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Abstract
For a research problem: as a single-diode model (electrical circuit) is difficult to discover the precise answer to employing 

analytical approaches, develop and compute the electrical parameters of the PV cell roughly using numerical algorithms. Therefore, 
the goal of this work is to create an algorithm that aids in the approximate solution of the electrical parameters of solar cells. Three 
methods have been proposed for these calculations, each of which has a quicker calculation time and a higher level of accuracy.

By streamlining the calculation process, the proposed method solves the problems of complexity and precision. The I–V and 
P–V characteristic curves of solar cells can then be utilized to compare the efficacy of the tested methods. In addition, the analysis 
of root mean square error indicates that the proposed method is more applicable than alternative methods. In fact, this extraction 
procedure can be regarded as an efficient and precise method for estimating the single diode model parameters of solar cells.
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The results indicate that this precise and effective strategy can play an important role in the retrieval of single diode mo-
del parameters. In fact, the method proposed in this paper makes numerically implementing parameter models in technology simpler. 
In addition, it provides an optimization suggestion for the production of solar cells.
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1. Introduction
Many iterative methods are achieved numerous nonlinear instances that have passed through 

different fields have been solved utilizing numerical approaches, the photovoltaic system, polymer, 
ceramic and many other photovoltaic applications. One of the standard techniques is Newton which 
is simple algorithm used in order to solve this kind of equations such as nonlinear equation, which 
has first derivative function with second order convergence. Researchers have treated nonlinear 
equations propose to modify Newton’s technique. The order methods for numerical examples of 
nonlinear equations [1], the PV is the technology that generates DC current electrical power cal-
culated based on semiconductors as they are illuminated by photons [2]. In order to understanding 
of the physical mechanisms inside PV cell, the electrical parameters values should be determined. 
These parameters are not directly measurable by means of set-ups (experimental). Many numeri-
cal algorithms have been used for the identification of these parameters for example the newton’s 
method [3, 4]. The mathematical model (equation) is utilized for describing the voltage-current re-
lationship of solar cell, therefore; the iteration’s parameters have been the subject for demonstration 
of many researchers [5]. In nature, in the fields of engineering and science, several of the transcen-
dental and non-linear problems of the style f(x) = 0, are complex, because it isn’t always thinkable to 
acquire the exact solution of the function under testing by the common algebraic methods. The iter-
ative numerical algorithms are often used to obtain the approximate solution of such problems [6]. 

Newton’s technique is classical has linear convergence to simple, quadratic and multiple 
zeros respectively. For accelerating the convergence of this technique, some modifications are 
needed. Many researchers based on the inclusion of extra evaluations of functions and a derivative 
improves the local order of convergence for Newton’s method of convergence [7]. 

A broad discussion for obtaining the electrical parameters of PV cell for example single- 
diode design is given by [8], presented a non-iterative Lagrangian method for calculating the cell 
characteristics are derived from the current–voltage characteristic of light produced current, this 
method was employed for different PV cell technologies for example the silicon. [9], improved an 
identification algorithm of the parameters by means of Newton’s technique by MATLAB program. 
[10], has studied the electrical parameters of PV cell based on (I–V curve) by using Nelder-Mead 
simplex search method for recognizing the models and PV cell characteristics which including 
shunt resistance, saturation current, and series resistance. The properties of the solar cell that were 
extracted are collected at various operation conditions. [11], has analyzed the equivalent electrical 
circuit of PV cell derived experimentally from (I–V curve) involved the voltage and current of the 
highest power point, as well as the voltage and current of the open circuit voltage, short-circuit 
current based on NRM that is being used to resolve the electrical parameters of the cell because  
of non-linear transcendental equations. [12], obtained a satisfactory agreement with the experi-
mental results and has high respond and sensitive to climatic conditions variation: temperature  
and irradiance. [13], showed the use of a performance optimization strategy based on discrete  
symbiotic organism search to improve overall performance to solve the global optimization for 
nonlinear problems, this algorithm is different from Newton’s method. [14], investigated the pa-
rameters extracted from PV cell in renewable energy field. Chicken swarm optimization (CSO) 
is applied parameter extraction of PV cell. Different parameters of PV cell have evaluated with 
the help of MATLAB software utilizing chicken swarm optimization. A comparison is made with 
culture algorithm (CA). [15], presented the decomposition of for I–V characteristics non-linear 
equation. This means that the starting values of PV parameters are not essential to know like 
in the Newton-Raphson technique. [16], determined the PV cell electrical parameters utilizing  
a simple iterative method. [17], reported a new optimization method, Tree Growth Procedure (TGP), 
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is used for efficient and accurate extraction of PV module unknown parameters and solar cell.  
A comparison was made between the application of TGA results and different algorithms obtained 
in the literature. [18], made an attempt to study a developed iterative algorithm are used to de-
termine output characteristics of PV modules. A comparison was made between real test data 
and simulation results together with different conditions. [19], a technique for extracting solar cell 
and module characteristics from datasheet information has been developed that is both easy and 
improved. The parameters are as follows: ideality factor (n), series resistance (Rs) shunt resis-
tance (Rsh), photocurrent Iph, and saturation current Io [20], has analyzed the equivalent electrical 
circuit of PV cell derived experimentally from (I–V curve) involved Voc and Imax, short-circuit  
current based on Newton Raphson technique which is utilized to resolve the cell electrical para-
meters because of non-linear transcendental equations [20–29].

