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Abstract

Two protocols for multistep grain segmentation and analysis workflow in optical microscopy images of cubic boron

nitride materials were developed and compared. One is based on statistical region merging and second one on

morphological segmentation of grains without high contrast borders. Judging from corresponding manual image

segmentation by expert, the second method gave more accurate grain boundaries and better statistical correspondence.

Then, using the morphological segmentation method and incorporating of parameter optimization into it, a grain

analysis workflow was established. Deviations from the correct answer (expert segmentation) were quantified based

on five geometric statistical indices, and these deviations were added together to define the overall error. Cross-

validation confirmed that the morphological segmentation workflow reproduces the expert segmentation with smaller

9.4% margin of error compared to 23.9% with statistical region merging one. The automated grain segmentation of

such challenging materials with high throughput image analysis is an important help for industrial development of new

milling tools.
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The typical results with edge detector filters in borderless-grain segmentation workflow (see text for

more details)
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Grain segmentation workflow with the SRM protocol where the main adjustable parameters are o, Q,

and k (see text for more details)
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Geometrical statistical parameters for characterization of the grains in Figs. 3 (f) and 5 (e)

No. Attribute Definition Comment

1 Count Black objects Absolute value

2 Total Area Black objects Absolute value

3 Size Black objects Individual and statistical values
4 %Area Black objects Absolute value

7 Perimeter Black objects Individual and statistical values

8 Major Axis of fitted :élclg;?i lgrtge?lggﬁtg?JﬁfénvggiSsame area and Individual and statistical values
9 Minor Axis of fitted :clzlclgrifi lgrtgetr)lgggtgﬁjfgégéﬁssame area and Individual and statistical values
10 Angle Angle betwiir; ?:rﬂﬁeldtgltllll]?;?;;issO(fft{lheet;lélg;:bjeCt and a Individual and statistical values
11 Circularity Black objects, 47 X [Size]/[ Perimeter] Individual and statistical values
12 Solidity Black objects, 47 X [Size]/[Convex area] Individual and statistical values
13 Feret Maximum caliper of black objects Individual and statistical values
17 MinFeret Minimum caliper of black objects Individual and statistical values
19 Aspect ratio [Major] / [Minor] Individual and statistical values
20 Density [Count] / [Total Areal Absolute value

21 Surface Density [Count]/ [um’] Absolute value
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(b) for learning of optimal parameter set in grain segmentation workflow/pro-

tocol with morphological segmentation in its core (see text for more details)
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