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Abstract ; Scanning electron microscopes (SEM) hold broad application prospects in the field of material characterization.
However, the images obtained are usually difficult to use for direct extraction of quantitative information. This paper proposes
an automated and quantitative analysis method based on machine learning and image segmentation techniques for the scan-
ning electron microscopy images of eutectic high-entropy alloys. The method effectively measures the area, length, width,
circumference and proportion of different components in the lamellar regions of eutectic high-entropy alloys. Experimental re-
sults demonstrate that the proposed method in this study exhibits good robustness and accuracy on a large scale of high-entro-
py alloy images, providing significant technical support for studying the surface structures of high-entropy alloy materials.
Key words: machine learning; scanning electron microscope; image segmentation; image processing; quantitative
analysis
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Fig. 1 SEM images of AlCoCrFeNi, | eutectic high-entropy alloy
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Fig. 2 Quantitative analysis computational workflow
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Fig. 3 Schematic diagram of the metric calculation process: (a) input image, (b) segmentation model output, (c) binarization, (d)skeletoniza-

tion, (e)contour detection, (f)normal vector estimation, (g)width calculation
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Name Ha'rdwar.e Name Version
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Table 2 Experimental results of different encoder structures on the verification set (15 images)

No. Encoder structure ToU score/% Precision/ % Recall/ % F1-score/% Accuracy/ % Model size/MB
1 vegl3 77.1 94.3 80.9 87 80.7 70
2 vggl6 78.8 9.6 82.5 88.1 82.1 91
3 resnet34 84.5 93.3 89.9 91.6 86.7 93
4 resnet50 85.6 92.3 92.3 92.3 87.6 124
5 vision_transformer_b0 77.9 95.9 80.6 87.6 81.6 21
6 vision_transformer_b2 85.7 92.5 92.1 92.3 87.7 105
7 efficientnet-h0 72.9 79.9 89.2 84.3 73.3 24
8 efficientnet-b5 76.7 92.4 81.8 86.8 80 120
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Fig. 5 Schematic diagram of calculation results( yellow lines represent the results of contour detection, and red numbers indicate the width of

the lamellar region between two blue points) ,

the right image is an enlarged view of a local area in the left image
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Table 3 Lamellar region area calculation results
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Table 7 BCC phase area calculation results

Actual . Relative Actual Relative
No. measurement/ % Compute/ % error/ % No. measurement/ % Compute/ % error/ %
1 17.85 17. 88 0.17 1 33.27 34.42 3.46
2 15.70 15.74 0.25 2 33.31 34.41 3.30
3 19. 18 19.32 0.73 3 34.21 35.27 3.10
4 16. 11 15.94 1. 06 4 35.44 35.46 0. 06
5 14. 37 14.42 0.35 5 33.44 33.96 1.56
6 12.83 13. 00 1.33 6 33.30 33.33 0.09
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Table 4 Length calculation results
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