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1. Introduction  
 

Economic crises, rising prices of fossil fuels, nuclear dangers, and climatic changes are 

nowadays the main reasons for choosing a mix energetic with renewable energies as a solution, 

among them, solar photovoltaic (PV) energy. As known, it can be applied in many applications 

such as PV autonomous plants as well as in PV grid-connected plants. The PV generator plays 

a major role and is considered as a crucial part of any PV plant. PV generator’s performances 

are affected by many factors [1], where some of them are external, related to the environmental 

conditions like the weather’s variations (irradiation and temperature), shading phenomenon [2], 

hotspot [3], dust, soiling [4], cell damage, and wind velocity. Others are internal, related to the 

electrical, physical and mathematical modelling [5]. Modelling is an important topic that 

necessitates the determination of the exact PV cell/panel’s unknown parameters and thus 

optimizing the PV power generated [5]. After the modelling step of any PV generator, their 

identified parameters are used in the established model. With the problem of non-linearity found 

in PV models and the dependence of environmental conditions [6], the determination of PV 

parameters becomes a complex problem, which necessitates an appropriate approach to find the 

best accurate values of the unknown PV parameters. In this issue, many research topics have 

been developed for getting the PV parameters values [6-14]. The developed methods vary in 

terms of many aspects such as complexity, precision, convergence speed, popularity, 

robustness, and so on.  For this reason, a different comparative study has been elaborated [6-

16]. The comparison works developed before such as in [7] have presented an evaluation of 

three numerical methods. The work in [8] has evaluated metaheuristics based methods. The 

work in [9] has discussed a comparison of methods developed for obtaining the parasitic 

parameters (series and shunt resistances). In [10] a comparison work between single diode 

model (SDM) and double diode model (DDM) models. The work of [11] has presented an 

evaluation of different technologies such as organic and inorganic. Another work in [12] 

focuses on the dependence of weather conditions. The work in [13] deals with an overview of 

available approaches for PV parameters identification values. The evaluation was done between 

different models from the single diode model to the three diode model. Besides, it considers 

three kinds of PV technologies. In [14] different methods have been proposed to extract the PV 

parameters values, which are categorized in analytic, iterative, and evolutionary methods. The 

work of [15], presented several parameter extraction methods. These are reviewed in brief, 

followed by a proposition of a Newton-Raphson-based approach to parameter extraction of PV 

array. The work in [16] presents a critical evaluation of the parameters extraction of two diode 
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PV model using three evolutionary algorithm methods. Herein, the comparison was done by 

taking into consideration several PV technologies from several fabricants. This work 

summarizes the different comparative study done for PV parameters’ getting values. It presents 

a latest classification of different types of methods (General, analytical, numerical, 

optimization, and adaptive). An evaluation and analyses work is elaborated between the 

different methods. Besides, it indicates the major different points to be considered in choosing 

an adequate method, such as the modelling, the objective function, the category of a method, 

some criteria, technology of PV material, various climatic conditions, and statistical analysis. 

The remaining of the paper is arranged as follow. Section 2 deals with the modeling process of 

PV cells and the formulation problem of obtaining PV parameters values. Section 3 presents 

the state of the art and classification of the major methods used for getting PV parameters 

values. In section 4, a focus is done in the comparison between the developed methods with 

consideration of some aspects. Section 5 gives some conclusions.   

 

2. Modelling and problem review 

In this section, details are provided about modelling, formulating the problem and the reasons 

for resolving it. There are several electrical models, used by researchers, describing the physical 

behaviours of PV cells. They are presented in Figure 1 [17, 18]. 
 

 

 

                (a)                      (b) 

 

 

                 (c)                     (d) 

Fig 1. Electrical equivalent circuits of solar PV cells: (a) Ideal model. (b) Single diode model 
with series resistance. (c) Single diode model with series and shunt resistances. (d) Double 

diode model. 
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The equations of the different models of Figure 1 are given below. 
 

 First case « SDM: Single Diode Model » 
 

a) Ideal model (contains three unknown parameters) 

b) Single diode model with series resistance (contains four unknown parameters) 

c) Single diode model with series and shunt resistances (contains five unknown parameters) 

 

(4) 

 

(5) 

 

 Second case « DDM: Double Diode Model » 
 

d) Double diode model (contains seven unknown parameters) 
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The overhead mathematical equations are in a non-linear form and have numerous unknown 

parameters. These latter are commonly undefined, not directly measurable, and not given from 

the fabricant manufacturers. These PV parameters are related to the physical behavior of cells, 

where. 

