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Research and application of 3D laser flatness measurement
system based on machine vision

Tan Wen', Fang Miao', Duan Feng®, Zhou Bowen', Wu Lianghong'

(1. College of Information and Electrical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;

2. Guangdong Jiaming Intelligent Technology Co., Lid., Guangzhou 510600, China)

Abstract: Non-contact, high precision and rapid flatness measurement of miniature objects is required in the modern industry. In this
study, the 3D laser flatness measurement system based on machine vision is developed by the 3D laser measurement method. Firstly, the
scanning measurement principle and the flatness measurement principle of the 3D laser profilometer are studied. The laser line image is
preprocessed to enhance the accuracy of the later measurement. Secondly, the geometric feature is positioned and coordinate transformed.
The data are processed again to acquire the three-dimensional measurement of the object. The system provides a measuring device and
method for three-dimensional non-contact, high-precision, and multi-dimensional measurement of micro-object geometry. Finally, the
physical measurement experiments verify that the realized system has the advantages of accuracy, rapidity and effectiveness. The
measurement accuracy can reach 0. 1 pm.

Keywords :3D laser; high precision measurement; image preprocessing; machine vision; feature positioning
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Fig.1 System structure diagram
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Fig.2 Laser triangulation measurement principle

.

Sr SM

i
K3 ZEBIEILE

Fig.3 Diagram of reference color matching
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Fig.4  Color schematic
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Fig.5 Workpiece USB-C perspective
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Table 1 The data of reference points map

H AHXS A A H L 7 X A 7% i
0 0 0 0 0
1 0.355972 0 23 329 0
2 0.373 337 1 24 467 256
3 1 1 65 536 256
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Fig.6  Creating a map of reference points
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Fig.7 Reference point and its image position
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Fig.8 Reference point and corresponding mapping
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Table 2 The data of reference points map
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Fig.9 Reference point and image position of pixel
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Fig.11 Histogram equalization effect diagram
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Fig.12  Flowchart of visual inspection algorithm
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Table 3 Characteristic points of part data (mm)

X Y A
-5.987 79 -5.223 53 -0.120 19
-6.219 16 -5.372 35 -1.462 61
-6. 164 09 —7.424 22 -1.482 30
-6. 168 89 -7.463 09 -1.466 16
-6.918 29 -6.101 06 —-1.281 43
-6.791 18 -5.29175 -1.234 21
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Fig.17 Schematic diagram of the normal vector
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Table 4 Detection system data statistics

Thi RilEg OK% NG RE/% ARE%
7 2167 2128 39 98.20 1.80
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