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Abstract. The solar photovoltaic (PV) array is one of the main components of 

the solar PV system. The accuracy of the solar PV cell parameters and models is 

directly affected to the operation and control of the solar PV system. It is obvious 

that the solar PV cell parameters may change with various operation conditions. 

Thus, it is important to estimate parameters of the solar PV cell model. Due to 

the non-linearity, multivariable and multimodal features of the solar PV cell 

model, the existing approaches are incapable to estimate parameters of the solar 

PV cell model with a high accuracy. This paper proposes an improved artificial 

bee colony (ABC) algorithm for estimating parameters of the solar PV cell 

model. The estimation results obtained by using the improved ABC algorithm 

are promising and better than those found by other existing approaches. 

Keywords: Parameter Estimation, Solar Photovoltaic Cell, Artificial Bee Col-

ony Algorithm. 

1. Introduction 

According the general development trend of the electric industry, renewable energy 

sources are being strongly encouraged to exploit in many countries around the world. 

The renewable energy sources include solar energy, wind energy, biomass energy, tidal 

energy, wave energy, etc. Amongst these energy sources, the solar energy gets much 

attention by its advantages such as less pollution, no noise, short construction period, 

etc. 

Basically, there are two main solar power generation technologies consisting of solar 

photovoltaic (PV) power generation technology and solar thermal power generation 

technology.  

It is realized that the solar PV power generation technology is appropriate for both small 

and large scale applications whereas solar thermal power generation technology is only 

suited for large scale applications. Each technology obviously has its own advantage 

and disadvantage and then their preferred utilization basically depends on given condi-

tions.     
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The solar PV power generation technology is mentioned in this paper. In this technol-

ogy, a solar PV cell is the important part of the solar energy conversion as well as the 

solar PV power generation system. 

A solar PV array is a connection of solar PV modules which are made of multiple in-

terconnected PV cells.  

In order to maintain the maximum solar PV power generation systems, various optimal 

control approaches have been developed to find out the relationship between the output 

current and voltage of the solar PV cells [1]. 

The accuracy of the solar PV cell parameters and models is directly affected to the 

operation and control of the solar PV system. It is obvious that the solar PV array pa-

rameters may change with various operation conditions. Thus, it is important to esti-

mate parameters of the solar PV cell model.  

Due to the non-linearity, multivariable and multimodal features of the solar PV model, 

the existing approaches are incapable to estimate parameters of the solar PV array 

model with a high accuracy. 

Recently, several meta-heuristic algorithms such as a genetic algorithm (GA) [2], a 

particle swarm optimization (PSO) algorithm [3], a simplified swarm optimization 

(SSO) algorithm [4], a Nelder-Mead optimization (NMO) algorithm [5], a gravitational 

search (GS) algorithm [6], a shuffled frog leaping (SFL) algorithm [7], etc have been 

introduced to estimate unknown parameters of a solar PV cell. In this paper, an im-

proved artificial bee colony (ABC) algorithm is proposed to estimate parameters of a 

solar PV cell. The numerical result is compared with other meta-heuristic algorithms 

such as the PSO, improved PSO, and ABC algorithms.  

The remainder of this paper is organized as follows. The mathematical model of pa-

rameter estimation of a solar PV cell is described in Section 2. A novel application of 

the improved ABC algorithm for parameter estimation of a solar PV cell is presented 

in Section 3. The numerical results follow to confirm the validity of the proposal in 

Section 4. Finally, the advantages of the novel application are summarized via the com-

parison with other existing algorithms. 

 

2. Mathematical Model of Parameter Estimation of a Solar PV Cell 

In order to describe solar PV cells, there are several solar PV cell models such as an 

ideal diode model, single diode model, and double diode model. The ideal diode model 

is popularly used to explain the theory of the solar PV cell rather than the simulation 

application. Furthermore, the single diode model is widely used more than the double 

diode model because of its simplicity with acceptable accuracy. This is the reason why 

the single diode model is used and described in this paper. The single diode model is 

represented as the equivalent circuit in Fig. 1 [8]. 
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Fig. 1. Equivalent circuit of the single diode model of a solar cell. 