For describing the problem physically, the non-linear boundary value problem is solved 
numerically using Newton’s, RFM, and IRFM algorithms. For the research problem, derive and 
calculate the PV cell’s electrical parameters approximately by numerical algorithms for a single – 
diode model (electrical circuit) because it’s difficult to find the exact solution of this equation using 
the analytical methods. 

The Idea of the project is to develop an algorithm that helps researchers to find the appro-
ximate solutions for the electrical parameters of solar cell; three algorithms have been suggested  
for these calculations with more accurate and faster analysis parameters of PV. 

The objectives are: First to create a mathematical model for a PV cell (single-diode). Second 
to apply three numerical algorithms on the electrical circuit of PV cell to predict the approximate 
values of the electrical parameters of the cell with the comparison between them, third to calculate 
the current, power and voltage of the solar cell for this type of model. Fourth, to identify what prob-
lem in the sing-diode model (electrical circuit) classification is to be applied. Fifth, to obtain the 
accuracy of the numerical algorithms of the electrical parameters obtained for a model by means 
of iterations and tolerance.

2. Materials and Methods
2. 1. Research Design Matrix
The project presents the research design matrix as a technique of planning research project 

in which the components of a research project fit, including the purpose, time, facilities (tools), 
financial support, and technical support. 

The experimental work involves validating the accuracy of numerical algorithms by com-
paring between them by means of iterations and tolerance as seen in Table 1.

Table 1
Research design matrix of the project

Data  
Collection/Resources Data Collection Mathematical Simulation Experimental

Purpose

To obtain primary 
values for approximate 
solution of non-linear 

equation

To construct explicit 
expression for operational 
matrix of derivative with 

respect to x and y

To obtained the values 
of a system algebraic 

equation using  
MATLAB software

To validate the accura-
cy of suggested method 
by comparing between 

them
Time 6 months 6 months 6 months 6 months

Facilities/Tools MATLAB program Available: MATLAB 
software

Available: MATLAB 
software None 

Financial Support None None None None 

2. 2. Procedure of The PV Electrical Circuit Model Design
In science and electrical engineering, an electrical circuit points to a theoretical circuit, this 

preserves the parameters for a given circuit. An equivalent electrical model is obtained to describe 
the original solar cell behavior. Such model bases on known electrical components in which it is easy 
to analyze and study. Fig. 1 illustrates the simple PV cell circuit (an equivalent electrical circuit).
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The expression of the PV electrical circuit by means of Kirchhoff’s current law-KCL of  
the current I based on Fig. 1, is given by [30–33]:
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Fig. 1. Electrical Circuit Design – PV: the model type single-diode

These constants exists in all the physical systems, Io – diode’s reverse saturation current, 
Io = 10–12 A, Iph – generated current, n = 1  to  2  –  imply  the  factor  involved  in  recombination, 
T = p– n – the junction’s temperature, q = 1.6×10–19 °C – charge of an electron, the current and  
Ppv is the power of the cell is given by [34–36]:

I
V

Rpv

pv= ; P I Vpv pv pv= × . 

Obtaining the final equation from the circuit, there is [37–40]:
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2. 3. Newton-Raphson Algorithm
False Position (RFM) and Illinois algorithms are used to find the zeros for a non-linear prob-

lem (polynomial). If a given function is differentiable, this method can be applied and otherwise 
this method cannot be applied. Then the first derivative of the function should be finding and an 
initial guess root of the function should be taken such as vo. Then in order to get new better appro-
ximate of the root for the given function such as Vn+1 [1].

False Position Algorithm (RFM) [21]:
Step 1: Suppose f(v1) = b1, f(v2) = b2.
Step 2: f(v) = av+b.
Step 3:

 v
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Illinois Model (IRFM) [22]:
Step 1: Recognize the equation y = f(vn) = 0.
Step 2: Choose the starting point for the calculation vo, v1.
Step 3: Let f(v1) = b1, f(v2) = b2.
Step 4: Utilizing the equation, determine the value of:

v
b v b v

b b
=

−
−( )

1 2 2 1

1 2
.

Step 5: Calculate Illinois Algorithm by:

 c
f b a f a b

f b f a
k

k k k k

k k

=
( ) − ( )

( ) − ( )

1
2

1
2

. (4)

For the two algorithms, the tolerance is ε = 10–9. If:

 |f(an)| ≥ |f(bn)|, |f(vn)| < ε.  (5)

3. Results and discussion
Three iterations numerically are presented for determining the PV electrical parameters, 

the describing of the Newton’s algorithm represented in (2) with one initial value x0. False Po-
sition Method (FPM) represented in (3). The suggested algorithm, Illinois Algorithm (IRFM) 
represen ted in (4). The RFM and IRFM need two initial values x0 and x1. Let’s compare the 
two algorithms NRM and FRM with IRFM algorithm. For convergence requirements, the dis-
tance between two successive iterates must be smaller than or equal to 10–9 as defined in (5). 
Five instances in (1) are utilized for numerical testing with RL values ranging from 1 to 5 ohm, 
which indicates the circuit’s (load resistance). All determinations are made using the algorithm 
precision described in Fig. 1–5, and the required number of function evaluations is calcula-
ted using (1). Three strategies for solving (1) provide numerical examples and approximate  
answers, (2)–(4). 

