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Abstract. Nowadays, technological development in the field of
microscopy provides an opportunity for obtaining medical images
with high resolution. Therefore, more advanced image processing
and analysis techniques are required for processing these images.
A wide range of programs are available for scientific research.
However, the key is to find an open-source application that pro-
vides more precise quantitative measurements. In scientific re-
search, open-source software proves valuable due to its ease of
modification and redistribution capabilities. The software devel-
opment process continues to attract the interest of researchers in
all fields, particularly in computer science field in order to imple-
ment new image processing algorithms. In this work, a new bio-
medical application software is presented. In this software, image
processing techniques were used to separate particles from the
background of microscope images. Furthermore, the software
gives the researcher the ability to choose and measure nanoparti-
cle elements size in the image. Finally, the proposed software could
become a promising tool in the laboratory research compared to
other used software.
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INTRODUCTION

The introduction of digital-imaging tools in the world of sci-
ence, revealed the need to use image processing techniques to
analyze image data (such as biomedical image data). The goal
is to use numerical methods to improve quantitative results, and
accelerate repetitive routines because the numerical findings are
statistically more convincing than qualitative observations.
Nowadays, there is a great interest in the image processing field.
Therefore, numerous specialized techniques have been devel-
oped specifically for application in biomedical images [1]. The
processing of biomedical images is a branch of computer vision
science. As a result, the field of computer vision encounters
various challenges, including but not limited to low-light con-
ditions and optical properties that need to be addressed. The de-
velopment in biomedical image processing methods made it
possible to confirm the research results by measuring them in a
strict statistical way to quantitatively support their studies.

Several studies were applied to the area of biomedical image
processing [2, 3]. Furthermore, there are also many books that
deal with issues in image processing [4], digital microscopy and
digital imaging in optical microscopy [5]. Biomedical image
processing tools became one of the most popular instruments
for the applications of image processing algorithms [7-9].

In this study, a new application software was introduced in
order to compute the size of nanoparticles by processing micro-
scopic images. Furthermore, the proposed software provides the
ability to freely choose an area of interest to be measured. This
paper is organized as follows: section 2 includes the materials
and theory of the proposed software. The execution and Results

are provided in Section 3. Finally, conclusion is presented in
section 4.

MATERIALS AND METHOD

SEM Imagery

Scanning electron microscopy (SEM) is an optical-based sys-
tem for generating high resolution images [10], which could be
used to collect information about the surface’s features and struc-
tures. When an area of interest is illuminated by the imager (with
a high energy beam of electrons), the electrons interact with the
sample. Therefore, secondary electrons, backscattered electrons
and characteristic X-rays are produced. SEM creates images that
could be magnified between 10 and 1 000 000 times [11]. This
imager is considered as a key tool for scientific research. It is
used for monitoring metals, alloys and ceramics, as well as pol-
ymers and biological materials [12]. Figure 1 presents the SEM
schematic diagram.
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Fig. 1. The schematic diagram of scanning electron
microscopy
ImageJ

ImagelJ is a software that was developed using java lan-
guage. The initial release of this software was made available
through a collaboration between the National Institutes of
Health and the Laboratory for Optical and Computational In-
strumentation (LOCI, University of Wisconsin) [13]. ImageJ
has been designed with an open architecture, allowing for ex-
tensibility through Java plugins and recordable macros. The
software facilitates development through its built-in editor and
Java compiler. Hence, users have the capability to customize
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the Imagel software to tackle diverse image processing and
analysis challenges. This includes applications like three-di-
mensional live-cell imaging, radiological image processing,
and automated haematology, among others. Therefore, these
features of ImageJ made it a popular tool for studding image
processing applications.

Particle

Particles refer to small, localized objects that possess cer-
tain physical or chemical attributes, including shape, volume,
or density. These particles exhibit a range of sizes and quanti-
ties, spanning from subatomic particles like electrons, to mi-
croscopic particles such as atoms and molecules, to macro-
scopic particles like powders and granular materials. Figure 2
shows an example of SEM images of nanoparticles. Particles
serve as building blocks for scientific models that represent
larger objects based on their density. These models can range
from studying human movement in a crowd to examining the
motion of celestial bodies [14]. The term «particle» has a
broad definition that varies across scientific disciplines, en-
compassing any entity composed of particles, thus referred to
as particulate.

