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In this paper, we propose a method of analysis and detection degradation of physical and electrical parameters in 
photovoltaic cell. This method incorporates the stages of detection, localization and identification. For modeling PV panels, 
we used the two-diode model. Concerning the detection and localization, we used a limited number of voltage sensors. Also 
for the identification, we use the method of analysis of the I-V curve of the PV cell. By using this method, we can identify 
degradation due to climatic conditions as a partial shade, and the increase in the series resistance due to the corrosion or 
bad contact between cells, with examination of the presence of inflection points and calculate the second derivative of the 
error between the I-V characteristic with and without defects. The obtained simulation results showed the effectiveness of 
the proposed diagnosis method and the model used. 
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1. Introduction 
 

The great need of energy, require the recovery of 

energy available in our environment typical ambient 

energies include sunlight, mechanical energy, thermal 

energy, and RF energy [1, 2]. Converting ambient energy 

into electrical energy has attracted much interest in both 

the military and commercial sectors [3]. One of the most 

important sources of energy is the photovoltaic power 

(PV). 

The photovoltaic power generation has widely spread 

in different applications ranging from space systems to the 

residential and commercial installations in buildings, 

telecommunication stations, power plants, and industrial 

applications [4]. 

During operation, a PV generator is subject to several 

defects. The most commonly encountered defect in the PV 

generator is the partial shade failure. This defect greatly 

minimizes the output power and makes the control of the 

converters ineffective; because the power delivered by the 

generator may have several maxima [5-6].This can 

happen, in particular, when the protective diodes (bypass 

diodes) of the PV cells are closed. Another defect that has 

the same effect as the defect of partial shade is the failure 

of increase in the series resistance Rs. The series resistance 

is a parameter to modeling of the photovoltaic cell. It 

represents the contact resistance between metal, 

semiconductor and the resistance of the semiconductor 

material.  

Also, the operation of a PV generator in the presence 

of several defects and anomalies causes a decrease in the 

performance or total unavailability of the system. All these 

adverse consequences are obviously going to reduce 

productivity, and therefore reduce the performance of the 

plant, increase the cost of maintenance to make the system 

operating in normal state. 

To minimize the unavailability period and maximize 

the performance and efficiency of PV systems, the 

diagnosis and the monitoring of PV system operation are 

essential. 

Most of the works on fault diagnosis of PV presented 

in the literature use the model of a single diode of the PV 

cell [7-12]. Hence using other models for diagnosis such 

as a two-diode model is needed. 

This work focuses on the diagnosis of the partial 

shade defect, a failure of increase the series resistance and 

their effects on the I-V characteristic in the DC side of a 

photovoltaic generator. This paper is organized into six 

sections: 

Section 2 describes the modeling of a PV panel using 

a two-diode model which allows us to present the effect of 

partial shading and the defect of increasing of series 

resistance on I-V characteristic of the panel.  

Section III provides a method of detecting and 

locating defects mentioned above. Section 4 deals with the 

method of fault identification by analysis of the curve I-V. 

Section 5 presents the different simulation results, and 

finally, section 6 concludes the paper.  

2. PV model for two-diodes 

Many electrical models are available in the literature 

to model the curves I-V of the PV modules, in particular 

the single-diode model. The single diodes models were 

based on the assumption that loss of recombination in the 
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depletion region is absent. In a solar cell, recombination 

represents a substantial loss that cannot be properly 

modeled using a single diode. The review of this loss 

results in a more accurate model known as a model for 

two-diodes [13-15], this model is shown in Fig. 1. 

 

 
 

Fig.1. Equivalent circuit of PV cell with two- diodes. 

 

A photovoltaic module PV consists of several cells in 

series. Thus, if all cells are identical, the global I-V curve 

can readily be determined by adding up the voltages of 

each cell. 

 

 
 

Fig.2. A branch cell with a PV cell shaded and a 

protection diode in conduction 

 

Under real operating conditions, if the PV cells are 

slightly different from each other or if they are not 

uniformly illuminated (partial shade), the voltage at the 

terminals of the cells concerned is negative causing the 

conduction of the diode bypass fig. 2. The determination 

of the I-V curve in this case requires a specific model. 

The model used is a double diode model that 

considers the inverse characteristic of the PV cell to 

present the operation under conditions of partial shade and 

increased series resistance [16,17]. 

The electrical current produced by the cell and 

presented by fig. 1, has the following expression: 
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Where the first term phI  is the photocurrent, the 

ideality factor 1n , 2n  (taken respectively equal to 1 and 2),

01I , 02I are the saturation currents for the diode 

respectively one and two are given with [17]: 
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sR  is the series resistance, shR  is the shunt resistance, 

and k  is the Boltzmann constant. q  is the elementary 

charge, T is the temperature, The photo current is equal to: 
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G is a solar illumination on the module and STC is the 

standard test conditions, to consider the shading effect, the 

PV module is divided into two equal parts, each part has a 

group of cells connected in parallel with a bypass diode 

and each part behaves as a single module Fig. 3. 

