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Abstract 

 The control of nonlinear systems is a fundamental problem in control 

engineering. This paper presents the development of a radial basis 

function neural network applied to the control of DC motor speed 

control. The proposed control scheme is used a radial basis neural 

network and it is implemented in MATLAB. The design requirements 

are achieved with the optimum number of centres being determined 

using K-means clustering algorithm. The optimum value for the 

learning factor is determined through simulation tests. Least mean 

square method is used to calculate the weight values for output. The 

proposed control scheme shows that the radial basis neural network is 

an effective tool to control of DC motor system.  

Keywords: control, DC motor, radial basis function neural networks, 

centers, weights, feedforward control.  
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1. Introduction  

Radial basis function neural network (RBFNN) has a simple 

architecture consisting of one input layer, one output layer and only 

one array of hidden nodes called centers The training of the RBF 

network is very fast because the learning in the hidden layer means 

selection of centers and widths and the learning in the output layer 

means selection of the weights. The RBFN has good nonlinear 

function approximation ability so it is widely used to solve many 

problems related to modeling and control of nonlinear systems. The 

Euclidean distance method could be employed to measure the width of 

the Gaussian function for RBFNN. The centres can select randomly, 

and using K-Means algorithm; the K-Means algorithm is reliable, 

simple, offers fast convergence and can handle large data sets. The 

weights of RBFNN can adapt using least mean square algorithm. The 

least mean squares (LMS) algorithm used to adapt the weights of 

RBFN because of its simplicity and reasonable performance [1-5]. 

The ability to learn is the main advantage of an artificial neural 

network, this characteristic is the main difference between the neural 

network techniques and statistical approaches [6], [7]. 

The most important stage during working on artificial neural network 

is a training of the neural network, supervised and unsupervised 

algorithm used to train the network, but the supervised algorithm is 

commonly used to reduce the error between the network output and 
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actual output; supervised algorithm used in this paper to control of DC 

motor [8].  

Figure 1 shows the supervised learning algorithm, here, the network 

weights adjusted based on comparison between the network output 

and the target until the network output equals the target, where the 

error is computed using mean square error (MSE). 

 

Figure 1: Supervised learning network 

 

This paper presents the development of the control scheme using RBF 

neural network to control of DC motor speed control model. 

Supervised algorithm used in this work to train the neural network. 

The DC motor is developed and implemented in MATLAB. 
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2. Radial Basis Function Neural Network (RBFNN) 

The radial basis functions neural network is a feed forward network 

type, and it consists of a three layers in the following order: the input 

layer, the hidden layer, and the output layer such as shown in Figure 2 

[9].  

 

Figure 2: Radial Basis Function Network Structure [9] 

 

                              y = ∑ 𝑊𝑗   ∅𝑗                     
       𝑁

𝑗=1
                        (1) 

Where y is the network output, (𝑊𝑗) is the weight of the (𝑗th
) node, and 

(∅𝑗) is an activation function.   

The Gaussian activation function can be written as: 

                         ∅𝑗(𝑥) = 𝑒𝑥𝑝
− ∑ (𝑋𝑖−𝐶𝑗)

2𝑛
𝑗=1

𝜎𝑗
2

   

                                        (2) 
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i = 1,2,3,....,n , j = 1,2,3,....,m  

Where ∅𝑗 is the output of hidden layer, 𝑋𝑖 is the input, 𝐶𝑗 is the center, 

and 𝜎𝑗 is the width. 

The K-means algorithm steps are shown in Figure 3 [10], [11]:                                                            

 

Figure 3: K-means clustering algorithm 

 

The K-Means clustering algorithm for selecting the centres of RBFNN 

such as in the following steps [10], [11]: 

1. From data set select random k points as initial cluster centers. 
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2. To the cluster centers, calculate the distance of each sample. 

3. Recalculate the cluster center according, this to the clustering 

result. 

4. According to the new center, re-cluster all the elements of the data 

set. 

5. Step 4 repeated until the clustering does not change.  

6. Final result. 

 

The next step would be the correct selection of the width between the 

centers. The Euclidean distance measure is the most common method 

used to calculate the width of Gaussian function such as [12]:                                                                                    

                                    𝐸𝑑𝑖𝑠𝑡 =  √ ∑

  
(𝑋𝑖 − 𝑐𝑗)2

   

𝑛
𝑖=1                             (3) 

Where 𝑛 the vector dimension, and 𝐸𝑑𝑖𝑠𝑡is the Euclidean distance. 

To adjust the weights of the network, the least mean square algorithm 

(LMS) is used such as [12]:    

𝑊(𝑡 + 1) = 𝑊(𝑡) +  𝜇 ( 𝑦(𝑡) − 𝑦𝑚(𝑡))𝛷𝑇(𝑡)                            (4) 

Where: 𝑊(𝑡 + 1) is the new weights,  𝑊(𝑡) is the old weights, 𝑦(𝑡) 

is the actual output, 𝑦𝑚(𝑡) is the network output, and 𝛷𝑇(𝑡) is the 

Gaussian output, and 𝜇 is the learning factor, where 𝜇  normally lays 

between 0 to 1. 
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The network weights adapted until actual output becomes closer to the 

network output, this mean the network has completed the learning, 

and this step carried out normally used supervised training algorithm.  

3. Control of DC motor using RBFNN 

A feedforward control method used in this work to control of DC 

motor system is based on using the radial basis function neural 

network learns during feed-forward control [12], [13]. As shown in 

Figure 4, the controller network is placed in front of the plant, 

whereby the net output control signal Uc(𝑡)  is an input to the plant.       

 

 

Figure 4: control configuration using RBFNN 
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The control signal can be realized as:  

      Uc(t) = RBFNC[X(t)]                                                                    (5) 

Where: Uc(t) is the control signal, while the desired reference signal 

is         yr (t + 1): 

𝑋(𝑡) = [𝑦𝑟 (𝑡 + 1), 𝑦(𝑡), … . , 𝑦(𝑡 − 𝑛 + 1), 𝑈(𝑡

− 1), … . , 𝑈(𝑡 − 𝑚 + 1)]𝑇                                     (6) 

The control method is considered in this work for controlling the non-

linear dynamic model (DC motor) due its simplicity and robustness, 

especially when the proper parameters are selected.  

DC motor speed control system:  

The radial basis function neural network (RBFNN) used in this paper 

to control of DC motor. An electric equivalent circuit of the armature 

and the free-body diagram of the rotor shown in the Figure 5 [14].    

 

Figure 5: Electric circuit of DC motor speed control 
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The DC motor parameters are:   

 (J = 0.01 kg.m^2)  moment of inertia of the rotor 

 (b= 0.1 N.m.s) motor viscous friction constant 

 (Ke= 0.01 V/rad/Sec) electromotive force constant 

 (Kt= 0.01 N.m/Amp) motor torque constant 

 (R = 1 Ohm) electric resistance 

 (L= 0.5 H) electric inductance 

The following transfer function describes the DC motor speed control: 

𝜃̇(𝑠)

𝑉(𝑠)
=

𝐾

(𝐽 𝑆+𝑏)(𝐿 𝑆+𝑅)+𝐾2   ( 
𝑟𝑎𝑑/𝑠𝑒𝑐

𝑣
 )                                                    (7) 

 

Convert the equation (7) to z domain, and then find the difference 

equation to the DC motor model as: 

𝜃̇(𝑘) = 1.885 𝜃̇(𝑘 − 1) − 0.8868 𝜃̇(𝑘 − 2) + 0.00009 𝑉(𝑘 − 1)

+ 0.0000092 𝑉(𝑘

− 2)                                                                                (8) 

Where:  𝜃̇  is the rotational speed (output), and V is the armature 

voltage (input). 

The design requirements in this paper are:                                               

 The speed of DC motor steady at 1 rad/sec 

 Settling time 0.2 Sec  

 Overshoot less than 2% 
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4. Simulation Tests   

 Test 1:  Figure 6 shows the simulated results for three cases applied 

on the DC motor speed control system, where the centers of 

RBFNN selected randomly, and calculated using K-means 

algorithm with 3 RBFs, and 5 RBFs.  

