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Listening and speaking knowledge fusion network for multi-modal
emotion recognition in conversation

LIU Qinl, XIE Jun't, HU Yong2, HAO Shu-feng3, HAO Ya-hui'

(1. College of Information and Computer, Taiyuan University of Technology, Taiyuan 030024, China; 2. College
of New Media Art and Design, Beihang University, Beijing 100191, China; 3. College of Data Science, Taiyuan
University of Technology, Taiyuan 030024, China)

Abstract: Multi-modal emotion recognition in conversation aims to identify the emotion of the target utterance
according to the multi-modal conversation context, which is the primary task of building empathetic dialogue
systems (EDS). Existing works only consider multi-modal conversation itself while ignoring the knowledge information
about the listener and the speaker, leading to the limit in capturing the emotional features of the target utterance. To
solve this problem, a listening and speaking knowledge fusion network (LSKFN) is proposed, which introduces the
external common sense knowledge and fuses it with multi-modal context efficiently. The proposed LSKFN consists of
four stages, which are used to extract multi-modal context features, integrate listening and speaking knowledge features,
eliminate redundant features, and predict emotional probability distribution. Experimental results on two public
multi-modal conversation datasets demonstrate that the LSKFN can extract richer emotional features for the target
utterance, and obtain better emotional recognition performance compared with other benchmark models.

Keywords: effective computing; emotion recognition in conversation; multi-modal features; external common sense

knowledge; context semantics; knowledge feature fusion
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feel betrayed #L,
want to ask why
then get angry

« #U, Why do you tell other people I’m quiting?

(157

(1%

A | be seen as hones  #S,
» feel ashamed
#U,| ’'mnotJo, I just want to find you an excuse. SV S ST
then get yell at
don’t know what to do

1S i3 |

feel good #L,
want to give a job «
then get employee

#U/, So you are going to hire me, Hah?
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be seen as helpful #S,
| feel satis fied
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PE UG

#U, Yeah, Who doesn’t want you to be his staff? *

want to help other
then get a raise
other is good worker
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15 B A A 06 B, R 3R — Fh &5 A 0 BIR
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15 H bR i 18 1 25 F7AE 10 R OR 2 2] i 2 o, 5
N ETUREAIE B 65 3 900 SCHE AR, — s I
W 7E ATOMICE) 113 26 7 il 1] 25 0 601 R A g A5 284
COMETR™ 3 HU A1 B A1 R AIE. Sy b BT 1 6 iR 4
fIE, A SCHR BT 7 ATOMIC R e H ) 8 Fh Ok & 6 T
PR ¥, 8 YIE B (xIntent).  BEIE @
(xAttr). P15 # 12 (xWant). Vi1 & [ M (xEffect)
A1 32 (xReact) X 5 Ff 0% 2 X T, 5 8
15 & 11 22 (oWant) {81 % & ¥ (0B ffect) Al BT
J 32 (0React) IX 3 Fh 56 2. H A4 Hy, 7B AY 55 oo
TG U R R 28800 N T 251 COMET B AL, 4 He
COMET #it J& — J2 4 i 25 [ B R A4S ) =4 9 iR
SRR L (0 R, AN R IE (RNl d), =

768. K H xIntent. xAttr. xWant. xEffect. xReactiX 5
R R AT B B HRRAE 7] AR S PP A [R] 2R AL 30
THE FRRHIE, 1L Fs = {Fs,, Fs,, Fs,, Fs,, Fs, },
Hr Fg, € R%*N; X H oWant. oEffect. oReactiX
3K RAF B 1) R RAE ) B AT 3 FhAS [RS8 (1)
00T 25 FORFRAE, AN Fr, = {FL,, Fr,, Fr,}, 58
Fp, € R&XN,
232 AREEHEIR

N T AE 2 BB R AE R R Hirav 1 2 fil
N W B A RS R, B — AN W U 0 A AR
e, LUE1E 3 AR il & O, 2B R NS B
(Hgitav, Fs,, Mg). B 56 FH 26 PRS0 08 15 2 R
FHIE Fsi R NE] Hgitav i} W%%%’f]ﬂ,*ﬁ%lfﬁﬁ
W TR IR F,,, AN

Fy., = Hpitav + (W] Fy, +b,), (6)
HL X Fk.

