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A B S T R A C T  
 

 

Composite materials are the most important materials in materials science and engineering, which 

contain two or more materials. In materials engineering, the scanning electron microscopy (SEM) 
technique is an approach to measure the material's particle size. A new procedure was used instead of 

SEM is called Artificial Intelligence (AI). Artificial Intelligence (AI) is an interdisciplinary science and 

branch of computer science that involves solving problems that require human intelligence and 
capabilities. The computer vision is a subfield of AI, which uses some algorithms to detect the details of 

images by using computer called image processing. Detecting the particles and measuring the size of 

materials scanned by SEM is an essential task that helps to describe their feature, traditionally, the size 
is calculated manually by adding mesh to an SEM image or by drawing a diagonal line in an arbitrary 

particle. In this paper, a new model based on Artificial Intelligence (AI) is proposed using computer 

vision to analyze the size of all particles. This model is used to detect the particle size of additives in 
composite materials like graphene flakes and measure the size of them depending on the reference size 

fixed on the scanning electron microscope (SEM). The model was used based on the Open-source 

Computer Vision (OpenCV) library, utilizing multi-layers of canny edge detection, Sobel filter, 
Brightness and contrast algorithms, using Python 3. The results have achieved very satisfied indication 

with a very low process time = 0.2 mili-seconds. 

doi: 10.5829/ije.2024.37.04a.01 
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1. INTRODUCTION1 
 

In the field of materials engineering, composite materials 

are the most important branch. Composite materials are 

consisting from matrix and additives like ceramic, glass, 

metal, and graphene (1, 2) These additives or some time 

called filler can be added in different amount, shape, and 

size to improve the mechanical and physical properties of 

the matrix (3-5). The size of these additives can be ranged 
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from micron to nanometers, which is important in the 

field of nanotechnology. Nanotechnology is the science 

that concerned with the study and preparation of 

materials with nanometric scale (10-9 meter) (6). 

Nanomaterials is a part of nanotechnology, which can be 

included organic and non-organic materials like silver, 

zinc, carbon nanotube, and graphene (7-9). One of the 

methods to characterize the nanoparticle size in the field 

of materials science (10) and engineering is scanning 
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electron microscopy (SEM) (11, 12). SEM imaging 

characterization was used to obtain the morphology of 

the samples as well as distinguish the particles. SEM used 

the beam of electrons toward the surface of the sample to 

generate high-resolution images with some details about 

the topography, composition, and distribution of the 

particles in the specimen (13, 14). The increasing demand 

for accuracy in measuring and analyzing nanoparticles 

within materials, and because the SEM technique is 

inaccurate way to measure the particle size and requires 

time (15, 16). The computer vision is a subfield of 

Artificial Intelligence (AI) (17, 18), which uses some 

algorithms to detect the details of images by using a 

computer called image processing (19). Image 

processing (20, 21) is the process by which one can 

obtain useful information about any image. Image 

processing was used in engineering application like 

cyphering (22, 23) chemistry (24, 25), materials (26), 

biomedical (27-29), and nanotechnology (30-32), 

Telcomunications (33), Covid19 detection (34). Image 

processing has become a radical, fast, and accurate 

solution for measuring the size of nanoparticles (4, 35). 

In this study, the image processing was used to measure 

the size of graphene flakes from the SEM images. In 

image processing technique, various alogarithms was 

used and compared among all these logarithms. The 

logarithms were used in this project include Gamma 

correction, Sobel (Sobel x and Sobel y), Negative, and 

Canny edge detection.  

 

 

2. EXPERIMENTAL METHODS  
 

Five famous preprocessing algorithms were applied and 

investigated to SEM images, which are include Gamma 

Correction, Sobel X, Sobel Y, Negative, and Canny edge 

detection.  

