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Lie detection study based on wavelet coherence
analysis on multi-channel EEG signals

He Zhangjin Chen Chen Zhang Jin Li Feng Zhang Jiaqi Lan Wenwei Gao Junfeng

(College of Biomedical Engineering, South-Central University for Nationalities, Wuhan 430074, China)

Abstract: In order to distinguish the functional connectivity on different brain areas between two mental states of lying and telling-truth
and to research this functional connectivity change in time-frequency domains,forty healthy right-handed subjects with an average age of
21 were randomly divided into two groups (20 each) ; Lying and telling-truth. Through standard three stimuli paradigm, we recorded the
12 channels electroencephalogram ( EEG) signalsin two states. Then, used wavelet coherence method to calculate the coherence
coefficient on66 pairs of channelsof the following time-frequency bands:6(0.5~4Hz) .6(4~8Hz) .«(8~13 Hz) .8(13~30 Hz) .y
(30~100 Hz) and the time range of 250 ~ 1 300 ms after the stimuli ( typical occurrence time of P300). Analyzed the functional
connectivity on different channels pairs in different time-frequency areas. Finally, Wilcoxon test was used to compare the difference of
wavelet coherence on the same time-frequency domain between the two groups of the subjects. The experimental resultshows that in the
time-frequency domain corresponding to frequency bands € and 8, there were statistical differences in the coherence values of OZ-P4,0Z-
P3 and P3-P4of the two groups of subjects. The finding indicates that when lying with physicalevidence, the associative visual cortex(P3
and OZ) and inferiorparietallobule ( P4) may be activated during utilitarian and nonutilitarian moral judgments, yielding significant
statistical differences in the functional connectivity between different brain regions.
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Table 1 The results ofWilcoxon test statistical analysis of wavelet coherence

value in Each time-frequency plane of two categories of subjects
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Table 2 Training and testing results on wavelet coherence-

K2

based feature vectors from two categories of subjects

IR %
B %k W
TR, +SD TR, +SD TE,,, +SD TE,,,+SD
SVM  96.55+2.30 95.3622.26 95.73+2.84 94.25+2.57
BPNN  94.81+3.02 95.05+2.38 93.44x3.10 93.10+2.79
LDA  86.99+2.49 87.87+3.11 82.83x3.25 83.64+2.93
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2 22 57 1 P300 I b B /NEAR T, i AR iRy
i1 i IR AE 3 A deay b kAT ar 28, 45 RN A
FH/INBEAR T 1800 4RI ) e 3k SVML 7328 485 2328 14 1
TR A A0 T 24 1 K 2 B A DR I 5 1Y 0 1 45
ST ST R N A T B R AE ) g

FH X PR DR R AR 1 77 %, Al ARG A
RO 3 A A T S5 B 0 i v X o AT RN B
oA B, MO T TR A 4 R A T i e B T
single-trial PSR- Y19 T3, A1 ot DA A i o3 A o 8 £
X—LHERFE, EU T 4T PR %R R BAD
(bootstrapped amplitude difference ) 1 BCD ( bootstrapped
correlation difference ) MG 7% (B 32 H 7772 09 HETf

RIEAL T X L)) .

TR/ fE N AT BE P i & 2R, B R YIBE
ZH AR ER GBS M EA R, A FRUE TR
2 5 U I 9 A 28 06 3 00T /N i Ak Ak 58 R0 A
P28 | 422 FLC Y I 4% 2 55 0 U 1 B8 LAY (] 4 B
WEDEATHRAS ' | HA BF 5T & BLAE SF 47 Th A Ak o A1
)T 28 0 DRI R T /NI R 7 XIS 2 s . AT
FE THDV P IE U IRE T 17 576 O 06 106 2% 12 )2 25 5 15 % AH o 40
B A B A S TR N S 5 BT R R AT ) A
AR T ) A T 72 0 DR ) T 00 BRSSO 45 R
RILAH P ECE UG 7R P300 [ B B S Y
P4 07 F1 P3 =SB L AF 76 B @ 09 /N B AH T 1



