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Vickers hardness measurement algorithm for optical crystals
based on image processing

CHENG Ying, ZHAO Xing, ZHANG Shijing, DING Shoujun, MO Xutao, HUANG Xianshan

(School of Microelectronics and Data Science, Anhui University of Technology, Ma Anshan 243000, China)
Abstract: Hardness is a performance index to measure the degree of softness and hardness of materials. In
view of the characteristics of lutetium-aluminum garnet (LuAG), lutetium-gallium garnet (LuGG) and other
optical crystals with small elastic compression, easy to break and unclear indentation boundary. An optical
crystal Vickers hardness measurement method based on image processing was proposed. A deep learning
YOLOVS5s network was used to segment the image. The exact positions of the four vertices were obtained by
adaptive binarization, maximum connected domain selection, skeleton extraction and then specific directional
line segments detected by probabilistic Hough line treatment. The experimental results show that the average
relative error can be controlled within 1.5%, which effectively reduces the calculation error of traditional
network algorithm and traditional image processing algorithm, and is suitable for automatic and accurate
measurement of optical crystal Vickers hardness.

Key words: optical crystals; Vickers hardness; YOLOVSs; probabilistic Hough line
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Fig. 1 Overview of proposed method
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Table 1 Test results of different networks

Force/kgf  Recall/% Precision/% AP/% Parameters/Mb

YOLOV3 98.36 98.77 98.29 236.51
Faster-RCNN 99.80 97.01 99.37 522.83

YOLOVSs 100.00 98.39 99.91 27.83
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Fig. 5 Results of indentation area edge detection
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Table 2 Test results of LuAG Vickers hardness

Force/kgf Manual/HV YOLOvSs/HV Average relative error/% Ours/HV Average relative error/%
0.1 1628.28+13.19 1510.38+26.39 7.24 1622.01+19.69 0.82
0.2 1 545.72426.34 1 431.19425.94 7.40 1536.48422.95 0.81
0.3 1521.05+34.28 1397.21453.46 8.15 1510.81+40.21 0.89
®3 LuGG EREEAWER
Table 3 Test results of LuGG Vickers hardness
Force/kgf Manual/HV YOLOvVSs/HV Average relative error/% Ours/HV Average relative error/%
0.1 1647.54+15.38 1 478.31+48.11 10.28 1 634.35+26.24 1.25
0.2 1542.93+16.32 1436.21+27.21 6.93 1 543.67+22.94 0.63
0.3 1536.29+15.43 1445.87+62.81 6.58 1 523.30+26.62 1.05
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