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Bimodal Action Recognition Based on Spatiotemporal Adaptive Fusion
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Abstract: Bimodal action recognition aims to enhance recognition performance in complex scenarios by leveraging
complementary information across different data modalities to overcome the limitations of single-modal approaches. Exist-
ing methods typically adopt independent backbone networks to extract features from each modality separately before per-
forming feature fusion. However, they often fail to adequately address semantic discrepancies between modalities, such as
cross-modal feature misalignment and representational inconsistency, which can introduce noise during the fusion process
and degrade recognition accuracy. To address these issues, this paper proposes a spatiotemporal adaptive fusion framework
for bimodal action recognition. Specifically, a temporal keyframe selection module is introduced to identify and emphasize
informative frames through a competitive mechanism. Simultaneously, a spatial salient region selection module adaptively
filters discriminative regions across modalities, suppressing irrelevant information and guiding the network to learn more ro-
bust spatiotemporal representations. In addition, a self-distillation mechanism is employed to reinforce the network’s focus
on action-relevant features, incorporating both prediction distribution loss and region-level distillation loss to facilitate fine-
grained feature optimization. To further improve the fusion quality, an adaptive mask fusion module is proposed, which at-
tenuates the influence of uninformative regions by applying learnable masks within the multi-head self-attention and multi-
layer perceptron computations. Experimental results on the InfRA and NTU RGB+D datasets demonstrate that the proposed
method achieves Top-1 accuracy improvements of 3.75% and 3.49%, respectively, compared to baseline models, validating
the effectiveness of the proposed framework in adaptively selecting and integrating bimodal features for improved action
recognition.
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SRR A RE 7, B ARSI T CNN. 17 Hybrid 2%
P 2298 45 6 CNN 1Y 11 5580 26 Fl Transformer 1) £ 15 i
71, BAEV BB AR RE S5 T4 (B SE PR a5 A TR

A SRS 2% 2 53 By, )R 48 Transformer 45 44 18 4 1
Bl B R TSR T B AR SO 1 5 AR RO R RS L iz B
T 33 G Flops, ZHUCRHIN T 8 M, 17E Top-1 K5
JE RS TR E R T X R WIA SOy A R N
AR A RORH T AT WOt S LM S I HEAME B
ST S R T AR R E T AR S A )
st A Sk .

205 b T R I 45 AN [+ il SR W 1 Pk RE S
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BRETE—RE DR TSR H it TR AR A RO
RS ] 1) 5 A O I0C , PE BB a2 A I I R . AH L2 R
PDF""®"  TMC'™ Fll DynMM "' 5% FH B 245 2% 8 25 il &
2, MR G — 5 T N ARSI T AL, Sh A R RS
(B PRl O3] . 20 s ERB A I RS E M B R IX
PSR BT 25 S Y AR S R AR (R R
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£1 AREFETEINRAFINTU RGB+D iR E S BE S 47
InfRA NTU RGB+D o
FI Ty BERIG | BHdR/M
Top-1/% Top-5/% Top-1/% Top-5/%
TSM™ 49.58 92.50 73.94 96.09 66.3 23.5
AN SlowFast™ 58.33 93.33 81.31 98.08 48.8 61.9
CSN'® 74.58 93.75 76.59 97.22 42.7 322
TaNet"” 82.50 98.75 82.48 99.17 126 89.8
Hybrid VideoFocalNets!? 86.25 96.25 85.73 98.54 221 157
VideoSwin” 83.33 95.83 84.75 98.75 302 196
MViT!" 84.58 97.92 83.59 97.95 362 213
Transformer TimeSFormer'® 85.42 97.08 83.18 97.33 327 101
Hiera!" 87.50 97.08 86.52 98.99 203 115
ATy 89.17(+3.75) 98.33(+1.25) 86.67(+3.49) 99.07(+1.74) 360(+33) 109(+8)
e MR R L2 2R, S s R B i
F2 AEBAEFEFLESH A % F3 BRRAMEHEBSSE
Ik Top-1 Top-5 e HEny "
) A 71 Top-1/% Top-5/%
450 77.50 96.67 PEPEREERL | AR
CIN/n 81.67 97.08 85.42 97.08
Ly 84.58 97.50 N 86.67(+1.25) | 97.50(+0.42)
ez 83.33 97.50 N 87.08(+1.66) | 98.75(+1.67)
T™C™ 84.17 98.33 N 86.25(+0.83) 96.67(-0.41)
DynMM™” 85.42 97.75 N N 87.50(+2.08) | 97.92(+0.84)
PDF!® 87.92 97.92 N N 87.50(+2.08) | 97.92(+0.84)
£ @R 89.17 98.33 N N 87.92(+2.50) | 98.33(+1.25)
T+ IR Sy f P 2 N N N 89.17(+3.75) | 98.33(+1.25)

