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Abstract

In the field of robotics, slip detection is a crucial task. Robots need to utilize multimodal informa-
tion for feature extraction, information fusion interaction, and dexterous manipulation. For this, a
multimodal fusion model based on cross-modal spatiotemporal attention mechanism is proposed
for slip detection. The model uses spatiotemporal attention to learn the physical features reflected
by multimodal sensor feedback, and the learned visuotactile spatiotemporal features are interac-
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tively fused through cross-modal attention. Finally, slip detection results are predicted using a
Multi-layer perceptron (MLP). Data collection, model training, and validation are carried out using
a 7-DOF XArm robotic arm, a D455 camera, and XELA tactile sensors. The results indicate that the
slip detection accuracy of this model reaches up to 97.8%, demonstrating the high research and
practical value of the proposed model in ensuring reliable and smooth execution of robotic grasp-
ing tasks.
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AR BUBFNRE I R T3 = B ARS FE . DD ORIV, R B RE AR AR A b A . AATTZEIN
RS, @Ml A SR A, TS T SRR R, P IR shalad AR . 24 Bhi
A2 B IR 0 B B R s T DL B, BB IR [2]. AU T4t H ARt RN AR AN
FoAh AT DLE S AR AN R B BN 50 A 2 TRRFAE 17 fidk 77 50 U AT DB A6 S8 s A 0 G S0 L RELRE
P 5 B2 55 R AR 145 ., SRAEABh A I (B [2] [3], PO ALSE 2 EE S b se AR o BRI, A
JERADT TSR AL NGRS m DU B B E A FANME . 1R ENL S N A il 250
HBERAEH, WEIE S T 2R E BB — A E A PR PE M. W B —FhE Lk
PeflcRAS, RATEIIR ) A /& BUATHR SR AS 2 o A ) IR SR I A6 T8 SR AS 1T DA Bh A8 A B 2 i B
P FF Ik £ EE I B ERLR o

IAESR, AHRS3E T THIT R HE 2 P i it A S 388 RAH B R 732, T i sl [4]. 7EALAd e 2
REASRA IE sh AT 45 1, LI S5 [1]45 45 AR 22 % 4% (convolutional neural network, CNN) A 46 #1012
k%% (long short-term memory networks, LSTM)H T-Hl#s ALl e & R sk, YAN, Bk HEEE[5]
[6]:K5 B 7 35: A5 X 4% (temporal convolutional network, TCN)AIZ2 R EE I 345 F7 k1 4% (multi-scale temporal con-
volution network, MS-TCN) 5| A#E G55, FH R 5 B s o (P P RpAE o 0B TAERRENAS T ANEE I
SRR PR TR AR AR PR, A 5 NS 2 [ BAE B A B Al SE NG 2R 2 15
& B HATRAERL S, SEIURSHETT & R sl DAR7 WU RNy R AR i sh el R As, RS
(RIRIE 78 3 SCRE ST 1

T AL R B DG A N R R O BRI 2 S T B B A . R M@
B N AN [R50 43 3 BEAS [F] AR, mT DA 32 20 B BT N b i) B BRI, R AR TR OG5 HoA ik
SEMERC S 7y, CFF HARTE & ARSI 22 B [7]. R INLELE — P e 7 7R b 2 2 e R
ZIRRREAR, vl TR S H AT R AT RBCE B NP5 X R AL S iE I
PR S T EUS T R E IPERR IR T [8]. TR ML REEAT R A R N AH ELAE I AR v R
Wi W EW Q. B K AME V XML BHALE, ShAMTH AN RERAE, AR RS 5
TR OCHE B o XM AR EAE 177 U AR A B i K R IR RE ), I HAS R Y Be A BE 4
PR BRSO SRR . B, BRI VER NI, B IR LR E . ERE ERR. CUl
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BT, BTN Gl b % sy o RstiE 7 ALEE Transformer (VIT) [10], JF7E B0 AT 5 R LS T
Kt fE. BERTASIUS [11], ARNAB [12]%, H#t—2% VIT ¥ B BT, I35 8 T8
ZRIMEEM., CAO [13]H1 KIM [14]1%, ¥ Transformer 4ifid#s 5 CNN M8 AHLZE 4, 18] CNN M8 HEEL
FEWURRRAE, T8I Transformer gl &85t iX SEbEAEHEAT AL BE . Transformer CL7E AT I BIGAISTA () 22 45
BT EAAR 2 M, HESAER IR TEE[15] [16]. SRTT, ML as AHRER I & 3 £ B A58 T,
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Tolt o AR SR WS (DB 23 ¥ T IR A N TEVE T M0 S GPU S Be = 4R 4 T m sl S AR & ST SR
J15 WS 1) Transformer BEALTE JLRBNE RN FEHEATE %5 LA R FERIM[11], £FX) Kinetics-400 %44
FITEAS I B R HERR RN 78%. CUI 25 [17]42 Al FH RS e #3511 Transformer 25 FIES B 1) Transformer
ZERE 2y ) P T PR OB S R e A A B AR SRR AE o 45 R, X RS T AR TR GL Rl & T

