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Abstract Aiming at the problem that the traditional autofocus method needs to collect more defocused images, which
greatly increases focusing time and limits its application in visual measurement systems, an autofocus method based on
deep learning is proposed. This method transforms the autofocus problem into an image defocus distance prediction
problem. First, a lightweight deep regression network is constructed using ShuffleNetv2 and a multilayer perceptron
(MLP). The network is subsequently trained on the collected target image dataset in the working scene. Through a
reasonable focusing strategy, two frames of images can be used to complete the focusing, which reduces the focusing time,
thereby circumventing the problem of large focusing error caused by local extreme points in the traditional autofocus
method. The experimental results show that the focusing time of this method is only 15%—-24% of the traditional autofocus
method, and the focusing stability is improved by about 40% compared with the traditional autofocus method, providing
the advantages of fast focusing speed, high focusing stability, and low model complexity, which can be well applied to the
visual measurement system.

Key words autofocus; deep learning; imaging system; image processing; visual measurement
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Table 1 Main imaging parameters of vision measurement system

Parameter Value
Focal distance/m 0.15-10. 00
Resolution 2592(H) X 2048(V)
Pixel dimension/pm 4.8
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Table 2 Network structure used to predict defocus distance

Convolutional kernel size

Type or stride Output size
Input 224X 224X 3
Conv2D 3X3/2 112X 112X 24
Max pool 3X3/2 56X 56 X 24
1 X unit for spatial down
Stage 1 sampling""*/2 28X 28 116
3 X basic unit'™’/1
1 X unit for spatial down
Stage 2 sampling/2 14X 14X 232
7 X basic unit/1
1 X unit for spatial down
Stage 3 sampling/2 TXTX 464
3X basic unit/1
Conv2D 1X1/1 7TX7X1024
Global pool 7X7/1 1X1X1024
FC1 1X1X1024
FC2 - 1X1X 256
FC3 - 1X1X1
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Fig. 2 Model training and prediction process
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Fig. 3 Partial dataset images and their real defocus distance
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Table 3 Deep learning training and prediction parameters

Parameter Value
Training set images 43354
Validation set images 12386
Test set images 6193
Computer disposition NVDIA GeForce RTX 3070 Ti
Training environment PyTorch
Batch size 256
Epochs 200
Training duration /min 312
Predicting duration /ms 23
Model memory /M 6. 04
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Fig. 4 Decline of training set loss and validation set loss
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Fig. 6 Single defocus image sequence sharpness evaluation curve
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Table 4 Single frame target image defocus distance

prediction method unit: V

Region defocus  Single frame target image

Focus sub-region

distance defocus distance D
w, 2.12
W, 2.69
2.10
W, 1.62

w, 2.09
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Fig. 8 Two-step focusing algorithm flow chart

2411003-5

https://www.cnki.net



D(j=0,1), 3 H 4% 85 % 1% i 15 BE < J7 1 98 4% (L R
BRS8N Dy B, 24 Bk b B 5 W R 5 457 1k Xt
I A Sk F R D SR R X AR B Ve B IR
R 455 0 T R A 45 3k Do J& |, R AR G S A A E
BT A VIS AR 5 X > L ECR AT S A
BT D AT LK AG I £ 7 B A AR
AR Bl
4.2 MEZXRW

XL T — 2R R 5. HE IR,
Y& 3 A EE AR, 0 ok R B ME
YyoE R B . I 9 R EUCH 34 HARIEIR  H&
AH X BE Sk B9 TTAEBE B 23 AR id v ACGE PR H R ) |
BHEER Hir) COGEER Hir), Hri A HirE#B
K/ g 1088 pixel X 1752 pixel, B H #5 B 1% K /N K

K9 S i 2 SR A AR5
Fig. 9 Multi-depth-of-field target scene used in the experiment
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Table 5 Proposed method is compared with traditional autofocus method

Proposed method Traditional autofocus method Best focus
. Focus start -
Group .. Detect focus Focus Lens Detect focus Focus Lens position
position /V B ] ) ) B i ) )
position V,, /V  time /s adjustment times  position Vi, /V  time /s  adjustment times Vi /v
35 44.7 0.602 2 44.8 2.312 15
A 38 45.1 0.583 2 44.6 2.905 18 45.2
40 45.0 0.591 2 44.8 2.133 15
35 41.5 0. 305 2 40.8 1.639 16
B 38 41.4 0.289 2 41.6 1.234 12 42.3
40 41.6 0. 337 2 40.4 1.459 14
35 41.3 0.293 2 41.2 1.236 12
C 38 41.1 0.294 2 41.2 1.744 16 41.5
40 41.1 0.352 2 41.2 1.115 11
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Fig. 10 Focus error statistics diagram. (a) Group A; (b) group B; (¢) group C
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Table 6 Focusing error and focusing stability of the proposed method and the traditional autofocus method

Average focusing error /V

Focusing stability

Group Proposed method Traditional autofocus method Proposed method Traditional autofocus method
0.281 0.381 0.192 0.218
B 0.707 1.646 0.133 0. 507
C 0.381 0.262 0.117 0.192
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