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Abstract

Main purpose of the present study is to develop an appropriate computer program to size
and count particles in digital images focusing on eliminating undesirable objects from the image. In
this study, the user friendly Graphical User interface (GUI) tool is developed using MATLAB to
measure the size of every particle of the digital image. The step by step process optimizes synthesis
process of micro particles. It also facilitates generation of the required statistical analysis for
medical science, material science and other applications. The described image processing system
reduces total measuring time, eliminates subjective observer error in sizing and determines fine
particles, considerably. This method can be used as a simple pattern recognition technique to size
and count a relatively large number of particles in a short time. It is applicable to filter out images
of undesirable objects such as redundant spots or noises in the image and clearly, by taking high
resolution photos, the result of the processed images would be more reliable.

Keywords: Counting Particles; Image Processing; Particle Size Distribution; Image
Segmentation; Cell Morphology; Medical Imaging; MATLAB.

1. Introduction

Particle size distribution of granular or powder materials is usually evaluated for research
and experimental works. Most of the systems used for particle measurement such as light
microscopes are too expensive and they are not available everywhere. One of the approaches
proposed to overcome this problem is to use image processing as an in-situ test method because this
method only requires a camera and a computer and it is a fast and cheap method for measuring size
of particles.

In recent years, production and application of particles have increased extensively due to
their unique physical and chemical properties (Rajeshwari et al., 2013). In order to ensure good use
of resources from environmental and economic aspects, the quality of materials should be
characterized. Particle size distribution of materials is one of the tests used widely in new sciences
such as nanotechnology, biotechnology, material science, metallurgy and geotechnical engineering
to evaluate quality of materials. Size of particles is measured using complementary techniques like
X-ray diffraction (XRD), scanning electron microscopy (SEM) and light microscope providing the
average information from a large number of particles instead of a single crystal. To our knowledge,
using these techniques for a single crystal results in difficult interpretation (Reetz et al., 2000;
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Coster & Chermant, 2001). Image analysis techniques are extensively used in medical and
electronic industries (Coster & Chermant, 2001). Also, this method gives rise to larger diameter and
cross-sectional area of nanoparticles than those obtained from one-by-one inspection in SEM and
TEM images (Phromsuwan et al., 2013). Furthermore, using this approach, images are analyzed
with little human intervention and the images are more accurate and more objective than those
obtained using a global threshold. As a natural extension of the concept, the results can be greatly
improved by applying an adaptive threshold to selected regions of the images interactively (Gontard
etal., 2011).

In addition to shape characteristics, size characteristics of aggregates including particle size
distribution with image analysis have also been discussed in the past (Fernlund, 1998; Kumara et
al., 2011). The image processing method directly calculates inter-particle distance of suspension
and aerodynamic particle size distributions from pharmaceutical inhalers. This direct measurement
method is more reliable than previous theoretical models (Fishler et al., 2018; Maiti et al., 2017).
Digital image processing generates size distribution of particles which is fast and accurate and it is
often expressed in terms of area function or number of particles. In general, 2-D images are used for
image analysis. However, volume of particles cannot be measured directly in 2-D images. The
results showed that 2-D images give good results when particles are placed on a stable location.
However, it is a time-consuming process due to the fact that location of particles should be changed
manually twice to obtain images for measuring dimensions of the three axes. As mentioned in the
literature, volume of particles is determined using 2-D images with some assumptions or using a
time-consuming process, for example, measuring mass of individual particles (Banta et al., 2003).

The real-time image technique of sensing and processing is one of the most promising
methods for sizing and counting small particles. By applying this technique, one can store real-time
images in a computer through a digital camera so that the stored information can be analyzed
automatically (Ow, 1981; Ahler & Alexander, 1985). The main advantage of this technique is that
measurement and analysis can be performed in a very short time. The other advantage of this
technique is elimination of a subjective human error which is almost unavoidable in manual sizing
and counting (Weiss et al., 1984). In spite of these advantages, there are some basic problems
related to system resolution and light diffraction (https://www.mathworks.com/discovery/digital-
image-processing.html).

