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The current-voltage association of the single-diode photovoltaic (PV) cell comparable circuit system was characterized by its nonlinear
implicit logical equation that would be hard to be resolved numerically. Because of the difficulty, various strategies for explaining this
equation by using numerical approaches have been developed. The double-diode model is used to depict the PV cell in this research.
This design is more accurate at the low irradiance levels, allowing for an extra accurate estimate performance of the PV system. The
number of input variables is decreased to four to save time, and the values of Rp and Rs are calculated using an effective iterative
technique. This research analyzes and compares three commonly used strategies for explaining the current-voltage equation parameter
of a single-diode solar PV model. The chaotic optimization approach (COA) is used to evaluate the single-diode and double-diode
solar cell characteristics. The suggested method relies on experimentally established current-voltage (I-V) characteristics. The
suggested approach uses the curves of I-V characteristics obtained in the research laboratory for several standards of the solar
temperature and the radiation and demonstrates its applicability in terms of efficacy, accuracy, and the simplicity of execution in an
extensive range of real-world situations. As a conclusion, COA-based restriction approximation is beneficial to photovoltaic power
generator manufacturers that want a timely and efficient PV cell/module model. It demonstrates that no single approach performs the
best among all parameters and the method selection is always a trade-off depending on the user’s focus.
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1. Introduction

Solar energy’s contribution to the total production of electric
energy is steadily increasing. The solar inverter and panel
costs continue to fall; many countries were focusing on their
energy policies to increase the usage of solar energy. Electric
network research, particularly testing the integration sources
of solar energy into a power grid, necessitates a precise esti-
mate of a solar maximum output and also correct modeling
of solar cells. There are two primary models of PV solar cell
equivalent circuits in works: the single-diode model (SDM)
and the double-diode model (DDM). DDM takes into an
account the complex result of the junction’s impartial area;
as a result, it correctly simulates solar cells more. It is, never-
theless, distinguished by seven unknown properties. Because
DDM is complex, some writers limit the number of
unknown factors, which can have a significant impact on
model accuracy [1].

In recent years, the desire to boost energy supply secu-
rity, reduce the ecological pollution, and adopt job possibil-
ities via emerging a new green technology makes clean and
sustainable energy sources an unavoidable alternative to
consider [2]. There are several sorts of renewable energy
sources, each with its own set of conversion processes. How-
ever, a significant rise in research and growth activity in the
domain of photovoltaic (PV) networks are increased to the
world’s most populous renewable energy technologies for
power production. The accuracy of the model’s characteris-
tics improves as the number of diodes rises; but, the math
formulation necessary to produce the feature outcome
becomes increasingly difficult. The single-diode model of 5
parameters is a good compromise, although it is necessitat-
ing to solving several equations to obtain the initial values
used by the model. This problem is exacerbated by the man-
ufacturer datasheet’s lack of information [3].

Some studies compared the algorithms used to extract
parameters from solar PV simulators. Identification of
parameters of the single-diode model of solar cell, for exam-
ple, has been conducted by using an experimental character-
istics as I-V of Si and the multijunction of the solar cells. The
extraction was performed using three different optimization
strategies to determine which strategy outperforms the
others in relation to the information-to-fitting scheme. Their
findings exposed that a Newton–Raphson approach is the
commonly used for the extraction of the parameter. Another
study evaluated the I-V and P-V curves for a generic PV
panel at varied temperatures and irradiation using five dif-
ferent algorithms. The double-diode design is suggested for
better accuracy [4].

Adding a second diode to upgrade the variables, the
main problem is in estimating the parameters of all design
parameters while keeping the number of iterations reason-
able. Several computing methods are proposed; however,
all of them incorporate an additional coefficient into the calcu-
lations, enhancing their computational loads. Furthermore,
identifying the parameters’ starting values is difficult; Heuris-
tic methods must be considered in some cases [5].