20100000077013

510

13 faf Z24. fbd

ZiHIH EEG {55/ NEAR T 047 B I eI 52 - 115 -

VLHA T A Ul i B, T ( BA7) FIAL M ( BA1S M
BA19) FYAH & X IRAEAT T ARA 4 U3 [ TAE , RO A7 AR AR
FROE 0 B D RE 42, o 0, R B TR /N Y |
WINFNTRE , FRATTHE I T00 T /)N i 422 52 30 40 5 X35k 1) A
KAF 5, UL TR T 00, 78 o A 80 T e SR
AT A AT A DL BTG B

TN AT R B AR L, EE A TR
RELIBT A FRA T DI RE . TR W 5 52 £ B 90 2 3 o e
B4 A% B B AT I AL B, SR 5 26 B AT T il — A5 Ab B, T
Kk Ae BB T 1798 2h SR sl HAB T RE X . it
W REXHE BT BTN T, XSRS R R T RA A
W2 5 T ULidoR R, X5 S F R UL g — 3K
ST AL R R P H TE FA-F3 SRR AR S B
BOWAHT M (R VFEE B A B2 %) . UoBH A A%
iy DX ST oF g Fsf 45358 09 A 43 B, o T DA BEA T U T 1Y
R,

6 #& it

-l

AR SO /IN IR 3 B 97 A i F D S A 5 B
- A sl i oo e S S e | B o 8 e D S S
BRI R, 723 A T U5 UL 26
AR BN A I AT EIRGETT o3 A, DT A S
YT 5 A BEE T 7E A ) I3 ) 2% S 3 b A 22 5
HE

AR — R I 5T i N R A R A R
5 T/NBAR TR 2 — R i TR, AR SR 12
AR H] ) 2 BE 2 2 e bb [R) T AR AT 1 05, /DS
WA T X5 5 22 (9185 G 64 T I656 1 i H A% R 47 T 2 e
HEARIIT, RO AT LIS B BRI R I, 5351, X i s
T el S A B R o B A — 2D 0 A, X e AR S S
LRI NEE .
5% 3k
[ 1] HORVATH A, SZUCS A, CSUKLY G, et al. EEG and
ERP biomarkers of Alzheimer’ s disease:
review[ J]. Frontiers in Bioscience, 2018, 23(2) . 183-
220.
ROBERT J B, FRANCES M. De BLASIO, et al. EEG-
ERP phase dynamics of children in the auditory Go/No
Go task [J].
2012, 86(3) . 251-261.
GAO J F, YAN X G, SUN J C, et al. Denoised P300
and machine learning-based concealed information test
method [ J ].
Biomedicine, 2011, 104(3) . 410-417.
GANDOLLA M, FENANTE S, CASELLATO C, et al.

A critical

(2]

International Journal of Psychophysiology,

[3]

Computer Methods and Programs in

[4]

(5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

FMRI brain mapping during motion capture and FES

induced motor tasks: Signal to noise ratio
assessment[ J|. Medical Engineering & Physics, 2011,
33(8):1027-1032.

HOFFMANN S, LABRENZ F, THEMANN M, et al.
Crosslinking EEG  time-frequency decomposition and
fMRI in error monitoring [ J ]. Brain Structure &
Function, 2014, 219(2) :595-605.

RAMA P V, ANOGJNA A N, RAO V M. Relevance of
wavelet transform for taxonomy of EEG signals [ C].
Conference on  Electronics
Technology, IEEE, 2011.466-470.
KRISHNAN B, VLACHOS I, FAITH A, et al. A novel

spatiotemporal analysis of Peri-Ictal spiking to probe the

International Computer

relation of spikes and seizures in epilepsy[ J]. Annals of
Biomedical Engineering, 2014, 42(8) : 1606-1617.
UPADHYAY P K, SINHA R K, KARAN B M.
Detection and analysis of the effects of heat stress on EEG
using wavelet transform[ J ]. Engineering, 2010, 2(4):
405-409.