F,,, = softma [M oM ] 7

i X \/m S ( )

Hrp: W, € RWx2dn fllp, € R2n>N ]2 3 AL
AR PR A B I © RARIG B, Mg € RVXV R
— FRRERR B INBCHR AL HE B, F T R Xl R 5 B AR
T J& TR R 1 0 N P A AT, FERR SR A S 1 R
B H bR TR I R PR T FOAE L ROAL . M, | R
TR Mg FERS 5 B rp AL B (1) HARAE, B XS 15 1
G SR IE &5 1 B bR iE s Z R R, AN

1.9
——, d > DTU and u(i) = u(j);
MSU:{A (O =ul: o

1, d < DTU and u(i) = u(j).



% 641

X B EF AT seiRak b W6y S AL A ST EF 4R A 2035

He: A = d — DTU + 1, u(-) NiEE R HETE A K
$t,d = |j — i NHADIEE S H bR ) 9 5 4800
{l. Z3(DTU (distance from target utterance) & T 55 1%
JE W — NS HUE, Fon HfliEiE 5 H bR iE i 9E 5 s
8. & 3(a) #1 (b) /& DTU 2 ¥4 %l 4 1 #1405} Mg 1)
AT RRAG B, 257 B AL I 3 06T A1 2 1 e A T s 45 32k
I, DTU Z 5K F 0 i Ll o

0'--:-- 1.0
E 3F--:-:-- 08
l-ﬂ\ﬂ 6 --:-:--
=9 =58 : 0.6
X 127 - "m ™ 0.4
}-L‘ 15 I |} -----
=8 SERSes {02
21 = = . . . 'E==. o
0 3 6 9 12 15 18 21
H ARG IE /)
(a) WIEEHILEDTU=1)
1.0
T 0.8
~
Ho 0.6
i
A 0.4
}.L
H 0.2
2 T 0
0 9 18 27 36 45
H AR iEiE /A
(b) ULIEH LK (DTU=40)
- 1.0
O Falm=
& 3F - 0.8
~ 6' -------‘\
E’ﬁ ot -H-=---i- 0.6
12y “==mgtEEc- 0.4
}.L 15+ -‘-E=--- ]
- 18t == 0.2
21p= = = = SEEE ER o
0 3 6 9 12 15 18 21
H bridis/ f)
(c) HrE LK (DTU=1)
1.0
ey 0.8
~
R 0.6
it
X 0.4
}.L_
= 0.2
72

0 9 18 27 36 45 54 63 72
Hbrifis/

(d) fiilr &K (DTU=40)
3 HHEIERERIALILE
i PL ERRAE BT R B A RS T
5518 2 18] (1) 38 SCRE M, AH O M R T el X (7) o
SR LR PR A R . T TS A R 1 T 1
BB R G RIERE F,,, AR R R

Fol = (Fo, ® Ms) x HgiTAV7 )
F? = (Fa, ® Mg) x F}, (10)
F,, =W(F, ®F})" +b,. (11)

Hor: FL e RN Syt 2 B2 1R R INALJE )
iR, F2 e RN 20 g HRRHIE IS 145 2R, #4
KA R PR IENEEREZE; W € R2nxddn
Hby € R2AXN 4355 Sy 4 % 42 J2 (AL 36 B i B
T, fe 445 3 2 S TR TR RFE 5 FREFERL& 2 5 1)
LERF, e RN [ REH, X T 0T 2 S0 R A
B NS BN (Hpirav, Fr,, Mp), Foib My il #
T RS, B 3(c) 1 (d) /& DTU Z %4 51~ 1 140 I
My, I e — IR My, ARy
1.9

