SRR i NE 2 i e VA28

PLIE PR S EBT

FR: LlAOm R

BR&: W E ST
BEZR: B0903032

#5: 1090339030

TREGUS: LSRR
B BER (HED

ERTEARFETER SR IEEMR
20114F 12 A



A Dissertation Submitted to Shanghai Jiao Tong University for the
Degree of Philosophy Doctor

RESEARCH ON VISUAL GENDER PROCESSING

Author: Zhong-Lei, Gu
Specialty: Computer Application and Theory
Adyvisor: Prof. Bao-Liang, Lu

Shanghai Jiao Tong University
Shanghai, P.R.China
December 15, 2011



RSB N2 [ w2 VAV

LT B IR 52

WE

VRIS B I N SRAEVE R 5 7 i, BEE AL A, 1Kk
AR EAAR BRAENSR . KT AR S AR A, 52 Y BLAE Fof
REZ MWD, Wi, By, L2 2EEY, HAGNES
LR WHEAMENE R REEXS T IEH NS, AW B HE I A0
PRAAEANEAETCTHNZRAIG DL B A2 vl ELRIERT . Bruce A Young fEZ8id
T RIMT A HE WS LR IGPR S g, SRS A AR )
T RE 1 AR AR B LR AL B R T b AT PR . JE— 2D oKk, A ARAE
P “ Pl A o0, BIAE NN P AFAE 8 AT R #oe, X A
P B 0 A5 R AT P A W, ANAE N PR Ab B, X+
PP AW Ao Y. ST EGE S TR ) BeRg S E— DX}
I EREATERS

53— J7 1l ERP (Event—Related Potential) il % 48 M EEG
(Electroencephalography) 1)t -5 3R REAT RIS 5 o
5 EEG 15 5AHEL, ERP JEHARH S, JHRMEAE R IR (Single
Trial) WHEOWEER]. A T SR NFIFAER SR IN RAL, 385 4L
PEEAT By, ARy, SRR T SR ORI B R R A A
B SN, A AR

I, BT RUE PSS TR, ARGl R B vt — R A K
AP PE R B0 PR 920G, JFHEAT 23 N IRSEYS, fiEH] ERSP
(Event—Related Spectrum Permutation) F1 i 1t 1# FH #) GRSEC
(Gender Related Single-Trail EEG Classifier) X 556 %0 4% 347

# 1 R



RSB N2 [ w2 VAV

M. SRR, AR TARPEN R EEG fAAEREER, &
SN N K P ) B A A P ) B8 A w0, AHL P 8 A7 AR W0 AR AR s it
ffi 18] GRSEC [ KGR AE 71.66% (f-measure 4 0.71), %
) I fi A% A BB ORI ) 3 2K 1] i

KR WA TEALEE, FAAESCHAL, MNP, EEG, ERSP,
GRSEC

# 2 W



GRS IO AE A 2E A 18 SC ABSTRACT

Research on Visual Gender Processing

ABSTRACT

Gender information is quite important in our daily life. Human
beings face different kinds of objects and people various from age, gender
and race. When facing with each object, which is gender-discriminable,
like face, hand, body, cloth, shoes, even some language character [40] [9],
most of us could make the gender-decision quickly without few
exceptions at early age of our life.In consideration of series of behavioral
experiments, daily observation and clinical outcome, the influential Bruce
and Young model [42] of face processing proposed that different facial
aspects are handled by different specialist processing subsystem. The
process of deciding whether a face is male or female (referred to in the
literature as either sex decision or gender decision) was assigned to a
component labeled ‘'directed visual processing'.Moreover, in all
probability, there exists a gender-processing unit, which is in charge of all
the tasks related to gender. Therefore, an experiment involved with
objects, which contain explicit gender information like shoes and clothes,
instead of facial gender could be investigated.

On the other aspect, an event-related potentail (ERP), which is a
measure of the brain’s response to a sensory stimulus, is measured with
EEG. The ERPs are very samll in comparison with the ongoing EEG and
are barely visible in an individual trial. Analysis of ERP relies on the
identification of signals after averaging serveral presentations of the same
stimulus patterns. However, this method ignores the fact that the response
may vary widely across trials in amplitude, time course, and scalp
distribution.

