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Abstract: Aiming at the problems of spatial proportion difference and temporal peak asynchrony of emotion cues
between facial expression and bodily posture, a key-points guidance and significant-frames enhancement (KGSE-ER) net-
work is proposed for emotion recognition. In the spatial key-points guidance subnet, to capture the intra-frame emotional
correlation and complementary information between facial expression and bodily posture, a spatial key-points guidance
mechanism is constructed to obtain facial expression guidance semantics and bodily posture guidance semantics based on
a cross-modal attention and a residual structure. In the temporal significant-frames enhancement subnet, to reduce the
inter-frame redundant information caused by temporal peak asynchrony between facial expression and bodily posture, the
emotional discrimination and dispersion are measured according to the facial expression guidance semantics and the
bodily posture guidance semantics, and a temporal significant-frames enhancement strategy is proposed to enhance spatio-
temporal features of cue-guided semantic sequences. The experimental results on FABO and CAER video datasets show
that the emotion recognition accuracy of the proposed network reaches 95.31% and 89.78% respectively, which is 11.50
and 13.66 percentage points higher than the baseline network. Compared with related methods, the proposed network has
better emotion recognition performance on both natural scene dynamic video datasets and static image datasets.
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3.1.3  SEAn Y

AET KGSE-ER MIZ& i1 25 LL R N H ) PE g
ST, ASSCLL VAT 35 BT Y SR AE | B T8) Transformer
AT ) B 23 R AR A R R 2%, HRBGR (14) M %
JZ RS BATE B oy 25 . 1 SERT IR R 4 AT
i3 ARG UREE FE LRI 4 v VIT B 223, % KGSE-ER W%
HAALR ST N SR 55, 25T 885 SO AL
521G - L Ak i 3 & SR % X KGSE-ER M 4% £
BT . b, R T EHH SKG AL P , K 25 1)
SRS ST (B LB o 0 0 Bk 0) i i
51218 XL 508 L EE, R IE N 23 (7) M H
Z 2RI R 188G 28, IR e S I 1 B R
£ FABO ,CAER-S il EMOTIC | 54036 77 v #E47 b 4%
53HT o KGSE-ER PZ&H NAUATINT K /N 224%224 , FLAH
T B T AR 8 AS [e] 2504 22 9 A0 K B b BR 43 0] ik
100 A1 120, WAH WA E T KR H 0 #FTIE 7 .
SEES 5% H Openpose i H 70 AN 1R 4HE S5 H0 67 I
PRS2 (254> SR SCHE LA T 45 21 N TFHR
BRI N) o X T AR HUE By SR A AR, WA SR A O
PEATANS5 o 78 SCHE Ubuntul8.04 2 4E & %8 # NVIDIA
Tesla V100 & % KGSE-ER 4% #E4T I Z: AR, ,
FEMLESHE WL 2 R,

#2 KGSE-ER P%% & 5% ®
Table 2 Parameter setting of KGSE-ER network

#3 KGSE-ER M5 h5 & U v fig

Table 3 Emotion recognition performance of
KGSE-ER network

ZH SHAH 2 e}
AT AN H, W 224 TR WO 16
AT EE T 100/120 || vEFEILE A 4
RNRE D 768 B ) G i e 4/ 4
AT e s K 70 Batch K/ 8
I R S 67 INZRREL 100
TR AT 1 e 2 k& SGD
I 1 B 3 B 0.001

3.2 KGSE-ER P%5 15 & UM L o 1
3.2 PEREEH

1E FABO Hll CAER 4l 42 I, AR SR KIS F1
18 P34 F1 B DL B 1 28 Accuracy S5 38 bR BEAT 5 BGR
SIVERETEANY , 45 R4 3 .

F3h, 5RALM% AL , KGSE-ER P28 75 4N 4L
P4 LR ERE Y B F R T . 7E FABO % ¥ % |,
KGSE-ER W% 1) F-34) F 1 {BLRIE T 2R E50 L 28 0 2% 43 i3
W V169 AN 1150 E 4 o HRH, FEREZR R 45 1531
BOR B IFH) “ Anger” Fl1“Pst surprise” 2851 H , KGSE-ER
2% ) F1ABLIKR B T 97.65%H11 97.08% ; 78 Hk 24 W 4% 45 v
R “ Anxiety” F1“Sadness” 2531 I, KGSE-ER M 4% )
F1{E4 SR FF T 25.72 F123.01 N E 4 . fECAER %
P54 |, KGSE-ER W45 i X5 F1 (R FIE B R A KL 26 M)
AR T 13.68 A 13.66 N E 43 s, Hiv B4
AEHE TR 51 i) “Happiness” 11 “Sadness” i~ 25 51 89 F1 {H