Figure 6: DC motor control using RBFNN 

 Test 2: Figure 7 shows the simulated results for three cases applied 

on the DC motor speed control system, where the centers of 

RBFNN selected randomly, and calculated using K-means 

algorithm with 7 RBFs, and 10 RBFs.  
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Figure 7: DC motor control using RBFNN 

Simulation results shown in Figure 6 and Figure 7 exhibits good 

results; but the system response with random centers was slow, and 

the settling time was large; therefore, thee design requirements are not 

satisfied with random centers. The best result obtained with the case 

considers with 10 centers determined using K-means clustering 

algorithm, the system response became faster and the settling time 

was small (0.15 sec), furthermore, the steady value for the DC motor 

speed was 1 rad/sec, and the overshoot was zero, therefore the design 

requirements were satisfied. The case of 10RBFs is the best compared 

with random selection, 3RBFs, 5Rbfs, and 7RBFs; then, this situation 

which should be used for the selection of centers to control of DC 

motor using RBFNN. 
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5. Conclusion  

This paper presents the using of radial basis function network to 

control of DC motor system. The optimum number of centres of 

RBFNN is determined randomly, and calculated using K-means 

algorithm. Simulation results show that the using 10 centers 

determined using K-means clustering algorithm is the best case which 

should be used for the selection of centers to control of DC motor, 

where the design requirements were satisfied. Finally, the simulated 

results show that the adaptation of the weights of the RBFN output 

layer has significant effects on the performance of the controller. 

Simulation results show that the radial basis function neural network 

can control of DC motor efficiently. A neural network model for 

control of DC motor exhibits good result that is as a result of the 

adaptivity of the radial basis function neural network. Therefore, the 

neural network model gave promising results for control of nonlinear 

systems.   
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Abstract 

In the last decades, breast cancer considered as the most common 

dangerous types of cancer that attack female gender in the world. In 

order to minimize the death rate among affected women and saves 

their live, the early detection process is the best solution to curbing 

these serious diseases. The rapid development of digital image 

processing techniques provides an effective role in the field of medical 

imaging. One of the effective techniques that used in early detection 

of breast cancer is a mammography method.  In this paper, an 

optimized mammogram image technique is presented by deploying 

spatial domain image transformations to help the radiologist in breast 

cancer early detection and diagnosis. Extensive simulation outcomes 

demonstrated that our deployment enhancement technique offers 

mailto:fareda.a@zu.edu
mailto:abo_sultan2020@yahoo.com
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significantly better diagnosis and more precisely to detect lumps and 

various cancerous lesions affecting breast tissue. 

Keywords: Breast cancer – mammogram image – spatial domain 

image transformation. 

1. Introduction 

Breast cancer has become a global nightmare that affects all female 

gender around the world. It is a common public health problem in 

many countries, and remains the leading cause of death for females 

aged 35–55 years [1]. Masses are the most frequent abnormalities that 

could be breast cancer. According to statistics of the World Health 

Organization (WHO), the prevalence of breast cancer among females 

is 1 in 8 in the United States, 1 in 12 in Europe, and 1 in 40 in Asia. 

Moreover, more than (500,000) females worldwide lose their lives due 

to breast cancer each year [2]. 

In Libya, breast cancer denotes of 11.9 % of total prevalence of 

cancers in females and is accountable for 5.3 % of mortality. Libya 

has a 23.2% cancer incidence rate, according to the International 

Agency for Research on Cancer (IARC) in 2020 [3]. According to 

data from the National Cancer Institute-Sabratha (NCI) for the years 

2012 to 2020, there were 2,645 new cases of breast cancer in females 

and the majority of whom were under 35. 

In order to reduce the mortality rates, the screening mammography 

technique is utilized to detect early warning signs and symptoms of 

breast cancer, such as masses and calcifications.  

Studies illustration that screening technique aids to detect and 

diagnosis of breast cancer in early stage and increases the chances for 

successful treatment and complete recovery of the patient [4]. 

Mammography is a specialized medical imaging technique that relies 

on low-dose x-ray imaging for routine breast cancer screening [5]. 
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The main issue with mammography is the visual detection of early 

signs of breast cancer, particularly in dense breast tissue. Furthermore, 

due to low count X-ray photons and electrical fluctuation, a quantum 

noise may appear in mammography images, which has a major 

influence on the quality of the images. Image processing enhancement 

techniques such as histogram equalization, median filters, gamma 

correction, and logarithmic transformation have been deployed to 

overcome these problems. Thus, optimizing mammography images 

will increase the ability to diagnose the disease. This paper shows how 

to apply an enhancement technique to digital mammographic images 

to improve their quality and assist radiologists in both screening and 

diagnosis phases.  

The rest of the paper is structured as follows: the literature review is 

presented in section 2. In section 3, a brief review of the 

mammography technique is demonstrated. After that, the 

mammogram classifications are depicted in section 4. Section 5 

analyzes the enhancement mammogram image schemes in detail. In 

section 6, the simulation setup and outcomes are explained. Finally, 

conclusions are made in7. 

2. Literature Review  

Several research studies have been conducted on image enhancement 

and have proposed many schemes in order to achieve the desired 

image quality. 

An indirect contrast enhancement technique in low contrast 

mammographic images was proposed [6]. These methods were 

utilized to get the best brightness and noise removal in the photos. The 

performance can be improved by applying an edge preservation filter 

to the image. 
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 Two-stage adaptive histogram equalization has been proposed for 

image improvement, as demonstrated by K. Akila [7]. The adaptive 

histogram equalization (AHE) uses two different histogram 

specifications. However, the proposed technique offers better 

performance in terms of enhancement measurement entropy (EME) 

than standard AHE.  

For the purpose of improving medical images, authors in [8] presented 

an accomplished non-linear method utilizing discrete wavelet 

transform and histogram equalization. This method maintains the 

original image quality while improving an image's lower and higher 

contrast areas in both the spatial and frequency domains. In the 

instance of the preprocessed histogram approach, it provides better 

mean square error and peak signal to noise ratio results. Furthermore, 

discrete wavelet Transform enhanced the edges of the image.  

In [9], the authors proposed a novel technique based on wavelet 

transformations and homomorphic filtering for the improvement and 

restoration of mammography images. Initially, a homomorphic filter is 

used to filter the approximation coefficients that the wavelet 

transformations produced. Then, using Gaussian and Laplacian 

variables, the detail coefficients of the wavelet transformations related 

to noise and edges are modeled. Most of the fine details of the 

mammogram images are retained after compressing all of the 

approximations and details coefficients and then enhancing the image 

using adaptive thresholding.  

While the study presented in [10] has described an approach that used 

image preprocessing in the mammogram analysis due to its poor 

picture quality. There are various types of sifting systems available for 

pre-processing mammography images. Moreover, Filters are used to 
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improve and smoothen images, remove noise, preserve internal edges 

in photos, and improve picture quality. 

To compensate for any acquisition challenges, the authors in [11] 

proposed a novel method that enhanced the digital mammography's 

visual representation by using a peripheral correction. The goal is to 

increase visualization and image quality for better evaluation. As a 

result, it has been established that peripheral augmentation improves 

visualization and will be critical in the progress of mammography 

computer aided diagnosis systems.  

A novel breast cancer detection model described in [12]. First, median 

filtering and contrast limited adaptive histogram equalizations 

(CLAHE) are applied to the input mammography image. The 

preprocessed image is then segmented using the region expanding 

technique. The segmented image is then utilized to extract geometric 

properties, texture details, and gradient data. The best features are 

chosen using a hybrid optimization strategy. After selecting the best 

attributes, they are subjected to a classification technique utilizing a 

neural network (NN) classifier. The weight of NN is selected to 

improve the accuracy of diagnosis (both benign and malignant).  

Finally, [13] created a unique DenseNet121-based Extreme Learning 

Machine Model (ELM) hybrid for diagnosing breast cancer from 

mammography pictures. The mammography images were 

preprocessed and augmented with data. After pooling and flattening 

the layer, the characteristics were gathered independently in the first 

stage of classification. The features are also input into the planned 

DenseNet121-ELM model's fully connected layer. An extreme 

learning machine model is now playing the fully connected layer. By 
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adjusting the weights of the extreme learning machine, the AdaGrad 

optimization approach increased its robustness and efficiency. The 

AdaGrad algorithm optimization shows a faster convergence speed 

than other optimization techniques. 

3. Mammography Technique 

Mammography is the main technique that examines female breasts by 

employing a low-dose x-ray system. In order to early detection and 

diagnosis of any change in the breast, a mammogram image is utilized 

[17]. To obtain images inside the body, x-ray imaging involves 

exposing a section of the body to a low dose of ionizing radiation.  