Thus, in this paper, with these two problems above, we applied
ERSP (Event-Related Spectrum Permutaion) method and designed
method class GRSEC (Gender Related Single-Trial EEG Classifier) to
our datasets. The results indicate that there exists significant difference
between the response invoked by two kinds of stimuli, male and female.
Althought the facial gender’s response is greater than the object’s, the
similarity between them is obvious; The designed GRSEC performs an
average accuracy of 71.66% (f-measure=0.71), which proved that it can
handle the single-trial classification problem.
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Fig.2-1 Excerpt of a sequence of stimuli. (1), (2): University students. (3), (4): Company
employee. (5), (6): Faces from Internet. (7), (8): Clothing. (9), (10) Shoes.
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2.2.5 ERSP (Event-Related Spectrum Permutation) %> #1755%

ERSP & FPit S fil s & 1) BEG DR 1% (1 U7k . & Refs R IANGE A ERP 43
AT ORS00 1) A A DB FREAIE [54] o BATTAMER X BN BARTE — IR S50 (14K
i, SEALFES T AR BT S 1 [R5 B A ERSP 34T 43

ZEHEAT ERSP 204 [AJ IS}, ITC (Inter—trail conherence) /F K —/NHfiii %
et Sk . A7 TR I TR) R R R (0 AT o W R TTC,
RS UL WIZE DT A IRREAS T, FEIXAN I R] SR8 b, S AN FEARZ AR B
PERRIAHAL o

2.2.6 HIEEEL

M H EEG SIS, AEREAT M Z BT b EER AT B L . A SORE 2%
WA R B R T2, ARMENENE B =F It s, A SER 45 R %2,
SHILE R KA AT ¢ TR kAo .

(1) &R AT B itk

AR, (7, vxe x(0) REBAMIMIEG. 2Q, Q
P Qa a3 s {x (O 1/4 SYBE80. 1/2 S)BE%0K 3/4 S) B8, HRHX = A4
K0T LK SR () BEG 46 A B LI K

-2 Q, <xM,  mHIGEM
NO BT x(0<Q,  BMIEE
‘ 1 Q<x™<Qs  BHIFIEY
h Q; <x%,  MAIFmEM

(2) EhRFRAREAT 85 B
SRR, <%, R

k k k
axg? = x{() = x{(ti) te 23,8
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vx € {AxUOVFR A SR o 18Q., Qp A1 Qur il h{ax
1/A S REK. 1/2 S)R08% 3/4 AR08, KU AN Ro ¥ BUKS IR A1) BEG %
0 L B B R
-2 Q<Ax, I
1 Q<Ax®<q, R
1 Q<Ax”<Q;, HHMK
2 Qs<Ax”,  ERAMK

C )

el

|
\

(3) L& Uy ZER IR REAT B AL

BT PRI VEHS I UG ¥ BEG MR I B B AR Ak 3503 B DU 73, AHIX R ik
SR A EEARC Y 1, PUNEAEPFRME R B B, HREEX—nl, &
1145 0 B ) — B X I8bRid o 0, XA [ 1 20k g -
i X7

o =

HARTR T 0 BT FEAE L

n

2.2.7 GRSEC 4>88

GRSEC J& 3 IS5 214> FB5 A (89— AR R 7o 458 NS Spfl
B, XD, XD, X0 FEAXD € R, ARSI G R SCHL S
PR AL T, m R A AR, R A KR . FRATHAS k e
W ¢ R ¢ AR x X ()0 HIE— AR T C= oy o BT
E X Xc () = {Xe, (0, %, (V). .., X, (OMEA BT AEAE N 0] £t B AL IR AR ) 5
ST I ) £y, ty, Lt R, BRATE ST
X(C) = {xc(t1), xc(t2), ..., Xc(to)}o

A xR AT IR, Kt x( = alf,aly),...,al)),
al €9,i=1,...,t , QRAEEBIEFPAFITE T RN A

IR FAIE S AR ol 0, <&, A L — o + 1T

% &) &) (k) & _ & (k) (k)
éﬁﬁ’ X1 1 X ey Xc(t—w+1)’ X1 < (acl'ac2 """ A )2




lntii il [ me VAT S A S RFS

(k) (9] (k) (k) (k) _ .&) (k) (k)
=(ac2ra3 A ge)h o Kemwd1) = @etmwr1) Ae(t—w+2)r et )2

