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ABSTRACT 
In the recent years, Artificial Neural Networks (ANNs) have 

proved their great success for fault diagnosis in many 

applications. The performance of the ANN depends on its 

topology. So, optimizing the ANN's topology is an essential 

task to improve its efficiency. On another side, genetic 

algorithms (GAs) are becoming a main optimization 

methodology used in solving the engineering problems. 

However, the proposed system introduces a new algorithm that 

uses genetic algorithm to optimize the topology of the ANN. It 

has been used for diagnosis and repairing the Photovoltaic 

(PV) energy systems dynamically online as a case of study. 

Recently, PV systems have a great attention and concerning by 

the researchers to solve the power problems all over the world. 

Many diagnostic systems have been developed to diagnose the 

PV faults, but they are very expensive and sometimes are 

unmanaged especially for complex and critical PV systems. 

The proposed system enables the PV systems can overcome 

these limitations. Its obtained results are compared with fuzzy-

based and traditional neural network-based diagnostic PV 

systems. It is found that, the proposed system has proved its 

goodness for the practical applications.  

Keywords 

Neural Network, Genetic Algorithm, Photovoltaic Systems, 

Fault Diagnosis, and Fault Repairing.  

1. INTRODUCTION 
Recently, there is a great power problem appeared all over the 

world. However, researchers found that using the renewable 

energy sources represent a key of solution for this problem.  

PV systems represented a main area in the renewable energy. 

They preferred due to their clean and eco-friendly for the 

environment. They have been successfully used for many 

applications [1].  

The architecture of the target PV system is shown in fig. (1) 

that consists of a PV panel, a charger and a battery. The panel 

module is the main part of any PV system. It consists of PV 

cells connected in a series-parallel NxM array. The output of 

the panel varies with solar irradiance level and temperature. 

This drives to use a charger module that controls the PV panel 

output (VPV, IPV) and feeds the power for the load and charging 

the battery. The battery can store the PV power to feed the 

needed power for the load in case of unsuitable power obtained 

from the PV panel. So, the battery is considered an essential 

part for any PV system [2]. 

 

Fig. (1): PV system architecture 

But, the efficiency of the PV systems affected by their faults. 

Ensuring the good performance operation of the PV cells is 

very important task. Appearing the PV cell faults in the panel 

causes two problems: (1) A PV cell fault leads to a reverse bias 

operation which may result in hot spots and cause more faulty 

PV cells in that PV cell group. (2) limiting the output current of 

the PV panel [3].  

Several PV cell fault detecting and diagnostic techniques have 

been developed, as: Traditional approaches based on power 

losses have been proposed for detecting the faults [4-6]. While, 

a decision tree model and time domain reflectometry (TDR) 

were used for detecting the faults of PV systems [7-8]. More 

recently, intelligent systems based on (Neural network, Fuzzy 

systems or Neuro-Fuzzy network) for automatic detecting the 

faults in PV fields were introduced [9-11]. Besides, signal 

processing is used to detect online fault in PV systems [12, 13].  

But, these previous techniques suffer from some limitations as: 

(1) the traditional and decision tree methods were concerning 

only on the detection of the faults, or sometimes, having no 

ability to diagnose the causes for these faults, and needing for 

high cost till achieve the diagnosis [14]. Also, the previous 

works of the intelligent systems did not develop a complete 

algorithm and methodology for faults detection and 

classification that is able to represent the real system 

effectively [15]. Besides, all these diagnostic system works off-

line and have not introduced repairing methods for the faulty 

systems that is considered main goal for the critical systems. 

Therefore, the present research proposes a new online 

optimized neural network fault diagnostic and repairing 
system. This enables the PV system to be suitable for the 

critical applications. It can be applied for diagnosis and 

repairing different types of systems. In this research, it can 

diagnose and reconfigure the PV panels for failures appeared in 

a bulletin board in the high way.  