In the present research, images of the particles have been captured. Then, diameters and
numbers of particles have been measured and counted using image processing and pattern
recognition techniques. Since MATLAB is an advanced procedural language and user friendly tool
for data analysis and mathematical computing function, this software has been used as a powerful
programming tool for this purpose. The image processing toolbox provides a wide collection of
advanced image processing functions and interactive tools for enhancing and analyzing digital
images. The toolbox functions implemented in the open MATLAB language have been used to
build up the customized algorithms (Hahn & Valentine, 2016). It is known that image processing
techniques can be easily used to implement complex image processes, mainly for fast prototyping
(Fernlund, 2005), so a simplified algorithm has been proposed to determine size of particles from
digital images. To provide statistical information from the image, the software provided by means
of MATLAB GUI and programming knowledge have been utilized. In this study, an image
processing method is developed for calculating particle sizes directly, which is tremendously
practical for particle sizing and counting digital images in various science researches.

2. Methodology

2.1. Particles

The objects including odd-shaped foreign materials, in contact or overlapping particles,
parts of single particles cut off by the image frame boundaries and noises in image background are
shown in Figure 1.
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Figure 1. The schematic image of particles containing undesirable objects in background

Particle sizes varying from 500 pm to 1 mm are used in laboratory test and image analysis.
The particles have various shapes and the mean diameter of particles in 2D is computed by image
processing method. In this work, the particles are put on a black background. Before processing by
computer, the original images are converted to BW (Black and White).

2.2. Photographic System

The system has two parts. A light source, a digital camera and a computer program for
image sensing and processing operations to determine particle size distribution. The system has a
digital camera also (Canon model EOS — 60D) and an appropriate lens (Type EFS 18-135, £3.5 -
5.6) with automatic focus used to obtain high resolution images.

2.3. Image Capturing Process

Particles are arranged manually such that particles stand on a stable position. Similar
arrangement for aggregates of 35mm diameter were used in (Kumara et al., 2012; Pratt, 1978). In
this arrangement, thickness (i.e., short axis) of particles cannot be measured directly, since 2-D
images measure only the long and intermediate axes. In this research, particles are arranged without
touching or overlapping each other to reduce application of unnecessary image processing
techniques and increase accuracy. Particles are placed on a black sheet and a suitable light source is
used to obtain photographs of particles with better contrast during photography process. The main
light was back light.
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Figure 2. Image capturing system and various positions of the light source

It can be seen in Figure 2 that the top light is applied to strengthen back light effect with an
attracted light sheet (black sheet). A scale (ruler) is also used during image analysis process. This

* . Two Dimentional.
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system includes a digital camera for photography and a computer program to control the image
processing performing the pattern recognition algorithm.

Digital Image
Camera ::> Processing

Figure 3. Block diagram of image sensing and processing system

In the present study, the digital images have a resolution of 1494 x 2656 pixels (picture
elements) with 256 brightness levels ranging from zero (black) to 255 (white).

3. Image Processing

3.1. Image Processing System

As mentioned before, a GUI (Graphical User Interface) software is programmed by
MATLAB R2014b. Image analysis is done in MATLAB. MATLAB can read many image formats
including TIFF, GIF, JPEG, BMP, DICOM, FITS and JPEG which are used in this research.
MATLAB can calculate area and pixel value statistics of user defined selections. It supports
standard image processing functions such as contrast manipulation, sharpening, smoothing, edge
detection and median filtering.

IProcessing | = &]
File  Operation k]
Scale based on Pixel Scale Units
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Select image |
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Figure 4. The GUI software that allows the user to measure selected particles

In image processing, the pixel region tool is provided by MATLAB to set on each pixel
region over image and it is displayed in the image tool. The major group of displayed pixels can be
seen in extreme close-up using the pixel region tool in a new window. Current position of the pixel
region in the specified image can be approximated by checking the pixel information. Thus, pixel
coordinates (x and y) in the board image coordinate system is obtained (Figure5).
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Figure 5. The GUI program that allows the user to investigate pixel information of selected image

To illustrate the significance of this problem, an example is shown in Figure 6. Two solid
circles with equal diameters are considered. In Figure 6, brightness level histogram of two circles is
shown. The number of pixels corresponding to diameter of the object depends on the selected
threshold level. However, if the threshold level is lowered to a brightness level of 100, the number
of pixels representing diameter of the left circle will be 50 whereas diameter of the right circle will
be 51. If the threshold level is raised to a brightness level of 175, the number of pixels representing
diameter of the right circle becomes larger than the left circle. The proper threshold level can be
determined from distribution of the brightness levels in the digital image frame (Gonzalez et al.,
2004). For intensity images, n bins of the histogram are half-open intervals with width of A/(n-1).
In particular, the P " bin is the half-open interval.