The diode current and voltage are [8]: 
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From (1), (2) and (3), the equation (4) is re-written as follows: 
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where 

Id: the diode current through the Shockley equation (A); 

Vd: the diode voltage (V); 

Il: the load current provided by a solar cell (A); 

Vl: the load voltage (V); 

I0: the reserve bias saturation current of the diode (A); 

q: the charge on the electron, q = 1.602  10-19 (C); 

k: Boltzmann’s constant, k = 1.38  10-23 (m2kg/s2); 

T: the absolute temperature of a solar PV cell in Kelvin (K);  

Rsh: the shunt resistance (); 

Rs: the series resistance (); 

Vt: the panel’s thermal voltage at 3000K (V); 

Iph: the current source generated by a solar PV cell (A); 

n: the diode’s ideality coefficient. 

In (5), the Iph, I0, Rs, Rsh and n are assumed to be the unknown parameters in the single 

diode model of a solar PV cell. In this paper, the parameter estimation problem is de-

scribed through a root mean square error (RMSE) optimization problem. 

The root mean square error of the load current at various conditions is: 

Iph 

Id 

Vd 

+ 

_ 

Rsh 

Rs Il + 

_ 

Vl 
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where 

N: the number of measurements; 

Ili
estimated: the ith estimated load current provided by a solar cell (A); 

Ili
measured: the ith measured load current provided by a solar cell (A). 

The improved ABC algorithm is proposed to solve the parameter estimation problem 

of a solar PV cell based on the minimization of the objective function, (6). 

3. Improved ABC Algorithm based Parameter Estimation of a Solar 

PV Cell 

3.1. Standard ABC Algorithm 

The ABC algorithm was introduced by Karaboga in 2005, is a population based meta-

heuristics algorithm inspired from the foraging behaviour of honey bees in nature [9]. 

In the ABC algorithm, there are three types of artificial bee in the colony consisting of 

employed bees, onlooker bees, and scout bees.  

The employed bees play a role to discover the nectar sources, bring the nectar source 

information to the hive, and share the information with other bees. 

The onlooker bees stay in the hive and decide to follow the employed bees based on the 

quality of the discovered nectar sources.  

The scout bees search the outdoor randomly and independently of employed bees for 

better and unseen nectar sources.  

In the ABC algorithm, the location of each nectar source is a potential solution. The 

better nectar source is the better solution which is assumed corresponding to a smaller 

value of the objective function.     

The ABC algorithm initially generates the random nectar source sites that correspond 

to a random population of N solutions in the search space. Each solution represents an 

employed bee. This initial solution population consists of the M-dimensional real-val-

ued vectors, Xi = {xi1, xi2, …, xiM}. The vector, Xi is the ith nectar source.   

The solution of the estimated parameters is given by: 

 ( ) ( )minmaxmin 1,0 ijijijij xxrandxx −+=  (7) 

where 

xij: the ith solution of the jth estimated parameters, i = 1, 2, ..., N, and j = 1, 2, ..., M; 

xij
max and xij

min: the upper and lower bounds of each estimated parameter of a solar PV 

cell; 

N: the number of employed bees corresponding to the number of solutions; 

M: the number of estimated parameters, M = 5 in this paper. The Iph, I0, Rs, Rsh and n 

are the estimated parameters for a solar PV cell.  

Then each employed bee generates a modified nectar source depending on a neighbour-

hood of the present nectar source, and evaluates the quality of the nectar sources.   

The modified solution is described as follows: 
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 ( )kjijijijij xxxv −+=   (8) 

where 

k  {1, 2, ..., N}: the randomly chosen index, k  i; 

ij  rand [-1, 1]: the uniformly distributed real random number; 

When the vij is obtained, the fitness function value of vij is evaluated and compared to 

the fitness function value for xij. 

If the fitness function value of vij is equal to or better than that of xij, the vij will replace 

the xij in the population.   

When the employed bee group completes the search, it shares its information related to 

the nectar amounts and positions with the onlooker bee group on the dance area.  

An onlooker bee evaluates the nectar information taken from all employed bees and 

chooses a nectar source site with a probability related to its nectar amount. This proba-

bilistic selection depends on the fitness values of the solution in the population.  

The roulette wheel selection technique is applied to choose the nectar source site which 

has a higher probability of fitness function, pi. 

The probability of the fitness function is as follows: 

 


=

=
N

i

i

i
i
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Fitness
p

1

 (9) 

An onlooker bee evaluates the nectar information taken from all the employed bees and 

selects a nectar source, Xi depending on its probability value, pi. 