The reminder of this paper is organized as follows: Section 2 

represents the Neural Networks. Section 3 introduces a short 

brief about the genetic algorithm. Section 4 presents the 

proposed system. In Section 5, the applicability of the proposed 

diagnostic system and their results are given, and the 

conclusions are addressed in Section 6. 

2. ARTIFICIAL NEURAL NETWORK 
The artificial neural network (ANN) is used mainly to simulate 

the behavior of nerve system in the human brain. ANN can be 

represented as parallel distributed processor consists of simple 

processing units. ANN is simple algorithm, fast computational 

speed and high accuracy of validation [16]. ANNs have been 

applied successfully in many fields such as data analysis, fault 

diagnosis, voice and image recognition, process monitoring, 

automatic control and optimization resolution [17].  

Generally, the ANNs methods have three important stages. 

They are: data collection, data training (or learning) process 

and validation of its output. Feed-forward and Back-

propagation are the common training algorithms of ANNs [18]. 
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There are many different types of network architectures. All of 

them have three main layers: input, output and hidden layers as 

shown in fig. (2).  

 

Fig. (2): Structure of Artificial Neural Network 

3. GENETIC ALGORITHMS 
Genetic algorithm (GA) is a global, parallel, stochastic search 

methods, founded on Darwinian evolutionary principles. They 

have proved their potential in scientific and engineering 

optimization or search problems. They can evaluate many 

solutions in parallel at once. Genetic algorithms are particularly 

well-suited to solve problems where the space of all potential 

solutions is truly huge - too vast to search exhaustively in any 

reasonable amount of time [19].  

The GA works with three operators, they are: selection, 

crossover and mutation. The selection operator determines 

which individuals may survive and has the chance to continue 

in the next generation. While, the crossover operator entails 

choosing two individuals to swap parts of their code, producing 

new "offspring" that are combinations of their parents. Besides, 

the mutation operator alters one or more components of a 

selected chromosome. Mutation randomly changes a gene on a 

chromosome. It provides the means for introducing new 

information into the population. Finally, the GA tends to 

converge on an optimal or near-optimal solution through these 

operators [20-21]. 

4. PROPOSED FAULT DIAGNOSTIC 

ALGORITHM  
Neural Networks have proved their great success in the 

diagnostic process. Its performance is mainly depending on its 

topology. Thus, optimizing the topology of the ANN can 

ensure the accuracy of its output.  

Therefore, firstly, the proposed system uses the genetic 

algorithm to optimize the topology structure of the neural 

network that used in the diagnostic process of the PV systems. 

The genetic algorithm can be implemented as: 

1. Chromosome Representation: The proposed system uses 

the binary digits for representing the topology of networks 

(chromosomes).  

2. Initial Population: The initial population is constructed 

from random individuals its size = 30. 

3. Crossover Operator: The suggested GA can combine the 

parents to obtain two offsprings using a uniform crossover. 

Its rate = 0.2. 

4. Mutation Operator: The random mutation is used for this 

GA with a rate = 0.03.  

5. Fitness function: Minimizing the error value of the neural 

network represented the fitness function of the GA. It is 

computed by the inverse of an error value:  

 

𝐸 = 100 
𝑂𝑚𝑎𝑥 − 𝑂𝑚𝑖𝑛

𝑛𝑇
    𝑦𝑖 t − 𝑧𝑖 t  

2

𝑖=1𝑡=1

 

 

where t = 1, 2, …, T: T is the number patterns of a validation 

set containing; omax and omin are the maximum and minimum 

values of output coefficients in the problem representation, 

i=1,2,…, n : n is the number of output nodes, Yi(t) and Zi(t) 

are actual and desired outputs of node i for pattern t.    

If E has not been significantly reduced, then the assumption 

is that the network is trapped in a local minimum and the 

network is marked with `failure'. Otherwise the network is 

marked with success.  