Preprocessing Algorithms 

 

2. 1. Gamma Correction           The parameter used in 

the power-law function that governs the correction of the 

image is called gamma. Gamma correction was used to 

adjust the intensity values of an image and to ensure that 

the perceived brightness in the image is closer to how the 

human visual system perceives light (36). Gamma 

correction was used to compensate the non-linear 

relationship between pixel values and the actual light 

levels captured by the imaging sensor or displayed on a 

screen (37). In many imaging systems, the relationship 

between the pixel values and the actual light intensity is 

not linear. The non-linearity behavior can present the 

images too dark or too bright, especially in the mid-tones. 

Therefore, to correct the non-linearity intensity by 

gamma correction increase the pixel values to a certain 

power. If the value is 1, which is mean no correction 

linear mapping, while if the values less than 1 (typically 

between 0.5 and 2.5) indicate a nonlinear correction as 

shown in the following equation: 

Y=X γ (1) 

Where: 
Y is the output value, X is the input value, which 

refers to a pixel in the plain image, and γ is the gamma 

value (36). 

 

2. 2. Sobel (Sobel X and Sobel Y)                 The image 

intensity was calculated by Sobel operator at each point, 

so the Sobel operation was searched the maximum and 

minimum gradient values in the first derivative of the 

image. These gradients have certain magnitude as well as 

direction, so the value of gradient of the pixel was then 

calculated in a black and white image, which is use 2 

kernels with 2 directions i.e., x and y. There are also a 

convolution masks, which is a small matrix applied to 

pixel value to obtain a new effect like edge detect. The 

Sobel filter uses two 2 x 2 kernels. One for changes in the 

horizontal direction Gx and the other for changes in the 

vertical direction Gy as shown in matrixes 2 and 3 (38, 

39).  

𝐺𝑥 = [
−1     0 1
−2     0 2

]  (2) 

𝐺𝑦 = [
−1    − 2 −1
 0          0    0

]  (3) 

 

2. 3. Negative         The brightest areas are converted into 

the darkest and the darkest areas are converted into the 

brightest is called negative. The negative process was 

occurred by subtracting each pixel's intensity value from 

the maximum intensity value possible for the given pixel 

format. For example, in an 8-bit grayscale image (with 

pixel values ranging from 0 to 255) (40), the negative of 

a pixel value P is calculated as shown in equation below. 

In case of color images, the negative operation was 

performing on each color channel independently. The 

apply negative operation to an image can produce an 

interesting artistic effect and highlight certain features or 

details, especially when the original image has strong 

contrasts or patterns (41). 

Negative_P = 255 – P  (4) 

 

2. 4. Canny Edge Detection            The Canny is an 

essential algorithm used for multiple level image edge 

detection, which was proposed for the first once by 

Canny (42). The canny algorithm purpose was detected 

edges with very low error rate. The detected edges should 

be close to real edges by selecting the best local then 

labeling the concerned edges.  

 

2. 5. Gaussian Blur                 Gaussian blur operation 

was applied to smooth and reduce noise in the image. It 
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was performed by convolving the image with a Gaussian 

kernel. The formula for a 2D Gaussian function as shown 

in Equation 5 (43): 

𝐺𝑥𝑦 =
1

√2𝜋𝜎 2
𝑒 

− 
𝑋2+𝑌2

2𝜎 2   (5) 

where: 

G (x, y) is the Gaussian function at position (x, y),  

π is the mathematical constant pi (approximately 

3.14159), 

σ is the standard deviation of the Gaussian distribution, 

controlling the amount of blur 

 

2. 6. Gradient Calculation              The Sobel operator 

was used to calculate gradient magnitude and orientation, 

which is computes the derivatives in x and y directions. 