Physical variables including the electron diffusion rate,
minority charge lifetime, and intrinsic charge density, as well

as other material parameters, can also be used to character-
ize the double-diode model [6]. While all these simulations
can help you understand the physical behavior of a cell, it
is essential to understand semiconductors that are not often
found in photovoltaic datasheets. As a result, developing a
usable PV model using such a concept is not practical
because majority of the cases on PV designers lack detailed
knowledge of semiconductor processes. Through a chaotic
optimization approach, offer both exact and an effective var-
iable solar cell optimization of SDM and DDM. COA has
recently been used to solve a variety of the optimization
problems, including an identification of the parameter of
the model of Jiles-Atherton hysteresis, array antenna reflec-
tion coefficient synthesis, calculation of single-phase con-
verter characteristics, and parameter development of PID
for the automatic voltage control of a synchronous genera-
tors [7]. COA’s key advantages over other optimization
approaches are its ease of implementation and quick execu-
tion time. The ratios of the parallel and serial resistances are
computed using a simple and fast iterative approach.
Designers of PV power converters and circuit simulators
require a simple, fast, and realistic photovoltaic module
model.

2. Related Work

The five design variables of a single-diode photovoltaic (PV)
model are extracted using a hybrid method presented in this
study. Only two parameters, series (Rs) and shunt resistance
(Rsh), are evaluated using metaheuristic algorithms in the
proposed technique, which is a blend of analytical and opti-
mization procedures. The sum of the squared error is calcu-
lated using information from three primary critical points in
datasheets provided by manufacturers. The remaining
unknown parameters, such as the diode ideality factor (D),
photo-generated current (Iph), and dark saturation current
(I0), can be determined analytically. To demonstrate the
effectiveness of the method, achievement indices include
PV features, the standard error, normalized root mean
square error (nRMSE), power factor, and comparative max-
imum power error from various technologies. The new
approach was proven to be reasonably accurate after com-
parison with experimental data contained in the module
specification as well as the previous method [8].

Photovoltaic (PV) cells/modules are widely used in
power generation as renewable radiation becomes a promi-
nent renewable energy source. A variety of PV modules from
various manufacturers are used to evaluate the performance
of the models, and the findings are evaluated to all those
produced using similar predictive methods published in
the literature. By comparing experimental I-V curves pro-
vided by the supplier, the current-voltage (I-V) properties
of the photovoltaic panels reviewed here are also modeled.
The parameters acquired for the PV modules are compatible
with those found to use other analysis methods, according to
the findings. The curves are also demonstrating a maximum
degree of the agreement with those generated using the liter-
ature’s ideal parameters for double-diode models. Further-
more, the suggested model has a significant benefit in
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predicting control limitations in terms of convenience of
use, demands of input information, dependence on prelimi-
nary situations, and consideration of characteristics that are
overlooked in existing methods [9].

In this study, the whale optimization technique
(WOA) is employed that predicts the design of single-,
double-, and triple-diode PV modules. The simulation
results, which were carried out using MATLAB pro-
grammed under various climatic conditions, validate the
WOA-based PV models. The effectiveness of the WOA-
based PV models is measured by reviewing the outcomes
of the WOA-based PV models to those obtained using
other optimization methodologies. To provide a genuine
evaluation, these simulated outcomes are based on experi-
mental results of a Kyocera KC200GT PV module. By
comparing the relative confidence interval of the WOA-
based PV model to the maximal error signal of other PV
models, the absolute confidence interval of the WOA-
based photovoltaic module was effectively examined. The
implementation of the metaheuristic technique yields an
efficient PV model. [10].

This research is offering a new hybrid method for cal-
culating the properties of a double-diode photovoltaic
(PV) module. It accomplishes the statistical approach’s
efficiency by relying purely on documentation knowledge,
unlike previous methods. Four of the characteristics get
determined analytically, and then, the enduring three are
enhanced by using an evolutionary algorithm. A method
for steering the Newton–Raphson iteration’s initial condi-
tions is presented. By comparing it to other well-known
computing methodologies for crystalline silicon, polycrys-
talline, and thin-film components, the methodology is
proven. When contrasted to empirical observations, the
mean absolute error is reduced by a factor of two magni-
tudes and the speed is improved by three to four times.
The standard error of the advances is less than 0.1 after
100 runs, showing that the improved technique is fairly
consistent. Because of its accuracy and specificity, the tech-
nique is predicted to be very useful as a computational
motor in PV simulations. [11].

