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Abstract Cognitive psychology found that the cerebral cortex potential will modulate as the visual or auditory morality
receive conflicting information, which can be used to explore the “stimulus-response” mechanism for the cognitive conflict
control. The experiments on visual cognitive conflict is more fruitful, while little work has been conducted in the
corresponding auditory ones, and inconsistent conclusions have been reported. In this study, we proposed a time feature
domain of 3-stage auditory cognitive control by utilizing conflicting and non-conflicting speech signals as stimuli and
analyzing and studying the corresponding electroencephalogram (EEG) signals. The paper study the feature extraction
for single trial EEG sample based on cognitive control mechanism of speech conflicting. Based on the cognitive mechanism,
each EEG sample for a single trial was divided into three parts. Average amplitude in the time-domain and Lempel-Ziv

Complexity (LZC) was computed for the divided part of each EEG sample and the union of the feature of the three
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stages was used as the features of each auditory cognitive EEG sample. The study results are as follows. (1) The
cognitive conflicting related complex EEG component “N1-P2&N2&Late Slow Wave (Late-SW)”, which was first found,
respectively represents each stage of the auditory cognitive control. (2) A more completed auditory cognitive control
process should three stages time domain feature: perceptual stage: 110~140 ms, identification stage: 260~320 ms,
resolution stage: 500~700 ms. (3) The feature extraction method for a single trial auditory cognitive control EEG
sample was proposed, the combination usage of Average amplitude and LZC can achieved the best accuracy (99.33%).

The experimental results showed that the proposed method can effectively detect the EEG data of auditory cognitive

control. Therefore, we offer an acoustic technique evaluating the ability of our brain auditory cognitive control.
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Hr, o; ARAERIHFET, WLLmAs (8) #E
AL IR g

oty Y Yo i K (miz) — Y e,
i=1 j=1 j=1 ®)
n
s.t. Zziai =0,0<a;<¢c,i=1,---,n.
i=1

1411 % K 8 (RBF, Radial Basis Function) /£
HEE, W (9). B MAEIGRBRMmAL SVM,
LA K #7838 XHIE (K-CV, K-fold Cross Vali-
dation) FYLHERE SVM #ifhib 2%, #f RBF 1

800
780
760
740
720

o R
7001 1A (ms)
680
660
640
620-

— s A —lls

SVM A P FIEZEL (9: RBF BEHHIZSEG
o BHHET, WX @®)).

K(z,y) = o(—glz—yl*) (9)
3 B h W DA R0 il e 0 A 5 S 56 4
eI &l

3.1 UTSEiAX0SHREE SIS LE R R M7
3.1.1 WrSEiAFFE] d 4T =45 R b

B 2 7R T SEE0E N T 55 B bR A 4 1
ST R EE R, ATME S, ERFEXNTA—B0E
FAPRTE SO ] (790.7 ms) B EE T —B0EH
AR (688.9 ms)(F(1,12) =32.62, p<0.05), *F-H45i%
ZNFHNA—ZGER (6.57%) BEFEH T —BGER
(0%) (F(1,11) = 15.48, p < 0.05) . B 5286 #7658
AN — BT 55 B 7 B A P 5 22 4 I T i TN R4 ) %
TR SERCUFIMESS, FAMHIAAMHIHE R, 7T LLE
A7 8 5 W RS AR X T I 38 TA 0425 4] BE 1 AT 0 28
AT
3.1.2 Wt tA IR i v 0 B 3 R B 45 SR B o e

11 AL GAMMEIEE, EERAA 44
ERP [ixiH 853 N1 (BAELE 150 ms L), P2 (B(E
TE 220 ms BIT), N2 (BEEFE 290 ms [ffiT) Fl Late-
SW (e sA18 3%, 15 BEIHE 500~823 ms), fRIL T S85& 1 Wy
WINFFE R I TR FR, X S MR ERP
REFH, [EME 3 Praly ERP B,