Currently, mammography equipment is designed to reduce radiation 

exposure to the breast by substituting electronics for x-ray film, which 

transforms x-rays into images of the breast. Therefore, the radiologist 

can examine these pictures on a computer after they are transferred. 

Figure 1 depicts the basic components of a conventional 

mammography machine and screening of the right breast [16]. 

 

 

Figure 1: Main parts of mammography and right breast screening 
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4. Mammograms Classifications  

Mammograms can be classified into two types: screening 

mammograms and diagnostic mammograms. 

4.1. Screening Mammogram (SM) 

Screening mammography periodically for a woman's breast who has 

no symptoms of breast cancer leads to the discovery of early breast 

cancer signs, which considerably increases a woman's chances of 

effective treatment. 

4.2. Diagnostic Mammogram (DM) 

A diagnostic mammogram is conducted on a woman who has a 

clinical finding that is abnormal, such as a breast lump or nipple 

discharge. Moreover, diagnostic mammography may be conducted to 

identify the size of the cancer. 

5. Mammogram Image Enhancement Processing   

In order to enhance the image’s visual appeal or transform it into a 

format that can be analyzed by machine or human, an image 

enhancement process should be employed [18]. 

In this section, the enhancement method, which is based on the spatial 

domain is applied to the mammogram image to enhance it without 

spoiling. Spatial domain image enhancement techniques involve 

changing an image's pixel values to increase its visual quality [21].  

Firstly, in spatial domain, a transformation function is defined for 

transforming the original image’s pixel to a pixel in the processed 

image, as described in equation 1.  

g(x) = T[f(x)]      1 



Journal of Electronic Systems and Programming                                       www.epc.ly 
 

 Issue: 8 December 2023                                                                                  Page 26 

Because this function can deal with 2-dimensional images as follows: 

g(x, y) = T[f(x, y)]      2 

where g (x, y) is the processed image, f (x, y) is the original image, 

and T is the transformation.  

The transformation T is defined over the neighborhood of the point 

(x, y) in the original image f (x, y). This neighborhood of a point (x, 

y) is usually a square sub-image that is centered at the point (x, y) as 

exposed in Figure 2. 

 

Figure 2: Mask 3x3 neighborhood around a point (x, y) in an 

image 

For enhancing mammogram images, the proposed method is made up 

of seven stages: acquisition stage, negative transformation, 

logarithmic transformation, histogram equalization, contrast limited 

adaptive histogram equalization, feature extraction, and mammogram 

image classification.  

5.1 Mammogram image acquisition  

The mammogram image is sent to the computer in digital format in an 

acquisition phase. In order to enhance the image for further 

Origin x 

y Image f (x, 

(x, y) 
Neighbourhoo
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processing, other processing methods such as morphological 

processing, edge detection and compression are utilized to obtain 

desired object of image. 

5.2 Negative image transformation 

If the mammogram images that outcome from the acquisition stage 

contain white or gray levels of information embedded in black pixels, 

the original image should be transformed into a negative image. In 

this process, all white pixels are inverted to darker and gray pixels 

are transformed to brighter, resulting in a negative image that makes 

extracting information more convenient than in the original image 

[19].  

The negative transformation can be done through a mathematical 

function as follows: 

S = (L – 1) – r                                                3 

Where (L – 1) represents the maximum intensity value, (S) represents 

the output pixel value, and (r) represents the input pixel value. 

 

5.3 Logarithmic image transformations 

The logarithm transform consists of two kinds of transformations, log 

transformation and the inverse log transformation. In order to improve 

the contrast of objects in dark images, the logarithmic transformation 

is applied, while the inverse log transformation is needed to minimize 

the dynamic range of the mammogram image. An equation that 

represents the general form of the log transformation mathematically 

is as follows: 
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𝑠 = 𝑐 ∗ log⁡(1 + 𝑟)                                 4  

When c is a constant and (r) is assumed to be more than zero.  

5.4 Histogram Equalization 

Information may be lost in areas of a mammogram image that are 

overly bright or dark.  In order to address this issue, the female breast 

structure is visualized as a two-dimensional digital monochromatic 

image, which is represented by an array of pixels, each of which has a 

numerical value that indicates a gray level. Histogram equalization is 

then used to reduce these effects. 

Mammogram images are commonly 8-bit grayscale images with a 

gray-level range from zero (black) to 255 (white). Consequently, the 

histogram measures the brightness level of images and finds whether 

the image has a good contrast or not.  

Each pixel in the histogram is replaced during the histogram 

equalization process by the integral of the histogram, such as (r), 

which represents the image's gray level.  Moreover, every pixel values 

in the image are continuous and normalized in the range [0,1], where 

zero indicates a black pixel, and one indicates a white pixel. For image 

processing, transformation function is applied. 

𝑠 = 𝑇(𝑟)                   5 

Where (r) is the intensity of the original image, s is the intensity of the 

process image, and T is the transformation function that satisfy two 

conditions.  

The first condition is the T(r) should be a single valued and 

monotonically increasing in the range 0 ≤ r ≤1 to maintain the order of 

the gray levels in the processed image, while the second condition T(r) 
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must be 0≤ T(r)≤1 for 0 ≤ r ≤1 to ensure the processed image does not 

lead to a pixel value which is higher than the maximum intensity value 

that is allowed. 

5.5 Contrast limited adaptive histogram equalization 

For mammogram image enhancement by using standard histogram 

equalization, there is a possibility of noise enhancement as well that 

leading to large values in the final image as a result of integration. 

Thus, the contrast limited adaptive histogram equalization (CLAHE) 

is implemented for limiting the amount of contrast enhancement at 

every pixel, which is achieved by clipping the original histogram to a 

limit.  In this technique, four processing steps should be completed as 

follows: 

1. The neighborhood of each pixel in the local histogram is being 

obtained. 

2. The histogram should be cropped to the given limit. 

3. Redistributing pixels to alter the histogram in accordance with 

equation 2. 

4. To get the final value, integrate the histogram up to the pixel 

value. 

 

5.6 Mammogram Image Feature extraction 

One of the main steps that utilized for breast abnormality detection is 

feature extraction, which extracts unique features from the original 

image to use them in the classification stage. It aims to reduce an 

extensive amount of accurate data by computing the characteristics 

that can be employed to distinguish between varies samples. Due to 

the simplicity of the analysis of geometrical features, which consist of 

radius, perimeter, and area. It is utilized in the process of finding the 

image attributes. Generally, radiologists can recognize this feature by 

looking at mammograms.  
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5.7 Mammogram Image Classification  

For mammogram image classification, one of the simplest machine 

learning algorithms has been applied, namely the K-Nearest Neighbor 

algorithm. The input for this process is the set of k closest training 

samples in the feature space, which are utilized by the K-NN 

technique to identify the features in the dataset.  Furthermore, the 

classifier computes a weight for each feature and then multiplies it by 

the respective feature. Finally, all values of each feature are added in 

order to get a single number that can be utilized to make the final 

decision. 

6. Results and Discussion  

In this section, the enhancement mammography images are 

investigated for introduced spatial domain image transformations 

namely, negative transformation, logarithmic transformation, 

histogram equalization transformation, and clahe transformation. 

To test the efficiency of the proposed technique, various tests are 

conducted to assess the impact of the proposed method on the 

mammogram images. These experiments are carried out on a 

computer equipped with an Intel Quad-Core i7-8550U CPU, and 16G 

RAM running on Windows 10 using MATLAB. 

Negative image transformation:  

Figure 3 (a) demonstrates the original image with the conservative 

appearance of an x-ray mammogram, where the density in the center 

of the breast is ill-defined. While in the Figure 3 (b), the density is 

better defined due to applying negative transformation technique on 

the conventional image.   
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Figure 3: Negative transformation 

(a) input image, (b) negative image outcome 

Through this process, the inverse image was obtained by simply 

swapping the intensities of the pixels surrounding the central intensity 

of an image. This made the image easier to read and included 

important features like micro calcification. 

 

Logarithmic transformations:  

Figure 4 (b) shows the outcome of the log transformation performed 

to the original mammography image that is presented in Figure 4 (a), 

where the values of dark pixels in an image have been expanded. 
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Figure 4: Logarithmic transformation  

(a) Input image, (b) Logarithmic image outcome 

 

Histogram equalization transformations:  

It is employed for optimizing the contrast of a mammography image, 

as revealed in Figure 5. As a result, low contrast and bright 

improvement are applied, altering the quality of the mammography 

image as shown in Figure 5(b). This clearly demonstrates that the 

processed image contains more features than the original image. 