This study uses the artificial immune system (AIS), a
metaheuristic technique, to predict solar PV characteristics.
The new technique is used to predict a variable of the
double-Schottky diode. PV (solar power) characteristics are
calculated by inserting estimated parameter values into a
MATLAB model. For a performance study, the results
obtained using AIS were associated with the results obtained
using the genetic algorithm (GA) and a particle swarm opti-
mization (PSO). To further confirm the recommended
method, error graphs were created for two panels using
AIS, GA, and PSO. The data reveal that the suggested AIS
method outperforms GA and PSO in terms of factors which
have the potential and standard deviation [12].

3. Materials and Methods

The modeling and evaluation of a PV system was a critical
connection to an increase in PV system features, which in
turn led to a development in the features of energy har-

vested from such systems. As a result, in the current work,
the method for modeling and the characterization of PV
systems was described and validated with measurement
values. For the PV system, an accurate forecast model
was developed and the outcomes were evaluated using
comprehensive features resulting from simple
computations.

3.1. PV Cell Modeling

3.1.1. Single-Diode PV Model. As exposed in Figure 1, the
single-diode PV module formed the foundation for a PV
model that was implemented. The step computations of
current-voltage (I-V) and a power-voltage (P-V) parameters,
depending on a specific equation, are included in the model-
ing of every PV cell. Meanwhile, creating a PV model that
simulated various weather conditions and assisted in pre-
dicting the parameters of PV using a demonstrated manner
is a significant undertaking [13]. Furthermore, the precision
of the measurement characteristics of I-V and P-V was
directly related to improving the level of solar panels and
monitoring the effectiveness of PV systems.

Various strategies for applying numeric amounts of PV
variables to PV modeling were reported in the literature.
Following this trend, other researchers developed PV models
based on five factors, while others developed PV products
based on four, three, two, or even one parameter [14]. The
five-parameter approach, on the other hand, had superior
accuracy than other models and was more widely used, espe-
cially in outdoor situations. As a result, the five-parameter
model is exact when all relevant DC variables are taken into
account.

I = IL − I0 exp IRsð Þ
a

� �
− 1

� �
−

IRsð Þ
Rp

, ð1Þ

where IL is represented as lighting diode current, I0 is repre-
sented as diode’s reverse saturation current and is indeed the
adjusted effective area, Rs is represented as series resistance,
Rp is the parallel resistance, and a is the changed factor of
ideality. The major PV characteristics, as shown by the I-V
characteristic curve, are described by equation (1). In the
next part, look at the proposed equations for the existing
parameters.

3.1.2. Double-Diode Model. The PV cell is represented by the
double-diode model (DDM) in this research as shown in
Figure 2, and the current-voltage (I-V) parameters can be
determined as specified:

I = Iph − Ic1 − Ic2 − Ish: ð2Þ

The relationship between a diffusion diode current IðIc1Þ
and the voltage (V) across the cell is defined by

Ic1 = Ir1 exp
V + IRs

Vta1

� �
− 1

� �
: ð3Þ
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Similarly, the connection between diode 2’s recombina-
tion current ðIc2Þ and V is as follows:

Ic2 = Ir2 exp
V + IRs

Vta2

� �
− 1

� �
: ð4Þ

In addition, the following expression could be used to
characterize the leakage current Ish and then its connection
to V throughout the cell.

Ish =
V + IRs

Rp
,

Vt =
TK
q

,
ð5Þ

where Ish is represented as photogenerated current, Ir1, Ir2
are the first and second diode reverse saturation currents,
K is the Boltzmann constant ðK = 1:38 × 10−23J/°KÞ,q is the
electron charge ðq = 1:6 × 10−19CÞ,ða1&a1Þ are the first and
second diode ideality factors, V is node voltage, I is node
current, T is the ambient temperature, Rs is the series resis-
tance, Rp is the shunt resistance, and Vt is the thermal volt-
age. Many external circumstances have an impact on the PV
unknown model parameters ð Ir1, Ir2, Iph, Rs, Rp, a2, and EGÞ:
The ideality factors a1 and a2 are often 1:5 and 2 in classical
semiconductor and p-n circuit physics, according to previ-
ous research [15]. The saturation currents Is1 and Is2 may
be deemed equal, although a2 is more than 1.2. Some
approaches set Rs and Rp to zero for mathematical conve-
nience, whereas others fix a1 and a2. Furthermore, the incor-
rect selection of ideality factors has been linked to
inaccuracies in computing output results. Ignoring Rs, on
the other hand, has a significant impact on the PV model’s
reliability, particularly for datasets at the open-circuit volt-
age ðVocÞ area. These connections, however, are not always

reliable and have no structural function [16]. These variables
will be computed in this research depending on genuine
data, with the material energy bandgap EG set to 1.12 for
the two components under consideration.

