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An object detection algorithm based on convolution of attention residuals
of pulse graph based on tactile information

WUPei-liangl’QT, LIN Wei-liangl*Q, MAO Bing—yi1’2, CHEN Wen-bai®, GAO Guo-wei®

(1. School of Information Science and Engineering, Yanshan University, Qinhuangdao 066000, China; 2. The Key
Laboratory for Computer Virtual Technology and System Integration of Hebei Province, Qinhuangdao 066000, China;
3. School of Automation, Beijing Information Science and Technology University, Beijing 100000, China)

Abstract: Tactile sensors (flexible electronic skin) play an important role in robot human-computer interaction and tool
operation. How to effectively use tactile information for object detection is the main bottleneck of current research.
Therefore, a pulse graph convolution neural network, SNN-Atten-ResGCN, is proposed for object detection. Firstly, the
graph residual network ResGCN model is used to train the representation of tactile time series. Secondly, the attention
mechanism in the deep learning model is introduced to fit the local features of the graphic structure of tactile data. Thirdly,
the reconstructed tactile graphics are input, and the SNN pulse neural network composed of three LIF neurons and two
FC full connection layers is trained to obtain the feature vector. Finally, vote is utilized to decode the network feature
components and discriminate object category. Comparative experiments are carried out on the tactile datasets of EvTouch-
Objects and EvTouch-Containers. The experimental results show that the proposed method ensures the model iteration
efficiency, and improves the accuracy, precision, recall rate and F3-score of various household objects and container are
improved.

Keywords: tactile perception; object detection; impulse neural network; graph neural network; attention mechanism
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BT S om. ) HICHCA A4 1 TR WS048 0 08t % L 45
IR — BEIT H] (29 6.5 5), 2 300 MFEAR.
42 REBEESH

S PR A SOR B AR 5 DU 4 R R FE A
TR BE AT LA PG J7 153548 A LIF # 22 J, 4t
ZZAH 5] 7 SNIN ik e et 255 X 455 465 ) AN AR (] £ 768 2 4L,
BARZHnZR 1 fs.

Fz1 REFIEAESH

ZH 1B
JIE FAE R v 0.5
JEE R B B H u g 0
Batch size 1
JE LA SRR T B 0.2
P 0.001
HIERE S H a 0.5

4.3 SLIIFEIEER

B o Tl i A 2L R A A U i) R, S8 VR VR R
FiETH B HERR 2 accuracy « i i precision. 4 [H] % recall
M Fy -score £ G VEAS A SCT7 v IR DU 12 7, 4% T4 b
wR:

1) #EHf K accuracy: X T25 € IR Ha 4, #5578
o W) T PRI RE AR B I R SR A L, B s
IEBRIREZ.

2) K JEE precision: ¥ 45 5& fa il M0 44K 2K 0 O IE A%
A, AR R FORE AR, ARSI T 1) TR AR AN o A
BRI S R TERE AN KU Ee A8 4% FE precision
HE I

.. Nrp
precision =

Nrp + Npp
For: Npp oA 28 S 4] 58 TEFEAR, SEBr b2 IEFEA
(1) H5 55 Nep Al 45 S 40 8 IEFE A, S bR b2 FRE
ENEEA§— 4

3) A 5] 2. recall: A& 1E A (1) 1E #F A AN HL 5 5L
IEFEARAN T E ). B A1 recall T 57 R F

Ntp
Nrp 4+ Npn' @l
Forp Npn tanil g B 40 e SAOFEAR, SEbr b2 IEFEAR Y
.

N

(20

recall =

=

4) Fy-score. G125 v FH KM it — 4 M LR W

FEE B — B b, (5] I SHe BT 1 A4S Wl A5 2 (%) K 2 AT 4 [l
2R, e AR BE AN A [B] 22 5 — Mo AL ). B e i
VRV FE R T B AN R RS P precision A7 [A] 2R
recall, R THBAEAN ] () F -score;, X BFN A F -
score; SR FECFIME, B

recall; x precision;
Fy-score; = 2 t

22
recall; + precision ’ (22)

F-score = Z F-score; / n. (23)

4.4 LSRR EER IR

W bk AN B 5 2 O — DU EE (80 %) Al —
AN TR AE (20 %), £ ] Adam £ 46 25 65 I 2535005 20
£ E BRI AT 100 IEAR, bl s ] ) 2 A 71
GNN.TAG-GCN.TAG-ResGCN. Atten-GCN I Atten-
ResGCN 7E EvTouch-Objects 1 EvTouch-Containers %
PidE L5 SNN 45 A I PERER .