After the optimum topology for the neural network is achieved 

by the genetic algorithm, secondly, the proposed system 

divides the structure of PV system into three modules, as 

shown in fig. (3). They are: 

(1) PV panel module contains the master panel that feeds the 

power for the load and the auxiliary PV cells. Then, the 

proposed diagnostic system divides the PV panel into multiple 

areas. Each of them has its inputs and related output for 

training the neural network. 

(2) A charger module.  

(3) A battery module.  

 

Fig. (3): Structure of the proposed PV System 

Thirdly, the proposed neural network is trained with multiple 

types of faults for the PV parts (panel, charger and battery). 

Fourthly, the neural network begins the diagnostic process as 

described in fig. (4). The tasks of the diagnostic operation in 

the following steps: 
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Fig. (4): The diagnostic operation of the proposed system 

(1) Detecting the failure operation of the faulty module(s), 

the proposed system determines which area (group of 

PV cells) has the failure 

(2) The system concerns the diagnostic process for the 

faulty module(s) or group(s) of PV cells only rather 

than diagnosis the whole PV system. 

(3) If the proposed system diagnoses faulty cells in the 

master PV panel. These cells are replaced with correct 

ones from the auxiliary cells automatically online.  

(4) The proposed system sends a message for the 

maintenance centre to inform about the faulty cells now  

           in the auxiliary cells. Then, the centre can repair them 

without affecting the operation of the load. 

(5) If the failure appeared in the charger or the battery 

module, the algorithm sends also alarmed message for 

the maintenance centre for repairing.  

The implementation of the suggested diagnostic system is 

described as: 

1- It is implemented under the environment of the 

Matlab/Simulink. 

2- The proposed neural network has used back propagation 

algorithm that proved its success for the diagnostic 

systems.  

3- The optimum topology of the ANN obtained from the 

results of the genetic algorithm is: It has two hidden 

layers with 24 neurons.  

 

5. APPLICABILITY OF THE 

PROPOSED DIAGNOSTIC SYSTEM 

AND ITS RESULTS 
The proposed system is a general purpose diagnostic PV 

system. It can be used for diagnosis different PV systems. It 

has been applied to diagnose the faults of a PV system used to 

feed the power for a bulletin board in the high way used for 

traffic's instructions as a case of study.  

The proposed neural network is trained for 8-types of the faults 

for each part. The output number 0 represents the PV module 

in normal state. While, the output numbers (1-to-5) deal with 

the faults appeared in the master PV panel. Where, O/P1: 

represents the degradation state in PV module, O/P2: 

represents the short-circuit state in PV module, O/P3: 

represents the open-circuit state in PV module, O/P4: 

represents the degradation of power state, O/P5: represents the 

partial shading in PV master panel module. O/P6: represents 

the charger failure state, O/P7 represents the battery failure 

state. Table (1): represents a comparison between the simulated 

results obtained from a fuzzy system [9], traditional neural 

network system without optimizing its topology [10] and the 

proposed diagnostic system. While, figures (4-7) are 

represented comparisons between the results obtained from the 

three systems at different temperatures and irradiations. It is 

found that, the proposed system has proved its significant 

performance compared with the other systems. However, the 

proposed system can be used for diagnosis different types of 

real-time PV systems in good manner. Therefore, the 

performance of these systems can be improved.  

 

Fig. (4): A comparison between the accuracy of the fuzzy 

System, Traditional NN and the proposed NN systems at 

Temperature = 33 °C, and Irradiation 380 (W/m²) 

applied for a bulletin board in the high way. 

 

 

 

86

88

90

92

94

96

98

100

A
cc

u
ra

cy

Types of Faults

Fuzzy System

Traditional NN

Proposed NN

               Start 

Determine the faulty 

area in PV system 

 

Concern the diagnosis 

on the faulty area 

 

Y 

Y N 
  If the fault 

appeared in 

the master 

panel? 
 

   If the fault 

appeared in 

the charger 

or Battery 

panel? 
 

