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Abstract— A method for modeling photovoltaic (PV) arrays - based on artificial intelligence techniques, namely 
genetic algorithm (GA) and cuckoo optimization algorithm (COA) - is presented. COA and GA are used to obtain 
the parameters of the PV array model using the PV cell’s datasheet information. The adopted models – using GA 
and COA - are implemented on a simulation platforms using MATLAB 2020a environment for two-diode and 
single-diode models. The proposed optimization method fits the mathematical current-voltage (I-V) characteristic 
to the three (V, I) remarkable points without the need to guess or to estimate any other parameter. The obtained 
models are tested and validated with experimental data taken from the Mutah university’s PV power plant. The 
results show that for both of the employed optimization algorithms, the two-diode model is more accurate than 
the single-diode model. The results also disclose that, at different values of temperature and solar irradiance, the 
COA – compared to the GA – better handles the optimization problem with low iterations and better fitness 
value.  
 
Keywords— Photovoltaic array; Photovoltaic cell; Genetic algorithm; Cuckoo optimization algorithm; Two-diode 
model; Single-diode model; Current-voltage characteristic. 
       

1. INTRODUCTION  

A photovoltaic (PV) system converts sunlight energy into electrical energy. The basic 

element of a PV system is the PV cell. Cells can be connected in series and/or parallel to form 

modules or panels and then large PV arrays. The term array is, usually, employed to describe 

a PV panel with several cells connected in series to obtain a certain operating voltage and/or 

in parallel to get higher current.  

Modeling of PV arrays is widely introduced in the literature. The solution to the 

model’s equations may be achieved by either analytical analysis or soft computing  

algorithms [1]. Whatever the approach is used, the two-diode model is more complex than 

other models of PV arrays. For this reason, limited research works have adopted this      

model [2-5]. In [2], the values of diode’s currents Io1 and Io2 are assumed to be equal. This 

assumption makes the model less accurate since the Io2 is at least two orders of magnitude 

greater than Io1 [6]. In [3], researchers assume that the summation of the ideality factors is 

equal to a specific value where practically they are different. This assumption decreases the 

accuracy of the model. Other research works introduced new parameters to solve the two-

diode model [5, 7, 8]. These techniques decrease the model accuracy due to the matching 

between the new parameters and the circuity parameters.  

In this work, the mathematical analysis of the adopted model is presented in detail. It 

forms an accurate current-voltage (I-V) model using intelligent techniques for obtaining the 

parameters of the two-diode model equation. This work aims to provide the researchers with 

all necessary information to develop PV array models and circuits that can be used in the 
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simulation of power converters for PV applications in a more accurate manner. A new 

parameter that measures the effect of temperature on diode’s saturation current considering 

energy gap heat effect is introduced. In addition, two optimization algorithms are used to 

solve the model optimization problem, namely the cuckoo optimization algorithm (COA) and 

the genetic algorithm (GA) where their optimization processes are based on the sum squared 

error between a measured open-circuit voltage and the calculated – using the adopted 

optimized model - open-circuit voltage. A comparison between the results of both algorithms 

is presented using single and two diode models.  

The rest of the paper is organized as follows: section 2 presents the effect of the non-

ideal parameters on the two-diode model. The mathematical derivation of the cost function 

and the constraints are presented in section 3. The simulation results of the two presented 

algorithms are presented in section 4. The model validation and conclusions are presented in 

sections 5 and 6, respectively. 

2. MODELS OF THE PV ARRAYS  

In this section, the basic relations for ideal PV cell and two-diode model of the PV cell 

are presented and the effect of non-ideal parameters on the cell’s I-V characteristic is 

covered. 

2.1. Ideal Model  

The equivalent circuit of the ideal PV cell is shown in Fig. 1. The basic equation that 

mathematically describes the output I-V characteristic of the ideal PV cell is given by [9, 10]: 

      𝐼 = 𝐼𝑝ℎ − 𝐼𝑜1 (𝑒
𝑞 𝑉

 𝐴 𝐾𝑏 𝑇
 
− 1)                                                                                                                        (1) 

where 𝐼𝑝ℎ  is the photoelectric current, 𝐼𝑜1 is diode saturation current, 𝐾𝑏 is Boltzmann 

constant, 𝑇 is temperature in Kelvin, 𝑞 is the electron charge, 𝐴 is diode ideality factor.   