A(P-1.5)/(n-1)<x<A(P-0.5)/(n-1) )

The input image can be logical, uint8, uintl6 or double (Kim & Lee, 1990). Scale
factor, A, depends on the image class. A is 1 if the intensity image is double and 255 or the intensity
image is uint8 or uint16 class support. Figure6 shows histogram of pixel values at the top of each
color bar of the color map.

Before image processing, the original image must be converted to BMP format because the
BMP file format is capable of storing 2D digital images with arbitrary width, height and resolution.
In MATLAB, original images can be converted into binary images. Usually, it is assumed that
binary images have white objects and black background. Binary images are very important to make
some process by programming commands, such as erode, dilate, open, close, fill holes, water shed
and etc. Erode removes pixels from the edge of black objects. Dilate adds pixels to the edges of
black objects. Open performs an erosion operation followed by dilation. Close performs a dilation
operation followed by erosion. Fill holes fills holes (empty space) in objects. Due to some light
effects, there might be white spots in black objects. These white spots should be eliminated using
fill holes. Water shed separates or cuts touching particles. In this research, particles are arranged
without touching or overlapping each other.
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Figure 6. The intensity histogram of two solid circles with equal diameters
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Figure 7 shows the image analysis process. First, pixel values are converted into mm using a
scale factor (ruler).

- Image Processing Particle Analysis
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Image Pixel to Metric| to Binary 2 . el
Edge Detecting Size Distribution

Figure 7. Image analysis process

36 various particles are placed on a black color sheet. The shadow effect and quality of
digital images for comparing the results are investigated. These digital images with different
brightness levels are converted to binary images of BW (black and white) based on the threshold
level. To our knowledge, one should take care in choosing the threshold level so that it does not
distort the information (particle diameters in the present case) of the original images; several
methods have been proposed in the past (Castleman, 1979). Calibration of scale factor is done with
the scale placed on the images as shown in Figure 8. Then, images are converted into binary images
after unnecessary parts of the images are cut without disturbing particles in the images to eliminate
any bad light affecting edges of the images if any bad light exists. Figure 8 shows original image of
jpg type (4096 x 3072 pixels) and binary images of particles, respectively.

Figure 8. (a) Original image and (b) binary image of sample particles on black color sheet
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3.2. Pattern Recognition Algorithm

In order to identify particles from the binary images, connectivity of pixels with the same
brightness level should be considered. In the present study, pixels indicating the objects (particles)
are considered to have 8-connectivity whereas the pixels indicating background are considered to
have 4-connectivity (see Figure 9). In the 4-connectivity, only four adjacent pixels in the horizontal
and vertical directions are considered. On the other hand, in 8-connectivity, four adjacent pixels in
the diagonal directions are taken into account in addition to the pixels considered in 4-connectivity.
The line-by-line method is used as a basic scheme of the pattern recognition algorithm to
distinguish the objects from the background (Park, 2018). In the line-by-line method, several
adjacent rows are simultaneously taken into account for analysis and this procedure is continued
sequentially from the top to the bottom line of the image. In Fig 9, two connectivity models are
presented for calculating the object size. The particles (objects) are white and image background
has black colors (BW image). Thus the 0 and 1 matrix is used for image processing and SE is the
structure element (objects in the image) in MATLAB.

