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Abstract. PV fault conditions in photovoltaic (PV) systems reduce panel power performance and accelerate 
cell degradation. In this way, many research have recently turned to the diagnosis of PV generator to 
minimize the cost of the produced energy and ensure reliable power production. This paper proposes a new 
PV diagnosis system based on on-line Electrochemical Impedance Spectroscopy. This latter is used to 
estimate internal parameters of PV panel connected to a resistive load via a DC/DC boost converter. The 
Nyquist Diagram allows to plot and evaluate dynamic impedance response versus variable low frequency 
signal injected in conjunction with the high frequency system allowing to operate the PV in MPPT condition. 
The dynamic single diode model with a series resistance, a shunt resistance and a junction capacitance is 
used to design the PV model in MATLAB/Simulink. Simulations results are given for normal and for faulty 
operation whether in the PV panel or in the load. Referring to these results, it is concluded that the proposed 
diagnosis method allows to detect PV panel faults regardless of load variation.  

1 Introduction 

In the last decennary, PV systems have been largely 
integrated to product clean energy. Therefore, to ensure 
the continuity of energy production, a diagnosis of the 
PV system remains significant. In this way, a lot of 
research work have been focused on PV system 
diagnosis. For instance, in [1] the authors present types 
and causes of PV system failure and classify the 
electrical diagnostic methods into five methods which 
are methods based on statistical and signal processing 
approaches; I-V characteristics analysis; power losses 
analysis; voltage and current measurement and artificial 
intelligence techniques. [2-4] proposed a diagnosis 
method using a statistical method named Exponentially 
Weighted Moving Average (EWMA) chart to 
investigate faults namely short-circuit, open circuit and 
shading in PV system. The same method improved for 
multivariate (MEWMA) for fault detection and 
identification in DC side of PV system. In [5-7], the 
authors presented a fault diagnostic prototype 
employing the dynamic I-V characteristics as it has a 
remarkable shape in standard work condition and even 
in cases of fault diseases. In [8], the authors used both 
of power loss and I-V characteristics analysis to 
diagnose a PV system. In [9-11] a flexible fast fault 
localization method using the measured current, voltage 
and power was proposed. In [12], the authors develop an 
error detection method for PV systems using power 
losses analysis and a supervising system based on 
including the measured environmental conditions. 
According to these works, many methods for fault 
detection and diagnosis have been investigated in order 
to solve this issue. These techniques can be classified 
according to their efficiency, simplicity in terms of 

implementation, fast fault detection and diagnosis 
algorithms, adaptability for different PV technologies, 
fault classification, ability to identify multiple faults and 
ability to detect new faults.  
In this paper, a diagnosis method based on 
Electrochemical Impedance Spectroscopy EIS is 
proposed [13]. This method is widely used in many 
fields such as faults detection in batteries and corrosion 
study. In PV system, this technique is used based on 
spectrometer to detect PV cell degradation or climatic 
influence in internal parameters. In this paper, a new use 
of this technique called ‘online EIS’ is proposed. It 
consists on ‘on-line’ detection and localisation of the PV 
system fault composed of a PV panel supplying a DC 
load via boost converter. The main work is resumed in 
this paper divided into four sections. The PV system 
modeling is presented in section 2. In section 3, the 
proposed diagnosis method is detailed, and results and 
discussion are given in section 4. The conclusion and 
future works will be provided in the last section of this 
paper. 

2 PV system modeling  

The. studied PV system in this paper is composed of a 
PV generator supplying a resistive load via a boost 
DC/DC convertert 

 
Fig. 1. studied PV system 
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2.1 PV cell modelling 

In literature, a lot of research work have been focused 
on PV cell and PV panel modelling such as [14-15] 
which considered static PV model, and [16-17] which 
taken into consideration the effect of dynamic behaviour 
of the PV cell under sudden perturbations. 