 

Figure 5: Histogram equalization transformation:  

(a) Input image, (b) Histogram image outcome 
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CLAHE filter:  

In Figure 6, the efficient outcome produced by passing the 

mammography image through the CLAHE filter has been presented, 

where the noise and edge shadowing effects are reduced, especially in 

a homogeneous area. 

 

Figure 6: CLAHE filter:  

(a) Input image, (b) CLAHE filter image outcome 

 

7. Conclusion 

We propose a novel framework for classifying breast cancer based on 

mammography pictures. The suggested framework includes critical 

processes, beginning with image capture and categorization. A 

contrast enhancement strategy is proposed in the first phase. The 

results were compared to the original image's deep feature accuracy. 

The results demonstrate that the proposed enhancement strategy 

improves accuracy, but the previously acquired accuracy is not met; 

so, a new fusion technique is presented. The proposed fusion 

technique was utilized to fuse the original image and augmented 

image features, resulting in a considerable improvement in accuracy. 
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Abstract 

The Internet of Things (IoT) is a modern technology that has become 

increasingly important in all aspects of life, particularly in sustainable 

development programs due to its speed, cost-effectiveness, and 

accuracy in execution. IoT has become an effective tool to assist and 

accelerate the implementation of the United Nations' Sustainable 

Development Program. One of the most important programs that IoT 

can contribute to is the fight against desertification, by increasing 

agricultural and animal production and providing food and water for 

many drought-prone areas. This research focuses on how to leverage 

IoT to combat desertification, whether in urban or desert areas, by 

looking at sustainable solutions to this phenomenon while considering 

the economic and social factors that affect the implementation of these 

solutions. The study also examines some of the solutions that some 

countries have implemented to combat desertification, as well as the 

expected challenges and infrastructure requirements needed for the 

implementation of sustainable solutions. The results of this research 

mailto:nadia_mo2003@yahoo.com
mailto:amer.daeri@zu.edu.ly
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show that many countries have implemented this technology and have 

achieved encouraging results in both urban and desert areas. These 

solutions include various countries in all continents, with the most 

notable being the United States, China, Japan, and African coastal 

countries. 

Keywords: IoT, desertification, sustainable development, technology. 

1. Introduction 

Society is currently facing significant and widespread environmental 

problems such as rising temperatures, extreme weather conditions, and 

declining air and water quality. Climate change plays a critical role in 

exacerbating these issues by disrupting seasonal patterns and leading 

to natural disasters such as floods, droughts, and forest fires. 

Therefore, it is essential to have systems that can continuously 

monitor and record data in real-time while predicting potential natural 

hazards. 

The Internet of Things (IoT) is a technology that connects physical 

objects equipped with hardware such as sensors and network 

connectivity to facilitate the collection and transmission of measured 

data. The environmental field is considered an excellent candidate for 

implementing IoT solutions as continuous control and monitoring are 

efficiently facilitated through IoT adoption [1]. 

IoT technology enables the connection of various devices and things 

in a single network, allowing for the collection and analysis of data for 

multiple purposes, including combatting desertification. There are 

numerous ways that IoT can help combat desertification, since IoT 

devices have the potential to monitor and improve various aspects of 

desertification. For example, Environmental Monitoring using IoT 

devices can assess factors leading to desertification such as high 

temperatures, low humidity, and changes in soil water levels. This 
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information can be used to improve natural resource management and 

identify areas that require corrective action [2]. Similarly, Crop 

monitoring using IoT devices can analyze growth and productivity 

data of crops to improve cultivation processes and identify plant 

species that thrive in dry environments [3]. Water monitoring using 

IoT devices can help manage water resources and identify areas that 

require improvements in irrigation and drip irrigation [2]. Weather 

forecasting using IoT devices can collect and analyze atmospheric 

data to improve weather forecasting and identify atmospheric patterns 

that lead to desertification [4]. This information can improve 

agricultural planning and identify plant species that grow well under 

specific weather conditions. Additionally, IoT devices can be used to 

monitor environmental pollutants, noise pollution, and other harmful 

factors to improve overall environmental care. 

The data collected and analyzed through IoT devices can also aid in 

improving waste management and identifying areas that require clean-

up and improvement. Therefore, IoT can contribute significantly to 

combating desertification by enhancing natural resource management, 

identifying areas that need corrective action, improving weather 

forecasting and water monitoring, and promoting environmental 

stewardship. However, to achieve these benefits, the necessary 

infrastructure, such as installing IoT devices and communication 

networks, must be in place. Additionally, the design and 

implementation of IoT solutions to combat desertification must take 

into account socio-economic and environmental factors [5]. 

Combatting desertification can be approached in two parts, namely 

combating desertification in urban areas and desert areas. Therefore, 

social and economic factors must be considered in designing IoT 

solutions to ensure that the solutions meet the actual needs and 

challenges faced by people in urban or desert areas. Among the factors 

to consider are local needs, which require solutions appropriate to the 
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environmental and economic characteristics of the target area and 

compatible with local cultures and practices. Sustainability is another 

factor to consider, where proposed solutions must be sustainable 

enough to conserve natural resources and improve living conditions in 

the long term while maintaining the balance of the local ecosystem. 

Financing is also vital, and necessary investments must be made to 

implement solutions and ensure their long-term sustainability. 

Partnerships between governments, NGOs, the private sector, and 

local communities should be encouraged to achieve the set goals 

faster, while training and awareness-raising should be provided to 

local communities and stakeholders on issues related to combating 

desertification and the use of available technologies [5]. 

2. Economic factors 

Economic factors play a crucial role in implementing sustainable 

solutions to combat desertification. Some of the key economic factors 

that must be considered include: 

1. Cost-effectiveness: The chosen solutions to combat 

desertification must be cost-effective, affordable, and provide 

long-term economic benefits. This includes considering the 

initial investment required, ongoing maintenance costs, and 

potential economic returns from the solution. 

2. Financing: Financing sustainable solutions is critical to their 

success. Governments, international organizations, private 

sector investors, and other stakeholders must provide financing 

to ensure the effective implementation of solutions and the 

availability of the necessary resources to maintain them over 

the long term. 

3. Economic development: The implementation of sustainable 

solutions to combat desertification can help create economic 

opportunities and improve the livelihoods of local 

communities. This includes creating job opportunities and 
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promoting the development of local industries, such as 

sustainable agriculture or renewable energy production. 

4. Market demand: It is important to consider market demand for 

products or services resulting from sustainable solutions. This 

includes identifying potential markets and ensuring that 

products or services meet the necessary quality and safety 

standards. 

5. Resource availability: The availability of resources, such as 

water, land, and energy, is a crucial economic factor that must 

be considered when implementing sustainable solutions. The 

chosen solutions must effectively utilize available resources 

and promote their use to reduce waste. 

In general, economic factors are critical to the success of sustainable 

solutions to combat desertification. By considering these factors, 

stakeholders can identify the most cost-effective and efficient 

solutions and ensure their sustainable implementation to support 

economic development and improve the livelihoods of local 

communities. 

3. Sustainable solutions 

There are numerous successful examples of sustainable solutions 

implemented to combat desertification. According to the United 

Nations Convention to Combat Desertification (UNCCD) in 2013, 

168 countries are affected by desertification, and by 2030, nearly half 

of the world's population will live in areas suffering from significant 

water shortages. Some of these sustainable solutions include: 

1. The Great Green Wall: The Great Green Wall is a project 

aimed at planting a wall of trees and plants throughout the 

coastal region of Africa, which suffers from severe 

desertification. The project has already planted over 15 billion 

trees and aims to restore 100 million hectares of degraded land 

by 2030. The project not only helps combat desertification but 
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also provides job opportunities and economic benefits for local 

communities. 

2. Drip Irrigation: Drip irrigation is a highly efficient method of 

irrigation where water is delivered directly to the plant roots, 

minimizing water loss due to evaporation and surface runoff. 

This irrigation method has been successfully implemented in 

areas with limited water resources, such as the Middle East 

and North Africa, to improve crop yields and conserve water. 

3. Agroforestry: Agroforestry is a land-use system that integrates 

trees with crops and/or animals and provides multiple benefits, 

such as improving soil health, increasing biodiversity, and 

reducing soil erosion. Agroforestry has been successfully 

implemented in many areas, including the coastal region, to 

combat desertification and improve food security. 