AR SR Y S A9 1 Bh A5 Rl SR, ANAOG T A5 2 ]
MY E AN SC AR TR AL T, XA ] s Wt 25 1] X
BT PR PEAS AR, EE A BRI, 5
RS GG 7 AN [E] A 305 k3 2o 4 240 1) 2 e Ak
fifi 1 2 HH O B I AT (3 X 38k, Dl TUAY TR BOR RS
BRI TR
4.4 HELSEIS

AL P Timesformer SR Je 28 [ 4% |, 454 I5F ) G £
VEFE 2% ) 1 3 DGR % | F IS AR Rl S R S 1 2%
TRHLH , 75 InfRA B8 A2 04T 1 42 10T ol S22 30 DA 9 E A
AR . WAL AR SO TR S B A BRI P fE
SR
4.4.1 RREIYMEHMLE

AR AR B HEA TS50 7 By, 255 UL 3.
TE S50 e B P G ST AN 243 ] dk 3 DX B A A
SRR BT, EEIETLUF 2 45 —J& W3 138 i i 2k
DR HEAR 2 U R 4R AR A M i 5 — R I A B X AT R
W RIS, B IR B T 2T PP 2R A ROR | #E R
ERIESS o

SRR I G B T A A] 8 2 X I A A
PR S A5 T B B g e 2 A, DA T T

Y < DRSO 4 e
PERE. FIENAERD RS BT GR T XU ] R RS B
Rt T AR B] A AR . 2RI E a5 | A
fiE2 ) s AR, AR AR SRS B e — Ak

B, Y A B TAERT, Top-1 #E
RHRET 2 89.17%, 3 P T P — R He ol R 4 A e iy 41
B XFE RS BAEAE B AME S P EER A
P T RSO AR BB T IR 55 v 1A Rk
4.4.2 BIFXEMANTEREXEBEFEREHM

Sa)

AR SC AR H B S B T 4 [ i 2 X e R B
305 s e A5 A r A S Sl Xk LA D TU AR R
N 4 FroR , 38 1 PR L B P DGR OR B L8 (ke k) NS
Ii] 8. 2 DX B AR B LA (ry o) S A REAR T AU 254 3R
PERE .

NESE SR A 23 M7, XoF FE S 56 1 RS 86 4, 7R A
[F] ) 8. 25 255 ] DX B E G, SI2 56 4 (B8 118 Gt o
B AR A Top-1 HERGFRIAF 89.17%, L F L5 1. XK
B 3B R DT Ui B T R B TOC R B, ST HSAUPERE .

P72 (] S 25 X3 BE 3 T, 6 A () A O B o L f51)
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EE 2025 4F

R4 HFXREWFIEEEEXISEEFLGIHMER

WP OCHEIERE | A ) B X
S L 4] e L1151 Top-1/% | Top-5/%
k, k, r r
1 0.60 | 035 | 87.08 | 97.50
2 0375 | 0.125 | 045 | 025 | 8583 | 97.95
3 030 | 015 | 8625 | 9833
4 0.60 | 035 | 89.17 | 9833
5 0.25 0.25 045 | 025 | 87.08 | 98.33
6 030 | 0.5 | 8583 | 97.92
7 060 | 035 | 86.67 | 98.96
8 0.125 | 0375 | 045 | 025 | 8625 | 98.75
9 030 | 0.15 | 8458 | 98.33

T IR Ry S gt 2R
], Top-1 1A % 52 I JE B J5 THE R g SE8e 3,
XA B A, O R R B T A 55, 1
BRI S 2 vh , ARSI T B0 SURAE (B Bt o
Z BTG R A SRR A 3 25 A4 2 LI T4
FROE Y G, S ECERE R R SEEG 1, B X
LU A5 1 — 25 0 47 R Ao A5 7R R % B 4 T b A 1 OC M
BN T T 0 JEPERE . a3 3 W I 3 DXk A 32 B 7S 2
TR 5 0 SRR A A A 0 A T =z TR HUE A
fiig , ASE B PR pe e ot