Equation 6 was used to calculate the gradient magnitude 

(G) at each pixel and Equation 7 was used to calculate the 

gradient orientation (θ) at each pixel, so the angle θ 

indicates the direction of the edge [46]: 

𝐺 = √𝑋2 + 𝑌2  (6) 

θ = arctan (Gy / Gx) (7) 

where: 

Gx the x-direction gradient  

Gy the y-direction gradient 

 

 

3. METHODOLOGY 
 

In this manuscript, a new approach is proposed to 

calculate the particle size in SEM images by using Image 

processing. This is done by applying a preprocessing 

algorithm on the raw image in order to enhance the edges 

that help particle recognition. Figure 1 shows the process 

diagram of the work: 

 

 

 
Figure 1. The process diagrams 

Using an image processing approach to detect 

objects, these objects may have different shapes, this 

detection depends on the edges of them, edges detection 

depends on sharpening the contrast of colors, as denoted 

in Figure 2. 

General procedure was applied to each algorithm as 

shown algorithm 1 below:  

 
Algorithm 1: General procedure that is applied to each 

algorithm used in this work 

Step1: Start 

Step2: Import important libraries  

Step3: Read the input image 

Step4: Convert to gray type 

Step5: Apply the specific algorithm 

Step6: Save the new image 

Step7: Stop 

 

The philosophy of object detection and size 

measurement is to pass a specific mask with dimension 

(6x6) through over the image, this mask seeks to find 

edges, and the edges are detected if there is a contrast in 

color. This contrast is compared with a predefined 

threshold, in order to detect only edges. Algorithm 2 

shows object detection: 
 

Algorithm 2: Object Detection 

Step1: Start 

Step2: Import important libraries  

Step3: Read the input image 

Step4: Convert to gray typeStep5: Apply the specific 

algorithm 

Step5: Pass mask (mxm) 

Step6: If the contrast > threshold: 

           Edges=True 

          Else 

         Edges =False 

Step7: Draw rectangle for each closed shape 

Step8: End 

Where m=6. 

 

The object measurement is calculated after drawing a 

rectangle around each object (No matter how the shape 

looks like!), this is done by treating each rectangle 
 

 

 
Figure 2. Different shapes object detection and size 

calculation 
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individually, the general idea for calculation and size in 

the image is shortened by calculating the number of 

pixels, number of pixels in each object is different from 

image to other, by referring to specific reference the 

number of pixels in each unit can be calculated. This can 

be tuned reaching to the best output. 

A Python library like (OpenCV, Numpy, Matplot,) 

which is a reusable chunk of code were included in this 

project. After that, read plain image and converted to gray 

mode to minimize the contrast possibilities. Then each 

algorithm was applied and saved the new image for the 

program of size detection.  

The object detection was applied after sharpening the 

edges to measure the size of the graphene flakes. Then 

using algorithm 3 denotes the procedure of size detection 

process as shown below : 
 

Algorithm 3: Size Detection  

Step1: Start 

Step2: Import important libraries  

Step3: Read the input image 

Step4: Using Gaussian Kernel to remove unnecessary edges 

Step5: Find the contours of the image, sort them, and remove 

those that are not large enough 

Step6: Detect the objects by using contours 

Step7: Draw the box and define the Width and Hight (the box 

dimensions can be tuned depending on the reference) 

Step8: Save the new image 

Step9: Stop 

 

The new image which is created by algorithm was 

read then Gaussian Kernel algorithm was applied to 

remove unnecessary edges. After that sort contour 

sorting, which is very valuable in case of image detection 

or image recognition was applied. In this project two 

types of sorting contour were used which are included 

sorting by area and sorting by spatial position. The area 

sorting was important to extract the large contours 

representing important parts of an image and get rid of 

small contours thereby reducing the potential noise. On 

the other side, sorting by spatial position was also 

important to sort the characters to the left or right. Finally, 

drawing box around each graphene flakes and calculate 

the size from the dimensions (Height and Width), which 

can be tuned depending on reference object. 

 

3. 1. Results               Each SEM image has a scale 

mentioned in the lower right of image (sometimes in the 

lower middle). This scale is considered as a reference to 

calculate the number of pixels in each 100 nm for 

example, as shown in Figure 3. 

