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The paper is proposing the use of a method of image segmentation to the study of microcellular plastics. The segmentation is based on a thresholding which creates a binary (black and white) image of the micrograph. The binary image is divided in super-pixels which correspond to the microcells of the material. From the areas of the super-pixels it is easy to evaluate the size of the cells.

Here we are proposing the use of the image segmentation, one of the fundamental methods of the image processing, to the study of microcellular plastics. The microcellular plastic, also known as microcellular foam, is a form of material fabricated to contain tiny bubbles less than 50 microns in size. The bubbles are formed by dissolving a gas under high pressure into a polymer, to obtain an almost uniform arrangement of the gas bubbles [START_REF] Suh | Impact of microcellular plastics on industrial practice and academic research[END_REF]. The plastic that is obtained has good mechanical properties, with a reduced use of material; in it, the density of the foam is ranging between 5% to 99% of the pre-processed plastic [2].

Recently, researches made at the Indian Institute of Technology in Delhi have been published on new technologies based on ultrasounds for the development of high quality microcellular foams [START_REF] Gandhi | Ultrasound assisted cyclic solid-state foaming for fabricating ultra-low density porous acrylonitrile-butadiene-styrene foams[END_REF][START_REF] Gandhi Abhishek | Ultrasound-Induced Nucleation in Microcellular Polymers[END_REF]. In [START_REF] Vv | Wikipedia[END_REF], we can see a micrograph of a sample obtained by this Institute. It could be interesting to evaluate the distribution, in size, of the cells we observe in the micrograph. To this purpose, an image segmentation can be used. Actually, by means of an image segmentation we can obtain a segmented image made by super-pixels, that, in the case we are considering, correspond to the microcells of the plastic material. The evaluation of the area (in pixels) of the superpixels give us the possibility of estimating the size of the cells.

In image processing, a segmentation is a process of partitioning an image into multiple sets of pixels, defined as super-pixels, in order to have a representation which is simpler than the original one and more useful to the following desired analyses [START_REF] Shapiro | Computer vision[END_REF][START_REF] Pham | Current methods in medical image segmentation[END_REF][START_REF] Forghani | Parameter optimization of improved fuzzy c-means clustering algorithm for brain MR image segmentation[END_REF][START_REF] Vv | Wikipedia[END_REF]. The typical use of the image segmentation is that of locate objects, or domains, and boundaries among them. 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 [START_REF] Vv | Wikipedia[END_REF]. As a consequence, the result of the segmentation is a set of "segments", also known as "super-pixels", that are covering the whole image.

Several methods exist for segmentation, as we can appreciate from [START_REF] Vv | Wikipedia[END_REF]. In [START_REF] Sparavigna | A method for the segmentation of images based on thresholding and applied to vesicular textures[END_REF], we have proposed a method based on thresholding, a method aimed to be used in the analysis of the vesicular textures, the textures we can encounter in geology, materials science and physics. The vesicular textures in images or micrographs are features that evidence the presence of cavities or holes in the samples; these textures look like those displayed by the volcanic rocks when are pitted with many cavities (known as vesicles) at their surfaces and inside. In such cases, the vesicles are made by gas escaping from cooling lava.