 IL: Light current.   

 Ids1: Diode saturation current (Diffusion phenomenon). 

 Ids2: Reverse diode saturation current (Recombination phenomenon). 

 n1: Diode ideality factor (Diffusion phenomenon). 

 n2: Second diode ideality factor (Recombination phenomenon). 

 Rs: Series resistance. 
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 Rsh: Shunt resistance. 
 

With Vt = KB * TC: Thermal voltage constant, KB: Boltzmann’s constant (1.380650*10 -23 J/K), 

q: Electronic charge (1.6021764*10-19 C) and TC: Cell’s temperature.  

The overhead electrical governing equations contain several unknown parameters (IL, Ids1, Ids2, 

n1, n2, Rs, Rsh). Each of the PV parameters has a crucial influence on the performances and PV 

power production. The effects of variation of the five PV electrical parameters on the solar 

photovoltaic cell’s performances [19] are shown in Figure 2.  

  

  

                             (a)                                    (b) 

 
                                                             (c) 
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                                (d)                                        (e) 

Fig 2. Variations effects of the electrical parameters on the (I-V) & (P-V) curves 
characteristics of solar PV cells: (a) Light current ‘IL’. (b) Diode saturation current ‘Ids’. (c) 

Diode ideality factor ‘n’. (d) Series resistance ‘Rs’. (e). Shunt resistance ‘Rsh’ 
 

Figure 2. (a) illustrates the light current IL effect, which is similar to that of the irradiation effect, 

so it has a proportional relationship with the generated current. Figure 2. (b), illustrates that 

diode saturation current Ids has a proportional relationship with the voltage as shown, so it has 

an inverse effect compared to the temperature effect. In Figure 2. (c), the diode ideality factor 

n shows an effect on the obtained maximum power point (MPP). Figure 2. (d) and (e) illustrate 

that series Rs and shunt Rsh resistances have an effect on the slope at the open and short circuit 

points respectively. Consequently, each of these parameters has a crucial influence on the 

performances and the PV power production. This information involves the importance of 

accurate PV parameters values. 

 

3. Classification of methods 
 

Earliest, numerous research workings have been developed only for getting the series and shunt 

resistances values (parasitic effects), by the cause of their high influences in the PV 

performances [20]. Afterthought, it has been observed that some other electrical parameters 

(Light current, diode saturation current, and diode ideality factor) have also an effect in PV 

performances [19]. For this reason, researchers have done many works to get the electrical 

unknown PV parameters [5-15], [21] values with high precision and fast computational process. 

From the literature, these methods can be classified as the following Figure 3.  
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Fig 3. Classification of the PV panel’s electrical parameters getting methods. 

 

3.1 General methods  
 

In a general way, Duffie obtained each parameter individually [22]. The parasitic resistances 

(series and shunt) are found graphically through the calculation of the slopes at open and short-

circuits respectively [22, 23]. The diode ideality factor is taken in an interval depending on the 

used material’s technology for the PV selected panels, for different manufacturers and different 

PV technologies (Si-Mono, Si-Poly, CDTE, Amorphous, CIS, Multi-junctions), as shown in 

Table 1 [23, 24]. Light current and diode saturation current are obtained by the use of 

mathematical expressions [21], and by the use of PV manufacturer’s datasheet information. 

 

Table 1. Diode ideality factor dependent on the PV material’s technology. 

Technology Diode ideality factor 

Si-Mono 

Si-Poly 

A-Si:H 

A-Si:H tandem 

A-Si:H triple 

CDTE 

CIS 

AsGa  

1.2 

1.3 

1.8 

3.3 

5 

1.5 

1.8 

1.3 
  

    
 

 

Methods

General Analytical Optimization

Traditional

Meta-heuristic

Hybrid

Adaptive
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3.2 Analytical methods 
 

Analytical methods such as Carrero’s method [25], are based on the analytical resolution of 

mathematical non-linear expressions through some simplifications and approximations [26], 

[27]. The use of explicit formulas such as in [28] leads to reasonable PV parameters values. 