This reference is essential for matching the scale 

between pixels and units, in this work, a manual tuning is 

done to make matching, this matching is run one time, 

and then it is fixed for all images. Figure 4 denotes the 

measurement of the reference after make tuning, in this 

work the number of pixels in each 100 nm=27.8 pixels. 

By Applying the proposed model on two SEM 

images, each has different particles, using correction 

algorithms to show the effect of each one on the output. 

Figure 5 denotes the output: 

Figure 5 applying the algorithms to the two samples 

left column sample first and right column sample second:  

Tables 1 and 2 show the approximation statistics of 

graphene flakes size detection from SEM image. The size 

detection was calculated manually by counting visually 

the number of particles in the two samples as shown in 

Figure 5. 

Scenario 1: By applying the Canny edge algorithm 

on the two samples of SEM images as shown in Figure 5 

(k, l) the model could detect (58 particles from 66 total 

particles and 12 particles from 14 total particles 

respectively) with a high rate of right detection 

percentage (95% & 100%, respectively), and low wrong 

detection percentage (5% and 0%, respectively).  

Scenario 2: By applying the Negative algorithm in 

Figure 5 (i, j) shows the high number of graphene flakes 

particles detected (53 particles from 66 total particles and 

13 particles from 14 total, respectively) and high rate of 

right detection (92% and 100%, respectively) with low 

wrong detection rate (8% and 0%, respectively).  

Scenario 3: By using the Gamma correction 

algorithm Figure 5 (c, d) shows the number of graphene 

flakes detection range 47 particles from 66 total particles 

and 11 particles from 14 total particles, respectively), the 

right percentage (91% and 100%, respectively) in 

addition the wrong percentage (9% and 0%).  

Scenario 4: The data obtained from Sobel x and 

Sobel y Figure 5 (e, f, g, h) shows the number of graphene 

flakes detection range (11 from 66, 3 from 14 for Sobel x 

and 0 from 66 and 0 from 14 for Sobel y), the percentage 

of right objects is 0% for all. 

In general, the quality of SEM images, and the types 

of particle shapes may affect the process of detection and 

even may affect the type of the best algorithm for 

detection. 
 

 

 
Figure 3. Sample of SEM image and highlighting the scale 

 

 

 
Figure 4. Scale measurment 
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First Sample 

 

Second Sample 

 

  
(a) 

 

(b) 

 

  
(c) 

 

(d) 

 

  
(e) (f) 
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(g) (h) 

 
 

(i) (j) 

 
 

(k) (l) 

Figure 5. Applying the algorithms to the two samples  a: Plain image (First sample) b: Plain image (Second sample) 

c: Particle detection with Gamma edge correction (First sample) d: Particle detection with Gamma edge correction (Second 

sample) e: Particle detection with Sobelx edge detection (First sample) f: Particle detection with Sobelx edge detection (Second 

sample) g: Particle detection with Sobely edge detection (First sample) h: Particle detection with Sobely edge detection (Second 

sample) i: Particle detection with Negative (First sample) j: Particle detection with Negative (Second sample) k: Particle detection 

with Canny edge detection (First sample) l: Particle detection with Canny edge detection (Second sample) 
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TABLE 1. The approximation statistics of graphene flakes detection for the first sample 

#All Objects # Detected # Right Right Percentage # Wrong Wrong Percentage Algorithm 

66 47 43 91 % 4 9 % Gamma 

66 11 0 0 % 11 100 % Sobel X 

66 4 0 0 % 4 100 % Sobel Y 

66 53 49 92 % 4 8 % Negative 

66 58 55 95 % 3 5 % Canny edge 

 

 

TABLE 2. The approximation statistics of graphene flakes for the second sample 

#All Objects # Detected # Right Right Percentage # Wrong Wrong Percentage Algorithm 

14 11 11 100 % 0 0 % Gamma 

14 3 0 0 % 3 100 % Sobel X 

14 0 0 0 % 0 - Sobel Y 

14 13 13 100 % 0 0 % Negative 

14 12 12 100 % 0 0 % Canny edge 

 