The accompanying Fig. 2–6 respectively provides more information the NRM, FRM and 
IFRM algorithms and the comparison between them.

Fig. 2 illustrate the numerical solutions of (2) by means of three techniques with a load 
resistance RL = 1.

Fig. 3 illustrates the numerical solutions of (2) by means of three techniques with a load 
resistance RL = 2.

Fig. 4 illustrates the numerical solutions of (2) by means of three techniques with a load 
resistance RL = 3.

Fig. 5 illustrates the numerical solutions of (2) by means of three techniques with a load 
resistance RL = 4.

Fig. 6 illustrates the numerical solutions of (2) by means of three techniques with a load 
resistance RL = 5.

Numerical results in Fig. 2–6 means that the presented algorithms converge to the solution.  
For example, it can be observed that the voltage of the PV cell using classical Newton Raph-
son vpv NRM, False Position vpv – RFM and Illinois vpv – IRFM algorithms have 9, 5 and  
4 iterations respectively to converge to the required voltage value. Based on Illinois iterative 
algorithm, further modification is given to obtain higher order convergence with less than  
other two algorithms.

In Fig. 6, iteration numbers of the three presented methods RFM, NRM and IRFM  
for three the parameters vpv and ppv and are reported. They are 9, 6 and 5 for RFM, NRM and  
IRFM respectively.
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Fig. 2. Numerical solutions of solved PV equation (2) by means of three techniques:  
a – voltage of PV cell (Vpv); b – current of PV cell (Ipv); c – power of PV cell (Ppv);  

d – tolerance value of the techniques (ε)

Fig. 3. Numerical solutions of solved PV equation (2) by means of three techniques:  
a – voltage of PV cell (Vpv); b – current of PV cell (Ipv); c – power of PV cell (Ppv);  

d – tolerance value of the techniques (ε)
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Fig. 4. Numerical solutions of solved PV equation (2) by means of three techniques:  
a – voltage of PV cell (Vpv); b – current of PV cell (Ipv); c – power of PV cell (Ppv);  

d – tolerance value of the techniques (ε)

Fig. 5. Numerical solutions of solved PV equation (2) by means of three techniques:  
a – voltage of PV cell (Vpv); b – current of PV cell (Ipv); c – power of PV cell (Ppv);  

d – tolerance value of the techniques (ε)
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Fig. 6. Numerical solutions of solved PV equation (2) by means of three techniques:  
a – voltage of PV cell (Vpv); b – current of PV cell (Ipv); c – power of PV cell (Ppv);  

d – tolerance value of the techniques (ε)

The circuit used in this study is an ideal single-diode model, but until a real single-diode 
model is used that studies the impact of shunt and series electrical circuit resistances, (1) will 
change. Due to the fact that this study does not calculate various performance parameters, pre-
cise results cannot be derived. It excludes the comprehensive modeling of the one-diode model 
under varying levels of irradiation and temperature. Using an iterative procedure, a one-diode 
model is thoroughly analyzed and the output curve with the smallest error is determined. It does 
not evaluate the performance parameters, and a two-diode model analysis is missing it.

Using a one-diode model, the equivalent circuit model of solar cells was studied using 
various methodologies. It exhibited the smallest mean absolute error. Due to the fact that it 
does not calculate various performance parameters, it is not possible to obtain precise results. 
In addition, several subcases (Diode-1 to Diode-3 and Diode-6 to Diode-8) are absent, making 
it difficult to describe the in-depth analysis of one-diode models. In this investigation, the  
MATLAB solar module was used to illustrate the effects of various parameters. It provided pre-
cise output curves. No analysis is performed for detailed modeling of the solar model (Diode-1 
to Diode-8) and there is no calculation of performance parameters. Consequently, this does not 
provide a genuine real-time output. Solar cell modeling results in an in-depth understanding  
of performance parameters and is highly recommended because solar energy is the least expen-
sive energy source.

4. Conclusions
A new improvement of Illinois numerical method is introduced in this paper, which involve 

Regula Falsi numerical method. The mathematical model of a single-diode solar cell is derived 
from the electrical circuit of this cell. It is observed that the suggested technique produces results 
that are equivalent to those achieved using the Newton and Regula Falsi algorithms in all circum-
stances. The results obtained from this study indicates that by using Newton’s Raphson nume-
rical method; it is necessary 9 iterations, while for Regula Falsi numerical method – 6 iterations  
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and Illinois Algorithm numerical method – 5 iterations. Values obtained from the suggested 
numerical method (Illinois) were found to be sufficient, data for a single-diode solar cell were  
calculated with fast convergence compared with the other algorithms based on number of itera-
tions, and tolerance ε.
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