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An image segmentation for the measurement of microstructures
 in ductile cast iron
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The work is applying an image segmentation to a micrograph which is showing the microscopic
structures of a specimen of ductile cast iron. The segmentation allows the measurement of the size

of the nodules. 
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As explained in [1], techniques exist to have quantitative analyses of the metallographic specimens, suitable
for researches concerning metals and alloys,  but also for non-metallic  or composite materials.  In these
analyses, it is used a specimen in the form of a two-dimensional plane from a three-dimensional sample.
Measurements may involve the determination of the apparent diameter of discrete particles that we can
see in the specimen. To obtain such a measure, a manual approach can be used, made “with the aid of
templates overlaying the microstructure” [1], or with an image processing of the related micrographs. As
stressed  in  Ref.  1,   an  adequate  sampling  is  necessary  to  obtain  a  proper  statistical  basis  for  the
measurement [1-5]. “Efforts to eliminate bias are required”. Among the basic quantitative investigations,
besides the measurements of the size and size distribution of particles, of their shape and of the spacing
between  them,  we  find  also  the  measurement  of  the  grain  size  in  polycrystalline  materials  and  the
determination of the volume fraction of a phase or constituent.
The measurement of the size and size distribution of particles is the proper task for an image segmentation
method that we have recently developed and applied [6-12].  In image processing, a  segmentation is  a
method of partitioning an image into multiple sets of pixels, defined as super-pixels, in order to have a
representation, which can be simpler than the original one or more useful to the following desired analyses
[13]. Specifically, the segmentation is a process of assigning a label to every pixel in an image, such that the
pixels  having  the  same  label  share  certain  characteristics  [13].  As  a  consequence,  the  result  of  a
segmentation is a set of "segments", or “super-pixels”, or “domains”, that are covering the whole image. The
segmentation can also give a set of contours, that is of "edges", extracted from the image. In this case, the
segmentation gives an "edge detection".
Several methods exist for segmentation, as we can appreciate from [13]. Here we use a segmentation based
on a thresholding of gray-scale images [6]. By selecting a suitable threshold, the image is converted into a
binary (black and white) image. In several cases, this is enough for evidencing the domains among the black
or the white pixels. Details of the method of segmentation are given in [6]. 
Let us consider the image proposed in [1] and here reproduced in the Figure 1. It is showing a micrograph of
ductile iron. This material is also known as ductile cast iron, nodular cast iron, spheroidal graphite iron,
spheroidal graphite cast iron, and SG iron [14,15]. It is a type of graphite-rich cast iron discovered in 1943 by
Keith Millis [14].  As told in [14], in the Figure 1 we can see the carbon islanding effect around nodules.
Actually, from the Figure 1, we can try to determine the nodules distribution, but also the areas surrounding
them. Let us start from the nodules and their size distribution.  



Figure 1: Light optical micrograph of polished and etched ductile iron. Etched in 3% Nital. 100X. Courtesy
Michelshock, McGill University, for Wikipedia. 

As previously told, the method proposed and applied in [6-12] is based on the thresholding of the gray
tones of the image under study, to render it into a binary one. Let us remember that the values of the gray
tones are integers ranging from  0 (black) to 255 (white). The histogram of the image is given in the right
panel of the Figure 2. We have obtained it by means of the image processing software GIMP. 

Figure 2: Screenshot of the image and its histogram obtained using GIMP.

At a first glance, the micrograph in the Figure 1 seems being an image having a trimodal histogram, that is, a
histogram with three peaks. Actually, as we can see from Fig.2, the histogram has two two evident peaks
corresponding to the dark and bright areas, and between then a less pronounced peak for the gray pixels.
Let us consider the peak at dark values; we can try to use two thresholds to segment the image in order to
have only the pixels pertaining to this peak (for a multilevel thresholding based on the image entropy, see
[16]). Using GIMP we can select manually a part of the histogram, for instance, that corresponding to the
blue band in the Figure 3. The selection of the gray tones in this blue stripe of the histogram are producing
the binary image that we can see in the Figure 3.



Figure 3: Segmentation of the histogram and of the image for evidencing the nodules.

Figure 4. After the segmentation and the inversion of colors, we have the image on the left, that we can
compare to the image in the Figure 1. 

Figure 5: The image on the left is obtained by using the GIMP Dilate filter on the binary image in the Figure
4.  This GIMP filter widens and enhances dark areas of the active layer or selection. Using Paint, some

spurious black domains are removed (right panel). 

Let us invert the tones of the image, obtaining the Figure 4 on the left. We can compare it to the original
image. We see that the nodules have their sizes slightly reduced. For this reason, we have to apply some
processing before determining the size distribution. We can use the GIMP Dilate filter, which widens and
enhances dark areas of the active layer or selection. We obtain the image in the Figure 5 (left panel). Using
Paint, we have removed some spurious domains, having the image in Figure 5 (right panel). On this last
image, we apply the segmentation [6].   The result is given in the Figure 6, which is showing the black
domains as “super-pixels”, each colored by a different color. 



Figure 6: Result of the segmentation of the image in the Figure 1. Each nodule (super-pixel) has a different
color.

After having determined the colored domains, it is easy to obtain the cross-section of each of them. The
cross-section is given as the number of pixels contained in the domain. If we have the possibility to know
the measure,  in  microns,  of  the image size,  it  is  very  simple  to  estimate the area (in  microns)  of  the
domains. Moreover, we can give the size distribution of the domains, that is, the distribution of the cross-
sections of nodules displayed by the micrograph of Figure 1. We obtain the distribution by counting the
cross-sections according to their area (in pixels) within intervals spaced of a certain amount of pixels. Here
the areas are spaced of 50 pixels, to obtain the distribution given in the Figure 7.

Figure 7: Distribution of the cross-sections of nodules. The areas are spaced in intervals of 50 pixels.

Let us conclude showing how it is possible to evaluate the islanding effect around the nodules. Again, we
use the histogram in the Figure 2. As we made for the nodules, we segment the histogram by choosing the
highest and broad peak. This selection gives the white domains in the binary image on the left of Figure 8. It
is easy to evaluate the percentage of the image covered by the white pixels, by counting the white pixels in
it. 



Figure 8: Segmentation of the histogram and of the image for evidencing the islanding effect. 

Here  we  have  proposed  an  approach  based  on  the  segmentation  described  in  [6].  Let  us  conclude
remarking  that  several  software  and  methods  exist  for  the  image  processing  of  micrographs  for
metallography. Some of them are reported in Refs. [17-20]. 
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