1 6 B 5258 15 5 Al A% Y £E EvTouch-Objects
F1 BEvTouch-Containers %5 415 & - 40 {4 A Wl ~F- 35 ¥4 7
# accuracy WK 2 Frow. A WL, A 3 757 ¥ 7E EvTouch-
Objects Fll EvTouch-Objects £ 4 L AERA R AHEL T 24
AT AR A TAG-GCN #2155 1 £92.4 % 3.4 %. 5 Fif
F5E Y 1 I A 2% A0 I R4 2K 7 T 46 B B IS T T B
IS, R 5 1B B 8. 15 HAth 4 Fp 52 84 A4H LE, SNN-Atten-
ResGCN B8 B AT ALY trainloss Al testloss.

T2 STREENERRER accuracy

et EvTouch-Objects EvTouch-Containers
SNN-GNN 85.14 58.83
SNN-TAG-GCN 89.44 64.17
SNN-TAG-ResGCN 88.76 63.51
SNN-Atten-GCN 86.47 61.79
SNN-Atten-ResGCN 91.61 66.34

[FIE, 2R 1 36 IE AR SRR A 4 T HoAth 4 T i Y A
IER R e, 0T B PR FR R 4R — IRaE AR
SPFERT a0 3% 3 FraR (B A7 s). HIER 3 ] I, 5 A si Y
MIFERT 22 BE AN K, 2R Z2 FETE 0.5 % 2 4. 4, K
FH A SC 5243 ) 1H 5 EvTouch-Objects X 5 K4 45 Al
EvTouch-Containers % 5 £ 48 £5 1) 73 28 1R V8 #E [, @
150 (20) A1 (21) P57 AL FRRS 2 A0 A B 2.

R"3 SMIRE AR TR

et EvTouch-Objects  EvTouch-Containers
SNN-GNN 57.625 61.382
SNN-TAG-GCN 58.563 62.655
SNN-TAG-ResGCN 57.931 62.068
SNN-Atten-GCN 57.863 61.824
SNN-Atten-ResGCN 58.934 62.789
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ZIER F — A TR LMY BIEE ) K E RSN H R 2543

AR T BN LG, K 4 F15E 551 T SNN-GNN,
SNN-TAG-GCN. SNN-TAG-ResGCN. SNN-Atten-
GCN Al SNN-Atten-ResGCN %5 5 i 4 71U 75 5 4 4k
EvTouch-Objects 1 EvTouch-Containers _I [t 4% /& A1l
A a2, gk — 20 Hh, @ i 20 (22) 1 (23) TF A B A
R[] Fy-score, BAR W 6 Firr.

Fz 4 STIREIFERE prescision

Rt EvTouch-Objects  EvTouch-Containers
SNN-GNN 0.8402 0.5850
SNN-TAG-GCN 0.8889 0.636 1
SNN-TAG-ResGCN 0.8819 0.6193
SNN-Atten-GCN 0.868 1 0.5867
SNN-Atten-ResGCN 0.9097 0.6700

RS SMIRAEDE K recall

it EvTouch-Objects  EvTouch-Containers
SNN-GNN 0.8922 0.6130
SNN-TAG-GCN 0.9332 0.9332
SNN-TAG-ResGCN 0.9297 0.6545
SNN-Atten-GCN 09156 0.6191
SNN-Atten-ResGCN 0.9522 0.7020

*"6 STHEEB! F\-score

R EvTouch-Objects  EvTouch-Containers
SNN-GNN 0.8424 0.5836
SNN-TAG-GCN 0.8938 0.6400
SNN-TAG-ResGCN 0.8874 0.6228
SNN-Atten-GCN 0.8724 0.5803
SNN-Atten-ResGCN 09159 0.6770

HH 4~ 3R 6 A WL, Jo it & 7 S AL 1 ks FE A
[F] 2, 30 2 Ml B 22y SR A ARUNE 1 B (1) 48 b Fy-score,
SNN-Atten-ResGCN #5228 4 B 2 A1t T~ HAth 4 FhAsE A,
M EvTouch-Objects %45 5 I ()R IFE, K5 & precision
P T 4 2.3%, A H %K recall & 5 7 £ 2.0%, Fi -
score & /51 1 £ 2.4 %. 7£ EvTouch-Containers %5 3% £&
T HIR LA, K ¥ precision & &1 T 29 5.0 %, A [A] K
recallI& & T £95.2 %, Fy-score 3215 1 £15.4 %.