4. Renewable Energy: Renewable energy, such as solar and wind 

energy, is a sustainable solution that can help reduce reliance 

on fossil fuels and provide clean energy to remote areas. Many 

countries in the Middle East and North Africa have 

implemented solar energy projects to provide energy to homes 

and communities in rural areas. 

5. Soil and Water Conservation Measures: Various measures 

have been implemented to conserve soil and water, such as 

terracing, contour plowing, and soil stabilization, to reduce soil 

erosion and improve soil health in areas affected by 

desertification. 

These are just a few examples of the successful sustainable solutions 

implemented to combat desertification. By implementing these and 

other sustainable solutions, we can help protect the environment, 

support economic development, and improve the livelihoods of local 

communities. 

IoT technology has been utilized to combat desertification with a 

range of innovative and effective solutions, such as: 
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1. Utilizing moisture sensors: Moisture sensors are used to 

measure soil moisture levels, with data being sent to the cloud 

for analysis and conversion into recommendations for farmers 

to manage water and soil. [2] 

2. Implementing smart irrigation: Smart irrigation employs 

sensors and control devices to accurately regulate the amount 

of water used in irrigation. Data analysis and recommendations 

are provided to farmers to enhance water use efficiency. [7] 

3. Conducting air monitoring: Atmospheric sensors are used to 

monitor weather conditions and forecasts, which aids in 

determining the optimal time for planting, watering, and 

harvesting. [4] 

4. Tracking pastures: GPS devices are used to track animals in 

pastures and ensure they do not exceed the maximum 

allowable use of the pasture. This helps maintain soil health 

and the ecological balance of the environment. [10] 

5. Utilizing agricultural robots: Agricultural robots are used to 

enhance farming efficiency and reduce human labor, 

ultimately improving water use efficiency and productivity. 

[11] 

The effectiveness of these solutions relies on precise data analysis, 

effective interaction with the surrounding environment, and providing 

appropriate recommendations to farmers and stakeholders. 

4. Examples of IoT applications to combat  

desertification in specific countries 

There are numerous examples of IoT applications being used to 

combat desertification in various countries, including the United 

States, Japan, and parts of the Arab region. Some of these examples 

include: 

1. The United States is a leader in the research and deployment of 

agricultural IoT, with over 75% of US farms using IoT in 

agriculture. This technology has helped American agriculture 
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avoid pests, diseases, natural disasters, and livestock and poultry 

diseases [5]. 

2. Japan's agricultural industry has become a model of efficiency 

and sustainability thanks to IoT technology. More than half of 

farmers in Japan are already using IoT to make up for the 

shortage of workers and grow more crops [12]. 

3. The Arab region has recently seen the emergence of an agro-

technology ecosystem based on data analytics, IoT, and artificial 

intelligence. Efforts from both new companies and governments 

in the region have propelled it to the forefront of the agricultural 

technological revolution [13]. 

4. The "Green Wall Sahara" project in Algeria aims to construct a 

7,000-kilometer green wall along Algeria’s desert border, using 

IoT technologies to monitor soil moisture levels, temperatures, 

and soil quality to promote plant growth. 

5. "The Great Green Wall" project in Africa aims to construct a 

green line that spans 11 African countries from west to east to 

combat desertification, using IoT technologies to monitor 

moisture, soil and water levels, and provide recommendations to 

farmers. 

6. The "Smart Agriculture" project in China uses IoT technologies 

such as sensors and smart irrigation systems to improve water use 

efficiency in agriculture and combat desertification. 

These examples demonstrate the effectiveness of IoT applications in 

combating desertification and improving the efficiency of agriculture 

and environmental conservation. 

5. Using IoT technologies to combat desertification in 

urban areas 

The application of IoT technologies can prove effective in combating 

desertification in urban areas, contingent upon the availability of a 

suitable environment for their implementation. Some solutions that 
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can be utilized in urban areas with IoT technologies to combat 

desertification include: 

1. Smart gardens: Smart sensors can be used to monitor soil 

moisture levels, temperatures, and air quality, providing 

recommendations to urban growers to maintain effective 

irrigation and improve plant growth. [2] 

2. Green roofs: Smart irrigation systems and sensors can be 

employed to enhance the water use efficiency of green roofs, 

improve plant growth, and reduce heat emitted from roofs. [7] 

3. Smart trees: Smart sensors can be used to monitor soil 

moisture levels and the health status of urban trees, providing 

recommendations for tree care and improvement. [2] 

4. Vertical farming: Smart vertical farming techniques can be 

employed in urban areas to grow indoor plants, improve water 

use efficiency, and provide green spaces in urban areas. [7] 

These technologies can improve air quality, enhance public health in 

urban areas, and improve the quality of life for residents. It is 

important to note that the use of IoT technologies to combat 

desertification in urban areas requires the availability of appropriate 

infrastructure and resources to implement these solutions. 

There are several examples of IoT applications being used to combat 

desertification in urban areas, including: 

1. The "Smart Greenhouse" project in China utilizes IoT 

technologies to monitor humidity levels, temperature, and light 

levels in greenhouses, improving water use efficiency and 

plant growth. [18] 

2. The "GreenRoofs" project in the United States uses IoT 

technologies to enhance water use efficiency in green roofs, 

improve plant growth, and reduce heat emission from roofs. 

[19] 

3. The "Urban Farming" project in Japan employs IoT 

technologies to improve the effectiveness of vertical farming 



Journal of Electronic Systems and Programming                                       www.epc.ly 
 

 Issue: 8 December 2023                                                                                  Page 48 

in urban areas, improve water use efficiency, and provide 

green spaces in cities. [20] 

These examples demonstrate the effectiveness of IoT technologies in 

combating desertification in urban areas, enhancing the efficiency of 

agriculture, and contributing to environmental conservation in cities. 

6. The use of IoT technology in combating 

desertification in desert areas 

The application of IoT technology can aid in combating desertification 

in desert areas through the implementation of smart irrigation systems, 

smart trees, smart vertical farming, and other solutions that employ 

smart sensors and data analysis to enhance water use efficiency and 

improve plant growth in the desert environment. 

IoT technology for combating desertification in desert areas involves 

the use of smart sensors to monitor variables such as soil moisture 

levels, temperatures, soil and air quality, and other environmental 

factors. Data collected by these sensors is then analyzed by cloud 

computing and artificial intelligence to determine the specific 

requirements for water and other resources, identify changes in 

environmental conditions, and take action to conserve plants, trees, 

and crops. 

1. Smart irrigation systems in desert areas utilize drip and 

sprinkler irrigation technology to provide water more 

efficiently. These systems are controlled by smart sensors that 

measure soil moisture levels, temperatures, and other 

environmental variables. 

2. Smart trees are utilized in desert areas to improve productivity 

and enhance the surrounding environment, with smart sensors 

used to monitor the growth, health, and productivity of trees 

and provide them with necessary care. 

3. Smart vertical farming is employed in desert areas to increase 

productivity in small spaces, with smart sensors used to 
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determine the precise needs of plants and provide them with 

necessary care. 

In summary, IoT technology can be utilized to combat desertification 

in desert areas, improve water and other resource use efficiency, and 

enhance productivity and quality in agriculture and forestry in these 

regions. [2, 7] 

The application of these solutions to combat desertification in desert 

areas is feasible with the provision of adequate infrastructure and 

resources to implement these IoT technologies. 

However, the application of IoT technologies in desert areas is faced 

with some challenges, including: 

1. Water shortage: Water is a critical challenge in desert areas, 

and the use of IoT technologies to combat desertification 

necessitates the availability of sustainable and efficient water 

sources to supply the required water for plant growth. 

2. Harsh environment: Desert areas are characterized by severe 

environments and significant temperature fluctuations, 

necessitating the deployment of smart sensors that can 

withstand these harsh conditions. 

3. Sustainable energy: The operation of IoT technologies requires 

sustainable energy, and the availability of sustainable energy 

sources in desert areas may pose a challenge. 

4. Social challenges: The implementation of IoT projects to 

combat desertification in desert areas may face social 

challenges, such as a lack of funding or resistance to change. 

Nevertheless, IoT technologies can be employed to combat 

desertification in desert areas through the utilization of smart 

irrigation systems, smart trees, smart vertical farming, and other 

solutions that apply smart sensors and data analysis to improve water 

use efficiency and enhance plant growth in the desert environment [2, 

7]. 
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Smart vertical farming offers numerous benefits in desert areas, which 

is I think it is very important in the Libyan case to combat 

desertification and this includes: 

1. Efficient use of space: Smart vertical farming maximizes the 

use of available space in desert areas, enabling farmers to grow 

crops in small spaces. 