 

 
 

Fig.3. Equivalent circuit of a PV module with shaded PV 

cells, (a) normal PV cells (m1 cells), (b) shaded PV cells 

(m2 cells). [17] 

The characteristic of a PV module with shaded cells is 

simulated by introducing an additional term that takes 

account the falling of the diode at high negative voltages. 

Thus: 
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ph,1I
 
and ph,2I  are the photo-current of normal cells 

and shaded cells. the shading percentage B of the cell, is 

given according to Eq.(9). 
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,2 ,1.ph phI I                (9) 

 

In Eq. (8) a is a correction factor and m an exponent 

of avalanche breakdown. 

3. Detection and localization Method 

A monitoring system must achieve three main tasks, 

detection which consist to take a binary decision, either the 

system works properly or a failure occurred. 

The localization, its role is to determine the defective 

components; the identification consists of determining the 

shape of the failure in order to determine the nature of 

maintenance or correction that should be made.  

Recent approaches offer new types of PV panels 

connections other than the standard serial and parallel 

connections and by adding a certain number of current and 

voltage sensors. The comparison of these currents, leads to 

locate the location of the photovoltaic panels that are 

faulty. The use of certain fusion rules of data help  

 

 
 

Fig.4. Structure of a PV string and the connected voltage 

sensors on each group 

 

To improve the decision making and the fault 

localization, these methods are not effective on 

conventional connections [18, 19]. 

In order to overcome this problem, the proposed 

method of faults detection and localization is to use a 

minimum number of voltage sensors in a group of panels, 

connected in a classical way presented as a string of N 

series groups, figure 4. 

The total voltage delivered by the string is given by 

the following equation: 
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SV  is the voltage with a string, Giv  is the voltage 

delivered by a group. In the case of normal operation (D = 

0), the tension of a group is given by the following 

equation: 
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With v  is the voltage panel, n  is the number panel in 

a group, In the case of a defect (D = 1) in a group, the 

voltage of the group will be as follows:  
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Or k is the number of panels in a failure in a group, 

kv is the voltage of the defected panel, D is the signal of 

the absence or presence of the defect and j is the number 

of defected panels. 

To fulfill the detection and localization, we have to 

compare the measured voltages 
Giv of each group with a 

threshold S calculated from the model equations 

depending on weather conditions and on the uncertainties 

of the system and instrumentation measures. 

 

GeS v             (13) 

 

Gev  is the estimated tension of the group,  is the 

uncertainty on the system and the measures 

instrumentation. 

The decreases of Giv  voltage below the threshold 

makes the fault signal D equivalent to 1, which means that 

the group i  is defected. 

4. Failure identification by analyzing the I-V  
    characteristic  

In this section, we will exploit the variation of the I-V 

characteristic to identify a partial shade defect and a 

significant change in series resistance. This change can be 

expected when there is a change of state of PV array 

caused by changes in operating conditions (temperature 

and irradiation) or an appearance of defects in the PV 

array. 

Among the symptoms of a failure, generated by 

partial shading and series resistance is the presence of one 

or several inflection points in the I-V curve. These 

inflection points result from the conduction of one or more 

bypass diodes. This conduction causes a sudden loss of the 

voltage of the cell group for a very small variation of the 

current. 

By using the I-V characteristics of the defected PV 

array, the identification of defects can be achieved. Such 

an analysis is already in some studies in the literature, 

when the derivative of the voltage relative to the current 

allows the identification of the defect [20-22]. 

If V  is the difference between the characteristic 

with and without defect. The calculation of 
2
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will allow us to verify the presence of inflection points. 

Several results showed that in the case of partial shade 

defect, the 
2

2
max 0

d V

dI

 
  

 

 and in the case of a 

significant change in series resistance, the 



Detection and analysis of degradation in the physical and electrical parameters in the PV cell                            845 

 

2

2
max 0

d V

dI

 
  

 

[22]. 

The following figures show the shape of I-V characteristic 

of a failed PV panel operation (shading, series resistance) 

compared with normal operation. 
 

 
 

Fig.5. IV characteristics with and without defect 
 

  
 

Fig.6. second derivative of the voltage error without 

defect 
 

 
 

Fig.7. second derivative of the voltage error with defect 

with and without defect 
 

 
 

Fig.8. IV characteristics with and without defect 

 

 
 

Fig.9. second derivative of the voltage error with defect 

 

 
 

Fig.10. fault diagnosis flowchart for partial shading and 

significant increasing in the series resistance 

 
 
5. Results and discussion 
 

To validate the proposed diagnosis procedure, we 

consider a string consists of fifteen PV panels connected in 

series. This string is composed in turn of three groups.  