The PV parameters can be found through an analytical way through the use of three points at 

the current-voltage (I-V) curve characteristic. These points are found at the short-circuit, open-

circuit, and maximum power points (MPP) [28]. This lead to obtaining a set of expressions at 

each point. Then, through a suitable estimation to the problem, the problem can be 

approximated to a series of decoupled equations representing each parameter’s value. This 

approach requires the datasheet information. 

 

3.3 Optimization methods 
 

The optimization algorithms are categorized into numeric- traditional, metaheuristics, and 

hybrid methods. 

 

3.3.1 Numeric traditional 

Numeric traditional optimization-based methods for PV parameters getting values, such as 

Kashif’s one [29], are based on the reduction of the number of parameters to be evaluated. The 

traditional Newton-Raphson (NR) method can also be used as developed in [30, 31]. It 

necessitates an iterative process with good initialization guess of PV parameters values, to 

converge to the best solutions. Besides, the traditional methods are used to obtain the optimum 

of the function using the gradient or the hessian. 

 

3.3.2 Metaheuristics 

In recent times, meta-heuristic optimization-based methods, using Artificial-Intelligence (AI) 

inspired algorithms, have attracted the care of researchers to obtain with good precision, the 

unknown PV parameters values. The metaheuristic methods use evolution-based [16], physics-

based [32], or immune-human-based [33] and swarm-based [34], algorithms in the search 

process, which are presented in the subsections below. 

 

 

A) Evolution-based 

27 
 



Journal of Renewable Energies 23 (2020) 20 – 40 

Evolutionary Algorithm (EA) [16], Differential Evolutionary (DE) [35], Genetic Algorithms 

(GAs) [36], Pattern Search (PS) [37], Simulated Annealing (SA) [38], Repaired Adaptive 

Differential Evolution (Rcr-IJADE) [29].   

B) Physics-based 

Electromagnetic Field Optimization (EFO), Gravitational Search Algorithm (GSA), 

Electromagnetism-Like Algorithm (EMA), Weighted Superposition Attraction (WSA) [40]. 

C) Human-based 

Harmony Search (HS) [41], Bacterial Foraging Algorithm (BFA) [42], Simplified Teaching-

Learning-Based Optimization (STLBO) [43], Discrete Symbiosis Organism Search (DSOS) 

[44], Artificial Immune system (AIS) [45]. 

D) Swarm-based 

The swarm-based, Particle Swarm Optimization (PSO) [46, 47], Bird Mating Optimization 

(BMO) [48], Artificial Bee Swarm Optimization (ABSO) [49]. Grey Wolf Optimizer (GWO) 

[50], Chaotic Whale Optimization Algorithm (CWOA) [51], Cat Swarm Optimization (CSO) 

[52], and Cluster Analysis (CA) [53].  

The metaheuristics are more attractive than the traditional deterministic methods in terms of 

accuracy and robustness, by the cause of their good global research achieving. In addition, they 

do not require a gradient or differentiable of the objective function. Besides, the initial guess of 

parameters values is not a necessity but it necessitates the upper and lower limits of an interval 

of research. 

 

3.3.3 Hybrid methods 
 

To improve the effectiveness of methods, researchers have combined a mix between different 

simple methods such as (analytical and numerical, analytical and optimization, numerical and 

optimization, so on). Hybrid adaptive Nelder-Mead simplex algorithm based on eagle strategy 

(EHA-NMS) [54], Nelder-Mead and Modified Particle Swarm Optimization (NM-MPSO) [55], 

Artificial Bee Colony-Differential Evolution (ABC-DE) [56], Trust-Region Reflective 

deterministic algorithm with the Artificial Bee Colony (ABC-TRR) [56], Teaching–learning–

based Artificial Bee Colony (TLABC) [56]. Those methods, which are called hybrid, have 

excellent performances because they restrict the universe in the search process without losing 

precision (without losing the optimum). They achieve the best results in less number of 

iterations compared to simple optimization-based methods. 
  

3.4 Adaptive methods 
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As the physical behavior of solar PV cells/panels is influenced by environmental conditions. 

There are several other methods in literature capable of finding the parameters of a more general 

model, in which the physical parameters models change concerning with irradiance and 

temperature values. Those models and their respective methods are called adaptive models and 

methods [54, 55]. 
 

4. Comparison and discussions   
 

In this work, evaluations of the PV parameters determination methods have been attempted 

based on features, like modelling, chosen objective function, types of method’s categories, 

some criteria, the technology of the used composite material, various climatic conditions, and 

the used statistical analysis. 
 

