination. 2. The method as claimed in claim 1, wherein t_he'

determining whether over 20consecutive rounds the brain signal recorded

for one of the stimuli corresponds to a P300 signal.is based on a fixed

number of consecutive rounds_  3%The method as claimed in claim 1,

wherein:thesgletermining whether over consecutive rounds the brain signal

recorded for one of the stimuli corresponds 25to a P300 signal is based

on a vayrig Lﬁaﬁ%&&&&&%}r&gﬁ%ﬁarQM@gcl%y&%,r@@h@@;@@ Saigrefidn
round, different sets of corisecutive rounds

claim 3, wherein, after eac L
. are égﬁgfﬁ%sfga',_with respective numbers of consecutive rounds in the
5 different s¥S\ERARFFoIR A&t BN Tinimum number to a 30current
number of rergatssihsadivatitsetif §HuE Kifreadh HERFR VRRTRIFFRE =ach
deternhining iwhstheedyer=consecutive rounds the brain signal recorded for
- one of the gtieslicarsaspengsdeail 30Rsignakipbased eadheisst elimuli
- roundg,with-a highest-posigrierpiobability. Amended Sheet [PEA/AU
10 COM® 1D HQ. AR aheasd fRecelved byl Aystalenime i 29:4a
Date (Y-M-a 200 -12-09 30 6. éh? me;EQSQ gsncgp{mggt An atrgélipgeso{).gég
- precédiftft flriﬁ’g?/i\:} e TR RSk medsure is Based on a first posteﬁo}r
probEmEEtRAERPERELITETRAT the brain signal corresponds to a
P300 signairiweseuerthet efate AaniBR eptmese Eva s dries sroBaitE.
that, givetic resthitidoiedepranes tatibtesaiiretiventsdcoregrinsigitalsetione of
15 the stimuli gariesppRAStaaIRIOsigaabiartbeatiteat rdetesmaation sighal
The methed k4 SRIMEALIARY eRR-GIhe v ecetinggiai ﬁESuW@EEﬁB@d:’& a
processing the brain si kAR bR prises applying
a 105'35%%%5{%% rr%ﬁﬁ%%%&%%%%termmge@%n%aé%%ﬁ\%raged SVM
score amongst the stimuli for having an associated brain signal
correpBrRiifg el PR dRae™ & ¥hEH b AR TR R S0y e
20. one oktiseqvtveadingsciampsinivigesh rareramhial eshih e YrviorareTerstsa
. groupcconsistisignef ia isadbstiniubgsanbelefitonp ontve Saagdatosensory
stimulus. 9. A system for processing brain signals in a BCI system, the
systeq sMRALEIRY & cRslinwalionuniteqRiisisgiasatiohstielher over
Wher%r}tégguﬁ\ggq"gtls%ﬁg%e brain signal recorded for one of the siimuit ocrrespchds
25 to a P300 signal is based on a varisble number of consecutive rounds.

4. The method as clalimed in claim 3, wherein, after each round, different sets of
consecutive rounds are considered, with respective numbers of consecufive
" rounds in the different sets varying from a pre-defined minimum numberlto a

30 current number of rounds.

5 The method as claimed in claim 4, wherein the defermining whether over
consecutive rounds the brain signal recorded for one of the stimuli corresponds 1o a
300 signal is based on the set of rounds with a highest posterior probability.
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20unitrepeatedly activates the stimuli in rounds, such that in each round

me:Em_each stimulus is activated once; and a-detection unit for detecﬁﬁ@‘fSGZWSfﬁ:%W'
: the respective brain signals’in tesponse to each of the stimuli Hsiagjved 9 December 2008
-activated during each round and for determining whether over consecutive

rounds the brain signal recorded for one of the stimuli 25corresponds to a

P300 signal to determine if a subject intends to use the BC! system, and

-a recognition unit for processing the brain signals for command

“recogpnition if the contral state detection method determines that the

subject intends to use the BC! systerr9 30, wherein the determining

whether over consecutive rounds the brain signal recorded for one of the

stimyli eQurespeads 4R300 signakisfuther-basarl onnes riskaneasaresfor

evalyafing a;fisk.of making Qoygﬁﬂegpgﬁgﬁf FRINALIAH: oA RECESNLAE brain
| '(Fl’lE/j@.géCOMg&% Nt%l /3%&% %%9413% Fée&ﬁ%ﬁdc@yel%@ééar% J10eng