Each group consists of five panels. For the simulation, 

we have considered the following defects: 

- A partial shading defect of 75% on a cell in group

2G . 

- A partial shading defect of 100% on a cell in 

group 1G  and another of 50% for group 2G . 

- A series resistance defect in group 3G  (variation 

of Rs= 5e-5 to 10e-1 for five – cells in a group). 

Simulation results are obtained using the Matlab 

software and under the following weather conditions: 

Solar irradiation G = 1 kW/m2 and temperature Ta ° = 

298.15k. 

5.1. Partial shading of 75% on a one cell in group  

       2G  

 
In order to simulate the effect of partial shading on the 

I-V characteristic, the previously presented dual diode 

model is used. Fig. 11 shows the characteristic in the case 

without fault and in the case of a partial shade in a group.  
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Fig.11. characteristics with and without defect 
 

For detection and localization steps, we have to 

compare the VGI voltage from each group with a 

threshold S. 

From Fig. 13, it is clear that the group 2G
 is in defect 

because the voltage 2VG
 is below the threshold voltage. 

The other groups have no defects. 
 

 
 

Fig.12. Voltage of group 1G  and the threshold for fault 

detection 
 

 
 

Fig.13. voltage of group 2G  and the threshold for fault 

detection 
 

 
 

Fig.14. voltage of group 3G  and the threshold for fault 

detection 

 
 

 

Fig.15. second derivative of the voltage error with defect 

 

It is clear from fig. 11 and fig. 15 that the I-V 

characteristic has an inflection point which is the 

consequence of a defect of partial shading or a variation on 

the series resistance. The application of the diagnosis 

procedure of the flowchart of fig. 10 shows that 
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which confirms the presence of a partial shading defect. 

 

 

5.2. Partial shading of 100% on a cell in group 1G   

        and another of 50% in group 2G . 

 

In this section, we will consider the presence of two 

faults; the first is a complete shading of a cell in a panel in 

group 1G  and another of 50% in group 2G . Fig. 16 shows 

the shape of the characteristic with and without defect. The 

characteristic defect contains two clear inflection points. 

 

 
 

Fig.16. The I-V characteristics with and without default. 

 

In the same way as the previous section, the 

application of the diagnosis algorithm confirmed that the 

group 1G  and group 2G  are in defect and the threshold 

voltage S = 41.71v. 

The voltage of Group 1G  and Group 2G  after the fault 

appearance are: 1VG = 47.0934 and 2VG = 50.8750. 
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Fig.17. voltage of group 1G  and the threshold for fault 

detection. 

 

 
 

Fig.18. voltage of group 2G  and the threshold for fault 

detection. 

 

 
 

Fig.19. voltage of group 3G  and the threshold for fault 

detection. 
 

 
 

Fig.20 second derivative of the voltage error with 

default. 

 

From Fig. 20, we have two inflection points, the 
2
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which means the partial shading 

defect. 

5.3. Defect of series resistance in 3G  

 

Among the defects which cause an inflection point in 

the characteristic I-V, is the change in series resistance in a 

photovoltaic panel. The following figure shows the 

characteristic of a string made up of three groups. A defect 

of series resistance type in the group 3G  is considered. 

 

 
 

Fig.21. IV characteristics with and without defect.  

 

the Figs. 22, 23 and 24 shows the shape of detection 

and location signals, the change in the voltage 3VG  caused 

by the defect of the series resistance makes a reduction of 

this voltage below the threshold , therefore the detection 

and localization of this defect. 
 

 
 

Fig.22. voltage of group 1G  and the threshold for fault 

detection. 

 

 
 

Fig.23. voltage of group 2G  and the threshold for fault 

detection. 

 



848                                                                 R. Khenfer, M. Mostefai, S. Benahdouga, A. Eddiai 

 

 
 

Fig.24. voltage of group 3G  and the threshold for fault 

detection. 

 

From Fig. 25,
2
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, Thus, the detected 

fault is a fault-type series resistor. 

 

 
 

Fig.25. Second derivative of the voltage error with 

default. 

 
 
6. Conclusions  
 

In this paper, a new automatic method of detecting 

and locating physical and electrical degradation in the 

photovoltaic cell combines the use of minimum voltage 

sensors and analysis of the I-V curve. The application of 

this method to groups composed of five panels and 

comparing the voltages of each group to a threshold 

voltage allows detecting and locating the fault. The 

identification of the faults is performed by the analysis of 

the presence of inflexions points in the IV curve. 

The obtained simulation results showed The 

Effectiveness of the proposed method and the model used. 

In perspective, the implementation of our algorithm in an 

experimental test bench is considered. 
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