 

4. CONCLUSION 
 

Detecting the particles and measuring the size of 

materials scanned by SEM is an essential task that helps 

to describe their feature, traditionally, the size is 

calculated manually by adding mesh to an SEM image or 

by drawing a diagonal line in an arbitrary particle. In this 

work,  image process technique has used, by proposing a 

new model with different algorithms like Gamma 

Correction, Sobel X, Sobel Y, Negative, and Canny edge 

detection. This model has many tasks, first one is to 

enhance the quality of SEM image by using these 

algorithms, hence, the detection of each particle depends 

on particle edges detection, when the contrast of edges is 

high, then the percentage of detection is high. In general, 

The results show that the Canny edges and Negative 

improve the edges rather than Gamma, Sobelx, and 

Sobely. This result is because of Canny edge detection 

approach has Gaussian Blur and Gradiant calculation 

which make this approach good for this work. The 

effectiveness of each approach deeply depends on the 

specific characteristics of the image and the requirements 

of the particular application. Finally, in the future 

combining multiple edge detection methods or using 

more advanced techniques, such as the combination of 

Canny and Sobel, which might yield better results, also 

propose a new model that surrond the shape as it not as 

rectangle. 

 
 
5. REFERENCES 
 

1. Ruyter I. Composites-characterization of composite filling 

materials: reactor response. Advances in dental research. 

1988;2(1):122-33. 10.1177/08959374880020010  

2. Faraji A, Aghaali V, Rahimipour M. Effect of Al59Cu25. 5Fe12. 

5B3 Quasi-crystals on Microstructure and Flexural Strength of 
Aluminum Matrix Composites Prepared by Spark Plasma 

Sintering Method. International Journal of Engineering, 

Transactions A: Basics. 2024;37(1):48-55. 

10.5829/IJE.2024.37.01A.05  

3. Raja T, Devarajan Y, Thanappan S. Studies on the mechanical 

and thermal stability of Calotropis gigantea fibre-reinforced bran 
nano particulates epoxy composite. Scientific Reports. 

2023;13(1):16291. 10.1038/s41598-023-42316-6  

4. AlMangour B, Grzesiak D, Yang J-M. In situ formation of TiC-
particle-reinforced stainless steel matrix nanocomposites during 

ball milling: Feedstock powder preparation for selective laser 

melting at various energy densities. Powder Technology. 

2018;326:467-78. 10.1016/j.powtec.2017.11.064  

5. Yusmaniar Y, Julio E, Rahman A, Yudanto SD, Susetyo FB. 

Synthesis of Polyvinyl Alcohol-Chitosan Composite Film using 
Nanocellulose from Coconut Fibers (Cocos nucifera). 

International Journal of Engineering, Transactions B: 

Applications. 2023;36(11):1993-2003. 

10.5829/ije.2023.36.11b.05  

6. Bayda S, Adeel M, Tuccinardi T, Cordani M, Rizzolio F. The 

history of nanoscience and nanotechnology: from chemical–
physical applications to nanomedicine. Molecules. 

2019;25(1):112. 10.3390/molecules25010112  

7. Mekuye B, Abera B. Nanomaterials: An overview of synthesis, 
classification, characterization, and applications. Nano Select. 

2023. 10.1002/nano.202300038  

8. Alshammari BH, Lashin MM, Mahmood MA, Al-Mubaddel FS, 
Ilyas N, Rahman N, et al. Organic and inorganic nanomaterials: 

fabrication, properties and applications. RSC advances. 

2023;13(20):13735-85. 10.1039/d3ra01421e  

9. Rizvi M, Gerengi H, Gupta P. Functionalization of 

Nanomaterials: Synthesis and Characterization.  Functionalized 

Nanomaterials for Corrosion Mitigation: Synthesis, 
Characterization, and Applications: ACS Publications; 2022. p. 1-

26. 