3.1.3. Computational Improved Method. The simplification
of the current saturation formula is as follows: the current
PV formula as a function of the irradiation and temperature
is as follows:

IPV = IPV STC + K1ΔTð Þ G
GSTC

, ð6Þ

where IPV STC (in Ampere) represents the light-produced
current at STC, ΔT = T − TSTC (in Kelvin, TSTC = 25°C), G
represents a cell’s surface of irradiance, and GSTC
(1000W/m2) represents the irradiance at STC [17]. Ki is
the short circuit of the current parameter, which is fre-
quently supplied by the manufacturer. The well-known
applied current formula for diodes is follows:

I0 = I0,STC
TSTC
T

� �3
exp

Esq
ka

1
TSTC

−
1
T

� �� �
, ð7Þ

where Eg is the semiconductor’s bandgap energy and I0,STC
is the nominal saturation current. ½x� is a better equation
for describing the saturation current that takes temperature
change into account:

I0 =
Isc STC + K1ΔTð Þ

exp Voc,STC + KvΔTð Þ/aVT½ � − 1
: ð8Þ

The open-circuit voltage ratio is represented by the con-
stant Kv. This value can be found in the documentation. To
make the model even more simple, both inverse saturation
currents I01 and I02 are set to be comparable in magnitude
in this study.

I01 = I02 =
Isc STC + K1ΔTð Þ

exp Voc,STC + KvΔTð Þ/ a1 + a2ð Þ/pf gVT½ � − 1
:

ð9Þ

Analytically, equation (8) can be evaluated. This is a ben-
efit over other processes that involve mathematical compu-
tation to compute I01, I02. According to detailed
investigations of (8), if ða1 + a2Þ/p =1, the following expres-
sion for I01, I02 is obtained:

I01 = I02 =
Isc STC + K1ΔTð Þ

exp Voc,n + KvΔTð Þ/VT½ � − 1
: ð10Þ

The uncertainty in selecting the parameters of a1 and
a2 can be removed with this generalization. Five parame-
ters of this model, IPV, I01, I02, a1, and a2, maybe easily
found using (3) and (7). In addition, the iterative step
for computing I01 and I02 is omitted, resulting in a shorter
computation time.

Iph Rsh

Rs

RL V
Io+

–

+

–

Figure 1: Single-diode PV model.

Iph
Ish

Rs

Rp

I

Ic1 Ic2
+
–

Figure 2: Double-diode PV model.
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3.1.4. Rs and Rp Determination Values. Iteration is used to
determine the last two values, Rs and Rp. Several scholars
have separately approximated these two factors, but the
findings have been disappointing. Rs and Rp are deter-
mined simultaneously in this paper, following the
approach proposed [18]. For the double-diode model, this
method has not been used. The is goal to combine a pre-
dicted peak power ðPmp,CÞ and an observed peak power ð
Pmp,EÞ by raising the parameter of Rs repeatedly although
computing the value of Rp. The equation for Rp can be
adjusted and recast as follows from (1) at maximum
power point condition:

Rp =
Vmp Vmp, + , Rs, Im

�
Vmp IPV − Ic1 − Ic2f g − PE,max
� � : ð11Þ

The technique of iteration to achieve the correct Rs
value is depicted in Figure 3. For this example, KC200GT
and MSX-60 PV modules were applied. In each example,
Rs is enhanced until PC,max and PE,max are identical. Mean-
while, the value of Rp is determined simultaneously for
each iteration. The output cell current may be computed
by using a usual Newton–Raphson approach which has
all seven variables available.

3.2. Modeling of Single- and Double-Diode PV Cells. The
analogous circuit of the DM system for solar cell modeling
is depicted in Figure 4. The following expression can be used
to define the relationship curves of I-V for this model:

I = IPV − I0 e V+RsIð Þ/V th:n − 1
	 


−
V + RsI

Rp
: ð12Þ

Figure 4 depicts the solar cell’s equivalent resistance
with DDM. As a result, unlike the model of SDM, the
DDM PV design of the PV solar cell includes one extra
diode which is parallel to the diode rectifier that accounts
for the space-efficient charge current. DDM’s I-V feature
is listed as follows.