MR w,

FEARREAN T AR — R A 758 S5, GRSEC KEEAT— A =8 (MR- HE $2 Y
MR fESE-—2, GRSEC #h bk 2e e Xt oA H, Ik Id b ik 2 Fl— ANy ik 26
pric Z AR AR A R (RN R Skkoe o URATHE, E3E =28, AR
AN E RS IOE . BIEEHE =, REBAA ] T0) I S AN e 2
B I8 (RN EE ) BEAT 432K

GRSEC [WAT Rt — M (R GE vk I VAT 1 VAL (B 2. 2.8 Fios) o IEAk,
GRSEC IR A AE MR L 1 B Skt 5 el 20 A

B NEEET R BT
P, GRSEC Hf 2l ik 2= SRR MR SArEguvt Wk, LUk
A R AR BAT R (VU RFAIE o

icobsy AR TSR I8 T-95C, F HLHGRZ Aal IFEA (1 g, e
Co X U3k, CoRX L, af €9, j=1,...,0, k=1,...,K, K<I9Il, K&
XS TR SRR AEAL B 5 AN R A ) 2

ﬁﬁﬁﬁ%%ﬁﬁﬁ%*%?ﬁ%%ﬁﬁ%ﬁﬁ#&ﬂ%,#EXW%%*
TR B T2, [T BN
obs,  obs
N

Hrfobs, ;. = Xy obsy,s obsy =X, obsy s, N' = (t—ow+ 1) X N2y
N YCHCR A B0 oo A D3R4 FHCR 0 8. 0 Heobs  Alexpy 17 52 A,
HIFERCRs R NTE 3 d P /SR X 1A < LS DV R e e

N TR — 5, PR TEXADZER, W

obsp — exppk

Zpk = \/m
gt U Bz BTy 2308 T L N A B RS A, Eidbs
AL 72 b S AR TS E K ZREATIE, DUfE 3 21— N R I o b o I
BE, AT AL IEA T F A S v

exppk =
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. (Obspk - exppk)/\/ €XPpk

d, =
pk Vok
IR NAIRAG Vv sz AU 2 B Haberman [37] € AR R -
obs obs
Vo = (1=~ = =)

Edp A R G AN HE RS A0 [26] [27], Fefl T BAZE
AN OSUIEFEIX A, JOEALE § Ikl RAEFC K « WA, K%
YR Y AT IR N AKBIC, RA I, I HalORIC, M 24
LR, RO MR B

TR BRI, A ST AN A B,
FAE A AT A FARL I AR B E R TR,
GRSEC 5 A 75 A7 AE AT M8 1) W I, A8 T AN R BRI — b 1 9 6
P T EROX— L MAERLE R T A2’ and a)”, LAREER
C, AT, JERIN AL Z KT al B R EA RS BEN, @ =juUy,
b Y €L, 0} MR, al O RalOHak IR el 4 HAC — IR,
alORIC,, alOMIC, T, (WAL, KB BEN) . FMU,
GRSEC ff 52 A 75 45 A MBI = WA B = ANRZERN— MBRIC R IR SR, 4
i BRI A . B2, GRSEC WA n BBE 2 74
B, PP n-1 B E AR . TR A R E R, GRSEC T
A 2038 S 0 BT T R A9 25 01 £ JEAT RERN (VP A o

B B RBEEKIBUE

1 42l FIC, 2 IS AT, 0O TT LUK FEL e 2 A, R A
AR AN e A e PR, XA AE Tl RUE I B 5 1R K€ X
AN THER alO W HHE, R HATFIE P W = Gy /2 # G, 1al), T3
B T-C AW, Rl i (Evidence Measuring) [FIAE [45] [13], ‘e it
A EI(C,: a5 ke L, R R

W(class = C,/class # Cp|a((pk)) = 1(Cp: a((;()) —I(# Cp: ag()),
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P(cpla&,“)))
P(Cp)

Hirp 1(C,: afpk)) = log(
W%%TEﬁﬁﬁ%ﬁE,Eﬁ%ﬁ%ﬁ,iﬁﬁﬁﬁgﬁ?ﬁﬁﬁﬁﬁﬁ
Cp .