T %
FABO CAER
TSR R
SR HeRE ) Baseline ~ Ours  Baseline  Ours
Anger 92.75 97.65 77.23 90.79
Anxiety 64.91 90.63 — —
Boredom 81.98 95.57 — —
Disgust 77.53 91.91 82.74 93.60
Fear 84.36 95.13 80.66 89.78
F1 Happiness 90.72 95.70 71.16 86.33
Ngt s 85.71 96.13
gt sup 7060 8275
Pst surp 94.36 97.08
Puzzlement 90.51 98.40 — —
Sadness 65.88 88.89 68.40 89.61
Uncertainty 84.36 94.63 — —
Overall 83.01 94.70 75.13 88.81
Accuracy 83.81 95.31 76.12 89.78
TE " R AR R TS 0]
SAERTE T 1517 2121 E 4 . TEMAN SRS

1 S 30 25 SR FE B, 3t i) KGSE-ER W 4% — J5 T F
SKG AL 51 50T A SCBARRAE , AR 1 3 - Ze s )
HE RS EHH) R EE B R RWE; 53— H A\ TSE 5%
W% 53 531) 3R G i e 5 SR R T, R TR
17 - AU R A ORI TURE R o A, iAot 4
A2 F LAY T 82% , X HL G B4 th i b 2% H
AR SN B
3.2.2 iRk

R T 53 MR SO i B HO0 KGSE-ER B2 EGR
SIPERERY IR , R SCFE FABO il CAER #4543 )ik
7 6 TH RS, A 4 BTR o

A4 A [aliih SR T 000 A UM P i
Table 4 Emotion recognition performance under

different ablation strategies

TR TR/ %
T Eh S SKGHL#H SKGHLH  TSE FABO  CAER
(face) (body) M
FLBI % x x x 83.81  76.12
g 1 Vv x x 88.65  81.39
g 2 x VvV x 85.54  77.04
% 3 VvV VvV x 9029 8522
g 4 x x Vo 8812 8250
KGSE-ER [##% VvV V V' 9531  89.78

Feap RuE 1 RITREE 2 43 I FE L 26 45 vh ik N T
TS S | LRI AR PR S5k 5 5 1 AL 5 5RenE 3 384T
TR TS AL 510 SOIF K I 5 i N 2 1)
Transformer 3% B 1% - 22 A B 23 4 BAREAIE ; SR M 4 D) A
FH A T i SR SR AR I R S R T . SR
LR AL, SREME 1 RN TR S 5 5 | AL e P A 2
SRR HANETR R AR TE T 4.84 527 AN A4 1, g 2
H RN B R S o5 5 | AL e 8 2R 43 R T T 173
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0.92 4N H 43 il XutHASE A G 8 2 5 | LTI RESS 7T
3R U 520405 LRI BAMER, 51 SN 4L
PHEFAE G TE RS oy TR 240 15 Bl 42 2543 [h) A ¥ g ki . AH
BETAN SR F G B A0 TR 1 FSRE M 2, SR 3 R H
SKG AL 43 ) 515 315 Joy R A 17 Al 248 2543 ) Gt 2 3
Wi HAEWA SR S B A IR0 e T R R R IR T T
6.48 F19.10 A 43 w0 X1 B M J 1Y) 25 0] SR 5 5 | 5
T-WIRENE A A RN 5 BASL RN BAME S HE58
ARG - RS I RGE L RIERE ). SREAEMS
AHEG, SRS 4 SR T B Ta) S22 3 i SR, A AN B8
£E B IR B Z 4 G N T 4.31 638 AN E 4 B
IX M RN B e ) S 25 i SR WS RE 0% 2R AR R T A 4
AN A WEARLT , Fe 8 i 530 B A S 25 iR 14 i W 2 it 2
EEIERE . SHHRISAI L , KGSE-ER MI4% i ik A
2% 8] S 1 5 [ AL AN B ) 3 25 5 SR, 7E FABO
1 CAER ZLHB4E b2 iR 2] T 95.31%7F11 89.78% A 1R 31
WETRR AL R MR IR0 T 11.50 F 13.66 M E 20 . X
EHATE H A KGSE-ER W45 GE 0% ik 6 48 F 2825 18] K
b 22 55 300 RS 2 255 LA R [ WL S 2 3t 1 )
JE B WHE BITR
3.3 KGSE-ER M %3] 28 5 br
3.3.1  SKG HLI a5 s bl 4

Sy BH %S 0] 4 2 51 5 (SKG) ML YA =t , AR S
437 #E FABO Fll CAER B8 4E L 4T T 13 259H AhSELs,
s PR,

#5  SKGHLIRIAS [l 315 s 35 s 11 LE 4%
Table 5 Comparison of different ablation strategies for

