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Multimodal Sentiment Analysis with H-GEM Model

YANG Xin-Hang, WANG Jing-Jing, CHEN Si-Yu, TIAN Hong
(School of Intelligent Railway Engineering, Dalian Jiaotong University, Dalian 116052, China)

Abstract: Traditional multimodal sentiment analysis methods often suffer from information redundancy during feature
concatenation and fusion, making it difficult to capture fine-grained and complex emotional features, while also exhibiting
limited robustness in modality-missing and cross-domain transfer scenarios. Meanwhile, most eXisting mixture of experts
(MoE) methods adopt a single-layered structure with ambiguous expert specialization, leading to functional overlap and
suboptimal generalization. To address these issues, this study propeses a hierarchical gated expert mixture (H-GEM)
model. A three-layer hierarchical expert architecture is constructed: a modality expert layer extracts modal features, a
fusion and abstraction expert layer adaptively selects fusion strategies, and a sentiment polarity expert layer performs fine-
grained modeling. In addition, information-theoretic and discriminative constraints are incorporated to enhance the
semantic discriminability and éparsity of expert selection. By leveraging hierarchical gating for progressive decision-
making, H-GEM ensures differentiated expert specialization and cross-task modeling. Experimental results on CMU-
MOSI and CMU-MOSEI datasets demonstrate that H-GEM outperforms baseline models across a series of metrics.
Compared with single-layer MoE architectures, the significantly reduced routing entropy indicates effective mitigation of
expert redundancy. Moreover, the proposed model demonstrates higher robustness in low-resource and modality-missing
scenarios, highlighting its strong practical applicability.

Key words: multimodal sentiment analysis; hierarchical gating mechanism; mixture of experts (MoE); mutual

information constraint; robustness
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LMF: £ TFN J&fili b5l NMEFRIK & 70, DAFRAK
THEE R FE IR T & 3.

MulT: 5T PSR E R AL, LB/ 2 =00 5%
) IE RURFERL A, 38 R RS (05 B A2 HLRE

MISA: I8 2 541 2% s B S AL RS A 5y
SERRR, PETHE RO A ik 5 OR Pk A

FMT: — 34 8 5 2 P ¥ 7 WL 0 7
7P 51 2 A 4 (PMS), AT 1020 T, 3271 £
SaEaaeh |

Self-MM: JET [ W O b2 A LAY, s
ST R IRAR S TR A A 2 B AT 55, G am AR A (7] —
ML 2= R,

MAG-BERT: 5| A Z#3& B &R [ THLH (MAG),
PLJT A 5o e s Um Al 3R S AT o8, il dEE
IS E & R A

CENet: @it PSS i S HuE AL 5 7 24 R
BEEL, &a SRR R, f2 T 2 BUS s By
fE ) RlG 5 SCARRAERE

1 RS AL AR AL 1) P RE T A5 R AR
MOSI 4 4L b, ATk A e bn 5 2 3% T 5 46
1A, H Corr 55 0.862, MAEEE 0.574, Ace-2.
Acc-7T+ F1 538053 51°R 89.2% 51.9% F1 88.3%. AH L
F- CENet #78, Fis et - 5 2 s Dh i 3 7 R IR ik
PRMERM 2010 Je T, Ace-7 $TH 3%, TilE T BN
TEIRRL FEE 5 R ) e A 2

1 MOSEI 4 5 b, ARSI iEAT LS 4 5 P R,
Corr 153 0.863. MAE [ 0.524, [FJi Acc-2. Acc-7+
F1 2380559 88.2%- 55.1% F1 88.1%. Hor, Acc-2
1 Ace-7 5L K Self-MM (85.2% 11 53.4%) MLt
ARSCERF IR 38 5 B0 FR B HAER. Corr 3
Self-MM 14 12.81%, B BRI ILLE A EREIL 3.

NEGAE TR K4 )2 MoE ZEMTEAR TS T 1)
AR, AT T MOSEI $E 4 E 5 R iuE =2
56, &5 R 3 Fos.

SEG A5 BRI, SHMIAE 732 (Ace-2) HYHRLSE
2 (Ace-7) (145 2 E R 7E Ace-2 H,
HBE A AR ARES X ol M, AR R
T, IR L K BOE AT T LA,
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£ Acc-7 i, PUGE 55 P SA R X 75 ik P B ) (4 '
W, HHEL K G EHRE T REGEE T, HREH