I = IPV − I01 e V+RsIð Þ/Vth:n1 − 1
	 


− I02 e V+RsIð Þ/Vth:n2 − 1
	 


−
V + RsI

Rp
:

ð13Þ

The propagation and saturation oscillations are I01 and
I02, respectively, and the propagation and recombination
diode ideality ratios are n1 and n2, respectively. The ideal-
ity factor is explored, and an equation for calculating the
ideality component is presented.

3.3. Objective Function and COA. Chaos is a type of
nonperiodic long-term behavior which arises in nonlinear
predictable schemes with a sensitive dependence on the pre-
liminary circumstances when specific circumstances are met.
This is concerned with the stable equilibrium of system
dynamics that are described by a partial differential equation
or an iterative map. The system’s behavior is determined by

the values of its characteristics. The bifurcation parameter is
a variable that can be adjusted [19]. Bifurcations, or qualita-
tive alterations in the structure of the network, occur when
the bifurcation parameter is changed. As a result, the system
displays a variety of dynamic behavior, such as trajectories
convergent to the equilibrium position, border ring, or con-
fused attraction.

The sensitive dependency on the beginning conditions
is a typical attribute of the chaotic dynamical system. If
certain systems evolve from two nearest points, after a suf-
ficient amount of time, they would be infinitely far apart.
The chaotic attractor’s time patterns are entirely irregular,
with no recurrence in any monitoring period of the final
length [20]. Although the state is generated by a determin-
istic equation, there is arbitrariness in the temporal
domain and long-term uncertainty in the state. The
chaotic time signal has a power spectral density that looks
like noise.

The Lorenz system is one of the most well-known cha-
otic systems. While simulating an atmospheric scheme,
meteorologist is Edward Lorenz uncovered a sensitive
requirement on beginning conditions by accident. Lorenz
uses three equations to explain this complex system, which
has subsequently become known as the three-dimensional
Lorenz system:

dx
dt

= σ y − xð Þ,
dy
dt

= −xz + rx − y,

dz
dt

= xy − bz,

ð14Þ

with the solution of chaotic for σ = 10, r = 28, and b = 8/3:
Iterative maps with the Tent map, Lozi map, logistic

map, and others exhibit chaotic behavior. The chaotic
sequence was constructed in this article by using a well-
known Logistic map provided by

yi+1 = eyi 1 − yið Þ, ð15Þ

where i is denoted as the number of iterations and e is rep-
resented as the repetition rate. The stochastic equation rep-
resents a process that begins with exponential growth but

0
50

100
150
200
250

1 2 3 4 5

P 
(w

)

V (v)

MSX-60
KC200GT

Figure 3: Methodology of PV curves for two PV modules.
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eventually ceases due to nonlinearity. In this simple exam-
ple, most of the common characteristics of chaos are pres-
ent. COA’s goal is to find an estimate for a set of
unknown variables V that reduces the objective function
(OF). In some cases, for a SDM, V = ½Rs, Rp, Ipv , I0, n�,
and then DDM, V = ½Rs, Rp, Ipv, I0, n1, n2�.

As a result, vector V = ½v1, v2,⋯, vn contains parame-
ters that are confined to the lowest (LV) and highest
(UV) permissible values, i.e., vi ∈ ½Li,Ui�: The OF for
SDM, on either hand, is

Objective function OFð Þ

= 〠
p

t=1
Ipv − I0 e Vt+ItRsð Þ/n:Vth − 1

	 

−
Vt + ItRs

Rp
− It

 !
:

ð16Þ

Whereas for DDM, it reads

Objective function OFð Þ

= 〠
p

t=1
Ipv − I01 e Vt+ItRsð Þ/n1:Vth − 1

	 
	

− I02 e Vt+ItRsð Þ/n2:Vth − 1
	 


−
Vt + ItRs

Rp
− It

!
,

ð17Þ

where P denotes the number of I-V pairs determined from
the features of I-V, Vt andIt are denoted as the voltage or
current quantity of the pair t, respectively. The COA flow-
chart, shown in Figure 5, depicts the search procedure.
The COA flowchart’s detailed overview can be obtained.

