% | H IR S S5 2 N B4 19
= il il
e 'se ELECTRONIC MEASUREMENT TECHNOLOGY 2024 4F 10 A

DOI:10. 19651/j. cnki. emt. 2416341

B T5 S W R A D E 5 G T

M2 £ &' BR3P
(1. PER FERZEANZZLHEARALSHEIRSFR M 110854; 2. EBAF X F R TLEEZR TP R X X)) LT 100088)

W OE: N TAREREE RTINS 2SR B A B M 2 4 R RS R E MR B S48 AR L — A ST
PR 20 G B 2 A5 25 TR AR B 7 5 o 3R T IE 5 A5 5 3R R 5 A0F IR A 15 55 45 0 B J0 R R IE L 4 B A9 0 LR g 8 o
FEAR AT XA AL (4.0 B ) 4 907k B BB P T 3 W PE AN R BE 32 R DA R R T A 2SR R S B A ) AL DA B AR Ay
PR WRIEE i MAHNOB-HCT %5 42 07 45 A% 5 7602 i Al e 301 25 {5 J80 A0 38 3 B A4 8 19 37 4 22 2k Al 45 R AIE 3B A1
TR YU 7 B S BN R A B R R, 5 RS YR T 0k (4 X A AT AR S R R TR B R AR T
10. 72 % 1 3. 36 % 55 HLAUCBLZS J7 B B X EL A W AR BB SR8 30 T 7. 51 %0 . &5 R WL A ST 4R D 1k e g T ofE
B 48 7 S 4 K09 4 00 BE A 18 500 B 7 B9 SR C R LA R T T IR

KR WESBTES S OIS 59 2 4Eml G R E

FESES: TNILL XERARIZAD: A ERRAEZRSERG: 520.2040

Evaluation of psychological stress level based on speech and EEG signal
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China, Shenyang 110854, China; 2. Key Laboratory of Evidence Science, Ministry of Education
(China University of Political Science and Law), Beijing 100088, China)

Abstract: In order to improve the accuracy of pressure classification method. realize the deep mining of multi-modal
information interaction and multi-dimensional three-dimensional fusion features, a multi-modal pressure identification
method based on model classification is proposed. A new psychological stress index model is constructed based on the
amplitude characteristics of speech signals and the amplitude characteristics of each frequency band of EEG signals, and
a psychological stress classification method for the model is proposed to solve the problems of limited subjective
assessment accuracy and unclear stress classification basis. The labels of MAHNOB-HCI data set are reconstructed
based on the model classification, and the multi-dimensional stereo fusion features containing EEG time-frequency-
space information and speech time-frequency information are constructed to solve the problem of missing pressure
information caused by the single feature research method. Compared with the single modal method, the recognition
accuracy of the proposed method is increased by 10.72% and 3. 36% , respectively. Compared with the conventional
dual-modal method, the recognition accuracy is increased by 7.51%. To sum up, the proposed method can more
accurately reveal the relationship between the full-band information of heterogeneous data and psychological stress, and
effectively improve the recognition performance.

Keywords: EEG signals;voice signal; bimodal; psychological stress classification; multi-dimensional fusion feature

0 3| I B TR ) R R TR A IR 5 A s 2 AT R B R AR TS
THT P S RS M]3 B0 24 Sk L B Ty o 5 A6 A i 5 A
Bl AT R 22 KR AR BE R 2 A, AT TAR A Wk s 53— D i W 2 6l R0 2 10 28 4k B 45 J0 5 T 45

il

W H 91 :2024-07-01
* FEAH R E AR R H (2017 YFC0821005) (UEHE R 27 0 E ) a8 90 50 % (b [ BUk K2 IF 8 4 B B IR (2021 KFKT09) (A %
2ERF SRS BT ST AR TR H (2022XKGJ0110) 3L T4 BHETBS FF 8 4 % Bh I B (2020-KF-12-11) | o gk w48 SE AR Al 55 9% L 0009 4=
BEBh (32420190100 T T4 A ARBHF LU H (2019-ZD-0168) (U H #F H i WF 55 5 H (E-AQGABQ20202710) - ¥ 117 8 37 Wy iF 8 45 5 56 55 FF ik
PR (2021XCWZKO08) T H % Bh

114 -



Rk F TR R 6 SR A S TR ) A SR AT

5519 W

SRmaEARAGNZ, HOBERMAMER & TF
FLI 58 E b, T 33 B R TR A N BRI 4
TR A SR AR R R . O B 7 RN B R T LA Bl 58 R
SHRAC B R 0O S 5 R R S R B O R BT 2
EERET = SR 2 &

O3B 7R S MR B A TR T 43 R BE L AE LA
FERE 15y B b, DL SR sUR 2 7] 4 O AR SR 10 20 7
P PR A . XA B AR AT I T LA S R
G BB SEET R BAT 55 R R 1 S IR DU 7 B i %
ERAE N E S Mg . Hasan 55 B % & 4R U
FCRAZRHE AR /090 AT R 7 40 9, Bk /
3 FE S E R ATIRSY . AR K e W IR R S AT
HA IR 2% 32 5] 52380 38 FE A 00 B A 01 2K SF- 45 = UL IR 36 5 i
i BB 2 R Ry A PR3 — [ 8, 2 W 43 9% ) ¥ N 2
M BRI R S5 5 HOR T BORES & 3@ 1 W B
A AL B R ol A S BOTA E 7, B T ax e BB 4L
b R VIR NAER A NG s VP B8 - |- = R N R ]
U DR VA A5 R T s . Tk BB R Stroop SE K
i S AR 0 B3I 4R L O S 3 25 R A R Y S Ak S R
BOLABMWL T EMA RN, B8R T R R UR
FE I 55185 K A28 38 O B 07 A6 R 7 43 Gk, S8 A AR 3
BB (VME) 55 32 BUPK I . JF 5% O BRBES 43 5 vk
L T T B0 I3 K BB R AE——bmNN. DL EJ7
Wl 9 N THEAE R AR T E W E R T 5w
V4 7] AL o AELARR T A7 T U0 i A 3 AS A 1 ()