2.1.1 Static model 

The one diode model and the two-diode model are the 
commonly used models in literature [14-15]. Many 
researchers have been concentrated on the one diode 
model three parameters [18] which characterize the 
ideal PV panel, the one diode model four parameters 
[19], which is more realistic since it includes the series 
resistance R_s. To present the semiconductor contact, 
the one diode model and five parameters is considered 
in [14,20] which describes the PV panel behaviour 
precisely. This model is composed of a current 
generator, one diode series resistances R_s and shunt 
resistance 𝑅  caused by various losses at the 
semiconductor level. The electric equivalent diagram of 
the PV panel is presented in figure 2. 

 
Fig. 2. One diode model 

According to figure 2, the model can be expressed 
by the following nodal expression: 

𝐼 = 𝐼 − 𝐼 −   (1) 

Where 𝐼  is the output current of the PV cell. 𝑉  is 
the output voltage of the PV cell. 𝐼  and 𝐼  are 
expressed by the following equations 

𝐼 = 𝐼 𝑒𝑥𝑝  − 1   (2) 

𝐼 =
 ∆

(
∆

)
  (3) 

𝐼 = (𝐼 + 𝐾 ∆𝑇)  (4) 

Where 𝑉  is the thermal voltage, 𝑛 is the diode 
ideality factor, 𝐼  is the short-circuit current at Standard 
Test Conditions, 𝐾  is the current temperature 
coefficient of the PV panel, and 𝐺 is the solar irradiance, 
𝑉  is the open-circuit voltage at Standard Test 

Condition STC and 𝐾  is the open-circuit voltage 
coefficient. 

2.1.2 Dynamic model 

Recently, a lot of study have been examined the 
dynamic attitude of the PV panel by adding a 
capacitance to the one diode model as present in the 
figure (3) [17]. The added capacitance describes the PN 
junction variation under various perturbations. 
According to [17], the added capacitance is the sum of 
three reactions of the PN junction: the Junction 
capacitance (𝐶 ), the diffusion (𝐶 ) and the breakdown 
capacitance (𝐶 ). In this paper, only (𝐶 ) is considered 
since the PV cell is studied only 

  
Fig. 3. Dynamic model 

The (𝐶 ) value is calculated using the following 
expression: 

C =  
 

 
   (5) 

Where τ is the mean carrier lifetime. 
In the rest of this paper, the Dynamic One Diode Model 
will be considered. 

2.1.3 Internal parameters estimation  

According to [21], the internal parameters of the PV cell 
namely series resistance, shunt resistance and junction 
capacitance are not constant, and their estimation is 
based on the electrical equivalent model or the measured 
𝐼 − 𝑉 curve. In [22-23] they assume respectively that the 
PV internal parameters depend on irradiance 
perturbation.as given at the bellow.  

R = R , + × − 1  (6) 

R =  R , ( )  (7) 

Based on the developed equations given below, the 
PV panel can be expressed as shown in figure 4. The 
model is implemented on Simulink allowing to obtain 
the current 𝐼  (figure 3). The photovoltaic current is 
then deduced using a Simpower interface. This model 
helps better to describe both the static and the dynamic 
behavior of the PV cell under different operation zones 
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Fig. 4. The used PV panel model 

2.2 Boost converter modelling 

To extract the maximum power of the PV generator, a 
boost converter is used. This latter is described by 
Figure 5 

.  
Fig. 5. Boost converter 

The dynamic model of the boost converter is given 
by the equation (8) and equation (9). 

=  (αV + αsign(i )(V − V ))  (8) 

=  (αi sign(i ) − i )  (9) 

where 𝑉  is the output voltage, α is the duty cycle and 
𝑉  is the input voltage. To calculate the boost converter 
parameters which are the capacitance value and the 
inductance value, the following expressions are used. 

L =
∆

α  (10) 

C =
∆

α  (11) 

Where 𝐼  and 𝐼  are respectively the input and the 
output current. F is the commutation frequency of the 
DC/DC converter. 

3 Proposed diagnosis method 

The main objective of this work is to diagnose PV 
system under a sudden climatic perturbation or PV cells 
degradation under PV system operation [24-26].  