  

I ph Io1
Io2  Rs 

Rp

 
Fig. 1. Equivalent circuits of an ideal (full line) and a non-ideal (dotted line) solar cell. 

 

It is well known that electric generators can be classified as current or voltage sources. 

The practical PV cell presents a hybrid behavior; i.e., it may act as a current source or voltage 

source depending on its operating point as shown in Fig. 2 [11]. 
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Fig. 2. I-V characterisctic of a practical PV cell. 

2.2. Non-Ideal Model  

In the two-diode model, three non-ideal components can be added to the ideal model to 

achieve high accuracy. This model is used in this paper because it is more accurate than the 

single diode model [12-15]. In [16], a three-diode model is proposed to include the influence 

of components that are not considered by the two diode model. The single diode model was 

used by several authors, sometimes with simplifications but always with the basic structure 

composed of a current source and a parallel diode [17–28]. From Fig. 1, the non-ideal I-V 

equation can be written as: 

      𝐼 = 𝐼𝑝ℎ − 𝐼𝑜1 (𝑒
𝑞 𝑉𝑑

 𝐴1𝐾𝑏 𝑇
 
− 1) − 𝐼𝑜2 (𝑒

𝑞 𝑉𝑑
 𝐴2𝐾𝑏 𝑇

 
− 1) −

𝑉 + 𝐼 𝑅𝑠

𝑅𝑝
                                                          (2) 

where 𝑅𝑠 and 𝑅𝑝 are the series and parallel resistances, respectively. The second diode 

increases the accuracy of the maximum power point of the diode. The slope of the curve on its 

current source and voltage source regions depends on the value of the shunt and series 

resistances, respectively. Therefore, the ideal PV cell has zero slope in the current source 

region (pure current source) and infinite slope at the voltage source region (ideal voltage 

source). Figs. 3 and 4 show the effect of the series and shunt resistances and the second diode 

on the ideal I-V characteristic, respectively [10]. 
 

(a)

Ideal

With series 
resistance

Voltage [V]

C
u

rr
e

n
t 

[A
]

Ideal 

(b)

With shunt 
resistance

Voltage [V]

C
u

rr
e

n
t 

[A
]

Ideal 

Fig. 3. Effect of the a) series resistance; b)  shunt resistance  on the ideal I-V characteristic. 
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Fig. 4. Effect of the second diode on the ideal characteristic. 

3. THE PROPOSED MODEL  

 

3.1. Model Identification  

At any operating point of the two-diode model, the output current (I) can be found as 

follow:   

𝐼𝑝ℎ = 𝐼𝑑1 + 𝐼d2 + 𝐼𝑝 + 𝐼                                                                                                                                  (3) 

where  𝐼𝑑1 and 𝐼𝑑2 are the diodes currents and 𝐼𝑝 is the shunt resistor current. They may be 

written as follow:   

 
𝐼𝑑1 = 𝐼𝑜1 (𝑒

𝑉+𝐼𝑅𝑠
 𝐴1𝐾 𝑇

 𝑞
− 1) (3a) 

 
𝐼𝑑2 = 𝐼𝑜2 (𝑒

𝑉+𝐼𝑅𝑠
𝐴2 𝐾 𝑇

 𝑞
− 1)  (3b) 

 
𝐼𝑝 =  

𝑉 + 𝐼 𝑅𝑠

𝑅𝑝
 (3c) 

where 𝐴1, 𝐴2 are the ideality factors of diodes 1 and 2, respectively, 𝐼𝑜2 is diode 2 saturation 

current, K is the Boltzmann constant T is the absolute temperature in Kelvin. The proposed 

model uses a single PV cell in its equation instead of the PV module, so the conversion 

between PV cell’s model and the PVmodule’s model can be written - based on  the number of 

series-connected cells (𝑁𝑠) and parallel-connected cells (𝑁𝑝) – as follows: 