—=, d > DTU and u(i) # u(j);
My, ={ A (12)
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B Koy Ko Al Hgray 414, 155 (K,
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TP 5 73 K IR 2 P R Rt 22 I 45, 2 2] 45 3]
BANFFHERT R B U6 21 3 20 W1 25, B (K'g, K1) A
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Hh Ry 27 ) BB Al BT, Preq € RY%s XN g tof
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FT A SRR 18 A — & 55 A b 5 i, BAARRR 55
“A: CPU, 64xXeon 6226R; GPU,RTX 3090 Ti; Python
3.7.0; CUDA 11.6; cuDNN 8.6.0; Pytorch 1.11.0.
3.1 SSIREIESE

15 BT AN 22 TF 5 v #5405 48 IEMOCAP A MELD
BEAT SC 5. IEMOCAP H AR MR € 5% — 4> — o xS
1, 37380 v B AN T BB IE N 6 BIE 2 i
—Fh: PR (happy). #5475 (sad). "1 (neutral). 5i5%
(angry)~ M7 (excited) F1H 3% (frustrated), Bl dejss =
6. MELD >k H &[5 & 5t # Jill Friends, 5> 2 15 6155
ZAUE N, B IR AR 7 NG 4 i — A

151 7% (anger). K% (disgust). 4% (sadness). =it

(joy)~ 37 (neutral). 1517 (surprise) F1 2L {H (fear), B
etass = 7. /NS I BT B DL AN R 1 .

®1 BURESITRAA

el XFEREARAN B (EIEAN 0
R BESE ks
IEMOCAP 100 (4778) 20 (980) 31 (1622)
MELD 1038(9989) 114(1109) 280 (2610)

32 XWRE
321 FHAEEFIRREAESRE

ot 1 AR S 1) SR AR AIE, B4R SCRR [ 18] $2
Ak () JER U R AGE S 3R B, B SR A RoBERTa Fil Il 2515
& A BURRAE, REAE R NSEFE N d, = 1024, X F
B AR S TR 46 R IR R b AR S R AR R AE, ELHECR
FH SRR [13] B A3 110 50 463 R 0E S A4 3R, B 43 51 R
OpenSMILE i ¥ 43 47 HE 42 F11 3D-CNN #5224 41k By
fiE. X T- IEMOCAP 4 45, 5 4iF ik N 4 FE 53 0 N
d, = 100,d, = 512;%F T MELD ¥4 £, $:1E ik A\ 4
FEr RN d, = 300,d, = 342.
3.2.2 LR BERIEHTEIR

5 HARZ 73 AT 550 — B, A8 FH A8 U4 2% R
AR VISR B br ek . 8 BT BEHLER T B 1)
Adam 2 1k 85 B ALY 2 5. 2 B0k B I Ak
50013 2 Fir s, ot 5 BT B A 2 1 1 i, S 56 R
I R UER % Accuracy Fl1 Weighted-Average- Fy {H P44
PR Y B RO, T 18 N ACC Ry, B8R 9 288 35 SRk
UF. 75 P A B0 4 B 23 ) 3 B 10 A [ 72 1) Bl AL
S, LAysk /b S 00 B2 (1 BEATLPE, X 10 YR S8 25 1
S SSE B L hR e 2R N B 24 S I 4

2 EABSHEE

SHUH
IEMOCAP MELD

E AN 32 32

E 2k le-4 le-4
DTU 24 40 1
R ZEPR le-5 3e-4
i 2 e 15 300 200
Dense 2 [fJ Dropout % 0.3 0.4
BiGRU JZ K Dropout 0.15 0.15