4.1 Comparison based on modelling 
 

Different models exist to describe the real physical behaviour of PV cells, single diode model 

(SDM), double diode model (DDM), three diode model (TDM), and others [56]. It is noted that 

as the number of diodes increases as the efficiency increase. Moreover, the precision of the 

characteristics of the models is more improved, but mathematical expressions become more 

complex. The SDM offers a compromise, but then again it requires the resolution of some 

equations to obtain the initial guess of PV parameters values. 

In the following tables, there is a presentation of the manufacturer‘s characteristics from a cell 

and a panel in Table 2 [46].  
 

Table 2. Characteristic data from R.T.C. France solar cell and Photo watt PWP201 solar panel. 

Characteristic data   RTC France cell Photo watt PWP201 
 

Isc (A)  

Voc (V) 

Vmpp (V) 

Impp (A) 

Rsho (Ω) 

Rso (Ω) 

T (K) 

N 

0.7603 

0.5728 

0.4507 

0.6894 

246.80 

0.0907 

306.15 

1 

1.0300 

16.778 

12.649 

0.9120 

689.13 

25193 

318.15 

36 
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A presentation of obtained PV parameters values for cell and panel, for different equivalent 

circuit parameters, are in Table 3 and 4 respectively.  

 

Table 3. Equivalent circuit parameters and normalized root mean square error (RMSE), 

concerning the R.T.C. France solar cell.  

      Parameters 

Models 
IL(A) Ids1(A) n1 Ids2(A) n2 Rs(Ω) Rsh(Ω) RMSE 

1D 

1D/1R 

1D/2R-1 

1D/2R-2 

2D/2R 

0.7603 

0.7603 

0.7616 

0.7604 

0.7604 

1.12x10-5 

2.07x10-6 

4.14x10-8 

1.44x10-6 

1.54x10-9 

1.9509 

1.6944 

1.3 

1.6478 

1.1087 

- 

- 

- 

- 

5.15x10-6 

- 

- 

- 

- 

2.0 

- 

0.0233 

0.0481 

0.0261 

0.0450 

- 

- 

28.931 

246.77 

246.76 

2.25x10-2 

6.84x10-3 

5.95x10-3 

5.48x10-3 

2.50x10-3 
 

 

Table 4. Equivalent circuit parameters and normalized root mean square error (RMSE), 

concerning the Photo watt PWP201 solar panel. 

       Parameters 

Models 
IL(A) Ids1(A) n1 Ids2(A) n2 Rs(Ω) Rsh(Ω) RMSE 

1D 

1D/1R 

1D/2R-1 

1D/2R-2 

2D/2R 

1.0300 

1.0300 

1.0330 

1.0319 

1.0318 

1.55x10-4 

1.80x10-5 

7.04x10-7 

2.04x10-6 

5.31x10-6 

1.9319 

1.5520 

1.2* 

1.2968 

1.3882 

- 

- 

- 

- 

-1.96x10-5 

- 

- 

- 

- 

2.0 

- 

0.8884 

1.4429 

1.2829 

1.2004 

- 

- 

497.75 

687.85 

687.93 

2.87x10-2 

6.70x10-3 

4.59x10-3 

2.31x10-3 

2.04x10-3 
 

From the above tables, the PV parameters to be determined are variables according to the model 

of the chosen cell:  

• From three to seven in the SDM.   

• From four to eight in the DDM. 

• More than ten in the TDM. 

The formulation of PV modelling depends on the number of used diodes to describe the physical 

behaviour of cells. For all of the models used, it is improved in [56] that the metaheuristics are 

the most applied and investigated compared to analytical and numerical. 

 

 

4.2 Comparison based on the chosen objective function 
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The optimization-based methods depend on the objective function to be optimized [48]. Some 

works used to optimize the error in current-voltage (I-V) curve characteristics such as absolute 

error, quadratic error, and root mean squares (RMS). Other works used to optimize the error in 

power-voltage (P-V) curve characteristics such as absolute error, quadratic error, and RMS. 

Some methods used to optimize errors from all points from the datasheet or from real data 

curves. Other methods used to optimize an objective function based on special points from the 

curves such as short-circuit, open-circuit, maximum power point (MPP). 

 

4.3 comparison based on types of method’s categories: 
 

A comparison among the best methods for each method’s category, i.e. a comparison among, 

the best analytical method, the best numerical method, and the best optimization-based 

methods.   

