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Rapid Detection of Laser Surface Modification Quality Based on
Machine Vision
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Abstract In this study, a method based on machine vision is proposed for the rapid nondestructive detection of laser
surface modification in copper-chromium alloy. Surface morphology images of the specimen are collected, and the
visual salient regions are segmented from the background by applying the adaptive thresholding method are
extracted. Additionally, based on geometric moments, the characteristics of the connected domain with spatial
transformation invariance. According to the laser energy input, four basic modification states are defined, and a
support vector machine is trained to determine the modification quality. Writing scripts in MATLAB language, the
results show that it takes about 45 s for feature extraction and model training. Moreover, the recognition speed is
about 5 X 10° pixel/s, and the recognition accuracy is about 97. 0%. Based on the detection results, the
corresponding process parameters can be optimized. Furthermore, the method is not sensitive to light and other
detection environment factors, thereby achieving the requirement of rapid and nondestructive detection of laser
surface modification quality, which has a certain significance for the optimization of process parameters.

Key words laser technology; surface modification; machine vision; rapid detection; feature extraction; support
vector machine

OCIS codes 140.3380; 100.2000; 110.297

[1-4]

b o
b b
: 2020-02-06; : 2020-03-15; : 2020-03-17
(11672304,11502269) (Z181100003818015)

5 ¥ maily gvu@imech.ag.cn; “TE-maily lisx@imechjacien

211407-1



[10] [11-13]
. [14-16]
’7375—‘ Y b
’ 2
s 2.1
o ) 1(Ca)
[6-9] s s
- . (CCD)

; - (10~1000 W),

s s (100~10000 mm/min) . . .
; o . ,
CuCr50 . $52 mm X 2.8 mm,
s 1(bh) . 1Cce) o

;Caggiano ' 4 1(d o

. o1 CCD CF8/5 ,

) , 6.8 mm X4.8 mm, 752 pixel X
s 582 pixel,
R UM200i, Time3220,
. MATLAB R2019b,
. () ; (b) ;(c) s (d)

Fig. 1 Laser surface modification system and modified specimen. (a) Modification system; (b) specimen

before modification; (¢) modified specimen; (d) section image of modified specimen
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Table 1 Parameters for region texture features
Parameter Area Orientation Oblateness Symmetry Accumulation  Density Entropy
Mean Sm 0 Om Pm am
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Fig. 2 Surface morphology of specimens. (a) Original specimen; (b) modified sample with low energy;
(¢) modified specimen with appropriate energy; (d) modified sample with high energy
2
Table 2 Modification parameters
Power /W Speed /(mm ¢ min~ ") Spot diameter /mm Step /mm  R,/pm Remelting depth /pm
0 - - - 0.9 0
350 8000 0.09 0.08 2.4 ~95
500 8000 0.09 0.08 5.9 ~50
600 8000 0.09 0.08 13.2 ~200
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Fig. 3 Binary images of different specimens. (a) Original specimen; (b) modified specimen with low energy;

(¢) modified specimen with appropriate energy; (d) modified specimen with high energy
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Table 3 Detection results of classification algorithms
Algorithm Training Prediction Training Prediction Accuracy Accuracy
time /s time /s accuracy /% accuracy /% (rotate 90°) /%  (double scale) /%
LBP+SVM 25 0.10 100 98.2 31.2 37.2
GLCM+SVM 165 0.05 100 97.0 64.2 66.5
Moments+SVM 170 0.03 75.3 65.2 55.4 57.2
Our 45 0.01 100 97.0 86.2 80.2
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Fig. 4 Optimization of process parameters
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Fig. 5 Surface morphology of specimens. (a) Low energy; (b) experiment 15 (¢) experiment 2; (d) high energy;

(e) experiment 3

4
Table 4  Process parameters
Experiment number Power /W Speed /(mm * min ') Spot diameter /mm Step /mm Status
1 350 2000 0.09 0.08 2
2 420 2000 0.09 0.08 3
3 600 8000 0.25 0.08 3
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