3.3 IHESEMRELRSH

0T 22 RS 5 25 RN 55 48— FT
TR W25, DB E B4 Hh LT A DR, 5 A 5
TEARE AL A 23 O 2 K30 4R b HEAT X Bl X AR
RUBLAR ] DLy = 20 1) HE T 2 B 1 0 1 1 24
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PSR B XL ] 30 725 X2 Wi ) 4% BiDDINPA, £
REAS VR B B A M 48 MMGCNUO | RS 5h s il &
I 4% MM-DFNIZ3; 2) J T A1 58 1 1R AR 0] 375 175 46 R )
R AL 35 DR SR RSN 2 HL I 285 CauAINTL, R 1R
51 5 W 28 COSMICE! F1 N BIR ) 14 X0 17 175 Sk A 24 K]
2% BIERU-CSK!S); 3) 3 T SCAR B0 75 155 45 1R B L Y,
£ 45 2 T BiLSTM AllyE & 77 B B BeLSTM-Attt!13]
FF 328 GRU W) 7 41 B A DialogRNNE AN 175 15
HEHE X 4% DialogCRNI!],

BEXE DA b 3 2H B A AL 43 5 3R AT 3 ZE % B S5,
SEUS S5 R NER 3 fr . AR T H A B E A Y, LSKFN
BEAILE 3AN 04 2 B B B IS T I 45 28,
BRI HR AT 2R B8 A% 4l 412 5 A A 0 M 1 R A R AIE, B T

T 28 R B BOR, AT HeAb A R B e, s, o
SRAGIR PR Ao 4 220 3 /T HARA R, SR BT B 4
aF fesE Tk, 2 UasAT AR Re s s S b LA 1 1
bR MR Ir ALE BUE, SINANEB AR AR R R
SR BT AU SO B A A BT &, i
XU A AR KRR I SRR, T e B 44
HIBEER, (%5 F& b N S5 2 AT ARG i 45 i R A, A
PESINHR AT DL S H AR &S 15 SUE B, iR iR
2 IE LR, BT 2 RS MBI B AL
TEET OO AR R, R A AR S RE
B R SCA RS 1) 17 48 R ik LSKIFN RS2 (1 131 8UR
FE5 0 4T PRI A I L5 VE, R W 4l 5 B AR A K
A BT AR AE B R R T 15 4 U0 BOR.

*3 AEHERILEIRLER

IEMOCAP MELD
AL 5y 24 T
F1 /% ACC/% F1/% ACC/%
BiDDIN[24] 62.79(£0.62) 62.85(40.71) 58.16(40.17) 60.58(=40.40)
MMGCN!Y] 65.66(40.42) 65.86(40.53) 57.87(40.27) 60.01(+£0.51)
FT 2RI MM-DFN [2°] 66.99(40.79) 67.40(£0.81) 57.73(40.38) 61.01(4£0.41)
LSKFN(ours) 72.30(£0.45) 72.21(=£0.52) 65.25(40.22) 66.07(£0.26)
Improve 5.31 1 4.81 1 7.09 1 5.06 1
cosMic (18] 61.74(%1.11) 62.91(£0.94) 63.52(20.46) 65.77(£0.28)
BiERU-CSK 9] 63.21(£0.75) 63.13(£0.98) 56.64(40.94) 59.94(£0.59)
T A AR A Y CauAIN 9] 66.09(40.71) 65.93(£0.69) 64.76(40.26) 65.45(+0.37)
LSKFN(ours) 72.30(40.45) 72.21(40.52) 65.25(0.22) 66.07(£0.26)
Improve 6.21 1 6.28 1 0.49 1 0.30 1
DialogRNN &} 61.87(40.81) 62.12(40.92) 57.30(=£0.25) 59.50(=40.43)

BcLSTM-Att [13]
FET AR DialogCRN (14]

LSKFN(ours)

62.25(+1.14)
65.63(40.44)

69.67(+0.32)

62.91(£1.07)
65.65(=£0.54)

69.54(+0.38)

57.11(+0.13)
56.85(+£0.35)

65.03(+0.34)

59.40(=0.40)
58.87(£0.57)

65.79(+0.26)

