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Fig.2 Construction of directed network flow diagrams

3340882288

3z

.4
]

2332333900882 swiTopnl
s8zzx33z0088zrr2Erred

3 PUZARFAIRATT MOAT o 10 2%

Fig.3 Directed networks in four kinds of emotional states

N T 2 OB TR 28 IR 5T IR X 45719
R BV AR/ TR FARES T 45795 SR {5 B
JBEGRANPE 4 R o A AR R il X 451
A GNAR TR X I A R R B B R0, B B
JER RN BRI, AL T HALV 1§ 4RSI ik X
A A R L 98 R ) AT 3 5 T AE LALV
LRSS M DA% A A £ AL 98 ) (R G G
ARG AR I E AR N R AT RUE AN
TEARAE T I DX A%y A5 L B S AN [ i



513

ARG A5 - AN [ 17 PRSI 00 2% 14 135 8L il F 5 63

SR R AW % HALV . HAHV . LAHV . LALV Ik
AR 5K 3 gl AN .

3.2 4

o ° = HAHV
al e o e HALV
T ee ° ° LAHV
. ® ¢ Lol v LAV
3.04 - 0e® °® .o ° ...
mE o [ ] ° n ... °
2.9 e = " ° .
g " an" o
£28 L) L] " . L
2 " _— " "
= [ ] "
17} LA |
2.7
v
vY .
2.6 v
v v vY vy vy
vV Yy v v v
25 v'y v
Vv Y oy vv
24 T T T T T T 1
0 5 10 15 20 25 30 35
Node
K4 ARMEIRE T %05 55 R

Fig.4  Information intensity of each node in different emotional states

h T B TEAS R RS T 45 il XA B
UL 1) e PR X B AL, 5 A 1) 4 AT
Ak B, 358 72 [ 0.04~0.05 ] X [8] VE Ay B {EL 9 32 £ 4
B, 3 SR A AN TR B R L 19 42 R AR RT3
Tl B SRS BTN L 4 R0 bl A A Y
R R LM 3o Dk P s B, S X sl R BB A A
R RSEIE KGN N T HRIEAR RS IR T AR
150 1 4 SR BRI X3 8 R B, A SR A )
25 i 1 1 (H 0.043.

HRAE ZAE P2, B 56 43 B 19 R B AR AL R
Fl6(a) %5 TIEHVIRE T, HA 5 LA BiFRR S 4
NG X5 5 R B A AR T Ol . T LB 3 HACR SR T 5
FE (AR % T T LS LACIRZS T 09745 A5 B 25 (4
K.OE6(b) AR T LVARET , 20 0% HA 5 LA
AR 25 W DX R BE A A B 0 . 45 SRR W], LA AN
HARE T MR A B 25 RIEE 6(a)
FE 6 (b) , AT LL A& BLAE [R5 00, i it
TR 25T I R T SR AR R K A [ g N
DU N TSR E K E o N T =1 Tl B (S N £
R T PR R R TR UM R 2SO A T A
FERE AT Ry 45 SR — 2 R RS R A T e
PR 3 FNAS M IR AR AR B ST

A3 AT U RS [ 4R AT 1 B FARE
BT 25 T 45710 s A B 5 A 251, 2 2%
H R T 0 I, L BRIZ 1 AU R F AR, BIE
B E AR RCR, T A 2 T — M5 B
R, M 22 E/NTF OB %1 S A5 B A B ER

124 —=— HAHV|

—o—HALV
LAHV
—#— LALV

1
| <~— Value=0043
1

1.0+

Global Efficiency
o I3
(=2} ©

1

o
~

0.2

0.0 T T T T T
0.040 0.042 0.044 0.046 0.048 0.050

Threshold Value

(a) 2JRsdof
(a)  Global efficiency

0.25 4 —=— HAHV
: —e— HALV
, Value = 0.043 LAHV
+
0.20 | LALV
- 1
c
[ 1
S 1
£ |
3 0.15
O |
2 |
™ 1
@ 0.10 -
(=)
© |
p.
(5] 1
3: 1
0.05 - 1
1
1
1
0.00 T T + T T T T T T 1
0.040 0.042 0.044 0.046 0.048 0.050
Threshold Value
(b) i sl 25