FEEM I AWIEE, KA TR —-EEES &0
FE 7 QBT B B, 3570 5 B0 1 B HE R, B T 5
FH IR 2R R D) G 5 AT 85 6 DU S TR
E. IR A o R 0 T R O R R O L 2 B A 1
B, B A5 B AR BT 43 I 00 10 80, 3 2ok AR Rl A 1 T 2
H R (15 R (B 5 B 5 T FB 2R A R AE 09 B T 5 B AH &5
B ARARTE T JE A 20 R e B R SRS S 3R
B R B B B E S 5 0B E S
G BRI 57 48 BOVE A H 3 43 GRS e 5 L g 7 A
T 7 AT 24838 R T IR BRI 58, otk Ji5 8 B Ak 43 A 1R
FEIP R —Fh 5 2B, IR T A T
55 B9 D7 H8 BOBE T, O T 4 I 3R T R R ASE 78 5 9L s 0 A
WA G T A S AR AL B R T R R T B
TR

[Fi] Bsf BF 9 35 30 R W, ¥ A 22 Sl m 5 AR AT RT3 40 R
55 B SCERAF R, O 1Y B KRR Y BT T B B8 7 L E T A R
PN HERR R . Attallah™ " 72 BF 78 B - MR 405 il H R 42 HRL B
AL B A I O L A SRR AE O 5 U R IE AR 45 A L 1
2w e ) 2% 1 # 2e B A v A TR A R ORN B T A
HE T .

25 DR, 2RSS 585 G L # EO 3H  AR R
W 2 Sl il G AR E AT R A R R T TR W B O T ik

PR A SCHE DA 17 e 64T e 40 456, IS & 5 5 IR IR 4
U ARG R A 5 45 0 B U W R AR 5 T KT B SR SE R L
RS O B 7 48 BT, O 48 1 2 TR R 110 B )
SR TTA TR Sy ARG . A B T L RS A A
8B AR O R T, TR K 2 B R B R —
MAHNOB-HCI #% [ i 32 1 09 7% 1 53 B 07 e i T AR &
il o IE A A 5 B 500 2 R A 28 gl o o OB S 22 4l
FRAE W50 THHE RS B RIBRE ST . Gad W 4% M3 43 A7 3=
W, BT 4 o A 7 1R O T RE S SE B 2 M A A LR £ 4 T
RRELE FRAE B E 200 A SR T T R BUN MR .

1 EAXRBREFES

Wit 5 i 2 BL 2 A 5T 0 i 20 FUE BB R Y & R Ll i 2
EEAE ST R M E D B r . BERS R
CER RSN e 8 A o N N PN A S vl S = S N RO R &3
A, X I ARFAE 9 TR AT 5 0 B 7 2 WL 8 R 1 %
JRBEE T AL

FR A 1 28 A4 L2 L0 B4 B 5T R B AR IR S K
oG B2 2 A 5 B e A DG TR DA R s T
SRR — 7l T L S i L £ 5 0 0 B ) R R ME R 00
KZ—. WG S WHREE N 0.5~100 Hz, 78 R
T P9 AT 3k — 25 ) 43 24 - Delta (0. 5~4 Hz), Theta (4~
8 Hz) ,Alpha(8~12 Hz),Beta(12~30 Hz) ,Gamma (30~
100 Hz)5 B e 1 fizs

+20
2
=
£
-20
0 ) 05
RN
(a) Gamma#Fi Bt
(a) Gammafrequency band
+20
2
=
i
-20
0 0.5
B 18)/s
(b) Betafi Bt
(b) Betafrequency band
+20
2
=
kY
-20
0 0.5
A I)/s
(c) Alpha#fiBk

(c) Alphafrequency band

+ 115 »



547 % L I A

+20
>
=
=
-

il

0 R 0.5
it 1A/ BN SERRAS JIVAL: N
(d) Theta$f B

(d) Thetafrequency band

+20
2
=
i
-20
0 i 05
I ifl/s
(e) DeltaffiBk
(e) Deltafrequency band
K1 s s S
Fig. 1 EEG signals of each frequency band
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EEG and the state of psychological pressure
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Fig. 3 Change trend of speech features with pressure
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Fig.4 Flow chart of psychological stress index model construction
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Fig. 5 Design flow chart of psychological stress grading method
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Table 2 Grading method of psychological stress

JE TR JE S 8UE
wE RS (B LAF)4~7
— %k 7~13
KD 13~27
“HEN 27~37

u 9% 37~71CR P D

RO F) 36 IE R SR 0 3 3 T s O i 1 3 56 T 80 19
Jie 3 2 9 O\ AR AR I 73 AR ol E 19 TR 1 S5 20

RIS T 5 I R AR L e T A2
R B A S5 R AR 5 B A0 B ) 1 R
HLE .t TRlE TR R SR 5 AL 2 5 0 TR T SR
AEAR R PRI LA S v 0 o 0 2 R T 32 9 35 P S

H2%5 8B 3R > SR 5 MR X 70 5 2 A O LR

117 »



5 AT & v F o

T # K

R3I NRFERIER
Table 3  Verification of grading method
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Fig. 6 Flow chart of psychological stress identification
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Fig. 7 Diagram of spatial position information of EEG

acquisition electrode
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Fig. 8 Feature construction diagram
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Fig. 12 Model training diagram of different modes
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