


Grain Sizing by Color Image Analysis 207

Fic. 6. Filtered color gradient (3D).
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FiG. 7. Hue and saturation thresholding,.
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FiG. 8. Grain detected by color thresholding.

FiG. 9. Coarse markers {color gradient).
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FIG. 10. Final segmentation (labeled grains).
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FiG. 11. Accumulated statistics for ASTM E112.
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FiG. 12. Correlation between orientation and ASTM E112.

ent image. The most notable and original
aspects of the implementation are

* The dark gaps (Figs. 3 and 4) are filled by
a color morphological closing operation
before performing the color gradient.
The result of closing appears in Fig. 5.

* The gradient is improved by using the
coarse markers that result in a single wa-
tershed per grain (Fig. 6). Further, Figs. 7
and 8 show how a region is defined for
the HS pair when thresholding. This is
done to obtain the coarse markers that
define a discrete color range.

* The complete segmentation is carried
out after the separation of each water-
shed or grain is thinned to a width of
one pixel (Figs. 9 and 10).

* Several measures such as ASTM EI112
can be computed before presenting the
final statistics accumulated over the en-
tire sample. It is also possible to review
the segmentation of each grain since a
map of their location is saved in mem-
ory. Merging all fields and presenting an

overall survey of the results enables a
quick and efficient review of a sample.
The map also produces accurate stereo-
logical measurements.

RESULTS

The proposed color segmentation algo-
rithm detects adjacent grains effectively
over several samples. It is especially effec-
tive with noisy grains that would be barely
visible to a human operator. Only a few
small grains were missed. Some difficulties
were encountered, however, when two ad-
jacent grains had very similar color or
when large grains remained heterogeneous
despite the morphological prefiltering. These
cases led to a very poor color gradient.

Typical statistical results of the ASTM
E112 measurement for an Al ingot are pre-
sented in Fig. 11 as a frequency distribution
where each bin represents the grains that
fall within a range of ASTM E112 measure-
ments.
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A correlation between two measure-
ments, such as ASTM E112 and the orienta-
tion of the grain, can also be generated. Fig-
ure 12 presents this correlation for a rolled-
aluminum sample having horizontal elon-
gated grains. Clusters are mainly grouped
around 0° and 180°, as expected.

OTHER APPLICATIONS

The same segmentation algorithm was also
tested in similar applications for character-
ization of macrostructures and microstruc-
tures seen with polarized light. Its robust-
ness and generality seem very promising.

DISCUSSION

The robustness of an algorithm is not the
only factor that makes it a viable alternative
to traditional methods. To make color seg-
mentation usable in industry, speed is a
key factor. Too many algorithms have been
proposed without this consideration in
mind. The system used for this project can
analyze a field in less than 30 s even though
it combines over 150 basic and advanced
image analysis functions for each field. Re-
cent optimizations and simplifications have
lead to an analysis time of less than 15 s, al-
lowing 200 fields to be processed in less
than 1 h.

Another important advantage of the pro-
posed approach is the ease with which the
algorithm can usually be modified and op-
timized to accommodate variations between
samples. The image analysis system used
for this project has fulfilled all requirements
and enabled us to obtain accurate results in
an elegant and efficient manner.

The authors express their sincere thanks to
Vincent Fournier for his valuable advice during

the development of the color morphological trans-
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forms, and to Myriam Savard, who tested the
image analysis algorithms.

APPENDIX: GLOSSARY OF TERMS

Hue is the generic name of a color. For ex-
ample, blue, green, and yellow are hues.
Hue is generally expressed in degrees.
Saturation is the relative strength of a
color. In everyday language, when we de-
scribe the color of a tomato as being pink,
the word “pink” refers to a red hue that is
washed out. As the saturation decreases, the
color is more and more washed out. At high
saturation, the tomato becomes pure red.
Intensity refers to the brightness of color.
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