 𝑉𝑝𝑣𝑚𝑜𝑑𝑒𝑙
= 𝑁𝑠 ∗ 𝑉𝑝𝑣 𝑐𝑒𝑙𝑙 (4a) 

 𝐼𝑝𝑣 𝑚𝑜𝑑𝑒𝑙 = 𝑁𝑝 ∗ 𝐼𝑝𝑣 𝑐𝑒𝑙𝑙   (4b) 

 
𝑅𝑠 𝑚𝑜𝑢𝑙𝑒 =  

𝑁𝑠

𝑁𝑝
𝑅𝑠 𝑐𝑒𝑙𝑙 

(4c) 

 
𝑅𝑝 𝑚𝑜𝑢𝑙𝑒 =  

𝑁𝑝

𝑁𝑠
𝑅𝑝 𝑐𝑒𝑙𝑙 

(4d) 
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Each of photoelectric current and diode current is sensitive to temperature as well as to 

solar irradiance. From the short circuit condition the 𝐼𝑝ℎ can be driven as follow: 

 
𝐼𝑝ℎ = 𝐼𝑠𝑐(1 + 𝛼∆𝑇)

𝐺

𝐺𝑟
 (1 +

𝑅𝑠

𝑅𝑝
) 

 

(5) 

where, 𝐼𝑠𝑐 , 𝛼, 𝐺, 𝐺𝑟 are the short circuit current, temperature coefficient on short circuit 

current, solar irradiance, and solar irradiance under standard condition, respectively. The 

diode saturation current is the most important part of this model because of its high 

sensitivity to temperature variation. The most common saturation current model is [29-35]: 

 

𝐼𝑜 = 𝐼𝑜𝑟   (
𝑇

𝑇𝑟
)

3
𝐴

.  exp { 
𝐸 𝑞

𝐴 𝐾  
(

1

𝑇𝑟
−

1

𝑇
)}    

 

(6a) 

where 𝐼𝑜𝑟 is the diode’s saturation current at reference temperature (𝑇𝑟 ) and E is the energy 

gap which depends on the temperature as follow: 

 𝐸 = 𝐸0 −  
𝛼 𝑇2

𝛽+𝑇
  

 

(6b) 

where, 𝐸0 = 1.17 𝑒𝑉, 𝛼 = 4.73 × 10−4 𝑒𝑉

𝐾2 , 𝛽 = 636𝐾 for Silicon. As a result, the saturation 

current can be written as: 

 

𝐼𝑜 = 𝐼𝑜𝑟  (
𝑇

𝑇𝑟
)

3
𝐴

exp (
𝐻

𝐴
) 

 

(6c) 

where H is the heat effect factor given by:  

 
 𝐻 =  

𝑇3 + 𝑎1 𝑇2 + 𝑎2𝑇 + 𝑎3

𝑇2 + 𝑏 𝑇
𝐶 

 

 

where a1, a2, a3, b and C are constants that do not depend on the temperature and given by: 

 

𝑎1 = − (
𝐸0

𝛼
+ 𝑇𝑟),  

   𝑎2 = −
𝐸0

𝛼
(𝛽 − 𝑇𝑟),   

  𝑎3 =
𝐸0

𝛼
 𝛽𝑇𝑟,  

  𝑏 = 𝛽,   𝐶 =
−𝛼 𝑞

𝑇𝑟 𝑘
  

 

The diode’s current can be written as follow: 

 
𝐼𝑑1   = 𝐼𝑜𝑟1  (

𝑇

𝑇𝑟
)

3
𝐴1

exp (
𝐻

𝐴1
) (exp (

𝑉 + 𝐼𝑅𝑠

𝐴1 𝐾 𝑇
𝑞) − 1)                           

 

(7a) 

 
𝐼𝑑2   = 𝐼𝑜𝑟2  (

𝑇

𝑇𝑟
)

3
𝐴2

exp (
𝐻

𝐴2
) (exp (

𝑉 + 𝐼𝑅𝑠

𝐴2 𝐾 𝑇
𝑞) − 1) 

 

(7b) 

3.2. Problem Definition, Fitness Function, and Constraints 

Three constraints are defined for the optimization problem as follow:  

 Open circuit constraint: 𝑉 = 𝑉𝑜𝑐   , 𝐼 = 0. 
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 Maximum power point constraint: 𝑉 = 𝑉𝑚 , 𝐼 = 𝐼𝑚. 