The principle is to inject a variable low frequency 
signal in conjunction with the high-frequency pulse train 
applied to the gate driver of the DC/DC converter. The 
duty cycle α used to control the boost converter is then 
given by eq(12) 

𝛼(𝑡) = 𝛼 + 𝑎 𝑐𝑜𝑠(𝜔 𝑡)  (12) 
where 𝛼  is the average duty cycle, 𝑎  is the offset 

amplitude and 𝜔  is the variable low-frequency injected 
in conjunction with 𝛼 . 

For each injected frequency 𝜔 , the PV voltage 𝑉  
and the PV current 𝐼  are acquired and filtered to 
compute the real time dynamic PV impedance.  

A Nyquist diagram [ℜ(𝑍 ) −𝔍𝑚(𝑍 )] is then 
plotted allowing on one hand to estimate internal 
parameters of the PV panel namely series resistance, 
shunt resistance and junction capacitance and on the 
other hand to detect faults in the PV panel. Figure 6 plots 
the principle of dynamic PV impedance response. 

.  
Fig. 6. The Nyquist diagram 

The flowchart given in figure 7 explains the steps of 
the on-line PV impedance measurement using EIS 
technique  
In fact, 𝑉 (𝑡) and 𝐼 (𝑡) are treated to eliminate the 
high frequency of the DC/DC converter 𝐹 and to 
compute the corresponding mean values of these 
variables for every low frequency injected 𝑓. The values 
of |𝑉  |, 𝜑 , ℜ(𝑍 ), −𝔍𝑚(𝑍 ) are then stocked up 

until the maximum low frequency injected is reached. 

4 Results and discussion  

The process detailed in the previous flowchart is 
implemented to the studied PV system described by 
figure (1). The DC-DC converter is controlled via PWM 
signal with a constant duty cycle α_av at 𝐹 = 100𝑘𝐻𝑧. 
The small frequency signal 𝜔  (𝑡) which frequency is 
varying between 50𝐻𝑧 and 90𝑘𝐻𝑧 is added to 𝛼  as 
explained in Eq (12). Figure 8 shows the evolution of 
the injected signal to the gate driver of the DC/DC 
converter and Figure 9 plots the evolution of 𝑖 (𝑡) and 
𝑉 (𝑡) versus time. These figures prove that the extra 
added signal doesn’t affect the behavior of the PV panel 
since the duty is almost constant and its amplitude is 
very low compared to the PWM injected signal. Table 1 
resumes the PV system parameters 
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Fig. 7. Proposed technique to plot the Nyquist diagram in real work condition 

 
 

 

 

 
 

Determine the 𝐼  and 𝑉  phases 

sin 𝜑 = 2 ×   

cos 𝜑 = 2 ×   
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𝑉

𝑉
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𝑉

𝑉
 

 𝜑 = tan ( ) 

𝜑 = tan ( ) 
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∆ 𝑓  

Read Ipv, Vpv  

Calculate 
𝐼 = 𝐼 × sin 𝜔𝑡 

 𝐼 = 𝐼 × scos 𝜔𝑡 
𝑉 = 𝑉 × sin 𝜔t 
𝑉 = 𝑉 × cos 𝜔t 

 

Calculate the mean value: 
mean (𝐼 ), mean (𝐼 ), mean 

(𝑉 ), mean (𝑉 ) 

 

Determine the de 𝐼  and 𝑉  modules  

𝐼 = (2 × 𝐼 ) + (2 × 𝐼 )  

𝑉 = (2 × 𝑉 ) + (2 × 𝑉 )  

 

Determine the PV panel impedance 𝑍  

𝑍 =
𝑉

𝐼
 

𝜑 = 𝜑 − 𝜑  

 ℜ 𝑍 = 𝑍𝑝𝑣 × 𝑐𝑜𝑠𝜑
𝑍𝑝𝑣

 

 𝔍𝑚 𝑍 = 𝑍𝑝𝑣 × 𝑠𝑖𝑛𝜑
𝑍𝑝𝑣

 
Reach the steady state to have the 
correct values of 𝑍  et 𝜑  
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Table 1. The PV system parameters. 