(a) i
SE= Y Origin
o o o 1 o o
o 1 1 1 1 o
a 1 R=31 1 1 o
1 1 1 1
o 1 1 1 1 1 o
o 1 1 1 1 1 o
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4-Connectivity  8-Connectivity

Figure 9. (a) The 0 and I matrix of BW image, (b) Two types of pixels connectivity

The cases of abnormal connectivity are observed when the image contains undesirable
objects such as particles in contact or odd-shaped foreign materials. Therefore, if this abnormal
connectivity is properly handled, undesirable objects during pattern recognition process can be
automatically filtered out. During isolation and image modification process, in which the patterns
are recognized, the digitized binary image is modified. Through image modification process,
brightness level of the blank space (hole in an object) inside the object boundary is converted into
the brightness level of the runs (dark) and all voids are eliminated. In addition, the overlapping
particles are converted into a single particle. Then the image of the two particles in contact is
converted into two distinct parts (see Figure 10).
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e
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Odd Shapes | Modified Image
Figure 10. Process of filtering the image. (a) Original image; (b) isolation and image modification
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Based on quality of the images judged by the operator, number of steps for modification
such as dilate, fill holes and erode processes are decided. It is important that number of dilate and
erode process steps is always equal to ensure that pixels of real particles are not increased or
removed.

3.3. Labeling and Measuring Objects in a Binary Image

A connected component in a binary image is a set of pixels that form a connected group. For
example, the binary image below has three connected components. Connected component labeling
is the process of identifying the connected components in an image and assigning a unique label to
each one that is called a label matrix (see Figure 11).

BW=[0 0 0 0 0 0 0 O; BW=[0 0 0 0 0 0 0 O O
o1t 1]0 0 (1 1; 0ot 110 0 0|3 _3_3
o1 _1]0 0 O 1; 0 |1,1/0 0 0 O 3|
o |1 \1 0 00 0; o |1 N 0 o0 0/0 o0;

¢ 00 T 0 o; :> 00 0z 2 0 0;
0 0 O\l 4t 0 0; 0 0 0\O0 |2 0 0 0
0 00 1f1, 0 0 O0; 000 0 0 0;
0 0 0 (\VS 0 0 0]; 0 00 0 0 0 0];
Connected Components Labeled Connected Components

Figure 11. The label matrix of some objects in the background

The overall algorithm for pattern recognition of image processing is shown as the flow chart
in Figure 12.

Input original image/g/i
¥

|Prepmcessi.ng to binary form (bmp}l

tlmage !\'[udiﬁcat'[onl

Run image process

Computing and investigation
of image pixel bv pixel

Identification of particles
and calculations

Figure 12. Pattern recognition flowchart

4. Test of the Recognition Program

To check performance of the present measurement system, two sample cases are tested. In
the first part of the test, the reference picture in Figure 13 which contains some objects of known
size, is prepared as a specimen.
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Figure 13. Reference picture of 20 objects for checking the program
Results of manual counting and sizing are shown and compared in Table 1.

Table 1. The results of reference image processing and comparing to actual value

Real value Calculated by software
Object No. Mean diameter (mm) | Area (mm’) | Area (Pixel) | Area (mm®) Difference (%)

1 10 100 900 99.8 0.2
2 5 25 225 24.95 0.2
3 2 4 36 3.99 0.25
4 1 1 11 1.1 9

5 10 78.5 710 78.1 0.5
6 5 19.625 175 19.32 1.554
7 2 3.14 30 3.32 542
8 1 0.785 9 0.81 3.1
9 5 50 447 49.56 0.88
10 2.5 12.5 119 13.1 4.58
11 1 2 19 2.1 4.76
12 0.5 0.5 6 0.66 24.242
13 10 75 669 74.18 1.09
14 5 18.75 174 19.29 2.8
15 2 3 26 2.8 6.67
16 1 0.75 9 0.81 7.4
17 10 150.72 1350 149.7 0.67
18 5 37.68 337 37.425 0.66
19 2 6.0288 54 5.985 0.72
20 1 1.5072 16 1.8 9.04

Also, as shown in Table.1, error range is observed for each shape group. This may be due to
the discretization error originating from the process of converting the original digital image into the
binary digital image; however, there might be a certain error involved in making objects when
preparing the reference picture. The actual area is calculated using the mathematical formula for
various geometrical shapes.

5. Results and Discussion

The measure tool is projected to aid measuring the size of particles in an image. To measure
the image, little illustration is required to calibrate the pixel using a scale before processing.
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5.1. Image Processing Toolbox

The tool is planned for high quality measurements and it uses image processing toolbox of
MATLAB. These tools allow the user to select, zoom, readjust and confirm the selection. It also
allows placing the measurement tool which can be customized using its control points. In this GUI
measure tool, a set of plotting options can be established by setting it. The intensity is calculated by
plotting the pixel values on discretized points of the measured line and its averages. For a particle,
the average intensity is calculated for every pixel within the particle.