SKG mechanism

_— " % HETHZR /%

iR L face body FABO CAER
g1 ViT %% Vv V. 8812 8250
SR 2 VvV x 7554 70.58
Mg 3 DSTA %% x VvV 65.83  61.57
RN 4 V.oV 7835 7376
g 5 VT 4%+ DSTA [l Vv x 86.32  79.88
ek 6 e CRE DD x Vo 8245 7713
geag7 o VooV 8971 83.96
s 8 ViT % - DSTA i Vv x 89.07  82.84
Fmg 9 P x V. 8474 7952
smg10 T Vv V. 9149  85.67
MK 11 VvV x 9226  85.45
W% 12 SKGHLH x V9017 8351
%13 VvV V. 9531  89.78

25 SRS 1 fdE VAT 9045 35 B2 [ i PN 3 B
1IE ; SFEWE 2~5F W% 4 5% F DSTA 4% 32 B2 fal it P L AT s
1IE 5 FRME S~ 745 VIT BIZ5FI DSTA W45 i) i HE 41
BEFTIMANRAE , vy SR 8~ SR 10 5 5 25 AR AIE 2G5
TRME 11~ 13 ) FH 4k v UATHRAE 5 | 5 1l 15 S0 38
HELARN FEREAS B AME SAH R MG B . S 4T mh ok g
HHEG AR SR A SKG HLBIFE RIE R R 3 A AER

5y LU S NG - B A R 2540 b, 38 B B ) 1R
W, WBESELE FRE, SR BIAGSCEE B ORI 1)
B R UL 56 R (ORI 4) AH L, Bl PR PR ZSARRAE A
TREME 7 RS 10 FISRNE 13 HA B IR POIRCR . X R
SR H UG ST B S B AT LA 56 R R 25 A B
{5 B S B GRS A a] 43P R R 5 S AR AR Al
(R g 7) FEFFEZLER RIS 10) AH EL , A SR HH %
FUUTRRIE 5 | 5 BUG SCHARHE CREK 13) , ZEPIN R 42
R IE RN S m T T 5.6.5.82 13.82 411 M E
A% 05 XU B A EE ) SKG AL 3 i P ok 6 4 s LA
{5 B 5EG LG B RENgE— 3 &1 BISAS B A AH %
PSR, WA R TS RBGR A R . AERIESL
T XAE, SOORERIEITNE R A DSTA B4 (5
W 2) DL R il SR AR A S A B R AE AN (R 5) Al
FRAEZR IR (RS 8) AHLL , 32 H 1) SKG ML R 1) FE M
ANEESE E R IR BIERR R A T 16.72.14.87 4 H
A3 85.,5.94 557 AN E S EAI3.19 2,61 AN A AT
LFNAE, SO LSRR ¢ R 1) DSTA K
2% (SR 3) LA B il SR A5 AH S A5 S I ASRAE D (SR m
6) FIRFAE R B (SR IE 9 ) AHLL , 32 B9 SKG ALt CGRmg 12)
TEPANEEEE L RN TR o AN T 24.34.21.94
ANE L T.72.638 4 H 4 S 5.43 . 3.99 4 H 4 M
XU HH AL 22 SKG AL RE#E FI| FH 18 UL A S HE A ¥
R R 5| 5 EG SRR SR B T S0 X3, A R
P Ta) ) B AME S5AH GRS B NS iR 7 R - 42
)R SFEOUEGE B RRB NS, K,
SKG MLHIFE R IE B LS R AE BB 7 AR A
B E RN
3.3.2  SKG P S HICTT ik g

A7 6 BH SKG AL I SE P |, 7E FABO B R 2 &
Fr ¥4 F 5 CNN+LSTMP  STN™ | Soumaya % ™ il
EMERSK®" 8575 i #E1 T H0AL , 136 6 PR

#6 ST FABO Pl by B S0 R OC Ui i L g
Table 6 Comparison of related methods based on
FABO image dataset

Jiik JEAEDy R %
CNN+LSTM"™ 2021 87.20
STNH 2022 84.20
Soumaya 25 2022 96.17
EMERSK®" 2023 96.73
SKG ALl 2023 97.33

SCERELZ B STNY kML, $2 HH ) SKG
BLIIFE 5 F 205 5 22800 BAME A, JLIE GRS i
RETH T 13134 E 4 s AHECT AR BT 04 181 8 DX sk
J5 383 P 4 v 7 B3 1 AR 8 2SRRI 3 3R A 7 A7 IE 2 BB 1)
CNN+LSTM" Soumaya % “Fl EMERSK"" %5 J7 ik , 2
I SKG B 1 25 18] S8 A 5 | St A SCBRARATE SR 14
A REAE B, AR e R AT 7 10.13 . 1.16 F
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0.60 N H 73 1o X it W) B 2 ) SR B i 5 1 4 - A E
% v IR 20 - 2235 0] o L 22 e S BORUEAS B R i [w)
CNITE 75 e S I B S P S AT ki