FESPERER FERE 2), N1 N2 7EA

7.000

6.000
5.000+

4.000 A

-2
3.000 ..‘L%z (%)
2.000

1.000+

0.000-

—alse A—-Hallh

Bl 2 7 R%a5R
# 2 ZHERERWERTZIHER

mB (ms) R B (ms)| EREREL x M

B (ms) |FRIEEL > BT JE ALF B (ms) |FRIEEL < MU x IS AL 8

110~140 |F=6.65, p=0.027| 320~350 |F'=3.61, p=0.046|440~470

F=6.54, p=0.007 | 80~110 F=4.28, p=0.006

260~290 |F'=7.06, p=0.024|440~470 |F =5.15, p=0.042|470~500

F=5.55, p=0.032

290~320 |F'=4.97, p=0.050{ 470~500 (F'=6.17, p=0.021

500~530 |F'=6.85, p=0.005
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Pe St Wt S IE T i SR OKIN B I HEL L B W7 B A 28 1R R AR AR BT 877

JIoG FF 5 A 42 ) i e AR e R B AR AE . TE 110~
140 ms (F = 6.652, p = 0.027) RIBFIE B, R—BE
HRIE 2R N1 o SO0 B b — BRI B 1 7
260~290 ms (F =7.056, p=0.024) B 290~320 ms
(F=4.971, p=0.050) HyBTH] B, A—BOEH RIS
L N2 f AR (E L — BRI £,

[25uv

Ry £ "
Fcz —
Fa VoA

Fz

[
A

Bl 3 4 AP IR AR 5 SRR Y P4 ERP

110~140 ms
200~260 ms
290~380 ms

550~700 ms

W5 A SR8 A1) 4 Tl FE R L A A DR BIF ST R, Nine
(300 ms, KZFE N2 BN 'E) F1 Late-SW WP EF
B4+ 7E Donohue %8 A 121 (R 9E H B 243 B 1 SR,
i N1 (110~140 ms) Fl P2 (200~250 ms) A47 i BLH)
ZEF A RH AT ARMEE S, Henkin 5 A MIAF5E
BRI T WP N R A DGR N1 sy, (HEBA 5
N2 o AFTE.

—FBOREAR—EH ERP 4 B fixi s 7 1]
WA 4 frs. X8 ERP 84> (N1, P2, N2, Late-SW)
FE A TE R XA g X, DI He T [ B 4% 100
RE, NI —BI R I 22 5k ¥ o3 23 A1 1
fLEFEA EAERTRIX A e X, BRGX JLAS B3
1 PR RN SIE Ay IR E B a RS o W S AN
A 22 57 o i AR SRR B T X T 445 5 g i 1
.

3.2 ITHAZHSHIREE AR NHRBER X557
3.2.1 SEH 1: {f FIRFRFE

B ReF W TN 02 o I e, 5 U R ALE A B 7 12 B A
B RFIEAE MR T b Pr2 g URE, A TFEBMmik
BERRANTIEHSEL, SVM B g #1 c BSETEE N
2710~ 210 FERER A AR K 2. T0% IR HEREAS
BEEHLIREE NI GAEA, F5 30% 1B A MR,
A HE T E B I REASRRAE, IE AL B REASFRIE 7T LA
IR AR, RS R 100 WX A FHE. £ 3

32 |
i

V)

L7 s .

Bl 4 44 ERP &4 (N1, P2, N2, Late-SW) BT#ERY 30 ms Ay} P9 A4 T2 IR E A9 i it T . (R — B0 —3%)
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R T AN TE B IEAAR I R AR AR B IR R, AT LA
ﬁtﬂﬁy‘éA1ﬁﬂi¥iﬁ¢ﬁf‘?*ﬂ LZC " AARAS Je 4 iR
R,

# 3 AARFERBOT 8 A&

FFAE ERE F-value®
Average 87.21% 0.81
LzZC 70.65% 0.66
Average+LZC 99.33% 0.98

a: WIS INAIEHIFEA R F-value

FE T H 0 = B i O B A S o A AL R URE
A, AT LA W o DA N AR, T T B T AL
D 5 3 1 i o ] BB % B ) A L S L )
RASEAB G, T LZC AT LA N B i F B ] B 4k |
R B AR E N, & B RS A E

et SR g RAR TR B SR R AR 0 T IR B4 T

LZC, iR R T4 B S AR B T W B A R ) AR
#) ERP LR, THEG 5 F P28 BEA LZC F31E,
W N0 T i DA 4 o 2ot 2 A R AR R AR AN &2 SR R IR 25
GHE, TBREAN, IS T 5m i U s A a2
i FEL A TR 2R
3.2.2 LI 2: I [R] W5 v FEL A ] B VR R RRAE