 

4.3.1 Comparison between analytical methods 
 

The major analytical methods have a similar way of getting off the PV parameters expressions 

values and lead usually to similar results [25-27]. 
 

4.3.2 Comparison between optimization methods 

a) Numeric traditional 

A presentation of three numeric methods’ obtained parameters values is in Table 5 [7]. 

 

Table 5. Extracted single-diode PV model parameters using three numerical algorithms. 

        Parameters 

Models 
T. Esram Vilalva Vika 

IL (A) 

Ids (mA) 

n 

Rs (Ω) 

Rsh (Ω) 

1.220 

1.6e-6 

1.833 

0.164 

461.962 

5.500 

2.0e-08 

1.200 

0.372 

200.602 

5.532 

2.0e-8 

1.200 

0.370 

169.789 

 
  

 
 

b) Meta-heuristics 
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An evaluation of some metaheuristics methods for PV parameters getting values is carried out 

as in [8]. Table 6 bellow presents a comparison between different metaheuristics parameters 

getting methods for SDM. 
 

Table 6. Comparison among different metaheuristics parameters getting methods for SDM. 

             Parameters 

Models 
GA PS SA 

 

HS 

 

ABSO 

IL (A) 

Ids (mA) 

n 

Rs (Ω) 

Rsh (Ω) 

 

0.7619 

0.8087 

1.5751 

0.0299 

42.3729 

 

0.7167 

0.9980 

1.6000 

0.0313 

64.1026 

 

0.7620 

0.4798 

1.5172 

0.0345 

43.103 

 

0.76070 

0.30495 

1.47538 

0.0345 

43.1034  

0.7608 

0.3062 

1.4758 

0.0366 

52.2903 

 

The metaheuristic methods transformed the difficult model of PV parameters getting values 

into a simple non-linear optimization problem. In addition, they use inspired algorithms from 

artificial intelligence to finding their precise values, which professionalism more the process of 

research [8]. 

c) Comparison between hybrid methods 

Therefore, an evaluation between the obtained PV parameters values from simple PSO and the 

hybrid particle swarm optimization combined with simulated annealing (HPSOSA) is presented 

in the following Table 7. 

 

Table 7. Comparison between PV parameters results from PSO and HPSOSA. 

             Parameters 

Models 
PSO HPSOA 

IL (A) 

Ids (mA) 

n 

Rs (Ω) 

Rsh (Ω) 

0.7619 

0.8087 

1.5751 

0.0299 

42.3729 

0.7167 

0.9980 

1.6000 

0.0313 

64.1026 

From the works in [57], it is proved that the HPSOA has better performances compared to 

simple PSO and has achieved the global optimum in all test runs.  
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4.4 Comparison based on some criteria 

The following tables compare a large number of methods based on some criteria (speed of 

convergence, prior knowledge of parameters values, relative error, and dependence on data). 
 

Table 8. Comparative table of PV parameters getting methods related to some criteria. 

Criteria 

Methods 

Convergence 

Speed 

Prior 

knowledge 
Relative Error Dependence on data 

Analytic 

Numeric 

Meta-heuristic 

Hybrid 

Adaptive 

Slow 

Medium 

Fast 

So-fast 

Fast 

No-need 

Initial-guess 

Interval 

Interval 

Interval 

- 

Normal 

Small 

Very small 

Small 

Datasheet 

Datasheet 

Datasheet & real 

Datasheet & real 

Real 
 

 

Table 9. Comparative table of getting PV parameters metaheuristic methods related to some 

criteria. 

Criteria 

 

 

Methods 

Accuracy 
Consistency of 

solution 

Convergence 

Speed 

Computational 

efficiency 

Number of 

control 

parameters 

GA 

PSO 

B-DE 

P-DE 

Low 

Medium 

High 

Very-high 

Low 

Medium 

High 

Very-high 

Very low 

Low 

High 

Very high 

Very low 

High 

Very high 

Very high 

4 

4 

2 

2 

Results demonstrate that the Genetic Algorithm (GA) is not well to be applied for PV 

parameters estimation values. Better results have been obtained by PSO. When DE has shown 

the best results. 

 

4.5 Comparison based on materiel’s technology 

Effective evaluation for getting PV parameters values has been expected, with the current-
voltage characteristic, for several technologies [13] (monocrystalline, polycrystalline, thin-
film, etc.), as in the following Table 10. 