T CAER-S B A5 REEE , ASOER A SKG
Bt 5 CAER-Net™ . GRERN® . GLAMOR-Net®” MATF®
EC-Net” . CD-Net™ . BOA™ CAHFW-Net* . EMERSK""
ECDNet" \Wu S5 ik AT HLAL, MA& 7 B 7R o

47 LT CAER-S P v Bl SR IR G Uy ik e 4%
Table 7 Comparison of related methods based on
CAER-S image dataset

Jrik ARy HETRZR /%
CAER-Net*! 2019 73.51
GRERN®Y 2021 81.31
GLAMOR-Net*" 2021 89.88
MATFY 2022 86.11
EC-Net" 2022 88.01
CD-Net?! 2022 93.26
BOA!"™ 2023 84.82
CAHFW-Net*" 2023 83.76
EMERSK®" 2023 92.40
ECDNet!"” 2024 88.06
Wu &5 2024 90.83
SKG Ll 2024 93.82

TER T, 5 CAER-SEWREER I LM 2 CAER-Net™
FHEG , 32 1 SKG ALRIR M HETR 52T 17 20.31 N E 4
M BTSSR Z M MATFY EC-Net®fl ECDNet"”
TriEAHE BT R 1 5 RS LE A SKG LGl R
S HIRE T 7.71.581 1576 N E 4 A . 5 BOAM,
EMERSK"®" Wu &5/ J5 13006 8 42 2l 51 @A S R AIE 2%
IEAH L, 36 H B9 SKG AL R H 3 22 I HL ) FN 5% 22 45 4
HE X S e LA 2 5 G S E B AR A AR A L
ANPEAE S 3T N A Ta) R AE R 1 R GR AR BB
GRERN™' GLAMOR-Net”", CD-Net™, CAHFW- Net™
S5 071 WAL SRR AR ML B R BE S AT AR R 1 5 LA )
HIFE SR (H S T H AR5 TR - LA E b %
5, R HAE BGRAPERE A & SKG AL . ki,
ARSI VA A A5 1 - B S A S M Y [R] B, ) 4
) SKG AL S 7 45 oy 3040 77 FN 22 252 ) a2 Ak
W, iR TR R E-ESER G ERSBREFEE
A ), KA H AR 5B R 504l 4 CAER-S E7k4%
T AR TEBGERR

A, 78 B 58 5 B 1 I e £ EMOTIC! |,
#E— 205 32 19 SKG HL i 5 EMOTIC", CD-Net™
BOA" .EmoSec™ % J7 ik HEATHLAL , K 8 PR, 8
W] 4, SKG HL Il B9 mAP 45 B s 5 BB R LR 4%
EMOTIC* 2 I} T 10.96 AN 43 s, [5) B 45 f5¢ 5 0E ) 7
7% EmoSec™ 2T+ 7 037N E 0 . X ) SKG
ALt 8 S e S L B S R 8B B3R5 1 S
T PN 2SR AR S 7 55 oy TS 4 1 B AR A5 A ) A4k
W, ARARTE TSRO AR . SIS HIRE

SKG ML & 115 K 9109 mAP 3955 T3 2619 EMOTIC!
J5 1% A, SKGAILHIFE 11 A5 L mAP T H
s #H 5% J5 1%, J H #E Anticipation . Engagement , Pain .
Sympathy 2515 BE 5 |, mAP (B 4 5 et 7 42 -
7 33.69.9.15.6.06 Al 11.72 4N EH 4 45

&8 LT EMOTIC Pl )i s HC )y ik i mAP 1 be 4%
Table 8 Comparison of mAP based on related methods