LR % S50 0T LU T W, AN ST VA AE PR UE AR
RUIE A B[R] B, AN 7] 51 B T 26 AN AR 48 5% R
FROVRERf 2 VRS E L A [R1 22 A Py -socre B4 B0 U] R 42 T
4.5 HAMKBRERSH

T Rl SZ 56 3 — 25 58 IF BT £ HY SNN-Atten-
ResGCN J7 75 H 4 /> 2 ELER 43 IAE F, B Attention 7
B I)E FRIEESE 5 Residual Block. P45 #1543
GCN e 22 o0 265 373 SNN. ] b, Vi il S5 56 e B
i) 5 A7 Jg: 1) SNN-Atten-ResGCN: 52 48 ) &IV &
715k 7 % B 45 ; 2) SNN-Atten-ResGCN,, orp: B 2
R 78 585 3) SNN-Atten-ResGCN,, /ogon: ik 25 ]
BT84 4) SNN-Atten-ResGCN, /oaen: KT

& /13891, 5) SNN-Atten-ResGCN,, josnn: it 2K Jik i 4
22 M 2545 57

H3E 7 ~ 22 10 51 P o 5 5 38040 46 B
T b SI2 56 3% B, SNN-Atten-ResGCN H ik 2k |- ik 4
AT By 2 — I T 2 o AR VR R I I 2
K FE A B 26 F -score 55 11 R 4R AR 35 H AN [RI R
(T B oot v R s g 28 SRR in T

1) SRR B T E R R RE N R AR, TR 2
P T A BLARRT AN BT AU 3 AN (5] AR ASCE, F 30
AU ERRE, 5540 IR EREAE, LAk SR A AR S R,
SEIRT R FETT R B IMBUR A, B R B R R8O
PR = EARFEIE PR RR TR AR T PRI B K

2) R S B R T80 7 S B PR R R B /N T
FRRVER I Z, R R R i 22 5 o 1)) Sl B
FRFNYE B RTEAL JZ AT LIRS 43 F T 32 X 4% 1) sk
Jeih R T B

3) ke 2 X 285 58 43 () 32 AR A A i v
TEAS 8., 25 B A Aar I AR 25 8 1), S 2K I 38 3 s ol
PR RE T B v TR ok [ Bk 22 i

4) RS BBk 22 R o M R T B d /D, Bk 2 1 4
(RO FH A 7 L6 P52 PR D) 28 J2 PR IR 5 | R 6 FEE AR e
TH R AE LG AR SR I B 0k ZE B AR 28 75
BLORUEAR Y 3 AR A e RN P Bk 22 W 24 25 1),
DAL I i 2 Pl ke 222 320 2 0 0 T A AP G DN A T 2 A

SEARPREZ M R/

7 HRRSCIGERHZER accuracy

A EvTouch-Objects EvTouch-Containers
SNN-Atten-ResGCN 91.61 66.34
SNN-Atten-ResGCN,, /orp 89.10 63.37
SNN-Atten-ResGCN., /ocen 88.15 62.28
SNN-Atten-ResGCN., /oaren 86.89 60.89
SNN-Atten-ResGCN,, /osnn 88.67 62.64

<8 HRLSCIGFEE precision

st EvTouch-Objects EvTouch-Containers
SNN-Atten-ResGCN 0.9097 0.6700
SNN-Atten-ResGCN,, /orp 0.8896 0.6310
SNN-Atten-ResGCN,, /o6en 0.8782 0.6189
SNN-Atten-ResGCN,, /oarcen 0.8514 0.6024
SNN-Atten-ResGCN,, /osnn 0.8893 0.6267

#9 HALSLISBEIZE recall

gt EvTouch-Objects EvTouch-Containers
SNN-Atten-ResGCN 0.9522 0.7020
SNN-Atten-ResGCN,, /orp 0.9324 0.6875
SNN-Atten-ResGCN,, /o6en 0.9189 0.663 4
SNN-Atten-ResGCN,, /oaren 0.899 1 0.6507
SNN-Atten-ResGCN,, /osnn 09178 0.663 9
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F 10 HRLSLIE F-score

it EvTouch-Objects EvTouch-Containers
SNN-Atten-ResGCN 09159 0.6770
SNN-Atten-ResGCN,, /ors 0.9005 0.6380
SNN-Atten-ResGCN., /ocen 0.8867 0.6203
SNN-Atten-ResGCN., /oaten 0.864 6 0.6101
SNN-Atten-ResGCN,, /osnn 0.893 1 0.6237

5 4 #

ASCHEW T — P T b E B kb B R
Bk 22 A R AR A I B0, 51 ON BRI e AL o A 2t
TE B 1R 2 B BN 4% Atten-ResGCN, Jf 5 fik ift 41 2
D 28 A5 78 SNIN &5 5 2L Fs ik v P81 1 9k 22 5 AR X %
SNN-Atten-ResGCN. 7£ EvTouch-Objects #1 EvTouch-
Containers P /™ il o 250408 5 b (1) S0 45 SRR W, AL
T V50 G JE W LA A v 0 1 A 2 ROR FE 2 B AR T
A FE, N SRR Tl e A5 B B RS BN Sl =
HAIRSBLE | HE A
S & 3k (References)

[1] ChengL, LiuZ Y. Flexible tactile sensing technology and
its application in medical rehabilitation robots[J]. Control
and Decision, 2022, 37(6): 1409-1432.