Fig. 2. An example of SEM images of nanoparticles

THE EXECUTION AND RESULTS
The block diagram of the proposed application software is
shown in Figure 3.
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Cell rate (nano) = total cell size / cell number

End

Fig. 3. Flowchart of the proposed application software

The user interface consists of five main action buttons that
are aligned in the left side of the interface as shown in Figure 4.
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Fig. 4. User interface
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First step, the microscope image is loaded using the load
image button, where a popup window will appear to help search
and load the desired file. If the input image is colored, the pro-
gram provides a function for converting the colored image to a
gray-scale image because it is more efficient to determine the
edges of the particles in the image. Once the desired image is
loaded, the user can convert the image to a gray-scale image by
using the convert button as shown in Figure 5. Weighted
method was used in order to convert the colored image to gray-
scale as shown in the code below:

for (inti =0; i <img. get Height (); i++) {

for (int j = 0; j <img. get Width (; j++) {

Color ¢ = new Color (result.getRGB(j, i));

int red = (int) (c.getRed() * 0.299);

int green = (int) (c.getGreen() * 0.587);

int blue = (int) (c.getBlue() * 0.114);

int graycolor=red + green + blue;

Color newColor = new Color (graycolor, graycolor, graycolor);
img.setRGBY(j, i, newColor.getRGB());

Our proposed software provides an option to freely high-
light an area of particles to be examined as shown in Figure 6.

LoadImage 3

Convert To Gray
Capture Partical

Load Caplured Partical
k
Calculate Partical Size -

(=8 ol

heigh=229 width=220 nanosize= 100.0

pxl Size (nm) = nanosize | {imgheigh*imgwidth) = 0.001984914648670107 nm

Cell Size (nm)}=White Pixels * Pixel Size{nm):

Fig. 5. Converting image to gray-scale image
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Cell Size (nm)=White Pixels * Pixel Size{nm):

Fig. 6. Choosing an area of particles
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After capturing the particle, the white pixels are calculated,
and measures are given in nanometers as shown in Figure 7.
Furthermore, Table 1 presents the results of 10 measures of dif-

size of 1 pixel (in nanometers): Z=Y / X.

vestigation.

Table 1

Measures of 10 different areas in the same image

ferent areas in the same image. The results show that our pro- Number of area Particle size, nm
posed software provides high accuracy results. ! 0,0132
The system performs the following steps in order to calcu- 2 0,0131
late the nanoparticles size of microscopy images: 3 0,0140
1. Calculate the pixel size in nanometers as follows: 7 0.0131
If X = No. of pixels in Y (Y is nanometers in scale bar), then ’
5 0,0133
2. Calculate the black/white pixels in the particle under in- 6 0,0134
7 0,0132
3. Find the particle’s size as follows: 3 0.0133
Particle’s size (nano) = pixel’s size ZxN (No. of pixels). .
4. Find the Average particle’s size in the image as follow: 0 0,0135
Average particle’s size (nano) = total No. of pixels in all 10 0,0142
measured particles / No. of particles measured.
1] (E=5 =R

Load Image
Convert To Gray
i
Capture Partical
Load Captured Partical
Calculate Partical Size

A oy T

heigh=229 width =220 nanosize= 100.0

pxl Size (nm) =

idth) = 0.001984914648670107 nm

cell size (nm) for each particle = white Pixels * Pixel Size{nm)
p1=0.019849146486701073 , p2= 0.011909487892020643 , p3=0.0277838050813815 , p4=0.00595474394601032
Avarage (nm) = white Pixels * Pixel Size(nm) = 0.013100436681222707 nm

Fig. 7. Measuring nanoparticles size

Furthermore, it is worth mentioning that a pre-processing
step was applied to the gray-scale image to remove any noise.
Therefore, a non-linear filter (median filter) was used to im-
prove the results of image processing. In fact, the median filter
is an appropriate filter for such situations because it preserves
edges and removes noise from the image.