 Maximum power slope constraint:  
𝜕𝑃

𝜕𝑉
 (𝑉𝑚, 𝐼𝑚 ) = 0. 

The cost function (E) is defined as follow: 

 
𝐸 =  ∑ |

𝑉𝑜𝑐−𝑚 − 𝑉𝑜𝑐−𝑐

𝑉𝑜𝑐−𝑚
|

 𝑇=70℃

𝑇=0℃

∗ 100 % 
 

(8) 

where 𝑉𝑜𝑐−𝑐 is the calculated open-circuit voltage and 𝑉𝑜𝑐−𝑚 is the measured open-circuit 

voltage.   

To find the calculated open-circuit voltage 𝑉𝑜𝑐−𝑐 at temperature T, the following relation 

is used : 

 
𝐼𝑠𝑐(1 + 𝛼∆𝑇)

𝐺

𝐺𝑟
(1 +

𝑅𝑠

𝑅𝑝
) = 𝐼𝑜1 exp { 

𝑉𝑜𝑐  

𝐴1 𝑘  𝑇 
𝑞} + 𝐼𝑜2 exp { 

𝑉𝑜𝑐  

𝐴2 𝑘  𝑇 
𝑞} +

𝑉𝑜𝑐

𝑅𝑝
 

 

(9a) 

The measured open-circuit voltage 𝑉𝑜𝑐−𝑚 is given as: 

 𝑉𝑜𝑐−𝑚 = 𝑉𝑜𝑐𝑟(1 + 𝛽∆𝑇) (9b) 

The optimization problem - based on previous model equations - solves the constant 

parameters (𝐼𝑜𝑟1, 𝐼𝑜𝑟2,  𝐴1,  𝐴2,  𝑅𝑠,  𝑅𝑝) based on the reference values of the parameters 

(𝑉𝑜𝑐 , 𝐼𝑠𝑐 ,  𝑉𝑚,  𝐼𝑚, 𝛼, 𝛽,  𝑁𝑐𝑒𝑙𝑙) presented in the PV model’s datasheet. 

3.3. Boundary Limitations  

The minimum value of 𝑅𝑝 which is the slope of the line segment between the short-

circuit point and the maximum power point is given by: 

 𝑅𝑝 𝑚𝑖𝑛 =
𝑉𝑚

𝐼𝑠𝑐−𝐼𝑚
  

 

(10a) 

Similarly, the maximum value of 𝑅𝑠 which is the slope of the line segment between the 

open-circuit and the maximum power point is presented as: 

𝑅𝑠 𝑚𝑎𝑥 =  
𝑉𝑜𝑐−𝑉𝑚

𝐼𝑚
                                                                                                                             (10b) 

4. SIMULATION RESULTS 

The parameters of the JAM6(K)-72-340/PR PV module (which is used in the Mutah 

university PV-power plant) are adopted to validate the proposed model. Table 1 shows the 

datasheet of JAM6(K)-72-340/PR PV module. Data is measured at standard test condition 

(STC) where each array contains 72 series-connected cells, with 340 W maximum power. For 

the aim of finding the cell’s parameters from the array parameter, Eq. (4) is used. 
 

Table 1. Parameters of the JAM6 (K)-72-340/PR PV module at 25 ºC and G = 1000 W/m2. 