HAIDER S K, DAUD M I, JIANG A, et al. Evaluation
of p300 based lie detection algorithm[ ] ].
Electronic Engineering,2017(7) : 69-76.
BABLANI A, EDLA D R, KUPPILI V, et al. Deceit
identification test on EEG data using deep belief
network[ C].
Communication and Networking Technologies, 2018.
MALLAT S. SIE T, 4 S48, P {5 5 b B /N =
SlARE R IMI. 88 3 ML 6T AU Tl B WA,
2012 59-100.

MALLAT S. A Wavelet Tour of Signal Processing: The
Sparse Way [ M]. 3rd edition. Beijing: China Machine
Press, 2012 59-100.
VACHA L, BARUNIK J.
commodities revisited: Evidence from wavelet coherence

2012, 34 (1);

Electrical and

International Conference on Computing

Co-movement of energy

analysis [ J ].
241-247.
KOPAL J, VYSATA O, BURIAN J, et al. Complex

continuous

Energy Economics,

wavelet coherence for EEG microstates
detection in insight and calm meditation[ J ]. Conscious
Cogn, 2014(30) :13-23.

ABOOTALEBI V, MORADI M H, KHALILZADEH M
A. A new approach for EEG feature extraction in P300-
[J].
Programs in Biomedicine, 2009, 94 (1) . 48-57.
KOESSLER L, MAILLARD I, BENHADID A, et al.

Automatedcortical projection of EEG sensors: Anatomical

based lie detection Computer Methods and

correlation via the international 10-10 system [ J ].



20100000077013

<116 -

SRR e

13 faf Z24. fbd

534 4

[16]

(17]

(18]

[19]

Neurolmage, 2009, 46(1) ; 64-72.

SHUBHAM D,DAMODAR R E,ANNUSHREE B, et al.
Lie detection using exireme learning machine: A
concealed information test based on short-time Fourier
transform and binary bat optimization using a novel fitness
function[ J]. Computational Intelligence, 2020,36(2) ;
637-658.

SANTOSH T, RAMESH D, DAMODDAR R. Spark and
Rule-KNN based scalable machine learning framework for
EEG deceit identification [ J ].
Processing and Control, 2020, 58, doi: 10.1016/].
bspe. 2020. 101886.

TANG H, LU X, CUI Z, et al. Resting-state functional

connectivity and deception:

Biomedical Signal

Exploring  individualized

deceptive propensity by machine learning [ J ].
Neuroscience, 2018,395. 101-112.

CASPERS S, SCHLEICHER A, BACHATRAMS M, et
al. Organization of the human inferior parietal lobule
based on receptor architectonics [ J]. Cerebral Cortex,

2013, 23(3) : 615-628.

EE &I

A E 58, 2014 4F T 1L T2 24 B 4k 45
b, B R RO R A A L F S A
EBREFE T 5 A T AR
E-mail ; hzjin. cc@ qq. com

He Zhangjin received B. Sc. form Hubei
Engineering University in 2018. He is a M.
Sc. candidate at South-Central University for Nationalities now.
His main research interest includes EEG signal research.

B EIUE, 2005 4 T BB TR R AT
23, 2011 AF T P 4 528 K27 3R A 1
bz, B R RO S AR, A A
Ui, SE BRI 5 Tl A ik v Ak PR A S
Wl
E-mail ; junfengmst@ 163. com

Gao Junfeng received M. Sc. from Wuhan University of
Technology in 2005, and Ph. D. from Xi’an Jiaotong University
in 2011, respectively, He is a professor and M. Sc. supervisor at
South-Central University for Nationalities now. His main research

interests include EEG signal research and pattern recognition.