The following COA variables were utilized in this
study: M = 1000,N = 50,000: The root mean square error
(RMSE) is used to compare COA-based estimation to other
methodologies. It is specifically defined:

RMSE =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑p

k=1 Iest,k − Imeas,kð Þ2
P

s
, ð18Þ

where Iest,k and Imeas,k, with point k, reflect the predicted and
observed values of the solar irradiance current, respectively.

4. Results and Discussion

The accuracy test determines how closely the produced
results correspond to the manufacturer’s published experi-
mental values. Three common statistical techniques are
used to assess the algorithms’ accuracy: the mean absolute
percentage error (MAPE), mean absolute bias error
(MABE), and root mean square error (RMSE). The arith-
metical assessments can be stated accurately as (18), (19),

Iph Rsh

Rs

RL V
Io+

–

+

–

Iph

Ish

Rs

Rp

I

Ic1 Ic2
+
–

Figure 4: SDM and DDM of a PV cell.

Define the ranges of
unknown parameters of

SDM and DDM

Define number of iterations

Define number of COA
starting

In the kth iteration for X (K),
calculate the value of objective

function on (equation 19 and 20)

Define initial values for logistic
mapping

By using logistic mapping from
parameter for SDM and DDM

�e estimated model parameters
are those which minimize the

objective function (OF) over all
beginning and iteration possibilities.

Figure 5: Flowchart of COA.
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and (20), respectively.

MABE =
1
p
〠
p

k=1
Iest,k − Imeas,k
�� ��, ð19Þ

MAPE =
1
p
〠
p

k=1

Iest,k − Imeas,k
Iest,k

����
����, ð20Þ

where Iest,k and Imeas,k, with point k, reflect the predicted
and observed values of solar irradiance current, respec-
tively. p is the number of modules considered at the spec-
ified operational point among measured I-V pairs. Recover
single-diode PV sample parameters for selected PV mod-
ules in STC rated by three algorithms. After that the lim-
itations were acquired, the techniques are utilized to
forecast the PV modules’ electrical characteristics.
Figure 6 shows the comparison of the IV properties from
one of the photovoltaic panels, the Kyocera Solar
KD210GX-LPU, to the experimental data. The experimen-
tal and simulated results found better agreement.

Measured values of the chosen PV modules validate the
double-diode model provided in this research. Table 1 sum-
marizes the specs of these modules. The results of the com-
putations were associated to the Rs and Rp models. The
variables for the suggested double-diode model are listed in
Table 2. Although the model has more variables, only four
parameters were calculated because I01 = I02, whereas a1
and a2 can be picked at random. Only the MSX-60 and
KC200GT are used in the validation of the model for the
sake of brevity. The verification of partial shading modeling
will incorporate the SM55. For varying degrees of irradia-
tion, the I-V curves for a single KC200GT component are
shown in Figure 7.

The curves of I-V for the KC200GT module are dis-
played in Figure 7 for various amounts of irradiation. The
proposed model of double-diode and Rp models’ computed
values are compared to measurement values from the data-
sheet of the manufacturer. At STC, the proposed hybrid
model and the Rp model both produce the same results. This
is to be predicted, given that both algorithms analyze the
parameters of the model at STC using the same peak power
similarity measure. However, as irradiance decreases, the
double-diode model produces more accurate findings, par-
ticularly near the open voltage sensor. The Rp design devi-
ates from the experimental results at Voc implying that the
Rp model is insufficient when compared with similar irradi-
ance levels. This is expected to have a major effect when a
partial shading is used. Following that, the models’ efficiency
when exposed to temperature variations is examined. All
tests are carried out with a 1000W/m2 STC irradiance. An
evaluation is made among the suggested model and the Rs
model. The comparison was chosen expressly to demon-
strate the Rs serious model’s flaws when exposed to changes
in temperature. The KC200GT and MSX-60 components
were put to the test. The curves I-V created using the two-
diode model fit the test data accurately for all humidity con-
ditions, as shown in Figure 8. At a maximum temperature,

however, the model Rs findings depart significantly from a
measured data.