5.2. Sizing and Counting Particles

Figure 14 is the number histogram of sizes of the 36 particles obtained from the reference
picture shown in Figure 8 with the unit pixel length being set to 0.03125 mm. The unit pixel length
is based on the value in scale on the original image.

Diameter distrbution

Count

i
05 1 1.5 2 25 3 35 4 45 5 55 &
Dizrmeter{mm]

Figure 14. The diagram of particle size distribution for Sample 36 particles

It is confirmed that the identified and measured system only prescribes objects (particles).
Thus, the algorithm for pattern recognition is proved to be proper for the present purpose. In the
second part of the test, the mean area of particle surface (mm?) for the sample of the 36 particles is
shown in Figurel5. In this test, the threshold level of intensity is chosen about 0.5 for better
processing. It should be noted that the measured particle size depends on accurate value of number
of pixels involving metric unit to the scale in the digital image.

112



S. V. Seyedin, S. H. Seyedin, A. S. Seyedin - Designing and Programming an Efficient Software for Sizing and Counting
Various Particles using Image Processing Technique

The diagram number of particles versus mean area
6 T T T T T T

2.51 -

4.5+ H

Count

3.6+ =

2.6+ -

151 A

-l[ 1 1 1 1 1 1
7] 2 4 & & 10 12 14

Mean area (mm2)
Figure 15. The diagram of particles mean cross-sectional area distribution for Sample 36 particles

The average size of particles, 2.7352 mm is calculated using program and the standard

deviation is 1.2385mm which shows clearly that results of the automatic measurement are quite
satisfactory. If the size of a pixel is increased (that is, if the photographs of the particles have lower
magnification), results of the automatic measurement would be of lower accuracy due to maximum
measurement uncertainty. Since tiny or small objects with lower resolution show weak results, it is
essential to obtain high-quality and high-contrast photographs of the objects.
This method can be used as a simple pattern recognition technique programmed to size and count a
relatively large number of particles in a short time and it is applicable to filter out images of
undesirable objects such as redundant spots or noises in the image. Proper choices of the
magnification in constructing an image frame and a threshold level to convert the original image to
a binary digital image are important. Furthermore, due to light effects, it is observed that black color
sheets are better than white color sheets for placing particles.

6. Measuring the Blood Cells by Means of an Image Segmentation

The analysis of the blood cells is used for evidencing several diseases in humans and
animals. Usually, the analysis is performed manually by means of an optical microscope. However,
some approaches, based on an automatic image processing, exist for evidencing and counting the
blood cells in the given specimens. Measurements of the cell morphology are possible too. Here we
show a method which uses a processing based on an image segmentation obtained by thresholding.
After the segmentation, the area of the cells is easily evaluated. Their perimeters are measured using
a rose of directions (Amelia, C., S. 2017).

Besides the counting of particles, from the micrographs that we can obtain by microscopes,
some measurements concerning the shape of on cells are possible. In fact, the measurement of the
size and size distribution of blood cells is the proper task for the method that we have recently
developed and applied. To the counting of particles we can add some measurements concerning the
cell morphology, measurements that we can obtain by means of a rose of directions. One of the
measures is the perimeter of the cell, but it is possible to give several other parameters. 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
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useful to the following desired analyses. 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. Several methods exist for the image segmentation, but here we use a method based
on a thresholding of grey-scale images. 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. Therefore, here we start immediately to show the results of the
segmentation of an image of blood cells. We show that we can measure their apparent areas and
perimeters. Once we have obtained the binary image, we have at our disposal a matrix of black and
white pixels. Starting from the left/upper corner of this matrix, we move on each rowfrom left to
right, from the upper to the lower row of the image. We focus on black pixels and characterize each
of them by a sequential integer number k, which is acting as a label of the single pixel. Some of
these labels will be the labels identifying the domains, or super-pixels, to which the pixels belong
(see Figure 16).

Figure 16. Labeling of the black objects inclue black pixels.