2. Water conservation: Smart sensors can be used to monitor the 

moisture level in the soil and provide recommendations for 

watering, resulting in water conservation. 

3. Reduced carbon footprint: Smart vertical farming can help 

reduce the carbon footprint associated with traditional farming 

practices by minimizing the use of tractors and other 

equipment. 

4. Improved crop yield: Smart sensors can be used to monitor the 

precise needs of crops, enabling farmers to provide the 

necessary care, resulting in higher crop yields. 

5. Year-round farming: Smart vertical farming enables farmers to 

grow crops year-round, regardless of the season or weather 

conditions. 

6. Reduced transportation costs: Smart vertical farming 

eliminates the need for long-distance transportation of crops, 

reducing transportation costs and minimizing the carbon 

footprint. 

In summary, smart vertical farming in desert areas offers a sustainable 

and efficient way to grow crops, with benefits including efficient use 

of space, water conservation, reduced carbon footprint, improved crop 

yields, year-round farming, and reduced transportation costs. 
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7. Challenges for sustainable solutions to combat 

desertification 

There are numerous challenges associated with implementing 

sustainable solutions to combat desertification. Some of these 

challenges include: 

1. Funding: Securing the necessary funding to implement and 

maintain sustainable solutions can be challenging, particularly 

in developing countries where resources are limited. 

2. Lack of political will: The lack of political will to prioritize 

environmental issues and invest in sustainable solutions can 

hinder progress. 

3. Limited knowledge and awareness: Limited knowledge and 

awareness of sustainable solutions and their benefits can 

impede effective implementation. 

4. Climate change: Climate change exacerbates the problem of 

desertification, making it more difficult to implement 

sustainable solutions. 

5. Land tenure issues: Disputes over land ownership and use can 

make it difficult to implement sustainable solutions that 

require collaboration and teamwork. 

6. Limited access to technology and resources: The limited 

availability of technology and resources, such as irrigation 

systems and fertilizers, can make it challenging to implement 

sustainable solutions effectively. 

Despite these challenges, sustainable solutions have been successfully 

implemented in various regions worldwide. Addressing these 

challenges requires collaboration between governments, international 

organizations, local communities, and other stakeholders to secure 

funding, create political will, increase knowledge and awareness, and 

provide access to technology and resources needed to implement 

sustainable solutions effectively. 
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8. IoT Infrastructure  

To effectively operate IoT applications for combatting desertification, 

appropriate infrastructure is required, which includes: 

1. Strong and reliable communication networks: IoT applications 

necessitate robust and dependable communication networks to 

ensure smooth and efficient data transmission. 

2. Advanced sensors: Sophisticated and precise sensor systems 

are required for IoT technologies to monitor variables such as 

humidity levels, temperatures, soil and air quality, and other 

environmental factors. 

3. Cloud computing: Data collected from sensors is stored in the 

cloud, where it is analyzed and interpreted using machine 

learning and artificial intelligence techniques. 

4. Smart software: The use of smart software is essential for IoT 

technologies to analyze data, manage devices, and enhance the 

effectiveness of solutions. 

5. Sustainable energy: The operation of IoT devices requires 

sustainable energy sources such as solar, wind, or hydrogen 

energy to ensure environmental sustainability and reduce 

operating costs. 

6. Experts and specialists: Engineers and experts with knowledge 

and expertise in modern technologies, agriculture, 

environment, and water are required to effectively manage and 

operate these IoT applications. 

In addition, the availability of necessary resources such as funding, 

training, and community support is essential for the full 

implementation of these solutions. 

9. Conclusions 

Based on this study, the following conclusions can be drawn: 

The Internet of Things technology plays a crucial role in combating 

desertification effectively. 
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This technology is applicable in both urban and desert areas. 

Economic and social factors are essential in harnessing the potential of 

this technology for sustainable solutions to combat desertification. 

Many countries are utilizing this technology to find sustainable 

solutions to combat desertification and drought, such as smart 

irrigation, green roofs, vertical farming, and pasture monitoring. The 

effective use of this technology requires appropriate infrastructure, 

including sensors, smart software, and specialized experts. Awareness 

and training are crucial for the successful application and development 

of this technology. 

 

10.   Recommendations  

To contribute to combating desertification, particularly in countries 

like Libya that are threatened by drought, the following 

recommendations should be considered: 

1. State officials must allocate the necessary resources to 

leverage IoT technology in both urban and desert areas. 

2. Emphasis should be placed on training individuals to 

effectively utilize these techniques. 

3. Learning from the experiences of other countries with similar 

environmental conditions that have implemented sustainable 

solutions using this technology. 

4. The provision of necessary infrastructure to implement 

sustainable solutions, which can help combat desertification 

and drought while also creating job opportunities in fields such 

as agriculture and grazing. 

5. In the Libyan case, the Internet of Things technology can be 

employ several methods to combat desertification, such as: 

a. Smart Irrigation Systems: Smart irrigation systems use 

sensors to monitor soil moisture levels, weather conditions, 

and other factors to optimize irrigation schedules and 
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reduce water waste. This can help conserve water 

resources and prevent soil degradation. 

b. Weather Monitoring Systems: Weather monitoring systems 

use sensors and other technology to collect data about 

temperature, humidity, wind speed, and other weather 

conditions. This data can be used to improve agricultural 

practices and prevent soil degradation. 

c. Precision agriculture by improving agricultural practices 

such as planting, fertilizing and harvesting. This can help 

reduce water use, prevent soil degradation, and increase 

yields. 

d. Soil monitoring systems: Soil monitoring systems use 

sensors and other technologies to collect data on soil 

moisture, nutrient levels, and other factors. This data can 

be used to improve agricultural practices and prevent soil 

degradation. 

e. Livestock Monitoring Systems: Livestock surveillance 

systems use sensors and other technologies to track the 

health and behavior of livestock. This can help prevent 

overgrazing and other activities that can lead to soil 

degradation. 

f. Air Quality Monitoring Systems: Air quality monitoring 

systems use sensors to measure levels of pollutants such as 

dust and particulate matter. This data can be used to 

develop strategies to reduce air pollution and prevent soil 

degradation. 
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Abstract 

Microstrip patch antennas are used in satellite imaging systems, 

wireless communication equipment, military radios, GPS (Global 

Positioning System) and GSM (Global System for Mobile 

Communications) applications.    This paper describes rectangular 

patch antennas. It is designed for a frequency of 10.25 GHz, and is 

used for X-band applications. The antenna consists of an FR4 

substrate, with a dielectric constant of 4.3 and a small strip line is used 

as the designer's air feed technique. The antenna performance at 10.25 

GHz was established, several designs were implemented, and the 

return loss, bandwidth, gain and directivity were optimized. The best 

results were obtained in the Two-Element design, where the return 

loss was -36.686 dB, the bandwidth was 2050 MHz, and the gain was 

7.13 dB Also, when simulating a 2*4 antenna, successful results were 

obtained, as the gain value was 10 dB and the bandwidth was 791 

MHz Simulation results were obtained using CST Studio Suite 

software. 

Keywords: Micro-strip, x-band, Patch, VSWR, Return loss. 
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1. Background 

A micro-strip Multiple-Input Multiple-Output (MIMO) antenna is a 

type of antenna system used in wireless communication applications 

to enhance the performance and capacity of the wireless link. MIMO 

technology uses multiple antennas at both the transmitter and receiver 

ends to improve data throughput, increase spectral efficiency, and 

enhance signal quality by exploiting the spatial dimensions of the 

wireless channel. 

A micro-strip MIMO antenna consists of an array of micro-strip 

antenna elements integrated onto a single substrate.  

Each antenna element operates independently and is designed to 

radiate and receive electromagnetic waves in a specific pattern. The 

elements are placed close to each other, allowing for spatial diversity 

and exploiting the multi-path propagation characteristics of the 

wireless channel. 

The micro-strip MIMO antenna design offers several advantages. 

First, it provides spatial multiplexing, enabling multiple data streams 

to be transmitted and received simultaneously using the same 

frequency band. This results in higher data rates and improved system 

capacity. Second, it offers diversity gain by exploiting the spatial 

diversity of the antennas, mitigating the effects of fading and 

improving the reliability of the wireless link. Third, the micro-strip 

configuration allows for compact and low-profile antenna designs, 

making them suitable for integration into portable devices and 

compact wireless systems. 