𝑉𝑚(V) 𝐼𝑚(𝐴) 𝑉𝑜𝑐(𝑉) 𝐼𝑠𝑐(𝐴) 𝛼 (%/𝐶°) 𝛽 (%/𝐶°) 𝑁𝑠 𝑁𝑝 

38.18 8.91 46.86 9.46 0.06 -0.3 72 1 

 

To solve the optimization problem using GA and a COA for both single and two diode 

models, MATLAB 2020a is used. The utilized GA optimizes the PV model’s parameters. The 

GA population size affects both the GA performance and efficiency. Generally, GA performs 

poorly if a very small population is used; this is because an insufficient sample size is not 
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provided [36]. In contrast, large populations require more evaluations per generation which 

can result in an unacceptable demand for processing and a slow rate of convergence. Here, in 

our simulation, the population size is chosen to be 30 based on results of the error analysis 

conducted in this work. Besides, for the adopted application, the best value for the crossover 

rate was found to be equal to 0.67. This value is chosen according to some trial simulations 

conducted for this purpose. Consequently, the mutation rate is chosen to be 0.005, according 

to previous studies conducted by some researchers. In the simulations presented in this work, 

8-bit chromosomes are used for each variable of optimized and linear scaling fitness 

technique where the better strings reproduce more copies in the next generation.     

The COA is very sensitive to its parameters; i.e., the setting of the parameters can affect 

its efficiency [37]. The parameter settings cause more reliability and flexibility of the 

algorithm. So, settings the parameters are one of the crucial factors to gain an optimized 

solution in all optimization problems. Table 2 shows the selected parameters for the proposed 

COA. 

 
Table 2. Parameters settings of COA. 

Parameter Value 

Number of cuckoos 100 

Minimum number of eggs 2 

Maximum number of eggs 4 

Maximum iteration 123 

Number of clusters 2 

Lower band of parameter 0.1 

Higher band of parameter 1000 

Maximum number of cuckoos 10 

Radius coefficient 5 

 

To investigate the performance of the GA and COA for PV modeling, the fitness cost 

function presented in Eq. (8) which maps the cost function value to the fitness value is 

adopted. Here, the optimization problem is solved for finding the constant parameters 

(𝐼𝑜𝑟1, 𝐼𝑜𝑟2,  𝐴1,  𝐴2,  𝑅𝑠,  𝑅𝑝) of the model in which they are related to the reference parameters 

(𝑣𝑜𝑐 ,  𝐼𝑠𝑐  ,  𝑉𝑚,  𝐼𝑚, 𝛼, 𝛽,  𝑁𝑐𝑒𝑙𝑙) presented in the datasheet. In the case of the single diode model 

used, both 𝐼𝑜𝑟2 and 𝐴2 are removed.  

4.1. Single Diode Model 

In the single-diode model, the optimization algorithms are used to set four parameters 

(𝐼𝑜𝑟,  𝐴 ,  𝑅𝑠,  𝑅𝑝) rather than six. The convergence results are depicted in Figs. 5 and 6 for GA 

and COA, respectively. Besides, the obtained four optimized parameters are shown in Figs. 7 

and 8 for both algorithms.  

Figs. 9 and 10 show the I-V and power characteristics at different temperatures and 

solar irradiances for the COA. Figs. 11 and 12 show the 3-D I-V and power characteristics for 

the GA.  
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Fig. 5. Fitness function using GA for the single-diode model. 
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Fig. 6. Fitness function using the COA for the single-diode model. 
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Fig. 7. Optimized parameters using the GA algorithm for the single-diode model. 



© 2020 Jordan Journal of Electrical Engineering. All rights reserved - Volume 6, Number 4                                    304 
 

 

0 500 1000 1500 2000 2500
8.8

9

9.2

9.4

9.6

9.8

10
x 10

-8

Iteration

Io
r

0 500 1000 1500 2000 2500
0.05

0.1

0.15

0.2

0.25

Iteration

R
s

0 500 1000 1500 2000 2500
0

200

400

600

800

1000

Iteration

R
p

0 500 1000 1500 2000 2500
1.32

1.34

1.36

1.38

1.4

Iteration

A

 
Fig. 8. Optimized parameters using the COA for the single-diode model. 
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Fig. 9. I-V characteristics using the COA for the single-diode model. 
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Fig. 10. Power characteristics using the COA for the single-diode model. 
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Fig. 12. 3-D power characteristics using the GA for the single-diode model. 