Users also examined solar cells from the renewable
energy training setup to test the usability and effectiveness
of COA for photovoltaic estimation methods. The main rea-
son for using these photovoltaic panels is that it allows for
variable solar insolation, data tracking for a PC-assisted
information collecting for analysis, and highly complex
didactic application for control system and the real-time
data monitoring. To start, we examined the I-V parameters
at a temperature of 42°C and insolation of 1285W/m2. Thus,
calculate THE single- and double-diode solar cell character-
istics using the measured I-V pairings. The parameter ranges
for the estimation of SDM are RsðΩÞ ∈ ½0:4, 0:1� ;
IpvðAmpÞ ∈ ½0:4, 0:2� ; I0ðAmpÞ ∈ ½15 × 10−8, 5 × 10−8� ;
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Figure 6: Kyocera Solar KD210GX-LPU at STC.

Table 1: Specification of the model.

Parameter KC200GT MSX-60

Imp 7:62Amp 3:5Amp

Isc 8:22Amp 3:8Amp
Voc 32:8 vol 21:1 vol
Vmp 26:3 vol 17:1 vol

Ki 318mA/°C 3mA/°C
Ns 55 37
Kv −124mV/°C −80mV/°C

Table 2: Parameter of the double-diode model.

Parameter KC200GT MSX-60

Imp 7:62Amp 3:5Amp

Isc 8:22Amp 3:8Amp
Voc 32:8 vol 21:1 vol
Vmp 26:3 vol 17:1 vol

Ipv 8:23Amp 3:808Amp

I01 = I02 4:218 × 10−10 Amp 4:704 × 10−10 Amp
Rs 0:32Ω 0:34Ω
Rp 146Ω 152:6Ω
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RpðΩÞ ∈ ½600, 200� ; and n ∈ ½1, 0:2�, whereas DDM is RsðΩ
Þ ∈ ½0:4, 0:1� ; RpðΩÞ ∈ ½900, 600� ;

IpvðAmpÞ ∈ ½0:4, 0:2� ; Io1ðAmpÞ ∈ ½15 × 10−8, 5 × 10−8� ; Io2ð
AmpÞ ∈ ½15 × 10−8, 5 × 10−8� ; n1 ∈ ½1, 0:2� ; and n2 ∈ ½2, 1:95�
.

The I-V and P-V properties were then measured for var-
ious insolation and humidity data. The required simulated
features were calculated by taking into account the change
of variables with solar irradiance and humidity. The calcu-
lated and measured curves of I-V and P-V for various
amounts of solar output and temperatures were shown.

There is a clear correlation between both the measured and
estimated features. Finally, we ran the estimating technique
on all of the I-V characteristics that had been measured.
The calculated values of the parameters were within 4% of
the measured data, indicating that we can predict parame-
ters using any of the measurable properties. On either hand,
enough for a module, it is clear that the DDM was more effi-
cient than the SDM which is based on the information in
Table 3.

5. Conclusion

This research suggested that models of single diode and dou-
ble diode can be improved. The number of input parameters
is decreased to four to save time, and the values of Rp and Rs

are calculated using an efficient iterative technique. Actual
data from the producers confirm the accuracy of the pro-
posed double-diode model. The double-diode model is
found to be superior to the Rp and Rs models. COA is pro-
posed as a very successful strategy for this aim in this
research. The proposed method has been tested with real-
world data from a variety of manufacturers. Its accuracy is
verified by comparing its root mean square error (RMSE)
to a variety of metaheuristics and a nonmetaheuristic
approach for a different solar cell. COA’s usefulness for
parameter estimation was also tested experimentally in a
laboratory setting. A high level of accuracy is proven in all
of the circumstances evaluated. Besides that, the excellent
match between the simulated curves of I-V and P-V and
the observed features further validates the COA precision
and usefulness for estimation methods.
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Table 3: An estimated parameter value of the solar PV module.

SDM DDM

Rs Ωð Þ 0:2284 Rs Ωð Þ 0:2514
Rp Ωð Þ 438:56 Rp Ωð Þ 782:9912

Ipv Ampð Þ 0:2988 Ipv Ampð Þ 0:2973

Io Ampð Þ 10:57 × 10−8
Io1 Ampð Þ 6:8453 × 10−8

Io2 Ampð Þ 6:0644 × 10−8

n
0:3442

n1 0:3343
n2 1:9907

RMSE 4:3419 × 10−4 RMSE 4:147 × 10−4
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