of EMOTIC image dataset BT 0%

1EEZEH) EMOTIC™ CD-Net™ BOA™ EmoSec™ SKG
Affection 27.85 37.27 37.93 37.81 42.12
Anger 9.49 13.04 13.73 40.58 24.05
Annoyance 14.06 18.92 20.87 27.63 22.21
Anticipation 58.64 56.32 61.08 60.09 94.77
Aversion 7.48 9.82 9.61 88.47 14.94
Confidence 78.35 75.21 80.08 82.32 78.93
Disapproval 14.97 20.11 21.54 63.48 23.17
Disconnection 21.31 30.45 28.32 61.29 38.55
Disquietment 16.89 19.58 22.57 80.20 25.74
Confusion 29.63 21.26 33.50 35.62 37.74
Embarrassment 3.18 2.32 4.16 27.63 15.43
Engagement 87.53 87.01 88.12 41.28 97.27
Esteem 17.73 15.09 20.50 40.51 25.54
Excitement 77.16 68.64 80.11 20.04 82.95
Fatigue 9.70 14.11 17.51 10.70 18.19
Fear 14.14 8.68 15.56 19.61 16.18
Happiness 58.26 77.59 76.01 24.48 81.61
Pain 8.94 11.58 14.56 15.74 21.80
Peace 21.56 26.18 26.76 25.87 31.23
Pleasure 45.46 49.48 55.64 26.32 55.78
Sadness 19.66 39.43 30.80 19.48 32.62
Sensitivity 9.28 11.34 9.59 28.07 17.05
Suffering 18.84 42.35 30.70 29.22 33.09
Surprise 18.81 7.75 17.92 27.38 19.87
Sympathy 14.71 12.28 15.26 21.08 32.80
Yearning 8.34 8.59 10.11 29.63 13.10
mAP 27.38 30.17 3241 37.87 38.34

3.3.3  SKG PG| 3 vl ik
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MU R R 515 BUR LS 8., BENE A 80t il Bh 2L 28
V8 5% 57 R D FE e 2 0 T - R A T R X I . #E % 9(a)
(o) H, FELR R 2% £ B T M BRI 55 Xk, ) 2
W X W 2L R T B T AR 5 1T 4 T R S 5 S A
TRt 5 S48 1, 25 ) 51 S T RIFER 9(a) i
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Table 9 Visualization of guidance effect of spatial key-points guidance(SKG) mechanism
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G RE EXIIF R AR R R RS B RS . sk 9
() (G) Hr, SKG HLII R £ 7T B Al E SR RRAE , 3 LA
WA Dy B R R T SR R EER 9 (k) 1, SKG
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Openpose AR E) B AR 47 0 TR EE 5, 25 18] S8k
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3.4 KGSE-ER P43 508 90 B
3.4.1  TSE 50 i 35 Wi ois 250 R
SR Y ik B I 8] Y 2 TG 5 (TSE ) SRS (Y 12 2 il 5%
FEFIIE R SR, AR SCHT FABO %5045 82 00 5 BBy BebRid:
B, SR 25 U 1 e 1 20 P R R 2 B e
WA bl o A 1T IR ) 1Y) N IO SRR 3 10 B
No HIFET0TTSN, TSE RIS TERNS 5 LBPIRLER T X
F1R Sl 25 SV 16 2 40 ) A 81.15% 1 78.19% , LA
TR ) 07 R M B 2R X B T 70% o 3X i B T U
# FEI) TSE RS RENS T AL NG 5 LBMR LR N %
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Table 10 Significant-frames filtering effect of TSE strategy

MU R /%

e R M 1
M TWEEN EEEANK
Anger 84.42 76.50
Anxiety 78.49 70.13
Boredom 75.74 77.13
Disgust 81.82 75.05
Fear 79.29 72.06
Happiness 91.67 78.76
Ngt surp 78.95 86.59
Pst surp 88.05 79.27
Puzzlement 77.83 90.24
Sadness 82.21 71.80
Uncertainty 74.18 82.61
Overall 81.15 78.19
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Table 11 Comparison of related methods based
on TSE strategy

3 %

HRTTi%

face body FABO CAER
VvV x 82.47 76.72
SRtk x VvV 82.93 75.02
vV V 84.65 77.46
VvV x 84.13 77.82
R AL x vV 82.20 74.36
vV VvV 85.92 78.53
vV x 86.23 79.06
3D-CNN x VvV 83.78 75.62
vV vV 87.11 80.27
vV x 88.65 81.39
[t 8] Transformer x vV 85.54 77.04
vV VvV 90.29 85.22
VvV x 92.26 85.45
TSE 5% x vV 90.17 83.51
vV VvV 95.31 89.78
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Fig.6 Visualization of enhancement effect of temporal significant-frames enhancement(TSE) strategy
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Table 12 Comparison of related methods based on
FABO video dataset
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Table 13 Comparison of related methods based
on CAER video dataset
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Table 14 Computing performance of KGSE-ER network

B R/ P/ MRS /min
6

HELH/ 25 FLOPs/10°
FABO CAER FABO CAER
SKG Ll 2.56 43925 — — — —
TSE Mg 2.86 27163 — — — —
FL L 4372 54276771 722 69.10 261 26.62

55799465 7.46 71.08 2.78 28.25
55799465 7.45 71.08 2.78 28.25
55829433 751 71.57 285 28.88

