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A deep learning-based method for grading the grain size of steel
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Abstract : Accurate assessment of the metallographic grain size grade of steel can detect material deterio-
ration and ensure the safety of equipment in service. In order to solve the problems that the traditional
manual evaluation of steel metallographic grain size grade is time-consuming and easily influenced by
manual experience, the evaluation results are not consistent and irreducible, etc,a deep learning-based
steel metallographic grain size grade evaluation method is proposed. By adding a jump connection layer to
the U-net model and reducing the number of downsampling to improve the segmentation accuracy and
reduce the number of network parameters, the pixel accuracy is 93. 86% and the mean pixel accuracy
(MPA) is 86.89% on the 117 validation sets. The number of network parameters is only 2. 02 M. The
grain boundary prediction results are digitally processed and combined with the intercept point method to
grade the grain size,and the average time taken to grade the grain size of steel on the test image is only
8. 3 s/sheet, Compared with manual rating methods,this method is accurate, efficient and repeatable,
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Fig.1 Improved U-net image segmentation network
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Fig.3 Comparison chart of pre-processing operations:
(a) Original metallographic image;

(b) Metallographic image after pre-processing operation
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Fig. 4 Local comparison of the original metallographic
image and the pre-processed image:

(a) Partial original metallographic image;

(b) Partial image after pre-processing
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Fig.5 Original metallographic image and hand-drawn

image of grain boundary labels:
(a) Original metallographic image;

(b) Hand-drawn grain boundary label image
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(a) Cropped metallographic image;
(b) Grain boundary labels
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Fig.7 Segmentation results on different networks: (a) Validation set image 1; (b) Label image 1; (c¢) U-net prediction 1;

(d) U-net+ +prediction 1; (e) Lightened U-net prediction 1; (f) Validation set image 2; (g) Label image 2;
(h) U-net prediction 2; (i) U-net+ =+ prediction 2; (j) Lightened U-net prediction 2
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Fig. 8 Test result and post-processing result: (a) Test image; (b) Predicted grain boundary image; (c) Post-processing result
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Fig. 10 Results of the single circle intercept point method
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Tab. 2 Results of intercept point statistics

Serial number (&) (b (o) (d (e) (D

Number of intercept points 31 24 34 32 32 35

~

Serial number () (hh (O (P (k) (

Number of intercept points 35 38 33 36 33 34
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Tab.3 Microscopic grain size relationships for homogeneous, isotropic equiaxed grains

L. Average L. Average CL Average L Average
Grain size . - Grain size . - Grain size . - Grain size . -
grade G intercept / grade G intercept [ grade G intercept [ grade G intercept [
/‘um /;Lm /[,Lm /;Lm
00 452.5 0 320 0.5 269. 1 1 226.3
1.5 190. 3 2 160.0 2.5 134.5 3 113.1
3.5 95.1 4 80. 0 4.5 67.3 5 56.6
5.9 47.6 6 40. 0 6.5 33.6 7 28.3
7.5 23.8 8 20.0 8.5 16.8 9 14.1
9.5 11.9 10 10.0 10.5 8.4 11 7.1
11.5 5.9 12 5.0 12.5 4.2 13 3.5
13.5 3.0 14 2.5
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Fig. 11  Visualization of the microscopic

grain size relationship table
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