[2] He Z W, Huang H, Wu Y D, et al. Consistent
scale normalization for object perception[J]. Applied
Intelligence, 2021, 51(7): 4490-4502.

[3] Dai Y, Xue Y, Zhang J X. Human-inspired haptic
perception and control in robot-assisted milling
surgery[J]. IEEE Transactions on Haptics, 2021, 14(2):
359-370.

[4] Meng X R, Song Y. Multimodal haptic interaction
technology and its application[J]. Journal of Physics:
Conference Series, 2020, 1650(3): 032138.

[5] Herzig N, He L, Maiolino P, et al. Conditioned haptic
perception for 3D localization of nodules in soft tissue
palpation with a variable stiffness probe[J]. PLoS One,
2020, 15(8): €0237379.

[6] Chris Vavra. Robotic finger uses tactile sensing to
find buried items[J]. Control Engineering, 2021, 68(6):
53-59.

[7] Cui ZJ, Gao T S, Wang J, et al. Tactile glove-decode
and classify the human grasping process[C]. The
40th Chinese Control Conference. Shanghai, 2021:
8004-8009.

[8] Taunyazov T, Sng W, See H H, et al. Event-driven
visual-tactile sensing and learning for robots[J].
Robotics: Science and Systems, 2020, 53(4): 73-78.

[9] Koptev M, Figueroa N, Billard A. Real-time
self-collision avoidance in joint space for humanoid
robots[J]. IEEE Robotics and Automation Letters, 2021,
6(2): 1240-1247.

[10] Wang Y F, He B, Zhou Y M, et al. Surface texture
recognition network based on flexible electronic skin[C].

The 40th Chinese Control Conference. Shanghai, 2021:
458-463.

[11] Bok B G, Jang J S, Kim M S. Texture identification of
objects using a robot fingertip module with multimodal
tactile sensing capability[J]. Applied Sciences, 2021,
11(11): 52-56.

[12] Chun S, Kim J S, Yoo Y, et al. An artificial neural
tactile sensing system[J]. Nature Electronics, 2021, 4(6):
429-438.

[13] Gu F Q, Sng W, Taunyazov T, et al. TactileSGNet:
A spiking graph neural network for event-based
tactile object recognition[C]. IEEE/RSJ International
Conference on Intelligent Robots and Systems. Las
Vegas, 2020: 9876-9882.

[14] Tulyakov S, Gehrig D, Georgoulis S, et al. Time lens:
event-based video frame interpolation[C]. IEEE/CVF
Conference on Computer Vision and Pattern Recognition.
Nashville, 2021: 16150-16159.

[15] Lee W W, Tan Y J, Yao H, et al. A neuro-inspired
artificial peripheral nervous system for scalable
electronic skins[J]. Science Robotics, 2019, 4(32):
eaax2198.

[16] Gehrig D, Loquercio A, Derpanis K, et al. End-to-end
learning of representations for asynchronous event-based
data[C]. IEEE/CVF International Conference on
Computer Vision. Seoul, 2019: 5632-5642.

[17] Mitrokhin A, Ye C X, Fermiiller C, et al. EV-IMO:
Motion segmentation dataset and learning pipeline for
event cameras[C]. IEEE/RSJ International Conference
on Intelligent Robots and Systems. Macao, 2019:
6105-6112.

[18] Gerstner W. Time structure of the activity in neural
network models[J]. Physical Review E, 1995, 51(1):
738-758.

[19] WuY J,DengL,LiGQ, etal. Direct training for spiking
neural networks: Faster, larger, better[J]. Proceedings of
the AAAI Conference on Artificial Intelligence, 2019,
33: 1311-1318.

[20] Shrestha S, Orchard G. SLAYER: Spike layer error
reassignment in time[J]. Proceedings of Advances in
Neural Information Processing Systems, 2018, 1(1):
1412-1421.

fEE BN

RIEER (1981-), 53, 4%, ML4 T, NHEEE R
AR PR, B REIRSSHLEE NSRS, E-mail: peiliangwu@gmail.
com;

FROIZE (1997—), 55, Bk, I fl ot 5 AR e
AR5 HL28 NS0 5T, E-mail: 447593787@qq.com;

BRB(1964—), 5T, BIFEFE A, H 4, NFEE GRS
2R A e s B AR 7, E-mail: ysdxmby@163.com;

BRSEMT(1975-), 3, ##%, L4 SN, NHEEE R
AhEE L B RERR S HLAE NS 5T, E-mail: chenwb@bistu.edu.
cn;

(1963 ), 53, #u%, # 44 0m, WFHEGE S
AT Al A TS SR A, E-mail: ggw@bistu.edu.cn.