CONCLUSIONS

From what has been discussed above, the proposed software
provides more freedom in choosing the particles to be exam-
ined, collecting sizes of many selected particles from one image
or many different images. Furthermore, the program is very
simple and easy to use where any researcher can use it with ease
and without necessarily having a computer specialist nearby to
do the job. The user can examine and calculate as many parti-
cles as needed and is not limited to a fixed number of particles
as in other available software.
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buoMeIMIMHCKOE MPUKJIATHOE IPOrPAMMHOE
o0ecneyeHue i U3MEPEHUS Pa3MEPOB YaCTHII
HA 3JIEKTPOHHBIX MUKPOCKONUYECKUX U300paKeHUsIX
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Annomayusa. B HacTosiiee BpeMsl TEXHOJIOTHYECKOE Pa3BUTHE
B 00/12CTH MHKPOCKOIIMH IPEJ0CTAB/IAECT BO3MOKHOCTh IOJIyYe-
HHUS MeJIMIMHCKMX H300pa:keHHuii ¢ BbICOKMM pa3peuieHueM. Ilo-
3TOMY AJIsl 00paGoTKHM ITHX M300paxkeHuil TpedyroTces GoJiee co-
BepUIICHHbIC MeTOoAbl 00pa0oTKH M aHaau3a u3o0paxeHui. s
NpoBeAeHUs] HAYYHBIX MCCIe0BAHUN MMeeTCs] LIMPOKMIA CIIeKTP
nporpaMM. OIHAKO KJII0YOM SIBJIsIeTCS] MIOUCK NMPUJIOKEHHS C OT-
KPbITBIM HCXOJHBIM KOJ0M, KOTOpOe 00ecneynBaeT §o/1ee TOUHbIE
KOJIHYeCTBEHHbIe H3MepeHHusi. B Hay4HbIX HccIe0BaHMAX MPO-
rpaMMHoe ofecriedeHre ¢ OTKPBITBIM HCXOHBIM KOIOM 0Ka3bIBa-
eTcs HeHHBbIM 0/1arojaps NpocroTe ero MoAMGUKAIUU U BO3MOXK-
HocTeil nepepacnpenesenusi. IIponecc pa3spadoTkum mporpamm-
HOro ofecnevyeHusl NPOJOJIKAET IPUBJIEKAT BHUMAHHUE HCCJIE10-
BaTeJieil BO Bcex 00/1aCTAX, 0CO0EHHO B 00/1acTH HHGOPMATUKH, B
HeJIsX peajn3alii HOBBIX AJITOPHTMOB 00pPad0TKU U300paKeHHii.
B paGore mpeacTaBijieHO HOBOe NPHKJIAJAHOE MPOrpaMMHoe odec-
nevyeHue Uisi OMOMEeIULIHHCKUX MCCIeJ0BAHUH, B KOTOPOM Me-
TOAbI 00Pa0OTKH M300paKeHN i UCMOJb30BAJNCH JJISI OT/AEJIeHUs
yacTull oT (poHa u3odpakennii mukpockona. Kpome Toro, mpo-
rpaMMHoOe o0ecleuyeHHe AaeT HCCIeJ0BATEeNI0 BO3MOKHOCThL BbI-
OupaTh U U3MEPATH pa3Mep JIEMEHTOB HAHOYACTUL B U300pake-
HuM. U HakoHew, mpeasaraeMoe NporpaMMHoe ofecreyeHne Mo-
JKeT CTATh NMePCHeKTHUBHBIM HHCTPYMEHTOM JIA00PATOPHBIX MC-
cJ1eJ0BAHU M0 CPABHEHHUIO € IPYTHM HCIOJIb3yeMbIM NPOrpaMM-
HBIM o0ecreyeHueM.

Kntouesvie cnosea: MUKpockonus, MporpaMMHoe odecnedeHue
Java, 06padoTka n3o0pakeHuii, HanoyacTuusl, SEM.
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