10. Alabdali ZN, Reiter MP, Lynch-Branzoi JK, Mann AB. 

Compositional effects on mechanical properties and viscosity in 

UDMA-MMA blends. Journal of Adhesion Science and 



586                                     Z. N. Alabdali and F. F. Alkalid / IJE TRANSACTIONS A: Basics  Vol. 37 No. 04, (April 2024)   579-587 

 

Technology. 2021;35(6):610-25. 

10.1080/01694243.2020.1816779  

11. Hodoroaba V-D, Rades S, Salge T, Mielke J, Ortel E, Schmidt R, 

editors. Characterisation of nanoparticles by means of high-
resolution SEM/EDS in transmission mode. IOP Conference 

Series: Materials Science and Engineering; 2016: IOP Publishing. 

10.1088/1757-899X/109/1/012006 

12. Lu P-J, Fu W-E, Huang S-C, Lin C-Y, Ho M-L, Chen Y-P, et al. 

Methodology for sample preparation and size measurement of 

commercial ZnO nanoparticles. journal of food and drug analysis. 

2018;26(2):628-36. 10.1016/j.jfda.2017.07.004  

13. Rianto D. Scanning Electron Microscopy for Nanostructure 
Analysis of Hybrid Multilayer Coating. PILLAR OF PHYSICS. 

2022;15(2). 10.24036/14084171074  

14. Capone I, Hurlbutt K, Naylor AJ, Xiao AW, Pasta M. Effect of 
the particle-size distribution on the electrochemical performance 

of a red phosphorus–carbon composite anode for sodium-ion 

batteries. Energy & Fuels. 2019;33(5):4651-8. 

10.1021/acs.energyfuels.9b00385  

15. Zhang S, Wang C. Precise analysis of nanoparticle size 

distribution in TEM image. Methods and Protocols. 2023;6(4):63. 

10.3390/mps6040063  

16. Liang C, Jia Z, Chen R. An Automated Particle Size Analysis 

Method for SEM Images of Powder Coating Particles. Coatings. 

2023;13(9):1547. 10.3390/coatings13091547  

17. Negaresh F, Kaedi M, Zojaji Z. Gender identification of mobile 

phone users based on internet usage pattern. International Journal 

of Engineering. 2023;36(2):335-47. 10.5829/ije.2023.36.02b.13  

18. Hadaeghi A, Iliyaeifar M, Abdollahi Chirani A. Artificial neural 

network-based fault location in terminal-hybrid high voltage 

direct current transmission lines. International Journal of 

Engineering. 2023;36(2):215-25. 10.5829/ije.2023.34.02b.03  

19. Kumara GJJ, Hayano K, Ogiwara K. Image analysis techniques 
on evaluation of particle size distribution of gravel. GEOMATE 

Journal. 2012;3(5):290-7. 10.21660/2012.5.1261  

20. Surono S, Afitian MYF, Setyawan A, Arofah DKE, Thobirin A. 
Comparison of CNN Classification Model using Machine 

Learning with Bayesian Optimizer. HighTech and Innovation 

Journal. 2023;4(3):531-42. 10.28991/HIJ-2023-04-03-05  

21. Surono S, Rivaldi M, Dewi DA, Irsalinda N. New Approach to 

Image Segmentation: U-Net Convolutional Network for 

Multiresolution CT Image Lung Segmentation. Emerging Science 

Journal. 2023;7(2):498-506. 10.28991/ESJ-2023-07-02-014  

22. Jirjees SW, Alkhalid FF, Hasan AM. Text Encryption by Indexing 

ASCII of Characters Based on the Locations of Pixels of the 
Image. Traitement du Signal. 2023;40(2):791-6. 

10.18280/ts.400240  

23. Jirjees SW, Alkalid FF, Shareef WF. Image encryption using 
dynamic image as a key based on multilayers of chaotic 

permutation. Symmetry. 2023;15(2):409. 10.3390/sym15020409  

24. Baum ZJ, Yu X, Ayala PY, Zhao Y, Watkins SP, Zhou Q. 
Artificial intelligence in chemistry: current trends and future 

directions. Journal of Chemical Information and Modeling. 