The design of a micro-strip MIMO antenna involves careful 

consideration of various factors, including the operating frequency, 

bandwidth, gain, radiation pattern. 
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Optimization techniques, such as impedance matching, radiation 

pattern shaping, and isolation between the elements, they are used to 

obtain the desired performance. 

2. Review of Previous Works 

The antenna is designed with a copper patch and ground layer design. 

The antenna is designed to consist of a rectangular patch with a small 

strip with a probe feed and a ground plane marked in the form of an 

inverted U-shaped printed slot used for 4 different frequencies. The 

following results were obtained: a return loss of -15.71 dBm at 

6.72414 GHz, -26.33 dBm at 8.27 GHz, -20.79 dBm at 11.38 GHz, 

and -14.46 dBm. At a frequency of 14.48 GHz. This slot-coupled 

antenna for satellite communications covers the C and X [3]. 

This paper presents the rectangular patch antenna. 

In this paper high gain micro-strip array antennas have been designed 

and analysed for X band RADAR application. The array elements are 

excited by using inset feeding technique. Interestingly, all the array 

antennas are tuned exactly at centre operating frequency of 10 GHz. 

Rogers RT/duroid 5880™ having relative permittivity of 2.2 has been 

used as substrate for all the array antennas. The results show that the 

studied antenna array attained an operating band ranging from 9.77 

GHz – 10.15 GHz with a bandwidth 380 MHz It also revealed that the 

proposed 2×4 element array achieved a peak gain of 15.5 dB, a 

directivity of 15.82 dBi and a return loss of – 30.27 dB Beam steering 

antenna shows return loss of -33.28 dB, very good VSWR of 1.04 and 

high bandwidth of 880 MHz .The ANSYS high frequency structural 

simulator (HFSS) has been used to perform all the simulations works.  

[4]. 

In this study, an E shaped micro-strip patch antenna is proposed. 

Which is designed using FR4 - epoxy substrate. The designed antenna 

has a return loss of -29.21 dB and works with X band. The design is 
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simulated using a software tool called HFSS (High Frequency 

Structure Simulator). The antenna has been designed for 10.3 GHz 

frequency applications and the return loss, VSWR and the radiation 

plot of the designed antenna has been evaluated. The aim is to achieve 

a high directivity with better gain and reduced losses particularly for 

X band applications [5]. 

In this study, micro-strip antenna design operating at 10 GHz 

frequency for X band applications has been made. X band is used for 

air traffic control, weather traffic control, vessel traffic control, 

defence tracking and vehicle speed detection, terrestrial 

communications and networking, space communications and amateur 

radio. HFSS program was used in antenna design. AWR program was 

used to find transmission line parameters. In addition, MATLAB 

program was used to calculate some parameters. First of all, 

information is given about the working principle of the antenna, the 

selected dielectric layer and the working frequency. Schematic 

drawings of the designed antenna were made from above and from the 

side. S11 reflection coefficient magnitude graphs are drawn below and 

above the operating frequency. The radiation pattern is drawn for the 

E-plane and H-plane at the operating frequency. 3-D (dimensional) 

plot of antenna gain at operating frequency is drawn [6]. 

3.  Antenna Design 

Several designs have been made for antennas that operate within the X 

band. Single element type, 2×2, 1×2, 1×4 and 2×4 antennas were 

designed and analyzed via CST software. 

Using a program from CST Studio Suite, the antenna was designed. 

The design components were displayed, namely the dimensions of 

each layer, the materials it is made of, and the way the feeding process 

was done, to obtain some parameters such as VSWR, return loss, 

directivity, gain, and bandwidth. The ground layer is considered the 
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basis for the design. The second layer is the substrate and is connected 

to the ground. Choosing the type of substrate is very important. An 

FR4 insulating material was used. The relative permittivity value is 

4.3 and the dielectric loss value is 0.02. The last layer is the patch 

emission antenna. The feeding method used is micro strip line feeding. 

3.1 Design of Microstrip single Patch Antenna 

 The antenna was designed using (CST) software. The dimensions for 

rectangular patch to operate at 10.25 GHz frequency. Choose a 

suitable insulating substrate material and determine its dimensions 

using the Micro-strip antenna program to be the same as the 

dimensions of the ground layer by entering the material permittivity 

value and frequency, to give me the width and length value of the 

substrate layer and the floor layer. in addition to Determine the height 

of the substrate (H) so that it is suitable for the design, and calculate 

the appropriate patch dimensions (width and length) using some 

mathematical equations (1) and (2). 

Determine the feeding method and choose the appropriate feeding It is 

suggested to design the antenna for better performance by adding 

another patch. Performance is also improved by making differences in 

the inset feed to obtain greater matching between the feed line and the 

patch. 

Hence, the suggested antenna gives better results for both variables 

such as improved gain, efficiency and bandwidth. 

Location.  

             Lg = L+6h                                                                         (1) 

            Wg = w+6h                                                                        (2) 
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Figure 1: 3D design of Micro-strip Single Patch Antenna 

The Table I shows the measurement parameters. 

TABLE I. DIMENSIONS OF THE ANTENNA 

parameter Value in mm 

Length of the ground Lg=15.81 

 Length of the substrate LS=15.81 

Length of the patch Lp=6.33 

Width of the ground Wg=18.46 

Width of the substrate Wg=18.46 

Width of the patch Wp=8.98 

Thickness of the ground t=0.035 

Thickness of the substrate hs=1.58 

Thickness of the patch hp=1.615 
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Using the Microstrip Line program, the length and width of the feed 

line are calculated by entering an impedance value equal to 50 ohms. 

The following table shows the dimensions. 

TABLE II. MEASUREMENT OF THE FEED LINE 

parameter Value in mm 

Length of the feed line Lf=4.04 

Width of the feed line Wf=3 

Thickness of the feed line h= 1.615 

 

The schematic antenna is shown in Figure 1 as being composed of The 

ground is in the first layer, and the substrate is placed between the 

ground layer and the last layer, which is the patch with a conductive 

patch on the upper side. 

3.2 Design of Microstrip two Patch Antenna 

The antenna design was proposed by adding another correction. The 

antenna was designed to consist of two patches and an individual 

feeding technique was used for each patch. Hence, the proposed 

antenna provides better output in improving gain, directivity and 

efficiency.  
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Figure 2: 3D design of Micro-strip Two Patch Antenna 

 

TABLE I I I: DIMENSIONS OF THE ANTENNA 

parameter Value in mm 

Length of the ground Lg=20 

 Length of the substrate Lg=20 

Length of the patch Lp= 6.013 

Width of the ground Wg=45 

Width of the substrate Wg=45 

Width of the patch Wp= 11.19 

Thickness of the ground t=0.035 

Thickness of the substrate hs=1.58 

Thickness of the patch hp=1.615 
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Length of the feed line Wf=1.5 

Width of the feed line Lf=5 

Thickness of the feed line h=1.615 

 

3.3 Design of Microstrip two Patch Antenna and One 

Port 

The 1×2 elements micro-strip array antenna has been designed by 

using two elements was proposed by adding another patch. The 

dimensions of the patches were designed according to the table, a 

spacing of is used between two successive elements of the array 

antenna to reduce mutual coupling effects, the spacing between two 

patches is of 11 mm. Internal changes were made to the feed to obtain 

a greater match between the feed line and the patch. The antenna was 

designed to consist of two patches and a co-feeding technique was 

used. Hence, the proposed antenna provides better output in 

improving gain, directivity and efficiency. The following table 

displays measuring parameters. 

TABLE IV: DIMENSIONS OF THE ANTENNA 

parameters Value in mm 

Length of the ground Lg=22 

 Length of the substrate Lg=22 

Length of the patch Lp= 5 

Width of the ground Wg=22.5 
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Width of the substrate Wg=22.5 

Width of the patch Wp= 7.77 

Thickness of the ground t=0.035 

Thickness of the substrate h=1.58 

Thickness of the patch h=1.615 

Length of the feed line Wf=1.5 

Width of the feed line Lf=5 

Thickness of the feed line h=1.615 

 

 

Figure 3: 3D design of Micro-strip Two Patch Antenna and one 

port 

3.4 Design of Microstrip four Patch and one port 

Antenna 

It is proposed to design a small chipset of 1 × 4 elements by adding 

other patches. Performance is also improved by making internal feed 

changes for a greater match between feed and patch line, the length 
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and width of the feed line are entered Adjusted for better resistance 

matching. The antenna is designed to have four patches and one feed 

port. The company's proprietary nutrition method is a method used to 

activate all elements, It was used in this design. The patch elements 

are connected using a small tape line, the patch elements are 

connected using a quadrant Wavelength micro-strip line and T-shaped 

power divider. 

