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Grain size measurement based on marked watershed algorithm
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Abstract

Grain size of material is important factor in evaluating mechanical properties. Methods for grain size
determination are described in ASTM grain size standards. However, conventional method require pre-
treatment of the surface to clarify grain boundaries. In this study, the grain size from the surface image
obtained from scanning electron microscope was measured using the watershed algorithm, which is a
region-based method among image segmentation techniques. The shapes of the crystals are similar to
each other, but the size and growth height are different. In addition, crystal grains are adjacent to each
other, so it is very similar to the shape image of the topography. Therefore, grain boundaries can be
efficiently detected using the Watershed algorithm.
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Fig. 1. The flow chart for the algorithm
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Fig. 2. 80:20 (a) original image, (b) distance transformation, (c) maker-based

watershed, (d) Categorized grain
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Table 2. Watershed statistics of 80:20 Cu—Ni alloy

No. Pixel H¢ Ui B #H1 2 (m?) Diameter (im) Solidity (um) Perimeter (ym) Area ratio(%)
1 ~50 39 0.003 0.06 0.99 0.18 0.32
2 50~100 37 0.006 0.08 0.96 0.27 0.59
3 100~500 150 0.022 0.16 0.93 0.59 9.58
4 500~1000 65 0.056 0.27 0.92 1.03 10.56
5 1000~2000 31 0.111 0.37 0.92 1.48 9.96
6 2000~3000 16 0.2 0.5 0.92 2.11 9.30
7 3000~4000 9 0.294 0.61 0.86 2.99 7.67
8 4000~6000 9 0.406 0.72 0.92 3.19 10.60
9 6000~8000 10 0.59 0.87 0.91 3.74 17.13
10 8000~10000 - - - - - -
11 10000~20000 7 0.926 1.08 0.87 5.57 18.80
12 20000~30000 1 1.89 1.55 0.88 8.68 5.49
Total 374
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Table 2. Watershed statistics of 70:30 Cu—Ni alloy

Fig. 3. 70:30 (a) original image, (b) distance transformation, (c) maker-based
watershed, (d) Categorized grain

No. Pixel H¢ I HAHA (m?) Diameter (im) Solidity (um) Perimeter (ym) Area ratio(%)
1 ~50 37 0.003 0.06 0.98 0.18 0.32
2 50~100 34 0.006 0.09 0.95 0.29 0.69
3 100~500 181 0.021 0.16 0.92 0.6 12.60
4 500~1000 59 0.056 0.27 0.91 1.06 10.87
5 1000~2000 50 0.109 0.37 0.88 1.64 17.74
6 2000~3000 16 0.2 0.5 0.88 2.41 10.47
7 3000~4000 9 0.28 0.6 0.89 2.76 8.24
8 4000~6000 15 0.385 0.7 0.9 3.11 18.85
9 6000~8000 4 0.559 0.84 0.83 4.6 7.30
10 8000~10000 3 0.727 0.96 0.89 5.06 7.12
11 10000~20000 2 0.89 1.06 0.89 4.91 5.81
12 20000~30000 - - - - - -

Total 410
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