Wadk o 2/ M Fx % W Vol. 44 No. 2

2023 42 H Chinese Journal of Scientific Instrument Feb. 2023

DOLI: 10. 19650/j. cnki. ¢jsi. J2210555

ATHRERNERBERERILEFR
fib o fE R ERIRIT S IEREI 3K

RHR EER KGR, E % 4
(M RFNB TR A shfb2zlE 480 350108)

& B AR EAT 5 A i BT T AR T R BRI ) A R v A% B Ak AL TR RS A A BRI T BN BN AR AL A B, E
Xof 330 [ R T -1l B T — Bl O R E BG4 RS | IR AL B R T 2 R e R I R PR R I . BT
FERRERINE AN TF-Ha Sty , [ it L i 280 g AN T THOBURE i T, M9 2 45 i & = B A T AR AR DU T oK AR RS T T i
1% B T ARG Sk 7% sh IR S i i i, B i % B R AR 2 0k BUSE T APAP EUSDHERIE R AT P18 1 KB R
DA R, 3 A0, 22 B A 2 I I A o UG BE 45 , SRl DeepLabv3 ABIXS ELHEAT YIS, SCIRE5 B AEBLIK
FAEMER T, AR RIAE] 16. 3 em? , BEE I 25 MIoU A% 91. 2% , W] SZIR £ Rkt ek & 2 i T8 01 T8 1) Bl S 2400
KABIA M AL BT ; BSA AT s 5 A 254 s RS DR

RE 4 %S TP212 THS9 XHEFRRE: A EXREZERSENRD: 460. 4020

Design and performance research of a large-area fingertip
optical tactile sensor for surface defect detection

Wu Xianyu,Zhuang Jiaquan, Lin Zhonglin,Huang Feng, Yang Zheng

(School of Mechanical Engineering and Automation, Fuzhou University , Fuzhou 350108, China)

Abstract:In the process of defect detection for various materials with complex curved surfaces or flat surfaces, conventional tactile
sensors have disadvantages, such as small detection area and low detection efficiency. To address these problems, a fingertip type large-
area optical tactile sensor is designed and prepared for multi-material surface defect detection. It is similar to the tip of human finger and
has both finger-shaped curved and flat contact surfaces, which can meet the detection needs of various complex contact surfaces. A
miniature actuator is designed in the sensor to drive the camera rotation to improve the imaging quality, and multiple images are collected
by rotation and stitched together using the APAP image stitching algorithm to increase the effective area for single detection. A variety of
material surface defects are simulated and a tactile image dataset is created, which is trained by the DeeplLabv3 model. Experimental
results show that, with a single acquisition, the effective detection area reaches 16. 3 em”, and the model achieves 91. 2% MIoU through
training, which enables the detection of defects on complex surfaces and planes of multiple materials.

Keywords : tactile sensor; defect detection; biomimetic structure ; image stitching
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Fig. 1 The working principle of the optical tactile sensor
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Fig.2  Workflow of the optical tactile sensor
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Fig.3  Structure design of the optical tactile sensor
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Fig.4 Optical path design of the optical tactile sensor
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Fig.5 Two-dimensional geometry model of the sensor
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Fig. 6 Components of the control system
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Fig. 13 Multi-material surface defect detection results
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