K T AR TR B LZC RFAEXT T g H
B T B DA RS T ZRAE, 1 PR T s [ B A B A -
PIE A LZC g U RRIEAE S — Uk I HE iR e A A ()
TEFEATHIR TR, B X A B ) B A 7 RRAE 4R BURT
A B R R 328 1. 3R 4 BR T R FE B
IEH&%%BSLE’J%?EE%REUE,

4 IR I TR B B AL R 2

A ] B EHE F-value®
110~140 ms 80.21% 0.74
260~320 ms 79.65% 0.73
500~700 ms 81.33% 0.76

a: WP AAHE R FEA ) F-value

R 3 WY R R GE SRR W AN A ot 18] B AR B #r
FHERIRA R IR BF 2, T LABH 52 i
PAMES . %4 R 0E A LZC IR s R RE
i AL I W SE A NP R ST T35 5 o 2245 B b
THZR (—8 vs. A=), BIFERAMB B, A
B B BFTEZ S, 4 ERP 807 A R UUR 45
. IR, XA R AU X B T BE DA ] Y i
RS TR R T R BE AT LZC FAEREEAR I #th 3R
LT 58 P 1 4 1 B

4 itie
4.1 UPREAKISHI A RARE

4.1.1 Wrig o HFE ] B

PERR AR TR TAER A, Uran ik FifEEs HA ™A
{5 P36 A8 ) 5286 4 ERP BFFE IR it & B T A4
il i B A BORT e A Y Be iy e oy, AT 4t T 1R
W UEDE SR LS B W B AN (o SRR - e
Zefu” AL, Donohue M1 Liotti™2) 7 1189 W 3E
INFIEESHI BB IR B IN T <ol 23R — vh 5 Ao Bl
il TR T, EETE 300 ms iy F-H] ERP A5
(Ninc, 200~500 ms), Z J5J& Late-SP (Late Sustained
Positivity, BEIRRZER IERE, A\ 500~800 ms), [&] Bt
$EHIX B ERP A543 7R B 22 BT 5 O\ HHE i
5T R B N450 fl Late-SP . 3@ 1L 75143 Hr 3= H
WA B 22 SN R E Y., F35h— 1 Lew
5 N 191 JF e i 5 LAY 7S TR B T W SE DA 0 s i
BV AFE TR R (N1 o) RGN (B) 2
2 (MR AT W) . mrhli R, HAb e il i
WFIE A R I TEHE T v S — oL . 4m,
Buzzel % NFHFE 17 3ERA T Nine #9008 B2 i A A
AW AR E R AT UL AT, HE#IAT Ninc #5
A~ T HUraE =S [E Stroop 4555 HYWTSE Stroop Bt
8. Henkin % A 131 & BURIAMY N1 08 J&@ A
MEHET, R)E, MR TRERAREN
SP(RREEMT IEVE) .

AT W s N EN AL 55 A, I R — 2R
— NG &) N2 (290 ms Z£47) il Late-SW (315
1E 500~823 ms) H#77E Donohue %8 A [ HF5% (12
FESRI. N LA—B0—30IE 1 A/ N1
Ik Hy# 57 J& Donohue 5 AFrARMEEN W), AHF5T
TAER B & BAET 36 A R R 55 R B H N1 A1
N2, Fr L “wlr GEHRM - v S B A iy op S0 3
TFEWTHE Stroop ZUN H Y BARAE LAY B Donohue
%P Ninc (200~500 ms, KALE N2 fIHLE) &
B, tLp Henkin Ml Lew 25N N1 SephBg 15:19],
FFEH S5 T M, N1, P2, N2 Z4AZRFEY
TER - R X R, XA I — A ST e A Al
el g B VIAE e, ¥ 5N TAESE, RTBTE A
B4y, R RANRISY, ENTRTRER S5 T Wrad il Al
RS ERIM TR, I ELAEAS o S R 2 B H o 58 ek
FIFN o RN AP By, XELAERE T M4 Henkin
il Yael & B N1 o0& ol €480, T Donohue 4§
& B Ninc (200~500 ms) J& 23530
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4.1.2 WPSEINHIE ] A