Improve 4.04 1

3.89 1 7.73 1 6.29 1

DA a3 T A (R B oy R, N T 2B
TEAS AL (A0 1k, 42 IEMOCAP %8 85 I #E47 B2k i
g %f LS, 45 SR ] S . LSKFN RSB A fr A
HAE L LR RO R 7 F A R 2R, L 2
TE I ZREE A X 1 happy 15 46 2800 b, Fy Bk 2]
T 61.22%, LA 2 m I R B i T 2921 N E 4 . i
16T i, LSKFN A58 2GR 8 52 %o 1 o B0 247 28 1) 1
HILES
34 HRUSLIGRELEROMH

5 UE P H A 2R r S RO ASE  24 SR 1% 5% i) DA
AN RIS 1 B B, 78 AR S A R AN I 1 T
3 AL T AR e S 6 R AR 2 i R S 56

3.4.1 FHRER

DLJE i LSKFN #5 7 Shy kAR TR 43 53] 75 1% 33 v
RREAL ) HE Al b A% SR AR S R ASE L F5 AT Y Rl s, 25 1
W 4 firs. R, TR B B 0T 35 fik 5 A R, B 4
BB 5 50R Fr, « Fir, f1Fr, fal St TR oRF R
YUIE A B, HEE ULEE HIR Fs, « Fs,~ Fays
Fs, 1 Fy, fa] BP9, TR R 1192 m H AL R, B
¥ 3 PR IR M K g« K, F Hyiray BEE 5 TN 15 25 43
A, IV RN B B bR OB A Hed (1) BiGRU, ¥ £ 4%
ARG E IRRE BB N FR S A, V ROR R
B bR SCBIASTHRRT | T 4% 0 H AR

R ARSI 45 R BoR, B0 AT — B 1A PE R
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N 61.22 °
w60 &
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< 40 <
< <
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20 5
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= = .,

S LS o
0@0%.30%0&@6& R 0091\ S

(a) happy %%

70.85

~]
(=3
T

6188 9215 ¢ o4

[=)
(=]
T

wn
(=}
T

Weighted-Avg-F,/%

~
=

NSO NG R B (SJRA
0\%\0‘%\‘?&\0%6@@6@&\’0 CO%@ \)‘5‘(‘

(c) neutral 5%

~N 3
S wm O

Weighted-Avg-F,/%
[*)}
(9]

(=)
(=]

NSO NG R B SRRA
o'@\"%i\&"’eﬂ\‘“@@“’o T

(e) excited 1

NSO NG IR SNSRI
0,&\0%\2\0%6@@6@\&[\'0 CQ%g\ \fa‘{’

(b) sad 5%

o 75
% 68.03 68.69 69.15
-
o0 65
z
<
[}
= 55
.80
o
3

45

NSNSV R TR
o,\ﬁ\o‘%i\o%G@&hG@&l\'o 00%“\ \ﬁ‘&

(d) angry 154

~
[ 8]

68.20

N
[o2)

Weighted-Avg-F,/%
N
>

60

TR R Ced
> O NS W 8

o'@\°°§\°"“6®“6®“’0 T

(f) frustrated 1544

5 IEMOCAP#IEEE B IFEXTLLSIRER

x4 RPUHASIIEER

IEMOCAP MELD
B
Fy /% ACC/% Fy /% ACC/%

LSKFN 72.30 72.21 65.25 66.07
I 70.79 70.66 64.55 65.68

11 70.06 69.96 64.61 65.50
I 69.57 69.52 64.99 65.66
v 69.54 69.29 64.44 65.18
v 66.66 66.54 64.25 65.41

7 BRAS R R B2 1) B, 3R I X e S 4 %o S -1 4
AR R — 2 MIEA. S4h R R RE B
TSRS RN ] 2 B R RSB, Py B AE Db R 2R ALY 4 )
TNBE T 5.64 % F11 %; 43 EHERf 2 ACC A bl 3k 28 4 71
IR T 5.67 % F110.66 %. BT %0, A R ER A
VORI ARRAE A By T 38 S A5 2 (1) 15 SRR AE R L A8 0, 3
TR TR PR R S
342 HEAEM