PV panel parameters 
𝐼   3.8A 
𝑉  21.1V 
𝐾  3e-3 
𝐾  -80e-3 
𝐺  1000 𝑊/𝑚  
𝑉  0.0257V 
𝑛 1 

Boost converter parameters 
𝐶 8.75e-3F 
𝐿 1.71e-1H 

 

 

Fig. 8. The evolution of the gate driver injected signal versus 
time t(s) 

  
Fig. 9. Input and output voltage and currents of the DC/DC 
converter 

To verify the reliability of the proposed process, the 
dynamic PV impedance is evaluated for five scenarios: 
 Scenario 1: the PV system is composed of two series 
PV panels exposed to constant irradiance                      
𝐺 = 1000𝑊/𝑚 . The DC/DC converter allows to 
supply the resistance at the Maximum PV Power, 
𝑅 = 50Ω , 
 Scenario 2: the PV system is exposed uniformly to 
irradiance 𝐺 = 400𝑊/𝑚 . for the same described 
operation in scenario 1, 𝑅 = 50Ω , 
 Scenario 3: a shadow affects the first PV panel 
which is exposed to 𝐺 = 400𝑊/𝑚  instead of the 
second panel which is exposed to irradiance 𝐺 =
1000𝑊/𝑚 . the irradiance is no longer uniform for the 
two panels, 𝑅 = 50Ω , 

 Scenario 4: the two series PV panels are exposed to 
constant irradiance 𝐺 = 1000𝑊/𝑚  and the load was 
short circuited, 𝑅 = 1Ω   
 Scenario 5: 𝑅 = 1000Ω to highlight the 
influence of the open circuit on the load level for the 
same PV cells. 

Figure 10 plots the Nyquist Diagram for scenarios 1, 
2 and 3. It is very clear that the impedance changes 
according to irradiance (Scenario 1 and Scenario 2). 
This confirms that the PV impedance depends on 
irradiance variation. In addition, in case of shading, the 
obtained dynamic PV impedance allows to detect the 
shading of the first PV panel since its response in 
Nyquist diagram is different from the expected 
impedance.  

Figure 11 plots |𝑍  | versus variable low frequency 
𝑓 = . This figure shows that the frequency response 

of the PV impedance is affected in case of shading 
especially for low frequency. 

Consequently, this on-line PV impedance 
measurement is useful for internal parameters 
estimation in one hand, and for diagnose the PV system 
in the other hand  

  
Fig. 10. Nyquist diagram[ℜ(𝑍 ) −𝔍𝑚(𝑍 )] for the 
three scenarios. 

  
Fig. 11. |𝑍 | versus f for the three scenarios. 

According to scenarios 4 and 5, Figure 12 plots the 
PV voltage for three operation zones: 

- Open circuit voltage zone, 
- Mpp zone, 
- Short circuit current zone 
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Fig. 12. PV current and voltage for scenario 1 scenario 4 and 
scenario 5 

Figure 13 show the Nyquist diagram scenario 1 
scenario 4 and scenario 5. 

  
Fig. 13. Nyquist diagram [ℜ(𝑍 ) −𝔍𝑚(𝑍 )]  for 
scenario 1 scenario 4 and scenario 5 

According to figure 12 and figure 13, the dynamic 
PV impedance remains constant for the three scenarios 
1, 4 and 5 even the PV voltage depends on operation 
zone. 

Consequently, this method allows to detect only 
faults in the PV cells independently of DC/DC converter 
or load faults 

5 Conclusion  

An on-line fault detection method for PV panels is 
presented in this paper. This method is based on ‘on-
line’ Electrochemical Impedance Spectroscopy EIS. 
The PV system is composed of two series PV panels 
feeding a resistive load through a boost converter. The 
diagnosis method is based on photovoltaic voltage and 
current measurement and treatment through an 
implemented algorithm allowing to deduce the dynamic 
PV impedance for each injected frequency. Five 
scenarios are studied to evaluate the proposed method. 

Simulation results prove that this method can detect 
and localise the faults such as shading in the PV panel 
separately from a load variation.  

The frequency PV impedance response for various 
scenarios will be adopted to train a database for future 
work consisting to implement this method via an 
experimental setup. 
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