Similarly, when the onlooker bee has selected its nectar source, Xi, it generates a mod-

ification on Xi through (8). 

If a nectar source, Xi cannot be further improved through a predetermined number of 

trials, Lim, the nectar source is assumed to be abandoned. Then the corresponding em-

ployed bee becomes a scout bee. The scout bee randomly generates a nectar source as 

(7).  

The predetermined trial number is given by: 

 MNLim =  (10) 

3.2. Improved ABC Algorithm 

In order to improve the global convergence by escaping from local optima, a chaotic 

map is proposed to initialize nectar sources for the ABC algorithm in this paper. The 

chaotic maps are considered as sources of randomness. Chaos is found in non-linear 

dynamical systems, which is a deterministic random-like process [10].  

The chaotic maps consists of the logistic map, the gauss map, the sinusoidal iterator, 

etc. The sinusoidal iterator is used to initialize nectar sources in the ABC algorithm in 

this paper. 

Then the equation (7) is re-written as follows: 

 ( )minmaxmin
ijijkjijij xxCxx −+=  (11) 

where 

Ckj = sin(.C(k-1)j), C(k-1)j  (0,1), k = 1, 2, …, K: the chaotic sequence. 
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Fig. 2.  Flowchart of the ABC algorithm. 
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4. Numerical Result 

The numerical result is obtained on a commercial silicon solar PV cell. The data set of 

the solar PV cell’s voltage and current is collected under the operating condition of the 

irradiation, G, 1000 W/m2 and the temperature, T0C, 330C [11]. 

The voltage and current of the solar PV cell are measured under various load conditions. 

There are 20 measured data samples of the voltage and current of the solar PV cell 

showed in the Table 4. Then the V-I and V-P experimental characteristics of the solar 

PV cell are obtained as Figs 3 - 4.  

In order to apply the improved ABC algorithm for the parameter estimation application 

of the solar PV cell, the algorithm parameters are respectively set as follows. The pop-

ulation size, N is 50. The predetermined trial number, Lim is 250. The stopping criterion 

is the maximum iteration number, Itermax, 1000. Furthermore, if the fitness value for the 

best solution remains in 10% of the maximum iteration number, then the algorithm is 

stopped. Fig. 2. is the flowchart of the ABC algorithm. 

Table 1 shows the search space of estimated parameters in the solar PV cell model 

including the current source generated by a solar PV cell, Iph (A); the reserve bias satu-

ration current of the diode, I0 (A); the series resistance, Rs (); the shunt resistance, 

Rsh (); and the diode’s ideality coefficient, n.  

The improved ABC algorithm is proposed to estimate the parameters of a solar PV cell. 

The estimation result is compared to other existing algorithms such as the PSO, im-

proved PSO, and ABC algorithms.  

The parameters of the PSO, improved PSO, ABC and improved ABC algorithms are 

shown in Table 2 [12]. It is realized that the difference between the ABC and improved 

ABC algorithms is the chaotic map of the sinusoidal iterator used to replace for the 

traditional random number sequence, rand (0,1). 

The parameters are estimated by using the PSO, improved PSO, ABC and improved 

ABC algorithms shown in Table 3 respectively. It is based on the estimated parameters 

by using the improved ABC algorithm in Table 3, the V-I and V-P estimated character-

istics of the solar PV cell are shown in Figs. 3 - 4.  

Table 4 shows that the error percentages between the estimated and measured load cur-

rents provided by the solar cell which are always less than 0.01%. It is obvious that the 

achievement confirms the validation of the improved ABC algorithm in the parameter 

estimation application of the solar PV cell.  

Tables 3 - 4 obviously indicate that the accuracy of each estimated parameter by using 

the improved ABC algorithm is always better than the estimated results by using the 

PSO, improved PSO, ABC algorithms in the similar conditions.    

Fig. 5 and Table 5 give more information about the value and speed convergence of the 

PSO, improved PSO, ABC and improved ABC algorithms. It is realized that the im-

proved ABC algorithm’s convergence speed and value are the best compared to those 

of the PSO, improved PSO and ABC algorithms. The improved ABC algorithm con-

verges at the 255th iteration and its convergence value is 0.000091 whereas the PSO, 

improved PSO and ABC algorithms converge at 554th, 456th, 417th iteration respectively 

and their convergence values are 0.0089, 0.0062, 0.0034, respectively. 
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It is obvious that the replacing utilization of the chaotic map in the improved ABC 

algorithm have enhanced the ABC algorithm’s effectiveness, especially in the parame-

ter estimation application. 