Replace the faulty cells 

with good ones from the 

auxiliary module. 

               End 

Send a message to inform 

the maintenance centre 

about the failure 

N 



International Journal of Computer Applications (0975 – 8887) 

Volume 114 – No. 9, March 2015 

29 

Table (1): A comparison between the simulated results obtained from a fuzzy system, traditional neural network system and 

the proposed system. 

Environment Conditions Simulation Results 

Type of 

faults 

Temper-

ature °C 

Irradia-

tion 

(W/m²) 

Fuzzy System Traditional NN System Proposed NN System 

Accuracy Time 

(sec.) 

Accuracy Time 

(sec.) 

Accuracy Time 

(sec.) 

Normal  33 380 95.0 9.7 93.1 8.8 98.6 5.4 

35 570 94.7 9.5 93.5 8.7 97.7 5.3 

Short-Circuit  33 380 94.6 9.4 93.5 8.6 96.6 4.4 

35 570 94.1 9.3 93.9 8.3 96.2 6.3 

Open-Circuit  33 380 93.4 9.1 93.7 8.1 97.5 6.9 

35 570 93.6 10.1 92.5 7.9 97.8 5.8 

Degradation 33 380 92.8 9.8 92.1 10.7 98.2 5.6 

35 570 92.4 9.2 92.3 10.5 98.1 4.8 

Shading  33 380 92.1 8.9 94.3 11.6 97.6 5.7 

35 570 92.2 8.7 92.9 11.3 97.8 3.9 

Charging 

Module 

33 380 94.2 10.2 91.7 9.5 98.9 3.7 

35 570 94.6 10.5 91.6 9.7 98.6 3.5 

Battery 

Module 

33 380 91.5 8.8 90.5 10.8 96.6 4.7 

35 570 91.2 8.5 90.2 10.5 96.6 4.6 

 

 

Fig. (5): A comparison between the time of the fuzzy 

System, Traditional NN and the proposed NN 

systems at Temperature = 33 °C, and Irradiation 

380 (W/m²) applied for a bulletin board in the high 

way. 

 

 

 

 

Fig. (6): A comparison between the accuracy of the fuzzy 

System, Traditional NN and the proposed NN systems at 

Temperature = 35 °C, and Irradiation 570 (W/m²) 

applied for a bulletin board in the high way. 
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Fig. (7): A comparison between the time of the fuzzy 

System, Traditional NN and the proposed NN systems at 

Temperature = 35 °C, and Irradiation 570 (W/m²) 

applied for a bulletin board in the high way. 

6. CONCLUSION 
Neural networks have proved their success in solving the 

diagnostic problems. The proposed system is a new member in 

the neural network diagnostic families. It uses the genetic 

algorithm to optimize its topology. It introduces the diagnosis 

and repairing the PV systems. The suggested system can 

improve the performance of the diagnostic systems due to the 

following features: 

1- The proposed system introduces a new complete 

algorithm for diagnosis and repairing the PV systems. 

2- It can improve the performance of the traditional neural 

network system by optimizing its topology using the 

genetic algorithm technique. 

3- It can diagnose multiple faults in parallel and so   

speed-up the diagnostic process. 

4- The system can replace the faulty cell(s) with        

good-operated ones online. So, it can repair the failure 

immediately and on-line. 

5- It can decrease the diagnostic time and speed-up the 

process. 

6- It can be used for the modern complex PV systems that 

are considered one of the main issues of modern 

technology. 

7- It can divide the PV panel into group of sub-areas. And 

so, the diagnostic process into two steps. The first one 

deals with detecting the failure and the second one 

concerns with diagnosis the cause for the failed area 

only.  

However, the proposed system has been applied for the 

different types of PV systems. Its obtained results are 

compared with the results for fuzzy and traditional neural 

network-based diagnostic systems. These results have proved 

its increasing for the accuracy and decreasing the time for the 

diagnostic process. 
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