222 LR FIFGERHE. B4R E, 2 )& MoE fig
FRAEAE S5 L B 38 o 8] 48 5 fd FH s

£ 1 WHEBAE CMU-MOSI Al CMU-MOSEI | Fszi6 45 51

17 CMU-MOSI CMU-MOSEI
: Corr MAE Acc-2 (%) Acc-7 (%) F1 (%) Corr MAE Acc-2 (%) Acc-7 (%) F1 (%)
TFN 0.698 0.901 80.8 34.9 80.7 0.700 0.593 82.5 50.2 82.1
LMF 0.698 0917 82.5 332 82.4 0.677 0.623 82.0 48.0 82.1
MulT 0.698 0.871 83.0 40.0 82.8 0.703 0.580 82.5 51.8 82.3
MISA 0.764 0.804 82.1 423 82.0 0.724 0.568 84.2 52.2 84.0
FMT 0.744 0.837 83.5 — 83.5 — — — — —
Self-MM 0.798 0.713 86.0 44.9 86.0 0.765 0.530 85.2 ‘M 85.3
MAG-BERT 0.782 0.784 84.3 43.6 84.3 0.755 0.543 84.8 ﬁ 526 84.7
" =
CENet 0.851 0.597 86.1 48.9 85.9 0.806 0.578 . 83.3 = 51.0 86.6
A A A 0.862 0.574 89.2 51.9 88.3 0.863 0.§24 3 882 55.1 88.1
e IHLFOR R AR T IR S B, FRIL R U g R, R B SOR IR i L L
1.0 % B K F. 17 H-GEM 7 MAE (0.524) 1 F1 734
0.8 - — N
" (88.1%) ZEMEREfabr L RBUE 7. 2B 4 RRY, o
ﬁ;g‘ 042 A RECNR S S S Y QA L A A PRI ERA P iR e
i 027 a2 - . \ g,
i 0 TS, AMURFF T BRI ), i 525 AR T

A1)
1357 91113151719 1 3 57 91113151719
IZREE IR L%V
(a) Acc-2 (b) Acc-7

K3 MoE &5 iE #4 /) &

RIS J2 T TR ML R B 1 5 & 50 TRUR,
AT E AR MoE 228 1) #% HH 4% (routing entropy)
HEAT X HL 286, 2% 2 BoR, H-GEM HI B B RAA 0.95,
B F (KT CAG-MOE (1.48). DenseFormer-MoE (1.45)
CuMo (1.23) 1 Metis-HOME (1.54), % Wy R
PRACAILI 6 8513 M f1) T A S E seife e £ 5o 1.
BART F, CAG-MoE it THF L XM 5]
7, BREE R RERES, B0 6 i, 5558
% L G [ I M B0, AT 3G N 2% Hh 4% ; DenseFormer-
MoE ff4 DenseNet 5 Transformerﬁ%'%ﬁl R 4 Ry
fiE, K5 75 Topek I 158N & 71 BL & %, ZAT S HF-IE
25 FARAH % SR BE 4B, Bt 5 LTt CuMo il
M5 MoE 5 I 25 & AT IR b 45 & 4l Bh~F- i 451 2k 4
FEE B LLM B8, #EEBEE S HUR, &£ — 2% L
SRR T L R TUA M In) 8, DR B b 08 A IR T AR SR
R {H AT 2 R 5 A AE 5 2 1 6 AR 5 B0 e RS 7 5 8t
— Ak 23 17]; Metis-HOME FIFH X5 3% MoE 5313
6 b 38, o B R e 1 45 SRR T 2 B RIE AL R
WOV, M2 T, H-GEM i3 23 J2 I #5 4E ve s 1
BRI R, AEE SR A A S R
Y BT BRR E 43 1, B R T SR 26 9 S I B 1K

38 55 X H & ] il

22 STHRREARIZE CMU-MOSEI {5236 45 51

(et MAE Acc-2 (%) Acc-7 (%) F1 (%) e/
CAG-MoE 0.553 879 53.8 878  1.48
DenseFormer-MoE =~ — — — — 1.45
CuMo 0.496 852 52.8 846 123
Metis-HOME ~ 0.561 87.2 52.7 87.0  1.54
H-GEM 0.524 882 55.1 88.1  0.95

\

35 HEAS \
SR H-GEM 142 OB E 2 s s L o o

O 20k SO 7E MOSET Hdi 1647 T ks 6,

S8 38 3 o,
%3 H-GEM 7 MOSEI _b 131 il Sz 45 5
Fik Corr  MAE  Acc2 (%) Acc-7(%) F1 (%)
SPYNER: 0864 0.597 88.5 51.9 88.5
[ERE 0864 0.594 88.5 51.7 88.5
MoE (H12) 0861 0.549 87.7 53.4 87.6
MoE(£)2) 0.863 0.524 88.2 55.1 88.1