HAT, Kbt R SE BUG 51N BIHLEE AT 55+, K i 303 (19 Transformer #5284 77 [Hi [18)F 7034
AT o Al Transformer S5 F IR FE, I FAS [7] A0 2 0 A6 280 L 8 N HICHR 508k 1) A0 A i 22 A
AEMFAT AT o RIS B VR R 7 20 A S AT AL Ak b 5008 PR I D R AE SR 4 H — PSS 1Y)
I 2358 R J1 40 R okms, T AL OE 2 MU RHERR A, AT 42 i Las A SICHUA (AR B P 2 AR 1 B o
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Figure 1. The structure of multi-modal perception model based on spa-
tio-temporal attention
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Figure 2. The separated spatial-temporal self-attention block
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Figure 3. The cross-modal Spatial-Temporal Cross-Attention block
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Figure 4 The research platform and experimental scenarios
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Figure 8. The precision curve of different tactile embedding dimensions
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AR A I IEREAT X, PP L A AE I 55 TR AL B AN . MR Rk 1 o, #Lfi
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Table 1. The test results of different modal inputs
F 1. TNEMERZSEMARNR R

PN B HER R
i 94.7%
AR 95.3%

Mo + b 97.8%

4.3. HRASCIE

B, 0 = [ RS A AT B S0 SR LA I AR AR 1 > SRR, LR,
BN MLP 73 kAT s 35 AR AL b I R A R NRFIESEE B P, AR S N 2 B
TIRERIBEAT Rl s B8 =, AR T I AR EAT B RS IS SOE B R, SRS R . %
WaE RN 2 Frow, 51 NBS BRI AE S 0 RENS HE BRI AS RT3 2 8] 1 SR BB
M B RAE S5 ITERE . B I B RSAE XE R Ay, B AT DL B2 S AN BEAS RS A 2 18] A SRR . 35X
A RS RE A% BN B AR L XHE 55 45 R M BOR IR, /b 32 JE R A5 BT, mT DUSE 2 st Fil A 2
LENERSE

Table 2. The comparison of different fusion modes
2. T EIRERAIT LR

it HE %
HERA 96.3%
Concat fl& 96.8%
Cross fit & 97.8%

T, B R AR A BEAT 6 EL AR . LS SCHER[1]A CNN + LSTM. SCHR[S]f CNN + TCN FIA L
JF R B CrossTSformer A5 . 23 5l &+ % AT Gdut_Xela $H £ 80 SCER[ 1157 % 1 Gelsight #E S 34T
X SESS, DASSUE AR B LE 22 RS SR T 55 o A DG SRR AE SRR A S8 Iz A e RE . LR, Gelsight i
A Gelsight fil b A& A, Ffilon B8 2 = 0 e i B o 9, 58 A A P A0 T 2 AR AAE B8 o 2% 4
H fish i AR

Table 3. The comparative results of different models
7= 3. NEMREIxT L4

= HERf =
Jiid - —
Gdut-Xela #i54 Gelsight R 4E[1]
CNN + LSTM [1] 93.1% 82.3%
CNN + TCN [5] 96.1% 84.1%
CrossTSformer 97.8% 88.2%
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WIRFIEEEAT B, Joion AN RS 2 1] ARG AR A2 TLEAT RAF A . % CrossTSformer #4744 I %
B fib i SRR O 2 b A SRR R AIR A, AFT T CNIN + I3 I 45 A AR 004 4 B g P T R A 2%, TR
MR A Az AL g

5. &
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N T AR Z AR A R, HEAT TS R A R RO R R R e B sz, FRET X Gelsight HdiE 45 R0
Gdut_Xela #5347 T BT MR 253K, AT CrossTSformer #5241 7E & H1TF1 AT H bra 4
(R B RS 77 TR I A R A e A P] SE P . I AR RS AT R0t B S e Ak e (5 6L, S 2SR
NSO G PR 5

AHIEFE SRR T AL N 2R A . PUPAT S5 F T S HAT B AR E T o D SEEBE i A A
JEE AN e Th 2R AL A AREUAT 55 3R (68 A T B ME AR B 5 380 WK, AT IR B SRAEAE — L8 v |
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