(b)Average flow coefficient

5 2 MR AR R AR AL 0
Fig.5 Network topology characteristics changes with respect to

thresholds value

K BEBF AT R — A2 B 7 () W LR
0 RE AR JAE NG I 1T 8L FE LAHV RS R AR
SR A T T R K £ T HE R X g YR A
TELAHVIRE T EERAR K. R 1A T4
550 DX 8 5% B T O, 45 3k B S BT R I X L
BIAE LAHV G BT, K5 803 ) 3222 A7 3
Jrf SR A2 1) SR A AR A HAHV RS
T P G R 4 A R R A s B R B
R, SR HE T AR IE A S5 B A R
K, R HARV RSN , KB {5 B ) 22
e 2L ) H e A A B BT LA 7 (b) A
B, 7E LALV (RS T A5 B 8 = 24 th FE A i



wodl % 2022 44 20 %

0.25 1

V) HAHV
— Bl -
3
o 0.204
X
[
2
& 0.5 - A
go.
(]
e}
o
P
%5 0.10 ~
2
E
3
g 0.05 4 ‘ ‘
) 11 E
0.00 T T T T T T
0 10 20 30 60
Degree K of the Node
(a)HAHV 5 LAHV
(a)HAHV and LAHV
0.30 - .
vV )HALV )
[ WY,

0.25

0.20

0.15 4

o

=

o
1

Probability of Node Degree K P(K)
g
1

10 20 30 40 50 60
Degree K of the Node
(h)HALV 5 LALV
(b)HALV and LALV
El6  ARMELERE T W AR

Fig.6 Node degree distribution under different emotion states

Rl REXE5HRAXEXFR

Table 1  Relationship between brain regions and node

o

o

S
o

Brain Regions Node Name Node Number

Loubus Fromatis FP1.F3 . AF3 .FP2 .F4 AF4 1.3.2.17.20.18

Central C4.FC2.CP2.C3.FC1.CP1 25.23.28.7.6.10
Left Temporal F7.7T7.P7.FC5.CP5 4.8.12.5.9
Right Temporal ~ F8 T8 P8 .FC6.CP6 21.26.30.22.27
Parietal Lobe P3.P4.PZ 11.29.16
Occipital Lobe ~ 01,02,0Z.P03.P04 14.32.15.13.31

U585, 7 HALV BPRE T B EM EEH A
F G PR R80T P8 T 2 2 i 14 380 P K A ) R T
K 8 45 T EARIE 25 IRE T, b 45 Fh it

30 r-

VJHAHV
| |

n
S
1

[N
1S)
1

Node Degree Difference
IS o
! !

o
S
|

-30 T T T T : T T
5 10 15 2 2 30

Node
(a)HAHV 5 LAHV
(a)HAHV and LAHV

251 r-

v/ HALV
||

Node Degree Difference

5 10 15 20 25 30
Node

(b)HALV 5 LALV
(b)HALV and LALV
7 ORRE GRS A B 226

Fig.7 Differences between out-degree and in-degree in different emo-

tion states

PR 7 HALV [ 40 ST, W& 8 v
LAMEFRIC FT 7N, 12,13 T8 3 A9 3% 85 =X 09 AR
15, 2 BRI 45795 15 A BV 3 2 B A A I Y
U/ 0 W [ el [11:° ) 1 3 B
SZIA R 5 7 LAHV IS 250 R A R B, dn ] i il 2k
prid, RELRIGrhAEE S Z s 1 1.3 .58 K
3% 42, RIITE XA 2R | Bk P9 A5 5L it B
fi] - P — A5 2 i X9 A5 A5 S 2 R i
P8 5 — B XY 5, s B B 1) B 0 BH A A
LALV 525 RATF , G v sl 4 26 77 HE BT, R
ik T P 5 A 32 A X ) 5 T L o s 2 , 2 S A
X Z a5 B A HARE .

St DUAME 40IRS T, AR E AR e AT
MR R R R AAEN W 2R K HAHV 5
HALV, LAHV 5 LALV () 4% Fh % 5245 20 7E 2 i 775



513

RS L AN TR ZEIRAS T i P 225 ) 15 R

ALl 5%

65

vvARv|T T T
ALY

LAHV
LALV

2500

2000

Motif Number
I
8
!