CA B FUIE B, A 80 & 2 a5 B T DU A
18 25 1R 0 1) RCR P IR R A AR AE X T 245

AU IE 28 1R AT 55 15 0 DL B2 22 RS il & SR )
THAE LR BIAE A SCBTE 1 3 LI R S BR 3E AT
T, 45 RANR S o, Forp: DA BB S8, L LA SCAR
W ATE AN E AR AR B RS A N TER FH R A 5
W% 43 5] 3 AT SOURSE 785 S 56 AR = B2 S 6 T A R s kot
TR SIHLEIBY Rl G A AR A5 R, AR AL XU A
SIS AN = AR SEEG.

HHER SRR A CABE S 5 A2 L
5T AJ 5 (1) &5 L, 2R B A6 15 15 48 R 55 T AN ]
RS R A X T4 55 1 01 R FEE 2 AN 8] 1), SCAARRAIE
Aetp A B PR AL T 2 F 0B B R HE S %
R 1 B S 3, 1K 5 SR [28] TR I S 36 45 e — L. 2)
X b T (%) XSS 5256 W] 1, 5T IEMOCAP #( 4
48, DL fik G SR W Rl US4 B T RE 5 NI 7 T
P, 2T R B T RS A L B A % T
MELD %45 52 5 Fh i & S 15 £ 51 N R 4 AL, B2
U 3) X LU TTAN L ) = A s i 25 1, B T I
HHRR A HEWS I = A1 28 R0 ORI AR 3 F okt
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VE R B B = RS 4 R0 BOR, R W12 T TR
B I =R R A L A AL BeAh, 5 RS A L, Fil
N B ATURIAL B A 5 T DA HT SRR R P 10 2502, 2 AR

BT AR SAE R, R R 3 AL AS 145 B R SR 1 5
ZMIHELR.
£S5 RPHEMIRER
- IEMOCAP MELD
oy
Fi/% ACC/%  Fi/%  ACC/%
T 6967 6954 6503 6579
I A 6257 6260 5255 5526
V5875 5899 5134 5532
TA  69.16 6909 6506 6585
TV 6688  67.02 6487 6552
T av ss31 5937 s 5576
TAV 7230 7221 6525 66.07
TA 7185 7167 6502 6593
TV 7003 6998 6499 6580
M av a8 677 5307 5558
TAV 7099 7090 6504 6571

g5 bR, N Rl 2 S IS B XA E
Hya sk AFRBESHERHO N SRR ZHE
R SR . LSKFN B RL A N\ 3 AP 25 (45 B, R JH B
WA SRS IRAT 1 SR L2 SRUE A Fy {H.

4 & ®

BEoxS 2RI E 48 R S5, A SCIR T — A

Wy 357 %60 TR 4 9 4% (47 FR LSKFN). LSKFN 3 i %1iR
Rl AN 5 B P A A AR G T 2SI
B AT SRRSOy A AR TR AR 1 AR
LR, LA, S I 142 40 th AR, T B T Rl A
HE TR B, B — BRI 1 i I 25 RO A Y g
RE. 75 YA i H0al 45 b B0 o0 BU S 36 70V it S 46 &5
R, BT LSFKN A AL HAT fIe b

SR, X T 2% 1k % 2 5 1 MELD #4E 4%,

WU ROR IR THAN Y 8, 75 J5 82 ) AR rhols et A
BT DL T 22 N 1 552 A9 2 125 1 28 TR0 23
SR EAN, TV b SR IR AN AR T B
XF G 4 IR BNE S5 BA AR, SR T B R R
2 JE A AN IR G R ) B S IR A T RE A R
HiRME S, MG 25 R A RCR. L, 28 TRk %
JEETRHZAT 55 (0 AN R K1 GE FEAL .
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