4.2. Two-Diode Model 

Figs. 13-16 show the fitness function of the two-diode model, and the optimized 

parameters using the adopted GA and COA. Besides, the  I-V and the power characteristics 

with the variation of temperature and irradiance levels obtained using the GA and COA are 

illustrated in Figs. 17-20. 
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Fig. 13. Fitness function using the GA for the two-diode model. 
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Fig. 14. Fitness function using the COA for the two-diode model. 
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Fig. 15. Optimized parameters using the GA for the two-diode model. 
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Fig. 16. Optimized parameters using the COA for the two-diode model. 
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Fig. 17. I-V characteristics using the COA for the two-diode model. 
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Fig. 18. Power characteristics using the COA for the two-diode model. 
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Fig. 19. 3-D I-V characteristics using the GA algorithm for the two-diode model. 
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Fig. 20. 3-D power characteristic using the GA for the two-diode model. 

4.3. Analysis of the Obtained Results  

In this work, the number of nests was set to 25 for the COA since any number between 

15 and 40 is sufficient for most optimization problems while the total of iterations was 200. 

Due to the stochastic nature of the COA, the start points for the algorithm are not the same 

and the paths followed are also different. To address these differences, each optimization 

algorithm was run many times and the most efficient results, obtained with minimum error - 

as compared with reference values - are the ones considered for this work. Table 3 summaries 

the results of the previous two subsections. Based on the them, it is observed that the two-

diode model is more accurate than the single diode model. The fitness value in the case of the 

used GA is decreased from 0.3433 % to 0.18937 % when using the two diode model rather 

than one diode model, where the ratio 
𝐼𝑜𝑟2

𝐼𝑜𝑟1
 is about 140. Similarly, the results of the two-diode 

model in the the case of COA is more accurate than those of the one diode model. The error is 

decreased from 0.17 % to 0.07 % where the saturation currents ratio is about 800. Both models’ 
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I-V characteristics are plotted together at standard test conditions in Fig. 21. The difference 

between one diode model’s series resistance and two diode model’s series resistance is seen at 

the slope of the curve at the open-circuit voltage point.  
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Fig. 21. I-V characteristics using the COA for the invistigated diode models. 

 

The obtained results show that the the COA gives a better solution than GA. In both 

models, the COA algorithm is more appropriate than GA to handle the optimization problem. 

From table 3, it can be seen that the fitness value in the COA is less than the half-value 

obtained by GA. On the other hand, at the same number of iterations, the COA takes more 

computational time than GA.  

From the characteristics of the PV cell, the module is directly dependent on the 

irradiation and the temperature. Current and power - as a function of the voltage for different 

levels of irradiation at a constant temperature of 25 °C -  change considerably, while the 

voltage changes slightly with the irradiation. On the other hand - current and power - as a 

function of the voltage for different temperature levels with a constant irradiation level of  

constant 1000 W/m², show a slight change, while the voltage changes slightly with 

temperature.             
                                                                                                        

Table 3. Optimized parameters for both diode models using GA and COA. 

Algorithm variable 
Single-diode model Two-diode model 

GA COA GA COA 

𝐼𝑜𝑟1 5.5748e-8 1e-7 4.7201 e-08 9.2409e-8 

𝐼𝑜𝑟2 - - 6.6864e-6 8.3157e-5 

𝐴1 1.3355 1.3785 1.3257 1.3799 

𝐴2 - - 2.4225 2.727 

𝑅𝑠 0.21938 0.15264 0.16764 0.0727 

𝑅𝑝 767.9718 100 251.3 204.9 

Fitness value 0.3433 % 0.17 % 0.18937 % 0.077108% 

Number of iteration 2000 2000 2000 2000 

Simulation time [s] 197.5 365.7 132 152.0 
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5. MODEL TEST VALIDATION 

In this section, validation of the proposed model is presented using the results of the 

model’s optimized parameters obtained using the COA. Two validation methods are applied, 

namely curve fitting and actual validation using data from Mutah university solar power 

plant. The first method uses I-V and power characteristics from the datasheet and plots model 

characteristics at different levels of temperatures and solar irradiance. In this method, all 

possible operating points are validated at different levels of temperature and solar irradiance. 

