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Quantitative Analysis System for Internal Oxidation of
Carburized Gear Based on Image Processing

LIU Ke,REN Zhijun,SU Chen

(School of Mechanical Engineering,Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract ; In order to realize the automatic measurement and rating of internal oxidation of carburized gears, a maximum
depth measurement method of internal oxidation based on image processing was proposed, and a quantitative analysis
software of internal oxidation was designed. Firstly, the collected metallographic diagram was pretreated to reduce the
noise of the metallographic diagram and remove the point-shaped internal oxidation tissue. Secondly, aiming at the edge
blur problem in the imaging process of optical microscope, a K-means algorithm based on gray change rate was
proposed. The improved algorithm can effectively segment the internal oxidized tissue and the background region.
Finally, the sub-pixel was used to calculate the edge of internal oxidized tissue, which improved the accuracy of
maximum depth measurement. The measurement experiments were conducted on 15 sets of internal oxidation
metallographic diagrams of gears, and the results show that the errors were all within 2% , which verifies the
effectiveness and reliability of the measurement algorithm. The system realizes the automatic rating function of internal
oxidation.
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Figure 1 Interception and detection of

metallographic sample
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Figure 2 Metallographic diagram of

internal oxidation
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Figure 3

Internal oxidation quantitative

analysis system module
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Figure 4  Original metallographic

diagram gradient values
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Figure 6 Metallographic diagram

after noise reduction
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Figure 7 Flow chart of dot oxide removal algorithm
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Figure 8 Metallographic diagram

after dot oxide removal
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Figure 10  Grayscale change curve
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Segmentation results
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Figure 12 1deal edge detection model
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Figure 13 Subpixel edge
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Table 1 Measurement data
oy S e RBRBE/ um
AT AE LAMOS Experts

1 5.89 5.80
2 8.87 8.75
3 12.21 12.39
4 10.59 10.70
5 4.21 4.15
6 10.04 10.21
7 12.94 12.77
8 19.46 19.61
9 22.61 22.76
10 33.81 33.93
11 15.51 15.37
12 11.20 11.31
13 26.93 26.79
14 16.64 16.45
15 12.72 12.90
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Figure 14

Internal oxidation level
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Figure 15 Relative error
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Figure 16  Quantitative analysis software interface
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