Table 1.  Search space of estimated parameters in the solar PV cell model [11] 

Parameter Lower bound Upper bound 

Iph (A) 0 1 

I0 (A) 0 1 

Rs () 0 0.5 

Rsh () 0 100 

n 1 2 

Table 2.   Parameters of the PSO, improved PSO, ABC and improved ABC algorithms 

Algorithm Parameter 

PSO - The population size, N = 50; 

- The maximum iteration number, Itermax = 1000; 

- The inertia weight, w = 0.9; 

- The acceleration coefficients, c1 = c2 = 2. 

Improved PSO - The population size, N = 50; 

- The maximum iteration number, Itermax = 1000; 

- The inertia weight, w is a chaotic map; 

- The acceleration coefficients, c1 = c2 = 2. 

ABC - The population size, N = 50; 

- The maximum iteration number, Itermax = 1000; 

- The rand(0,1) is used. 

Improved ABC - The population size, N = 50; 

- The maximum iteration number, Itermax = 1000; 

- The chaotic map of the sinusoidal iterator is used. 

Table 3.   Estimated parameters of the solar PV cell using the PSO, improved PSO, ABC, and 

improved ABC algorithms 

Parameter PSO Improved PSO ABC Improved ABC 

Iph (A) 0.7380 0.7485 0.7601 0.7607 

I0 (A) 0.2918 0.3016 0.3119 0.3212 

Rs () 0.0309 0.0321 0.0359 0.0364 

Rsh () 51.2678 52.3526 53.3562 53.4000 

n 1.2728 1.3183 1.4809 1.4815 
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Table 4.  The voltage and current of the solar PV cell 

Data Measured 

voltage (V) 

Measured 

current (A) 

Estimated 

current (A) 

Current 

error (A) 

Error percentage 

of current (%) 

1 0.0057 0.7605 0.7606 0.0001 0.01 

2 0.0646 0.7600 0.7598 0.0002 0.03 

3 0.1185 0.7590 0.7586 0.0004 0.05 

4 0.1678 0.7570 0.7573 0.0003 0.04 

5 0.2132 0.7570 0.7568 0.0002 0.03 

6 0.2545 0.7555 0.7557 0.0002 0.03 

7 0.2924 0.7540 0.7541 0.0001 0.01 

8 0.3269 0.7505 0.7508 0.0003 0.04 

9 0.3585 0.7465 0.7462 0.0003 0.04 

10 0.3873 0.7385 0.7383 0.0002 0.03 

11 0.4137 0.7280 0.7276 0.0004 0.05 

12 0.4373 0.7065 0.7069 0.0004 0.06 

13 0.4590 0.6755 0.6752 0.0003 0.04 

14 0.4784 0.6320 0.6325 0.0005 0.08 

15 0.4960 0.5730 0.5726 0.0004 0.07 

16 0.5119 0.4990 0.4992 0.0002 0.04 

17 0.5265 0.4130 0.4126 0.0004 0.10 

18 0.5398 0.3165 0.3163 0.0002 0.06 

19 0.5521 0.2120 0.2118 0.0002 0.09 

20 0.5633 0.1035 0.1034 0.0001 0.10 

Table 5.  Convergence of the PSO, improved PSO, ABC and improved ABC algorithm 

Algorithm Convergence value Convergence speed 

PSO 0.0089 554th iteration 

Improved PSO 0.0062 456th iteration 

ABC 0.0034 417th iteration 

Improved ABC 0.000091 255th iteration 

 

 

Fig. 3.  V-I experimental and estimated characteristics of the solar PV cell using the improved 

ABC. 
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Fig. 4.  V-P experimental and estimated characteristics of the solar PV cell using the improved 

ABC. 

 

Fig. 5.  Convergence characteristics of the PSO, improved PSO, ABC and improved ABC algo-

rithms. 
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algorithm convergence that leads to improve the estimation value and speed of the solar 

PV cell’s parameters. 
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