N1 JEH5EMeEE R 53, Donohue 2RI 1E K15 Me
TR 53 FEWT S A FNEE | AU VE . Henkin F Yael 5§
HIWT 3 Stroop AFFEIAA N1 FIRBLSMFE Stroop AN
FHTERE: BN R 25 B BRI R VT3 5 2 W5
52 HE| WM - AL pLE . TR LR
KERELESF, N1 HBEZERE R—E—%)
IEULEAE S 5T w2800, PR30 T - HA %60 56 8 I o,
A DA T SRR T A TR

P2, HEREM TR CkEEE).
TERSEINFIFE R N L (n: THEFL. SCFES) #9 ERP
Brgs s RO P2 il o AR L £ B A
W& SUM LA RBI RSy, TR 2T 2 A0k A5 A
s ) RS SO AR S A4

N2 ZNHS ST, TELREE R RERE, BN
TR X, 356 B8 A I A 74 ] 44 1
PSR I 5 O A S B R = SN OE Al b RS
##, Donohue % N IA A IEJ&5X —BLAMABL T Xt ijr 58
HIRRI. LA, Z AR B T vh ZE BRI IR B BE.

Late-SW J& K PSR 4%, 43 A1 18 X A i
[X., Z i Donohue il Henkin HJAF58—8ANIZAL S
SRLT Wy, Bk, AT RN T e i B
B HER . B EAT.

3R Stroop N R IK SR ERP Y45
FRIERA T UF3E N e il B i B — MM T “afge
TR - vhoefpoy R ZRM TG R, A SCIR 52
AT B A s ) g RSB R A R  o B — TRL )
W B B . T E N ERP 325 45 R UL AT
KON B ] A 700 ms 245, FR RBLHTR A ERP A%
4% “N1-P2&N2&Late-SW” 4 FIARBE T ks — R 5] -
U BN SR 3 B, X 3 B Bei
AL —AN T SERE R UEE N R L R (iR 5 TR .
AP B (110~140 ms): N1 f1 P2 BEA PRI T %24
BIE S5 RSB RS IRBIM B (260~320 ms): N2
WL T L TARRA, YA Y FIE S H R4

A FRPER B (500~700 ms): Late-SW 2 B T Xt 24
BRSSPSR, SO, FiEt shVEHAT S8 BOA A il
155, R, UragiAEnm R EEH RETE 3 AP Bl
AR 55 A AT BHEATINH] . A SCHT 48 i By I3 1A
SN AR Z MR IR A hl SR - S A
MIRRISE I fk., 58, JUHOEM &R ERP s>
(N1, P2, N2) 7 vt S5 By Be iy HAR T RE .
4.2 HzhUT 5 ARSI RIR B 77 %

P T 2T NN T 56 A RN LA, X B
R RO A T W D AN 2 TR A SRR AE SR I J70%, A
T A5 28 2 T DA AL A 4 W 38 DA S 11 9 11 sl Al iR
FIRTTE. A E BRI 5 A0 1 Y B SR Ak
TP B MIRA 5 R AT LA ok, Rk
REAE A 280D\ W i Jii R, 50 0 w93 s W 5 A R o A
A, [, SZAIRA G R, AT &
PRI ERP 73k, SR BELIR W5 DA 05 ] 0 fiki Fi,
FEZAS TR B T I8 BE A LZC BRE R REAR I 3R 1E
Wb DA 1 45 ) A A B B AR R At W i A R4
TP 19 77 124 SCH R W 7 I R R R

(1) BEAAHRMBAR, SZIREEMm /)N,

(2) AREZIMT-HH5, 7L X R A
By i F RS A T AR I TR

(3) ERmA VN BEARERESWHELT, WEA
B e R TR 2R

RGN PR T AR B, e anE s SR AR
£ e AR R P S 0 2 Y N N KT, SRR 52
R FAE— LR (Session) Y, FHIRM FIBr Ry
R (Trial) WELE 5 BB LB, SCR & XA
— SR B TE B B A X T — B0 REAR, T
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PRSI AT, T TS 0 P 8RR S R VA 8 3 S Y S 2
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T SN RN 2R S
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2%, & XU AR # (ACCR: Auditory Cogni-
tive Control Rate): SZH 3 TE—IR & T15 3 FIWr Ry Ur
B SE g 2 TE T, A ] 2 AL Y I R R R R
B Ho ). PR AR PR T AR A AR TE W
o NI T 5 DA 425 1) BE 0 24 T PEARY

5 L
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