Figs. 22-24 show a comparison between the I-V and power characteristic obtained from 

the datasheet with those of the proposed model at different diffent levels of temperatures and 

solar irradiance. On these figures, solid lines refer to data-sheet curves and dashed-lines refer 

to model curves. In these curves, the two-diode model with COA is used to compare the 

results with 345W mono 72 Cells from the same family of the previous module.  
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Fig. 22. I-V characteristics at different temperatures values and at an irradiance level of 1000 W/m2. 
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Fig. 23. Power characteristics at different irradiance levels at a temperature of  25 ºC. 
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Fig. 24. I-V characteristics at different irradiance levels with T = 25 ºC. 

 

The second validation method compares the result with actual measured points from 

the 5 MW Mutah university PV-plant that contains 4, 1.5 MVA medium voltage transformers, 

with 84 inverters. Each inverter is connected to a combiner box with input from 10 parallel 

strings of 18 series arrays in each string.  

Table 4 shows some examples of operations taken at different times. In table 4, the 

absolute error in current is calculated based on the difference between the actual measured 

current (Im) and the calculated current by the proposed model (Ic). 

The temperature of the array (T) and solar irradiance (S) are measured individually at 

each time. Voltage (V) and current (Im) are measured at the inverter’s DC-input side; the 

voltage drop on the DC-cable (from the combiner box to inverter) is considered. Drop voltage 

on wires which connect arrays to the combiner box is ignored because the combiner is 

installed on the back of each group of strings. The model is modified to an appropriate 

inverter group in the same way used in Eq. (4). The simulation model of the proposed PV 

using MATLAB Simulink is shown in Figs. 25 and 26. 

 
Table 4. Results of the second validation method (actual validation). 

 
 

 

 

 

 

 

 

 

 

 

 

T [C] G [w/m2] V [V] 𝑰𝒎 [A] 𝑰𝒄 [A] E [%] 

43.8 1012 667.1 80.22 80.8 0.73 

51.6 994 656.9 75.63 76.43 1.06 

54.3 991 659.5 70.39 71.03 0.091 

55.3 997 656.8 70.17 70.97 1.14 

51.6 996 660.2 74.73 75.48 1.00 

51.8 1005 657.2 75.54 76.67 0.736 

56.2 971 648.00 71.61 72.32 0.99 
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Fig. 25. Simulink’s simulation model using the COA of the two-diode model. 
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Fig. 26. Simulink’s simulation model of the PV cell.  

6. CONCLUSIONS 

This paper proposed an indirect method - based on artificial intelligent techniques (GA 

and COA) - to adjust the mathematical I-V characteristic of a PV array. The objective of the 

method is to fit the mathematical I-V equation to the experimental remarkable points of the 

practical PV array and the datasheet I-V curve. The method obtained the proposed new 

parameters of the I-V equation using the following nominal parameters from the PV array’s 

datasheet: open-circuit voltage, short-circuit current, maximum output power, voltage, and 

current at the maximum power point, current/temperature, and voltage/temperature 

coefficients. The proposed optimization method fitted the mathematical I-V curve to the three 

(V, I) remarkable points without the need to guess or to estimate any other parameter. The 

two-diode model was used to modeling the PV module and the single-diode model is used 

for comparison.  
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The obtained result showed that at different temperatures and solar irradiances, the 

COA could solve the defined optimization problem better than GA. The accuracy of the 

solution using COA is better than a genetic algorithm with a lower number of iterations. 

However, the computational time of the COA is larger than the GA. The results also revealed 

that for both of the employed optimization algorithms, the two diode model showed to be  

more accurate than the one diode model. 
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