Table 10. Comparative parameters result in three different technology material. 
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        Methods 
Parameters 

Monocrystalline 
SM55 

Polycrystalline 
RSM50 Thin film ST40 

IL (A) 
Ids (mA) 

n 
Rs (Ω) 
Rsh (Ω) 

3.4599 
4.08e-10 
1.0255 
0.0138 
9.2737 

3.1013 
6.44e-7 
1.5256 
0.0110 
25.9257 

2.6840 
1.32e-7 
1.2888 
0.0306 
7.5466 

 

4.6 Comparison based on various climatic conditions 

As the physical comportment of photovoltaic panels is influenced by real environmental 

conditions such as irradiance or temperature [12], it is vital to find PV parameters values under 

variations of solar irradiance and environmental temperature, as in the following tables [13]. 

 

Table 11. Comparative table of getting PV parameters values under different irradiance 

conditions for the SM55 PV panel. 

      Methods 

Parameters 
G=1000 G=800 G=600 G=400 G=200 

IL (A) 

Ids (mA) 

n 

Rs (Ω) 

Rsh (Ω) 

3.4599 

4.0860e-10 

1.0255 

0.0138 

9.2737 

2.7655 

1.0866e-8 

1.1961 

0.0125 

11.7863 

2.0761 

3.349e-10 

1.0104 

0.0176 

10.7546 

1.3870 

2.9842e-10 

1.0000 

0.0214 

10.9664 

0.6969 

1.6012e-8 

1.2175 

0.0122 

11.3203 
 

 

Table 12. Comparative table of getting PV parameters values under different climatic 

conditions for two panels connected in series. 

Methods 

Parameters 

G=829.78 

T=52.4 

G=675.41 

T=48.7 

G=494.01 

T=41.7 

G=293.31 

T=34.2 

IL (A) 

Ids (A) 

n 

Rs (Ω) 

Rsh (Ω) 

3.997313 

2.53178e-2 

287.98 

0.052209 

7039.5730 

3.200398 

1.3625e-5 

283.3237 

0.052066 

1427.51 

2.101931 

1.5545e-8 

189.494 

0.010098 

1039.3472 

0.78870 

1.1731e-13 

119.706 

0.002321 

1518.4492 
 

 

 

 

 

 

4.7 Comparison based on used statistical analysis: 
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To compare the performance between different methods, the following statistical indicators of 

accuracy are used. 

• Error (ε)   

( ) ( )iIiI ExpCal −=ε  (8) 

• Mean Absolute Error (MAE) 

( ) ( )∑
=

−=
N

i
ExpCal iIiI

N
MAE

1

1

 
(9) 

• Root Mean Square Error (RMSE)  

( ) ( )( )∑
=

−=
N

i
ExpCal iIiI

N
RMSE

1

21

 
(10) 

Where Iexp is the current from real experimental measurement and ICal is the current from 

calculated/simulated data, and N is the data number. Table 13 presents the results of some used 

statistical analyses obtained from some methods. 

 

Table 13. Comparison between some PV parameters getting methods based on used statistical 

analysis. 

Methods Cubas El_naggar Cong & Cai 

Ε 

MAE 

RMSE 

2.85e-3 

NA 

NA 

2.84e-3 

2.0284e-3 

2.7e-3 

2.20e-3 

1.6709e-3 

2.4251e-3 
 

It is clear that based on statistical analysis comparison, it can be determined which approach is 

the most appropriate, accurate, and effective in terms of precision.  

 

5. Conclusions  

Accurate parameters values of PV cells/panels are essential for researchers in the modelling 

and the development of good controlling techniques for Maximum Power Point Tracking 

(MPPT) based power electronic converters. In this paper, a classification and an effective 

comparative study of the major PV parameters obtaining methods (general, analytical, 

numerical, optimization, and adaptive) through different characteristics was done, in terms of 

different points of comparisons. Each point of the latter is important to be taken into 

consideration when choosing an approach to get the PV parameters values. After doing some 

critical analysis, we have seen that there is a compromise of some characteristics for obtaining 

35 
 



Journal of Renewable Energies 23 (2020) 20 – 40 

high effectiveness and precision of PV parameters values. It is necessary that the method chosen 

to be applied should ensure simplicity, rapidity, popularity, robustness, and high accuracy. 
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