BEAN, SEEG 9 v, Hy T G E TR G 3 DX AR B L i)
BEE R B R I AR T vk . X SR, AL
JE 45 B 7 0 25 (R 8 23 18 iR i QBT B Rk 5
PO PERE .
4.4.3 BiENBHEESEIERSEE

g T B Rl A URE SRR AE , AR SO T R T A 5|
T A REAE R AR 38 A T S g ik AT
M, UL 5. 4B L Transformer it 25 76 52 2247 A U0
RS RBAME, FEFEPRAEZ K AR J1 (MHSA)
2 I A (MLP) 138 o # b fEAS X4 T 5
XA RIS 55 TR AROR

x5 BHENMESEREEREEMSE

Masked MHSA | MaskedMLP |  Top-1/% Top-5/%
86.25 97.92
N 87.92 98.33
N 86.67 98.75
N N 89.17 98.33

TE O b e e 24

Sk 63 3K — 97 T 5% ), AR SCFE MHSA Al MLP 53
BISIA T #EARIC . IR STl #5, {UFE MHSA 5] A
5 B, LAY (1) Top-1 45 & 482 T+ 2 87.92%, t T AU 7
MLP H5 | AHERS A A K E 86.67%. i% W MHSA 1)
FERD S | AR SR IR S 0, AR SRR AT o X5k, MK

17 38 580 4 Ry R AR ERAR . A L 2, 78 MLP o Y #E AT B
A BT AL R R RRAE A 6 R AR A B ] 9 58 LR
WA/ IS AR TFRORAT BR . 24 MHSA F1 MLP [5]I 5 ] A5 H
Bf, BSR4 Top-1 K5 B 35 51 89.17%, T R e A . X WA
454 MHSA (14 JR FRAE T 8 00 3815 MILP (1) J5 S5 AE 40
FRfE T AR JC G X3 T4, WA 2% 2 5478
HH IR SRR, DA T f 25 4R T AP i
4.4.4 BEBYLHIHRLE

SRS E F ZE A AILE VR A SCIE T T 7 AT Rl s
B, B0 B E $0.0.1.0.3.0.5.0.7.0.9 F1 1, PEAL
R BIPEBE RS20 . AN 4 BT, BEE A A8
Top-1 E B 28 55 19 J5 Wl , X A=0.1 B, 35 3] & &
89.17%. X FH , XA IR Ly 5 T 20 A 4532
Ly RFIR 28 2 > 2 BLAT SR A, T3 > A AR L
REA ZLE |5 W 2 T A5 1 sh VE = 0A0H 56 X3k, DA i 42 7+
IrIEPERE.
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4.5 WIS

Kl 5 R T 2k 5 1 Timesformer 5 A% 3C 7 2 78
NTU RGB+D 4 55 30~60 ZREAS ) 73 2 48 HLIR 1 4
B R EE SR i AR SO vk IR T WG R A T 71 288 5 T B
5, R BH A (0 TN A R A TR T . BT, S
RITIEAE W LT R GE T X 2 R IR R
T . ARSCy il ad i S T PRI 2 BR T G Gt
W PR SR TS o] 0 TE AR 42 5 (]I, 2 (8] 35 DXl 46 A5
YR TN 25, A8 LSIE , AR T X
P HIIRIT S .

Sk B BEAS SO i AR T, L 6 FNIEL 7 43531
7€ InfRA 5 NTU RGB+D ¥t di4E I, 3 i3 & i 2 ) 18
5 T A 56 T 5 L 2 XIS A 4B, RGP S i v
B2 DX I A B LAY B AR IR Sh A A X, A IX I
WU FE A5 DA AT . B2 & WA T USR5, o
SR AT I 5 2T A

K 6(a) FIE 6(b) BT InfRA K 5« 472427
“YEF IR AT AL T . B 6(a) g FTER 5 Al
RS AE 3~4 it 122 P B 5 R 5 T A A T2 ok
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2. S IR R 2 — LI E T IZRERTE 2 IR 8
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MERl G 2 900 . 0 A 2 4% 08 3 475 Py O B i 4%

75 [1) 4 3 DX IR PR A | JH P i e S B v AR
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