The white pixels have a label k=0. Each black pixel has a label different from zero, with a
value which is increasing as we move from left to right on the rows. However, the final values is
fixed according to the labels of the black pixels above and on the left of the considered pixel.

The label of a black pixel is determined according to the labels k of the nearest black pixels above
(A) and on the left (L) of the considered pixel. If the labels ka and k; are the same, their value is the
label of the pixel under examination. If these labels are different, the pixel assumes as its label the
lower valueamong them. Then, all the pixels having the label with the larger value change their
labels into the value of the smaller one. This approach can be easily obtained by logic instructions
in any programming language (here we use MATLAB 2016a). It gives to each of the super-pixels a
different label. After this procedure, we have a matrix of labels. Suppose, that we want to segment
the blood cells, so mark all the pixels belonging to the desired object. All pixels under the threshold
may belong to the objects. We can determine the threshold level by imagesc (b < threshold); in
MATLAB programming and is between 0 to 255 for each pixel.

6.1. Counting and Sizing Human Blood Cells

Let us consider the image of human blood cells Figurel7 (a). The colour image is
converted into a grey-scale image and then the binary image obtained manually by means of BMP
image (Figurel7, b). As we can see, the white cell is not well defined in the binary image. For this
reason, in this preliminary work, we modified manually the image to be used for segmentation. The
modified image is given in the Figurel7 (c).
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Figure 17. (a) Human blood cells magmﬁed 40 times, (b) BMP image, (c) Modified image
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Figure 18. Segmentation and size distribution.of the various white cell

Of course, we can measure the size and the perimeter of the cells too. In this preliminary
work, in the case of the human blood, we needed to act manually to adjust the shape of the white
cell. Further work is necessary to determine an automatic manner of improving the visibility of the
white cells. An example of thresholding using generalized method is given in the Figurel9. The
result is quite interesting, because it is evidencing the white cells. By the segmentation of the
Figurel9, right panel, we can measure the morphology of the white cells. Another interesting result
which it was obtained using a three-level image made of white, black and grey pixels. The results is
reproduced in the Figure 20. Using only the black pixels, we have a map as given in the Figure20
(a). Using only the grey pixels, we have the image Figure20 (b), in the same figure. On these two
images, the approach for having the cell morphology can be applied, after an ImageJ (Software)
Watershed separation. An issue still exists for the red cells and it includes in the fact that some
domains can have an empty. A method of processing the shape of the cells having an empty core is
under development.
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Figure 19. (a)Microscopic image of blood cells on the left. (b) Assuming the best bi-level image being that
giving the largest number of edge pixels with threshold value of 102
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Figure 20. (a) Original and (b) Three-level images.
(¢c) The black pixels and, (d) The grey pixels

We can apply the approach previously discussed for the determination of the cell
morphology.
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7. Conclusion

The research presents automated procedure to set together size and shape of particles to
identify their boundaries in images and specify shape variations with shape group and size of the
particles. The advantage of this algorithm is that it provides a tool to measure size of particles in
digital images using MATLAB. This tool expedites the process of obtaining information of particles
which helps optimizing the synthesis process of particles. Thus, an efficient and economic system
for measuring particles’ size is developed and tested. The system can handle a relatively large
number of particles in a short time and can filter out images of undesirable objects such as noises,
fine dots, spots and odd-shaped foreign materials in the background without complicated feedback
processes. Size (diameters) of particles are obtained from the arithmetic mean value of the X-
directional length of the longest continuous strip of pixels and the Y-directional length of the
modified binary image of each object (particles). The test results show that the main error originates
from converting the original images into binary images. Thus, the threshold level should be chosen
carefully. The proper choice of magnification in constructing an image frame is another important
consideration. In addition, for better image sensing, it is essential to obtain high-contrast
photographs of particles. The image processing system described here, saves measuring time,
eliminates possible subjective errors by observers in sizing and counting particles, considerably and
is shown to be substantially efficient. It can be understood that black color sheets are better than
white color sheets for placing particles. Shadow effects on black color sheets should be less than
that of white color sheets. Also, the result of a segmentation is a set of "segments", or “super-
pixels”, or “domains” that are covering the background of 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". In addition, results of this method are more accurate for
larger object and high-resolution images.
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