RIGLE T 53.85
KELENE 5385
KGSE-ER M%%  56.70

T F R AR AT R N R

FH 2 14 0] 501, 48 SR S Y SKG AL A TSE 3R I £
SHB/NT 3x10° . FLOPs /NT-4.40x10°, 5ELZR 2% 4H
Lt , KGSE-ER W45 1S40 H FLOPs (XA /Mg BEHE Tt
HlTASCRH T 85 3 st oAb RS - L85 W Rk
LB RS , KGSE-ER MI45 1 FABO %3 24 CAER
AR NGR4T B4 T . BbAb,
FEMRPERE 5 TH , FABO 045 42 (45 280 Bl XA 45 ) i
MEREFHE/NT 3 min, BB F- 3 L0 FEB 18] /N T 0.62 s,
BAANTLATNG 14 - 5 40 PR B ) /N T 6.2 ms; CAER %4 4
(252 640 B IR AA50 ) 89 30 32X HT & /N F 30 min, P55 By
B - 24 Ab FR B 1] 2N T 0.66 s, BN TATNST B ST 34 Ab FE et
) /NT 6.6 ms. X FEHHTRE H 0 P28 RESE IS 12 H AR 5=
TEEEERE K



B OB, %F REAG S5 BENOE R IE BRI M %

2025,61(18) 155

4 &5k

b7 $R TN 5 1) 1 SO ) B2 43 AE 10 17 J
TERE T, AR SCHR H —Fh ik o 5] 5 55 B WY o i 3R
15 -GS RBGEAN M . FEZS 18] 8 5 5157 M 43 31
SR FH TR SRR S a5 T LA A5 12,5 | St N SCARFAE , 74
3 SKG AL 35 A% oy 4 1 A1 42 2523 ) Jrt 8 3 R i
{58, N se ik F15 - LA ) L 2R S8 R ERE
S0 R R[] S 25 i - I w4330 B R R
AN R, 32 HH TSE SRS I e W 25 15 R 2 1 i
FWE AR LW TUARR B, AT S s fa) B 253
AIE A A ) P o FEALATUEC % 52 FABO Hll CAER L4 #7 T
% HH A 45 P 55 TR R R 3 3 o S B A T LA K 156 HH
TR Y SKG HLIEI AN TSE S 804 201k, 138 17 F
P A B S R W X PERER S . e
A, AT SRR SO R FE PN S S
R IEEAT TR . SCIRAh SRR R th i 4K 7
FABO Fll CAER Zh 25 55 b A S BOR e if 2R 45
HIEF] T 95.31%F1 89.78% , #F HL £ W 2% 43 1R v T
11.50 F1 13.66 1~ H 43 4 ; ] B, 44 | i) 2% 8] G4 v 5| 5
KL 7E FABO .CAER-S #l EMOTIC #2458 H 8 £ |
H IR PERERL & B BRI 25 43 3 T T 13.33.20.31 Al
10.96 AN 43 #5442 H B4 Bsf 1) S 25t 388 55 SR s e R4 5
RIASWIZE L 53 S S W O e v B 28 40 Sl ik 31 81,15
7819 E /3 ml o IXBEHETE I LR TE H AR B A
AR £ I B A B R B £ X B S B T B R A1
R AN, MRS R FLOPs LR FE AN iE 4
BRI R, 32 2 REBE T 2 B SRS 5 T SEi i
REZOR. AR, B AR T RSB AR (038 3 fife SR ¥ L
G, LTRSS R 1 ) e T A R AR 5 2202 3
AR ZER . BRI, TE RS S PR R X U 28 1 4k
FHIBTZS A MEDLSIG 2 T —F E B TR

2% ik :

[I] LEONG S C, TANG Y M, LAI C H, et al. Facial expression
and body gesture emotion recognition: a systematic review
on the use of visual data in affective computing[J]. Computer
Science Review, 2023, 48: 100545.

[2] 2H3 T, HEWS, 5k T, 55 . —Fh B AF 555 21 0 B AR A A0
TR TR, TTEAL TSN, 2023, 59(12): 141-147.
MIAO Y Q, DONG H, ZHANG W Z, et al. Cross-modal video
emotion analysis method based on multi-task learning[J]. Com-
puter Engineering and Applications, 2023, 59(12): 141-147.

[3] ZHAO R, LIU T S, HUANG Z X, et al. Spatial- temporal
graphs plus transformers for geometry-guided facial expres-
sion recognition[J]. IEEE Transactions on Affective Com-
puting, 2023, 14(4): 2751-2767.

[4] BARROS P, SCIUTTI A. Across the universe: biasing facial
representations toward non-universal emotions with the face-
STN[J]. IEEE Access, 2022, 10: 103932-103947.