Another example of the use of the image segmentation has been discussed in [START_REF] Sparavigna | Analysis of a natural honeycomb by means of an image segmentation[END_REF], for the case of a natural honeycomb structure. In [START_REF] Sparavigna | Analysis of a natural honeycomb by means of an image segmentation[END_REF] we plotted the distribution of the super-pixels, and consequently, the frequencies of the areas of the cells that we see in the image of the honeycomb. In the Figure 1, the three steps of segmentation by thresholding are illustrated [START_REF] Sparavigna | A method for the segmentation of images based on thresholding and applied to vesicular textures[END_REF][START_REF] Sparavigna | Analysis of a natural honeycomb by means of an image segmentation[END_REF]. We start from the original image, converted in grey tones, as in the panel A of the Figure . Then we use GIMP (GNU Image Manipulation Program for X Windows systems) for a simple thresholding to have the black and white image, reproduced in panel B (in fact, a thresholding based on the entropy of image is also possible [START_REF] Sparavigna | Tsallis entropy in bi-level and multi-level image thresholding[END_REF][START_REF] Sparavigna | Shannon, Tsallis and Kaniadakis entropies in bi-level image thresholding[END_REF][START_REF] Sparavigna | The Tsallis Entropy and the Segmentation of Images[END_REF]). On the binary black and white image, we apply a Fortran program for segmentation [START_REF] Sparavigna | A method for the segmentation of images based on thresholding and applied to vesicular textures[END_REF]. In the panel C, we show the super-pixels having different colour tones. Since each black pixel of the original grey-tone image has the label of the super-pixel to which it belongs, we can easily do some calculations. For instance, we can calculate the number of the super-pixels. Then, we can give the number of pixels contained in each super-pixel. In this manner we can measure the area of each cell of the honeycomb lattice, as given in the panel D of the Figure 1. Of course, we can do the same for the case of a microcellular plastic (Figure 2). The original image is the micrograph given in [START_REF] Vv | Wikipedia[END_REF]. As we can see from the example in the Figure 2, some small super-pixels can appear, due to the segmentation of the regions that we find between the large cells in the image. To reduce their role in the counting of the distribution of the super-pixels, the binary image we obtain after the thresholding of the grey-level image is further subjected to a processing. This processing is made by the GIMP generic filter "dilate", followed by the generic filter "erode" [START_REF]Details on GIMP filters "dilate" and "erode[END_REF]. The segmentation we obtain is given in the Figure 3. If we consider the segmentation and the super-pixels as given in the Figure 3, we can determine the distribution of the microcell cross-sections, by counting them according to their area (in pixels) within intervals spaced of 50 pixels. We obtain the distribution given in the Figure 4 (the super-pixels having an area less than 25 pixels are not considered). Figure 4 shows that a few polyhedra having a large size exist, but many polyhedra with a cross-section between 100 and 400 pixels are found in the micrograph. It means that we have a large number of cells with size ranging from 6 to 11 pixels (in the case that we have also a scale on the recorded micrograph, we can give the size in microns). In the Figure 5 and 6, we are proposing another example.

In this paper we have proposed the use of an image segmentation in the study of microcellular plastics. The method of segmentation is based on thresholding. We have also filtered the image for avoiding a spurious number of very small super-pixels. Further studies are necessary to link the distribution of the super-pixels, and then of the microcells, to the mechanical properties of the material. 

Figure 1 :

 1 Figure 1: The grey-tone image (240 x 240 pixels) is given in the panel A (Courtesy: Audrius Meskauskas, Wikipedia). In B, the corresponding black and white image is given, as obtained after a thresholding. In C, the result of the segmentation is shown. Each super-pixel is given in different colour tone. In D, some crosssectional area (in pixels) of the honeycomb cells are given.

Figure 2 :

 2 Figure 2: The grey-tone image (240 x 240 pixels) is given in the left panel (Microcellular Plastic Micrograph developed at Indian Institute of Technology, Delhi. Courtesy: Gandhi.iitdelhi, Wikipedia). In the middle, the corresponding black and white image obtained after a thresholding. On the right, the result of the segmentation is given. Each super-pixel is rendered in different colour tone.

Figure 3 :

 3 Figure 3: The whole micrograph of the Figure 2 and its segmentation. (Microcellular Plastic Micrograph developed at Indian Institute of Technology, Delhi. Courtesy: Gandhi.iitdelhi, Wikipedia). The area of the image is 600 x 384 pixels.
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 4 Figure 4: Distribution of the super-pixels.
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 5 Figure 5: An image of microcellular plastic and its segmentation. (Microcellular Plastic Micrograph developed at Indian Institute of Technology, Delhi. Courtesy:Gandhi.iitdelhi, Wikipedia, https://commons.wikimedia.org/wiki/File:Cyclic_Microcellular_Foam.tif). The area of the image is 600 x 376 pixels.
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 6 Figure 6: Distribution of the super-pixels.