2021;61(7):3197-212. 10.1021/acs.jcim.1c00619  

25. Gasteiger J. Chemistry in times of artificial intelligence. 

ChemPhysChem. 2020;21(20):2233-42. 

10.1002/cphc.202000518  

26. López C. Artificial intelligence and advanced materials. 

Advanced Materials. 2023;35(23):2208683. 

10.1002/adma.202208683  

27. Manickam P, Mariappan SA, Murugesan SM, Hansda S, Kaushik 

A, Shinde R, et al. Artificial intelligence (AI) and internet of 

medical things (IoMT) assisted biomedical systems for intelligent 

healthcare. Biosensors. 2022;12(8):562. 10.3390/bios12080562  

28. Singh AV, Rosenkranz D, Ansari MHD, Singh R, Kanase A, 
Singh SP, et al. Artificial intelligence and machine learning 

empower advanced biomedical material design to toxicity 

prediction. Advanced Intelligent Systems. 2020;2(12):2000084. 

10.1002/aisy.202000084  

29. Walsh I, Fishman D, Garcia-Gasulla D, Titma T, Pollastri G, 

Harrow J, et al. DOME: recommendations for supervised machine 
learning validation in biology. Nature methods. 

2021;18(10):1122-7. 10.1038/s41592-021-01205-4  

30. Kulkarni S, Bhat S, Moritz CA. Architecting for artificial 
intelligence with emerging nanotechnology. ACM Journal on 

Emerging Technologies in Computing Systems (JETC). 

2021;17(3):1-33. 10.1145/3445977  

31. Zhang P, Guo Z, Ullah S, Melagraki G, Afantitis A, Lynch I. 

Nanotechnology and artificial intelligence to enable sustainable 
and precision agriculture. Nature Plants. 2021;7(7):864-76. 

10.1038/s41477-021-00946-6  

32. Winkler DA. Role of artificial intelligence and machine learning 
in nanosafety. Small. 2020;16(36):2001883. 

10.1002/smll.202001883  

33. Kuklin V, Alexandrov I, Polezhaev D, Tatarkanov A. Prospects 
for developing digital telecommunication complexes for storing 

and analyzing media data. Bulletin of Electrical Engineering and 

Informatics. 2023;12(3):1536-49. 10.11591/eei.v12i3.4840  

34. Davila MH, Baldeon-Calisto M, Murillo JJ, Puente-Mejia B, 

Navarrete D, Riofrío D, et al. Analyzing the effect of basic data 

augmentation for covid-19 detection through a fractional factorial 
experimental design. Emerging Science Journal. 2022;7:1-16. 

10.28991/ESJ-2023-SPER-01  

35. Baazeem R, Maheshwary P, Binjawhar DN, Gulati K, Joshi S, 

Ojo S, et al. Digital image processing for evaluating the impact of 

designated nanoparticles in biomedical applications. Intelligent 

Data Analysis. 2023(Preprint):1-12. 10.3233/ida-237435  

36. Rahman S, Rahman MM, Abdullah-Al-Wadud M, Al-Quaderi 

GD, Shoyaib M. An adaptive gamma correction for image 

enhancement. EURASIP Journal on Image and Video Processing. 

2016;2016(1):1-13. 10.1186/s13640-016-0138-1  

37. Veluchamy M, Subramani B. Image contrast and color 

enhancement using adaptive gamma correction and histogram 
equalization. Optik. 2019;183:329-37. 

10.1016/j.ijleo.2019.02.054  

38. Aoun A, Masadeh M, Tahar S, editors. On the Design of 
Approximate Sobel Filter. 2022 International Conference on 

Microelectronics (ICM); 2022: IEEE. 