44__.__________________

&1 8

AR APIRAS T A 1) I A i

Fig.8 The number of directed connections in different emotional

states

R B AT PR T X L, 43 900 45 ol e e 2 e
AN FE SRS T i B - T I A i D9
(a) FE 9(b) 45 T A [R) % B 455 XA 42 i 0 o5 1)
G TR RV AN Efﬂﬂu%ﬂ HAHV 5 HALV,

LAHV 5 LALV IR E W& LA ER RN E R 7
HAHV 5 250k &8 T, 46 Y 2% IR (8 fm K, R B AE
HAHV RN X5 L 9 25 B 3% 322 455 00 8 i KT
HALV. [A]#, LAHV R 2 X R 114 45 o 2 2 A X0
i KT LALV. Xf HAHV 5 HALV, LAHV 5 LALV
FH T—test J7 5 MU0 % 1E 22 5 (P<0.05) K5 5, HL K

BERUWAR 2, RN B A I 22 5%
2GR AT LUK, AEA RME LIRS 2% 18 J 5K

AR s A7 e D 22 57, HizZe e h RGN R
AN 2 SZARAR DR SN 7 A Y

4 itig

S ST AT 1) DO 25 AT I R E A4, A TR
DA R BYA5 R U Y B 1 iR 55 5 1 IR S A
NI R ARG 40IREA B B I

(1) 7E HALV RZS , I X 4517 S P i AR i
FRTARNT TH B MRS R, F R FE M
2 i ) PSR 1) 2 24 il %) K b s ) R T
WSS [ O 248 A7 B 22 1) L 4 (AR 5 i [

(2)FE LAHVRZS T, N A7 1 B 22 B o) i
2, AR I A5 2 mﬁﬂﬁﬁﬂ:ﬁﬁ%ﬁh SCERT ) Ml
Tt ) g DX ) 5y — S5 A

(3)7E LALVARZS T, K o 14 2% b i 12245 5K
el D (i B A HE D

ARSCEE R — AP UE ] 115 25 A 0 R JRE A%

400

300

200 4

Motif Number

100

200

T 5%-95%
— Median Line

7
Motif
(a)HAHV 5 HALV
(a)HAHV and HALV

RSSSSSSSSH

12 13

150

100

Motif Number

o
S
1

%19

VARV

| [WRY;

T 5%-95%
— Median Line

RTINS

2 3 4 5 6 7 8
Motif

9 10 11

(b)LAHV 5 LALV
(b)LAHV and LALV

12 13

ARV LIRS T A5 e U it

Fig.9 The number of different connection modes in different emotion

states

F2 HFEHEERR

Table 2 T test for each connection mode

HAHV - HALV P LAHV - LALV P
1 1.41E-06* 1 0.9022
2 4.35E-04* 2 4.26E-09*
3 2.15E-06* 3 0.7994
4 1.03E-09* 4 2.63E-09*
5 1.13E-06* 5 0.0056*
6 6.72E-07* 6 1.77E-11%*
7 0.0782 7 0.6773
8 0.0038* 8 6.34E-07*
9 0.0118%* 9 2.52E-11*
10 1.00E-07* 10 2.50E-11*
11 1.13E-04* 11 9.88E-10*
12 0.3495 12 1.21E-11*
13 1.74E-11%* 13 1.10E-05%*
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INFORMATION FLOW UNDER DIFFERET EMOTIONAL STATES
IN BRAIN NETWORK *

Fan Qiang' Zhou Lii'*  Fan Yongchen' Wu Ying"*
(1.School of Aerospace Engineering , State Key Laboratory for Strength and Vibration of Mechanical Structures ,
Xi’ an Jiaotong University ,Xi’ an 710049, China)
(2.National Demonstration Center for Experimental Mechanics Education ,Xi’ an Jiaotong University ,

Xi’an 710049, China)

Abstract The information flow of the brain functional network can reflect the causal relationship among different brain
regions. Studying the causal relationship of brain regions under different emotional states is not only necessary to reveal
the mechanism of emotion generation, but also to effectively analyze, identify and monitor the generation of emotion. In
the field of artificial intelligence, effective emotion recognition will directly affect the human-computer interaction pro-
cess. This paper used the DEAP emotional data to construct a directed network by the method of transfer entropy, dis-
cussed the flow direction and change rules of information flow under different emotional states, as well as the connection
patterns existing in different brain regions. It is found that the intensity of information flow at each node is different under
different emotional states. The higher the arousal, the greater the intensity of information flow. There are also significant
differences in how information flows and connects. At the same time, this study further demonstrates that dependence
truly exists between arousal and valence (i.e., two dimensions of emotion) , and provides an important reference direc-

tion and research idea for emotion recognition.
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