B=0 A ZET RIS R ER AT 73R

AT HE — A B YORIEE R TR — N2, X OO, AT A L
SE PR 3 2RAT IR ZE o AR T Lk R A AR, GRSEC 3 i o) 4l EA T
gevh, KIS ARG B B IR SR, BATIA R S COR
W JE TAMC, . BAE X label (class) fE A SN AR, -1 FR T,
1o bt n(0) hprid. fJagi Rt (1) o5

1, male stimuli

label(class) =
( ) <—1, female stimuli

Pn
Cy (K)
R= sgn(Z label(Cy) X W(class = Tass # Cxlag ))
i=
N I:':‘7
-1, x<0
sgn(x) =
gnx) < 1,x>0
2.2.8 FEFFITHIERR

AT PN AN 3 S SR B L AT R s AR SOREAN AN A FH 3 kG A A
SRR, A F B (F-measure) [81KITAL 7 B Mk fE. X —
BT B & T IRaE R B4 12 (Recal 1) S (Accuracy) HIARTE
[20]. 7ECRIEMIMIESR 2, F RSt S0 A5 n] BLIE A o S AT 43
R VAN

SFEAFRIEAC S, I Fmeasure nf LU 1 F i X

D

t
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_ 2Recall(C, Cy)Precision(Cy, Cy)
B Recall(C,, C4) + Precision(C, C)

F(Cp, Cq)

M
/
+

Countcp Cq

Recall(Cp, Cy) = count,
p

o Countcpcq
Precision(C,,Cq) = ————
countc,

counte ¢ AMLLHAT CRIFE S C, M3 HKEIC T IKIFHIEL, counte 2L
HIbR5 4C, [ FPAIEL  counte A HAEC, THIFIIEL. Recall(Cp, C) KN
T CAShR S I AR LR 5 281K, Precision(C,, Co) IRV T 543 287 41 bk
SEBIEH (C40) K P IK . Fmeasure 7E[0, 1]IBE, Famor, 4324
FEk S . ERAISEL F, Fmeasure T —A 5 1A XIGIE /77 [24] V15
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FZEXRER

3.1 ERSP 41524 R

A PR 7 AN A&, kA A ERSP 23 M VAR Bl BEA T 70 Hr e —
JITH,  BATRER B 1) S A B AT o0 b Ui, AT s an H 24T
ICA JbHE, BFXF7r A3 2 1) ICA 73 FaEAT ERSP 79t R 3 pirdg 2 1) ERSP 7
Mgt 74 0. 01 (bootstrapping significance < 0.01).

3.1.1 St REEERHIT O

(1) THFE )

STas Rl 3-1 Frow, AR DI R BN B IILS . 1 AERIBUS
100ms BRI A B A s, 2otk B P SRUTSOTT 75 A PR e e 2 5 e ST R 145 A 11
ERe J3— A REMEZ R I X (8] 24 150ms BT i) pAEL (13-24Hz) o 2.
ITC FJUEME T AAE 100ms 5 170ms WA B] OB, Xyt Wo6) 3 [A)— 2R,
FEIXPRAN I B) A AR OR R ARABLAL - BV RT BATRIFZ IR Ry X P A I ] SSOfE7E ERP
IMTAE 50ms PR, 55 VAU 75 S 0B8R I 5 22 FROARLIE . A I
(¥1, 200ms LUG, 2o RIS 2 (AR o IX PG AN H IRAE TG )
55, WHIEAEVUES S, ATRLAK, IXEEAEAEGe Tt 1 25 M i) N a) 5 43
A, 5 TR AL B G
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B 3-1 4K (o) £ @SR AAE 4% 89 ERSP A= ITC 4R (P4 w4k) . (a) BRSP4 %R: b
AHFEE— (FHERRR, THAFR= GHE R . (0 ITCLR: EihFh—
(FHB AR, TiAhEi= GoEE R RH5) .
Fig 3-1 Results of ERSP and ITC from a single subject (female) for facial gender at electrode

028
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P4.(a) ERSP result: the above is of session 1 (male stimuli) and the bottom is of session 2 (female
stimuli). The lower part of each panel indicates the ERSP envelope (low and high mean dB values,
relative to baseline, at each time in the epoch [4]). (b): ITC result: the above is of session 1 (male

stimuli) and the bottom is of session 2 (female stimuli).