10.1109/ICM56065.2022.10005354 

39. Hu K, Yuan X, Chen S, editors. Real-time CNN-based keypoint 

detector with Sobel filter and descriptor trained with keypoint 

candidates. Fifteenth International Conference on Machine 

Vision (ICMV 2022); 2023: SPIE. 10.1117/12.2679944 

40. Cheng D, Li Y, Zhang D, Wang N, Gao X, Sun J. Robust single 

image dehazing based on consistent and contrast-assisted 
reconstruction. arXiv preprint arXiv:220315325. 2022. 

10.48550/arXiv.2203.15325  

41. Zhan F, Zhang J, Yu Y, Wu R, Lu S, editors. Modulated contrast 
for versatile image synthesis. Proceedings of the IEEE/CVF 

Conference on Computer Vision and Pattern Recognition; 2022. 

10.1109/CVPR52688.2022.01774 

42. Canny J. A computational approach to edge detection. IEEE 

Transactions on pattern analysis and machine intelligence. 

1986(6):679-98. 10.1109/TPAMI.1986.4767851  

43. Gula T, Bertoldo JP, editors. Gaussian Image Anomaly Detection 

with Greedy Eigencomponent Selection. Proceedings of the 

IEEE/CVF International Conference on Computer Vision; 2023. 

10.48550/arXiv.2308.04944 
 



Z. N. Alabdali and F. F. Alkalid / IJE TRANSACTIONS A: Basics  Vol. 37 No. 04, (April 2024)   579-587                                   587 

 

 

 

COPYRIGHTS 

©2024  The author(s). This is an open access article distributed under the terms of the Creative Commons 

Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long 

as the original authors and source are cited. No permission is required from the authors or the publishers . 
 

 

 

 

Persian Abstract 

 چکیده 
های ( یکی از راه SEMی روبشی )مواد کامپوزیتی مهم ترین مواد در علم و مهندسی مواد هستند که حاوی دو یا چند ماده هستند. در مهندسی مواد، تکنیک میکروسکوپ الکترون

( یک علم میان رشته ای و شاخه ای از  AI( نام دارد. هوش مصنوعی )AIاستفاده شد که هوش مصنوعی )  SEMگیری اندازه ذرات ماده است. روش جدیدی به جای  اندازه

هایی برای ای از هوش مصنوعی است که از الگوریتمعلوم کامپیوتر است که شامل حل مسائلی است که به هوش و توانایی های انسانی نیاز دارند. بینایی کامپیوتر زیرشاخه 

یک کار ضروری است   SEMکند. تشخیص ذرات و اندازه گیری اندازه مواد اسکن شده توسط تشخیص جزئیات تصاویر با استفاده از رایانه به نام پردازش تصویر استفاده می

یا با کشیدن یک خط مورب در یک ذره دلخواه محاسبه    SEMکه به توصیف ویژگی آنها کمک می کند، به طور سنتی، اندازه به صورت دستی با افزودن مش به یک تصویر  

( با استفاده از بینایی کامپیوتری برای تجزیه و تحلیل اندازه تمام ذرات پیشنهاد شده است. این مدل برای AIمی شود. در این مقاله، مدل جدیدی مبتنی بر هوش مصنوعی )

(  SEMدر میکروسکوپ الکترونی روبشی )تشخیص اندازه ذرات مواد افزودنی در مواد کامپوزیتی مانند دانه های گرافن و اندازه گیری اندازه آنها بسته به اندازه مرجع ثابت شده  

های روشنایی و کنتراست،  ، الگوریتم Sobelها، فیلتر ، با استفاده از چند لایه تشخیص لبه Vision (OpenCV)استفاده می شود. این مدل بر اساس کتابخانه منبع باز کامپیوتر 

 میلی ثانیه دست یافته است.  0.2 ایت بخش با زمان فرآیند بسیار کماستفاده شد. نتایج به نشانه بسیار رض Python 3با استفاده از 
 
 
 


