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Fast Focusing Method for Precision Vision Detection System Based
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Abstract: During measurement, the visual inspection system was influenced by factors such as
production accuracy and assembly errors, leading to defocused and blurred images. Consequently, a
rapid focusing method for the precision visual inspection system was developed based on YOLOv5s.
This method employed a combination of coarse and fine focusing strategies. Initially, the trained
YOLOv5s models were utilized to search for clear imaging depth ranges with an accuracy of 97.6%
completed the coarse focusing processes within 900ms. Subsequently, the clarity evaluation function
and an improved search algorithm were applied for precise focusing, swiftly identified the optimal im-
aging plane within the depth range. Experimental results indicate that within a defocus range of 44
mm, the focusing accuracy reaches 0.04 mm, with an average time not exceeding 1600 ms, which rea-
ches a 47.6 % reduction compared to existing methods. This method offers rapid speed, high accuracy,
and strong adaptability, making it ideally suited for online precision measurements in visual inspection
systems.
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Fig.1 Optical path diagram of the object side

telecentric imaging system
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Fig.3 Image clarity curve
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Fig.5 Images of defocused positions on the camera

1 S B il VR B 46 o A b, B SR e IR AL
BLBE R G AL R 0.1 mm , A HLBE OG BF i) 3% 5
30 ms. BR A PSRN 2448 X 2048 HEARK R M T 3]
TREE4.0 mm MEGR. ANRERESEH
1) £ i v ST B 2 WSO SR AR 0 AR B A B AR R
PR — 2O E R R, R 10 A BUE,
IR 2400 K& F . Bl G i D B A AR A9 B 5
B W IE B A AR B AR X R A R A T o B RS,
FREZAE N 05 ¥R/ S IR L5 S0 iR M iF £ i KR & JF
FEMT R AR 1, RFH# S 1+ 1 Ik
151 i AL 26 BRI 2 5 4 L 56 T B B Rl 3t 45 d

RS YN S5 19 B 1 38 5% 4 F§ CPU Intel (R)
Core(TM)i7-12700K F1 GPU RTX3070, &k {1 ¥
554 Python3.10.9, CUDAI2. 1, Pytorch2.0.0,
libtorch2.2.2, 7E VIl 2k B B, 38 28 S 8 2 B0l
(R 1) SR 4R B AL (4 vk B R I ok . R B 1)
HMSES YOLOvVS B 74t BRIA S 5O .
2.2 FHIERR

R T W B B A TR A g T Al 55 R TR X[

Tab.1 Experimental parameter
25 fi1
Learning Rate 0.001
Optimizer Type Adam
Momentum 0.937
10U Threshold 0.6
Weight Decay 0.0005
Batch size 32
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Tab.2 Performance comparison of different algorithms
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YOLOv5s-aloU |96.8]96.1|96.4|96.8(98.0|97.4]98.7|97.4{98.0
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Tab.3 Comparison of detection accuracy and efficiency of different algorithms

Bk honor uap/ % lenovo uapr/ % realme uap/ % Umap/ % I 3 HE 3B [H] /ms
SSD 82.5 83.4 80.3 82.1 67 14.93
Fast R-CNN 91.8 92.3 94.6 92.9 12 83.33
YOLOv3-tiny 88.1 86.3 89.4 87.9 216 4.63
YOLOv4 90.7 92.5 91.2 91.5 153 6.54
YOLOvV7-tiny 93.6 94.1 95.2 94.3 182 5.49
YOLOv5s 97.0 97.3 98.6 97.6 203 4.93
YOLOv5s-aloU 97.2 97.4 98.8 97.8 208 4.81
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evaluation functions on depth interval images
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Tab.4 Time required for evaluating images with different

clarity evaluation functions ms
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Brenner 16 14 13
Laplace 125 104 81
Tenengrad 261 220 186
DFT 1283 1153 1023
Entropy 1134 1041 964
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Tab.5 Industrial camera parameters
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Tab.6 Telecentric lens parameters
24 MVL-MY-08-65-MP
I ONHES 0.8
TAERH B 65 mm
IR 1.25 mm
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