(2) KREEET

ST EE R 3-2 BroR, () TIEIRARLL, AT PRI 7 R
[¥] ERSP (122 5 ZEAC IR 5 7 RSB B v AR R 70 SR, W% ITC 253 mT LUK
L, HARBIEDIRBE AR T Rk DMk, SXANEEIRRW], (1) I 200w AN I )
DI 100ms 55 170ms Jrifs & (4RI FA R N PR BOF P100 5 N170 7R,
AR, PN R P A BEAR G

Male ERSP(dE)
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Male mc
50 0.8
™
T 40 0.6
o
é 30 0.4
T 20 0.2
L
=1l
| T | | | | [ =
0 a0 100 180 200 250 300 350 400
Female Time (ms) e
0 ] 06
rd |
T 40 |
o I 0.4
g 30 |
| 0.z
8 20 I
" |
. 0
01 0.4 A . 5 -
ERP L T T S o -
0 a0 100 180 200 250 300 350 400
Time fms

B 3-2 K (Foi) £ RIRFESETF M A 1E 5 49 ERSP f= 1TC 45 R (P4 &#8) . (a) ERSP £ X:
LA ARE— (FHE R, THAZRR= GoBERA# . (b) ITCER: i A%
B— (BHE R R, FTHAFE= GoHB AR .
Fig 3-2 Results of ERSP and ITC from a single subject (female) for clothing and shoes at
electrode P4. (a): ERSP result: the above is of men’s clothing and shoes and the bottom is of
women’s clothing and shoes. (b): ITC result: the above is of men’s clothing and shoes and the

bottom is of women’s clothing and shoes.

(3) g% ol T R

XHEBATR Ak B TR Ak A SO B e i34 0,
Horp U Rhsese . segm =, sede . sedeh, Sik-by 9ee )\, Jk 240 I
B R s 240 RACMER Aol XA HAE T, R e T,
R [P S R, RS R SE 56 DT I e s . 45 R 3-3 PR,
B DU RE A 2, e T ARAR, AER05 100ms I A R 8 B4
BETEN S
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Time(ms) = Time(ms)
Time(ms) a J Time(ms)
Subject 3 22 / /
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Sujecct 4 /,/
0 100 Time(ms) 0 106 Time(ms)
Time (ms) Time (ms)

B 3-3 A —HOKPTA R AR 45 R (P4 i) . B—ERT AKX, £ h okl
WA BRSP 45 3R, A& A J7 MRS & 49 BRSP 25 5R%
Fig.3-3 The results indicate notable electrodes across the subjects. The color bar denotes the

frequency of significant difference.
(4) XA gl T ek
XM PTA ORISR, FATEAT T — KSR GETh, LAtk T4k 5 M) 4k 2
FHOR I OCE It . 25 3] 3-4 PR
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- T

B 3-4 @it BRSP 54T, 4Rt ATA HOXA) RALWMATIFE] 6945 R
Fig. 3-4 The results indicate notable electrodes across the subjects. The color bar denotes

the frequency of significant difference.

3.1.2 §t3F ICA S BHTH#

MR 34 IR, FAT A BRI FEAR 55 PR3 Ak BEA AR BUR IR G R
BEFRAT A TCA X U5 5 HEAT 20, 3 TR0, BREFRE]— NNl 3-5
5K 3-6 Prosifysrid, mlLAA XA P AL B R D) .
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B 3-5 xf ICA 4-F#AT ERSP #7494 R, Ea AR —ei 2R (BRI, THAHER
Z s R Gol R . B AL A% 1CA e ladedtA .
Fig.3-5 Results of ICA components’ ERSP. The above is the component from session 1 and the
bottom is the component from session 2. The right parts are the corresponding topographic

mappings of the components.
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Fig.3-6 Results of ICA components’ ITC. The above is the component from session 1 and the
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bottom is the component from session 2. The right parts are the corresponding topographic

mappings of the components.

3.2 BOAFH X TREIRAI LK

AT RS RAR LI, BAPRE UL S rh 3R B LR A, Wk
SVM 73 RAS Kk, Forp R I s A A D0 e il hAal s i UL K CSP S HiUks
ML) 592

321 EF SVM BRI R

(1) DAl £ 4 R R A

TEXASER T, KL BT IS I 45 RAE N 22, 0 TRER SO, L
40-85ms, 145-185ms, 200-250ms IX =NNFIAJBL, 4 Al A 40 SRIMHEAE, {8
RBF #% (1) SVM 732K 4%, FEMNZRAE EREAT b a8 RARAF R, f o AE AR
3SR RS f-measure.