The width of the feed lines 50 ohm. The following table displays the 

measurement parameters obtained after the procedure Optimization 

process. 

TABLE V: DIMENSIONS OF THE ANTENNA 

parameters Value in mm 

Length of the ground Lg= 51.09 

 Length of the substrate Lg= 51.09 

Width of the ground Wg= 97.74 

Width of the substrate Wg= 97.74 

Thickness of the ground t=0.035 

Thickness of the substrate h=1.58 

Thickness of the patch h=1.615 

Length of the feed line Wf=1.5 

Width of the feed line Lf=10.59 

Thickness of the feed line h=1.615 
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Figure 4: 3D design of Micro-strip four Patch Antenna And one 

port 

3.5 Design of Microstrip four patch and two ports 

antenna 

The antenna design was proposed to add other corrections to improve 

performance, in addition to making internal changes to the feed to 

achieve greater matching between the feed and the correction line, the 

impedance of the feed lines 50 ohm. The antenna is designed to have 

two feed lines. The following table displays measuring parameters. 

TABLE VI:  DIMENSIONS OF THE ANTENNA 

parameters Value in mm 

Length of the ground Lg=22 

 Length of the substrate Lg=22 

Length of the patch Lp= 5 
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Width of the ground Wg=50 

Width of the substrate Wg=50 

Width of the patch Wp= 8 

Thickness of the ground t=0.035 

Thickness of the substrate h=1.58 

Thickness of the patch h=1.615 

Length of the feed line Wf=1.5 

Width of the feed line Lf=5 

Thickness of the feed lin h=1.615 

 

 

 

Figure 5: 3D design of Micro-strip four Patch Antenna and Two 

port. 
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4. Simulation Result Analysis 

Using the CST program, the proposed antenna was built and 

simulated, and results were obtained. It is shown by analysis how 

different parameters affect the frequency. Depending on the length of 

the correction, it has been shown that the operating frequency starts to 

decrease, and as the length of the correction decreases, it is observed 

that it starts to climb. The resonant frequencies move according to the 

ever-changing patch magnitude. The required resonance frequency is 

10.25GHz after adjusting for patch length and other variables. 

4.1 Simulation and Analysis single element Micro-strip 

single Patch Antenna 

 The value of S11 is relative to Antennas the reflection coefficient and 

represents the value of power reflected by the antenna. 

The antenna shows return loss of (-53.460dB) and less than -10dB at 

the operating frequency of 10.248GHz, which means that power has 

been delivered to the antenna. 

 

 

Figure 6: S-Parameters of the designed Patch Antenna. 
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          Bandwidth=FH-FL                                                  (3) 

The bandwidth value was calculated using Equation No. (1), and its 

value is equal to (0.8631GHZ), Equivalent 863.1MHz as shown in 

Fig.6. 

 

 

Figure 7: Gain of the designed Patch Antenna. 

 

The antenna gain value is evidence of the radiation efficiency. The 

obtained gain value is equal to (3.79dB), while the antenna directivity 

is the amount of radiation that it radiates and directs in one direction. 

The obtained directivity value is equal to (7.51dBi), at the operating 

frequency of 10.25 GHz.  



Journal of Electronic Systems and Programming                                       www.epc.ly 
 

 Issue: 8 December 2023                                                                                  Page 76 

 

Figure 8: Directivity of the designed Patch Antenna. 

 

The VSWR value is important to be between 1 and 2 to ensure that 

the antenna and feed line match. 

 

Figure 9:  VSWR of the designed Patch Antenna. 

According to Figure 9 of the curve, we notice that the value of VSWR 

is equal to (1.004), which means that the reflection coefficient value is 

very weak.  

The value of the total efficiency is equal to (-3.828dB), and the 

radiation efficiency value is (-3.71dB).  



Journal of Electronic Systems and Programming                                       www.epc.ly 
 

 Issue: 8   December 2023                                                                                             Page 77 

4.2 Simulation and Analysis 2 x 2 element Microstrip 

Patch Antenna 

When designing two patches at 10.25 GHz, the S11 value for the 

antennas is represents the amount of energy reflected by the antenna. 

The array its return loss to (-36.686dB) at the same centre frequency 

of 10.34GHz, and less than -10dB of which means that power has 

been delivered to the antenna.  

 

Figure 10: S-Parameters of the designed Two Patch Antenna 

 

The bandwidth value was calculated using Equation No. (1), and its 

value is equal to (2.05GHZ). 

The frequency ranges at which the antenna operates is from 9.9328 

GHz to 11.988 GHz. 

This means it has a wide bandwidth of 2050MHz. 
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Figure 11: Gain of the designed two Patch Antenna. 

 

As for the value of gain, it is equal to (7.13 dB), and the value of 

directivity is equal to (10.2dBi). 

 

 

Figure 12: Directivity of the designed Two Patch Antenna. 
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From the curve, we notice that the value of the VSWR at the operating 

frequency is equal to (1.029), and this means that the value of the 

reflection coefficient is very small. 

 

 

Figure 13: VSWR of the designed Two Patch Antenna 

 

The value of the total efficiency is equal to (-3.107dB), and the 

radiation efficiency value is (-3.080dB). 

4.3 Simulation and Analysis 1 x 2 element Microstrip 

Patch Antenna  

Fig. 15 shows the S-parameter curve. When four 10.25GHz patches 

are designed and fed into a single feed line, the S11 value of the 

antennas is the represents the amount of power reflected by the 

antenna. When the S11 is equal (-25.494dB) and less than -10dBm at 

the operating frequency of 10.37GHz, it means that power has been 

applied to the antenna. 



Journal of Electronic Systems and Programming                                       www.epc.ly 
 

 Issue: 8 December 2023                                                                                  Page 80 

 

Figure 14: S-Parameters of the designed Two Patch Antenna and 

one port 

The bandwidth value was calculated using Equation No. (1), and its 

value is (0.777 GHz). 

From the curve we notice that the antenna radiates a signal over a 

frequency range, It ranges from 10.019 GHz to 10.796 GHz with an 

operating frequency of 10.25 GHz. The bandwidth of the array 

antenna is 777 MHz. 

 

Figure 15: Gain of the designed two Patch Antenna and one port 
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Antenna gain is evidence of radiation efficiency. The gain value is 

equal to (6.62 dB). The value of directivity is equal to (8.83dBi). 

 

Figure 16: Directivity of the designed Two Patch Antenna and one 

port 

 

 

Figure 17: VSWR of the designed Two Patch Antenna and one 

port 
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From the curve, we notice that the value of the VSWR at the 

operating frequency is equal to (1.112), A VSWR value between 1 

and 2 means that there is a physical match between the antenna and 

the feed line. 

The value of the total efficiency is equal to (-2.487dB), and the 

radiation efficiency value is (-2.211dB).  

4.4 Simulation and Analysis 1 x 4 element Microstrip 

Patch Antenna  

The return loss of (-21.34dB) was obtained at 10.66 GHz.  

It operates over 10.486 GHz – 10.904 GHz frequency range.  

 

Figure 18:  S-Parameters of the designed Four Patch Antenna and 

one port 

The bandwidth value was calculated using Equation No. (1), and its 

value is (0.418 GHz). The bandwidth of 418 MHz. 
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Figure 19: Gain of the designed four Patch Antenna and one port. 

  The gain and directivity of the suggested 1 x 4 antenna is (6.83 dB) 

and (11.2 dBi) at the frequency of 10.25 GHz.  

 

 

 

Figure 20: Directivity of the designed Four Patch Antenna and 

one port. 

The curve shows a very good VSWR value of 1.18 (Figure 21). 
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Figure 21: VSWR of the designed four Patch Antenna and one 

port. 

The value of the total efficiency is equal to (-5.313dB), and the 

radiation efficiency value is (-4.230dB).  

4.5 Simulation and Analysis 2 x 4 element Micro-strip 

Patch Antenna  

When the S11 is equal (-22.404dB) and less than -10dBm at the 

operating frequency of 10.45GHz, it means that power has been 

applied to the antenna. 

 

Figure 22: S-Parameters of the designed four Patch Antenna and 

two port. 