S 5 BRI 5 T A R A R A
I (Corr 3124 0.864, MAE 437124 0.594 F1 0.597), 1468
fa FL Rl & ROR A BR. B2 MoE ) MAE N 0.549, Acc-
7 M 53.4%, BHEEMR. £)Z MoE it — 2 g FH 1 e,
Corr i% 0.863, MAE [#% 0.524, Acc-7 $#2T+ % 55.1%,
F1 57805 88.1%, WiiE T 47 J2 1 5 LA 16 4l 42 5 A
A Z WA AR A RO, ek B R T K
BN, BATIE MOSEI #0445 ik — D sl (458 0
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4). SUAHER I3 BRI SR PN B, AL 5 A AR R
HARL_ETE, PLiRAbE SUE BRI L. fE 2 & T X
BUEE [F) A0 49 5, 4R TR BC 1. 5 A AR 285 ik 2%
I B, PRAUEFIBE J AR . TR EE A IE A B K o)

SO

AT HEAORER R E, OOk a3 T, DA
SO EVE. SER SRR, 73 /21147 MoE B il it
ENAS A2 AT BT 0 A, SEBLN 2 B A sk
RIPERRE N, PREFA SRR T BH BRI P RE.

1357 91113151719 1 3 5 7 91113151719 1
PIER RV
(b) HHHER A (()%)

WLRFE I
(a) SCASHRK (40%)

57 % 1,315 17 19
T
T @WK (40%)

4 BEASHUR L | Mo 45 is #

BRI £ HE e SR B BRI B R e, 3R
mﬁxiﬁﬂﬁﬁﬁﬁgugxa%M%ﬁixﬂ
% 40% ELREIR BRI M0 3 R 00 EAT e

Bl 5 SR, ML AR 40% B, B P A IE A
NF# (Corr 1 0.863 f#Z 0.825, MAE H1 0.524 EF-=
0.554, Acc-2 11 88.2% [% % 84.3%, Acc-7 H1 55.1% [%#
% 50.9%, F1 H 88.1% %% 83.8%). X [AIIf # b & 45
PEL oK, & OHEbRdE— 2 T % (Corr 9 0.803, MAE y
0.569, Acc-2 N 82.1%, Acc-7 N 47.2%, F1 } 81.5%),
Je W B PR L 5K R 5 1 R A I K 1 47 T B
U, SR+ AT AT R s VRN £ 28 BT B

Performance metrics (%)
S
S

Corr ' MAE  Atc2  Acc-7 F1

L Scenarios
mm Our model == Text missing = Text & robust expert missing

5 ANEs SRR AR A

DN PEAG S R LEAR BE R S Rz AR T, RATEEAR
[FI N ZREHE LU AT T SE88. 255 sk 4 FoR.

S BG 25 SRR DU Y, Bl I 2R B0 AN 100% B
A 50%. 20% 1 10%, AR 2T T % Corr M
0.863 [%% 0.782, MAE M 0.524 [T} % 0.664, Acc-2
M 88.2% [& % 78.9%, Acc-7 M 55.1% (&= 42.2%,
F1 M\ 88.1% [ % 77.5%. BEARIFEAR BEIE T 5 RE DR KR L
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S8R (4 1 RRTLIN BE 7, B BT P S BURIA RS AN 2
)53 FERETVEIUIRAR, PRI H AR AR VR AT A2 At

# 4 H-GEM fEAFBRG & Tz em s R/
WZEARLLH] (%)  Corr MAE  Acc-2 (%) Acc-7 (%) F1 (%)

100 0.863 0.524 88.2 55.1 88.1
50 0.843 0.592 87.4 50.1 87.3
20 0.815 0.626 83.7 46.9 83.7
10 0.782  0.664 78.9 422 71.5

3.6 ZHsCH

S A 4R S 9 A B, R AT
RN A 2 B B BRI EMOC AP
(RIS S SE VRIEIA 2 10 43051 302
AL, W K I SRS B R R

TR SO S FE AR . S35 R S R

# 5 H-GEM 7£ IEMOCAP iz b S286 45 F (%)
e Happy Sad Angry Neutral
Acc-2 F1  Acc2 F1 Acc2 Fl1 Acc2 Fl

BC-LSTM 83.1 81.7 82.1 81.7 85 842 66.1 64.1
MFN 90.2 858 884 86.1 875 867 72.1 68.1
RAVEN 873 858 834 83.1 873 867 69.7 69.3
MulT 90.7 88.6 867 860 874 870 724 70.7
ARl 903 88.7 851 855 871 867 732 713

S 45 R W, A SCEALYE IEMOCAP 43 2851056
HH ) B A T B B AIG T3 20 0 0 AT S R AL I I
SOTA 5. {H1E Neutral 25 FHUR T 73.2% HIHER
R T71.3% I F1 oy 5 AL BB 5t T ik
X SRR TE A K——47 |2 MoE 48 3 %
[ MOSI. MOSEI 85 4 JUF K W {E 5%, B E&
L5 B JE R AL P AR . 485 SRR 0, AR 7 B b A 45
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