WA 3-1 o, AT LU 380 LIS (i B3 R A KRR I D7 VR AR 73 2RI IR R
IS ) T PP BEALIE R . R H B ma IR 4y NS AL B 71, 88%,  [AJIN £-
measure A 0. 690 {HX] TP AR AN 28, AP 1) 50 RS AU
52. 62% (f-measure=0. 46) , MIXANEIRATLLEH, UGB A1) )5 1) ERP E
T 2 AT A W X P [51] [52], DA B ELBe A 23 R E, IF
AT SVM 3 2528 HEAT 73 8 10 75 1000 SE B0 Bt SE A AT X 40 R R

& 31 AR ERBAE A ARG AT SIM R B F R X RER AL FEE)

- — 40-85ms 145-185ms 200-250ms
W [ PR | e O |FEE | KE | FER
4 —. — | 46.88% | 045 | 46.88% | 0.26 | 53.13% 0.67

1L | 43.75% 047 | 68.75% | 0.71 | 68.75% 0.76

I
£, JU | 5313% | 035 | 46.88% | 048 | 68.75% | 0.64

6 —. = | 46.88% 0.41 56.25% | 0.50 68.75% 0.67
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W, i | 50.00% 0.60 50.00% | 0.33 | 50.00% 0.38

+. JU | 62.50% 0.60 62.50% | 0.63 | 50.00% 0.00

8 —. | 50.00% 0.67 50.00% | 0.67 | 50.00% 0.67

Mg, # | 50.00% 0.62 50.00% | 0.47 | 43.75% 0.10
+. JU | 50.00% | 0.11 56.25% | 0.30 | 50.00% 0.00

10 —. . | 53.13% 0.67 50.00% | 0.64 | 50.00% 0.67

.| 43.75% 0.00 50.00% | 0.20 34.38% 0.36

/g
+£. J\ | 5625% | 022 | 53.13% | 035 | 53.13% | 0.21

12 —. . | 62.50% | 0.65 53.13% | 0.67 | 62.50% 0.60

. 11| 34.38% 0.36 56.25% | 0.65 40.63% 0.39

L
+. JU | 65.63% 0.70 46.88% | 0.26 | 43.75% 0.47

17 —. . | 62.50% 0.57 50.00% | 0.47 | 46.88% 0.32

V. 1. | 53.13% 0.12 50.00% | 0.72 | 71.88% 0.69

+. JU | 62.50% 0.54 37.50% | 0.49 | 46.88% 0.48

(2) DATheiless FEAE A RRAIE

MG SCHTIR ERSP IR, FEHUE T, BRD)ARREIA T, PRI T K
(1) EEG AR B 25 5 DRI IR S v, 6 TR S ORIRE AR, L 40—
50ms, 145-185ms, 200-250ms WU H s, 70l vH A LD RN A, IR
TETEEA IR 20 2SI FREAE, T RBF A6 SVM 432888, 7ElZedk FadbAT 5 47
AL SRS B, B R AENNAER h A3 B9 (MRS L S f-measure.

W% 3-2 I, AEITA AR, B RSk R 71. 88% (f-
measure=0. 69) o XTI ABARKI A8, A7 200 U 53. 59% (f-
measure=0. 5) , XAX bt AR Sl (8 45 S R AR A 7 v i — e AN SERE R UL
LA Ty 2 58 55 0 A B 75 V08 IR e Bk AR A B T Vs AL — 48, (ELRTS I 4,
HI T IX PRI VA F A Hle AR AL B, A5 50 28 P Hictls B0 £ 18 LG V28 31 & -1
BEHIK, SEUGEIE B R05r K.
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R 372 AR AFEEEAFAFARGET SM R B FEZRERKEL FAR)

Wk | R 40-85ms 145-185ms 200-250ms
FEEE | FREE | FE | FREE | ME | FER

4 —. . | 46.88% | 0.51 59.38% | 0.61 | 40.63% 0.42
g, +# | 59.38% | 0.68 | 59.38% | 0.55 68.75% 0.68
+. JU | 46.88% | 054 | 59.38% | 0.63 56.25% 0.50