5 pOVEEANINL REATAA G UL AR IO DR e e
: medﬁﬁﬁﬁﬁ(ﬁ?ﬂﬁi’éﬂé@w KohfpIRr s HRaneTbrHRTiatmy a

computer system to execute a method of classifying brain signals in a BC!
system HeermatkhDd:coniprsing the stepsiofhprovidinga (o efinedisdiof
stimyli; repgatedlyaptivating the stimulii resrgsiovhesejmdaseagityiaund
10 Cach stimulus is aetivAlRg QRS mines AGHEEHD Hhe LRINSAN B AiRignals
i e Rar s ROl g St L%&Q%gﬂ;&%@%@%&amee@g& @y and

8. The method a5 claimed in any one of tm pfeced&ng c;_iaims wherein the slimufi
comprise one of more of a group consisting of a visual stimulus, an auditory or 2

i5 gsomatosensory stimulus.

9. A system for processing brain signals in 2 BCI system, the system comprising
of : : ‘ . o
a stimulation unit comprising a set of stimul, wherein the stimulation
20 unit repeatedly activates the siimuli in rounds,- such that in each round each
stimulus is activated once; and
‘  a delection unit for cietectmg the raspactwe brain signals in response
to each of the stimuh being activated during each round and Jor detenmmng
whether over consecutwe munds the brain signai recorded for one of the stimuti
25 ' corresponds to a P300 signal to determine i a subject infends to use the BCI
sysiem; and ‘ ‘ .
a recogniiion unit for pracessing the brain signals for command
recoghiiion if the control state detection method determines that the subject
intends to use the BCI system; '
30 . - wherein the determining whether over consecutive rounds the brain
signal recorded for one of the stimuli cormesponds to a PSGD'signal is further
based on a risk measure for evaluating a risk of making a wrong determination..
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 From:ECS

determining whether over consecutive rounds the brain signal recorded

F’LOfcir one Of the stimuli corresponds to.a.P300 signal to determine Pa@r/SG2068/006048
subject intends to use the BO Syster; and processing the [E&iived 9 December 2608
signals for command recognition if the control state detection method

determines that the subject intends to use the BC! system; wherein the

determining whether over consecutive rounds the brain signal 15

,recorded for one of the stimuli corresponds to a P300 signal is further

~ based on a risk measure for evaluating a risk of making a wrong
- determination_ Amended Sheet IPERYAU COMS ID No: ARCS-216434

10

15

Receives hydPshAusisatirulimeaiuniRes i.Date ooty 2006, 1268 for
instructing a computer system to execute g methed of classifying brain signals ?%‘i -}
BCI system, the method comprising the steps of.

providing & pre-defined set of stimuli;

répaatecily activating the stimuli in rounds, wherein in each round each
stimulus is aclivated onee; ' o

detecting the respective brain signals in response Io each of the stimuli
being activated during esch found; and 7 '

' detemﬁining whether over consecutive rounds the brain signal recorded
for one of {he sﬁ_mﬁﬁ correspongs fo a P300 sign'aéél o detenmine if ' a subjec!
intends 1o use the BCI system; and

_ processing the brain signals for command récogniﬁen if the control state
detaction method determines that the subject infends to use the BCI systerm;

‘ " wherein the determining whether over consecutive rounds the brain signal

recorded for one of the stimuli corresponds 1o a £300 signal is further based on a

risk measure for evaluating z risk of making 2 wreng determination.
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