[5] GUO Y F, HUANG J, XIONG M F, et al. Facial expressions
recognition with multi-region divided attention networks for
smart education cloud applications[J]. Neurocomputing, 2022,
493: 119-128.

[6] WANG S M, SHUAI H, LIU C G, et al. Bias-based soft label
learning for facial expression recognition[J]. IEEE Transac-
tions on Affective Computing, 2023, 14(4): 3257-3268.

[7] sKAE, R EIBL, TR, 55 . MG =4 AR sh A E B ADER
5 B AR, THEHURE, 2024, 51(S1): 594-600.
ZHANG H Z, PAN Y K, TU X G, et al. Facial expression
recognition integrating 3D facial dynamic information and
optical flow information[J]. Computer Science, 2024, 51(S1):
594-600.

(8] kit iy, XBAHHE, XIHLHE, 45 RO 5 BRI 0 K S ik

RRII). I B R T 441, 2022, 27(6): 2008-2035.
YAO H X, DENG W H, LIU H H, et al. An overview of
research development of affective computing and under-
standing[J]. Journal of Image and Graphics, 2022, 27(6):
2008-2035.

[91 SUN N, SONG Y, LIU J X, et al. Appearance and geometry
transformer for facial expression recognition in the wild[J].
Computers and Electrical Engineering, 2023, 107: 108583.

[10] LENZONI S, BOZZONI V, BURGIO F, et al. Recognition
of emotions conveyed by facial expression and body postures
in myotonic dystrophy (DM)[J]. Cortex, 2020, 127: 58-66.

[11] BLYTHE E, GARRIDO L, LONGO M R. Emotion is per-
ceived accurately from isolated body parts, especially hands
[J]. Cognition, 2023, 230: 105260.

[12] MAHFOUDI M A, MEYER A, GAUDIN T, et al. Emotion
expression in human body posture and movement: a survey
on intelligible motion factors, quantification and validation
[J]. IEEE Transactions on Affective Computing, 2023, 14(4):
2697-2721.

[13] NOROOZI F, CORNEANU C A, KAMINSKA D, et al. Sur-
vey on emotional body gesture recognition[J]. IEEE Trans-
actions on Affective Computing, 2021, 12(2): 505-523.

[14] GUNES H, PICCARDI M. A bimodal face and body ges-
ture database for automatic analysis of human nonverbal
affective behavior[C]//Proceedings of the 18th International
Conference on Pattern Recognition. Piscataway: IEEE, 2006:
1148-1153.

[15] WEIL J, HU G Y, YANG X Y, et al. Learning facial expres-
sion and body gesture visual information for video emotion
recognition[J]. Expert Systems with Applications, 2024, 237:
121419.

[16] KOSTI R, ALVAREZ J M, RECASENS A, et al. Context
based emotion recognition using EMOTIC dataset[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2020, 42(11): 2755-2766.

[17] WANG S M, SHUAI H, ZHU L, et al. Expression comple-
mentary disentanglement network for facial expression rec-
ognition[J]. Chinese Journal of Electronics, 2024, 33(3):
742-752.



r [ %71 Y

156 2025,61(18)

Computer Engineering and Applications THEHL T2 5 M

[18] LI W X, DONG X, WANG Y H. Human emotion recogni-
tion with relational region-level analysis[J]. IEEE Transac-
tions on Affective Computing, 2023, 14(1): 650-663.

[19] WU S C, ZHOU L, HU Z X, et al. Hierarchical context-based
emotion recognition with scene graphs[J]. IEEE Transactions
on Neural Networks and Learning Systems, 2024, 35(3):
3725-3739.

[20] QI H X, HAN Z F. Emotion recognition and management in
the tourism industry during emergency events using improved
convolutional neural network[J]. IEEE Access, 2024, 12:
32660-32667.

[21] PALASH M, BHARGAVA B. EMERSK-explainable multi-
modal emotion recognition with situational knowledge[J].
IEEE Transactions on Multimedia, 2023, 26: 2785-2794.

[22] ZAGHBANI S, BOUHLEL M S. Multi-task CNN for multi-
cue affects recognition using upper-body gestures and facial
expressions[J]. International Journal of Information Tech-
nology, 2022, 14(1): 531-538.

[23] THUSEETHAN S, RAJASEGARAR S, YEARWOOD 1J.
EmoSeC: emotion recognition from scene context[J]. Neu-
rocomputing, 2022, 492: 174-187.

[24] WANG Z L, LAO L J, ZHANG XY, et al. Context-dependent
emotion recognition[J]. Journal of Visual Communication
and Image Representation, 2022, 89: 103679.