6 . 46.88% 0.53 56.25% 0.21 68.75% 0.32
. 50.00% 0.18 50.00% 0.11 50.00% 0.48
+. N\ 62.50% 0.47 62.50% 0.54 50.00% 0.56
8 . 68.75% 0.64 43.75% 0.53 68.75% 0.75
. 1. 46.88% 0.26 53.13% 0.67 43.75% 0.18
+. N\ 53.13% 0.48 68.75% 0.64 53.13% 0.67
10 —. 50.00% 0.60 40.63% 0.38 56.25% 0.56
. 1. 43.75% 0.53 53.13% 0.12 18.75% 0.24
+. N\ 46.88% 0.45 46.88% 0.51 43.75% 0.18
12 — = 43.75% 0.36 56.25% 0.50 62.50% 0.57
. 1. 50.00% 0.53 62.50% 0.67 37.50% 0.38
+. N 68.75% 0.58 34.38% 0.32 43.75% 0.50
17 - = 62.50% 0.57 59.38% 0.63 50.00% 0.50
b, 1 56.25% 0.70 53.13% 0.67 68.75% 0.69
+. N 59.38% 048 | 71.88% 0.69 59.38% 0.52

(3) fd ] CSP HHHURFAE
X IXRP TR, ASSCHR 51 2 SCHRH 5238 iR 45 2R 147, IR0 R E R
f-measure K5 HEATH I LI . 0 TR ORI, T CSP Uy
ARBURFIE I B 2 RS 0-499ms IR NI, FEALICRRIE S, A RBF #%

f] SVM

IrRAs,

FEWZREE EBEAT 5 A8 R E A 2B,

SZEG RS S f-measures

I Ja AR 15 2]
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N 3-3 rongi iR, FILOREER], AR scg R fEL 2] T 90. 00%, I HAE
Pl b, HOPERE AR T 73.09%. ARG, ERHAR L M B K 2R
B, Wl 8 Lk 10 P70k A Bl a8 BEIA 21 90. 00%, xS Tl 4,
SIEASR. 5 TJr1H, REBAR 8 SR 10 M7ESL 5585 . KK
LR\, XA IAL T, 7 2RRE R A 90. 00%, (HAESEE DY 528 T
XTHRZ I F B A 0. 47, XA AR H, DL CSP Jy AR BURFE 1 4338
XS TS A A E IR BB

&R 3-3 AR CSP xR 09T SWM R EF R FRER WAL FAR)

riary St R4 FERE (%) FEE
4 S — s — 65.00% ( 4) 0.65
S DY B S8 60.00% ( 4) 0.56
SIS 5 S )\ 52.50% (12) 0.42
6 S — s — 82.50% ( 6) 0.8
S DY 5 525 50.00% ( 4) 0.47
Sa-B 5 S\ 52.50% ( 4) 0.54
8 S — LS 90.00% ( 4) 0.9
S DY 5 525 50.00% ( 4) 0.47
SIS S )\ 90.00% ( 4) 0.9
10 S — S 90.00% ( 4) 0.9
S DY 5 SIS T 50.00% ( 4) 0.47
S -B 5 S\ 90.00% ( 4) 0.9
12 SE— S — 62.50% ( 8) 0.65
S 5 S5 T 82.50% ( 8) 0.83
S -B S\ 65.00% ( 8) 0.68
17 SE— S — 75.00% ( 4) 0.76
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Fig.3-7 The result of Graph-based algorithm to find the event-related potentials. The left part is

from subject 1 of channel P4. The right part is from subject 1 of channel PZ. The horizontal axis

of the graph is time. The vertical axis is for trials. The shadow line in the graph indicates where

the event-related potentials are.
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Fig.3-8 The Performance as to different channel totals selected. The blue solid line indicates the
best accuracy of different channel total selected. The red solid line indicates the average accuracy
of different channel total selected. The best accuracies are improved by the increasing of channel

numbers.
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Fig. 3-9 The electrodes' significance distribution from two subjects. The left scalp is from
subject 4 (male), whose significant electrode are PZ, POZ, PO4, O1, OZ and CB2, while the right

scalpis from subject 1 (female), whose significant electrodes are PZ,
P0Z, P7, 02, CBl and CBZ.
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Fig. 3-10 The performance as to difference time window length. The x-axis stands for time

window length, while y-axis stands for accuracy.
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