[251 GAO Q Q, ZENG H X, LI G, et al. Graph reasoning-based
emotion recognition network[J]. IEEE Access, 2021, 9:
6488-6497.

[26] ZHOU S W, WU X M, JIANG F, et al. Emotion recognition
from large-scale video clips with cross-attention and hybrid
feature weighting neural networks[J]. International Journal
of Environmental Research and Public Health, 2023, 20(2):
1400.

[27] LE N, NGUYEN K, NGUYEN A, et al. Global-local atten-
tion for emotion recognition[J]. Neural Computing and
Applications, 2022, 34(24): 21625-21639.

[28] FRUE I, BELAZ, MBS, % . R S5 Involution T

BCRER R ZERRM ], HHRHL TR 5 A, 2023, 59(23):
95-103.
GUO JY, DONG Y S, LIU X W, et al. Facial expression
recognition based on attention mechanism and involution
[J]. Computer Engineering and Applications, 2023, 59(23):
95-103.

[29] SHRK, WML, B8, 5 . B TS 3 TR i R

BRI AR IR0 7 ik 0] LA Bh it 5 B 4R,
2023, 35(1): 108-117.
HU M, HU P Y, GE P, et al. Video expression recognition
method based on facial motion unit and temporal attention[J].
Journal of Computer- Aided Design & Computer Graphics,
2023, 35(1): 108-117.

[30] BARROS P, WERMTER S. Developing crossmodal expres-
sion recognition based on a deep neural model[J]. Adaptive
Behavior, 2016, 24(5): 373-396.

[31] CHEN L F, LI M, WU M, et al. Coupled multimodal emo-

https://www.cnki.net

tional feature analysis based on broad-deep fusion networks
in human-robot interaction[J]. IEEE Transactions on Neural
Networks and Learning Systems, 2024, 35(7): 9663-9673.

[32] LI M, CHEN L F, WU M, et al. Broad-deep network-based
fuzzy emotional inference model with personal information
for intention understanding in human- robot interaction[J].
Annual Reviews in Control, 2024, 57: 100951.

[33] NGUYEN D, NGUYEN K, SRIDHARAN S, et al. Deep
spatio-temporal feature fusion with compact bilinear
pooling for multimodal emotion recognition[J]. Computer
Vision and Image Understanding, 2018, 174: 33-42.

[34] ILYAS C, NUNES R, NASROLLAHI K, et al. Deep emo-
tion recognition through upper body movements and facial
expression[C]//Proceedings of the 16th International Joint
Conference on Computer Vision, Imaging and Computer
Graphics Theory and Applications. SCITEPRESS- Science
and Technology Publications, 2021: 669-679.

[35TLIN B J, LIN Y T, LIU C C, et al. Mental status detection
for schizophrenia patients via deep visual perception[J].
IEEE Journal of Biomedical and Health Informatics, 2022,
26(11): 5704-5715.

[36] R BT IR & FNE 5 %2800 = A2 5 17 1 OR
W Fh) TRE, 2020, 27(11): 2023-2029.

CHEN C H. Tri-modal mandarin emotion recognition based
on speech, facial expression and body gesture[J]. Control
Engineering of China, 2020, 27(11): 2023-2029.

[37] VERMA B, CHOUDHARY A. Affective state recognition
from hand gestures and facial expressions using Grassmann
manifolds[J]. Multimedia Tools and Applications, 2021,
80(9): 14019-14040.

[38] ZHANG Z C, WANG L J, YANG J F. Weakly supervised
video emotion detection and prediction via cross- modal
temporal erasing network[C]//Proceedings of the 2023
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Piscataway: IEEE, 2023: 18888-18897.

[39] DOSOVITSKIY A, BEYER L, KOLESNIKOV A, et al. An
image is worth 16x16 words: transformers for image recog-
nition at scale[J]. arXiv:2010.11929v2, 2020.

[40] SHI L, ZHANG Y, CHENG J, et al. Decoupled spatial-
temporal attention network for skeleton-based action recog-
nition[J]. arXiv:2007.03263, 2020.

[41] YUN W L, QI M S, WANG C M, et al. Weakly-supervised
temporal action localization by inferring salient snippet-
feature[C]//Proceedings of the AAAI Conference on Artifi-
cial Intelligence, 2024: 6908-6916.

[42] LEE J, KIM SY, KIM S, et al. Context-aware emotion rec-
ognition networks[C]//Proceedings of the 2019 IEEE/CVF
International Conference on Computer Vision. Piscataway:
IEEE, 2019: 10142-10151.

[43] SELVARAJU R R, COGSWELL M, DAS A, et al. Grad-
CAM: visual explanations from deep networks via gradient-
based localization[J]. International Journal of Computer
Vision, 2020, 128(2): 336-359.



