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Abstract—The output power of a solar cell can be predicted using some basic cell parameters. Different parameters are used 
for modeling of solar cell such as: light generated current, diode saturation current, diode ideality factor, series resistance, 
shunt resistance, etc. This study presents the effect of four parameters (light generated current, diode saturation current, 
diode ideality factor and series resistance) of a solar cell on the output power of PV system (series connection of two PV 
Modules of maximum power 18 watt peak each). It is concluded from literature survey that four parameter method of solar 
cell characterization is quite accurate. The output power of system is estimated using program developed in MATLAB 
Software and the results are validated using experimental data. Experimental results shows that estimated output power of 
four parameter model is very close to real one. 
  
 
I. INTRODUCTION  
 
Solar cells generate electricity when exposed to 
sunlight. When sunlight is absorbed by a 
semiconducting surface then generation of electron-
hole pairs takes place. Due to asymmetry in the P-N 
junction, the generated electrons tend to flow from P-
side to N-side and the generated holes from N-side to 
P-side resulting in separation of charge carriers which 
can flow in external circuit delivering work to the 
load [1].  
Solar panel consists of series connection of number of 
solar cells. Power delivered by a single panel is not 
sufficient to meet the power demands for the vast 
majority of practical purposes. So, a number of PV 
module are connected in both series and parallel 
connections to achieve the desired output. Prediction 
of output power is carried out using manufacturer 
datasheet. A lot of study has been done on the power 
prediction of PV Array. Accuracy of predicted output 
power of PV system has always been a big concern. 
For power prediction, one, two and three diode 
models have been developed by researchers. Usually 
one diode model is preferred as it is less complicated. 
Although one diode model is not much accurate. 
Complexity of solar cell model increases with 
increase in no. of diodes, so does the accuracy. A 
three parameter model includes: light generated 
current, diode saturation current and diode ideality 
factor. Four parameter considers series resistance in 
addition to three parameter model. By adding shunt 
resistance to previous four parameters, five parameter 
model is developed. In this study one diode model 
with four parameters is used. Most mathematical 
models developed for output power prediction are 
based on current and voltage relationships which are 
simplification to double diode model developed by 
chan and phang [2]. One diode model considers 
antiparallel diode with current source. Desoto et al. 
[3] and Jain and Kapoor [4] developed this type of 
mathematical model. For the most part shunt 
resistance is very large and draws minimum current 

through it so it can be neglected. This is the 
simplification to current voltage relationship of five 
parameters and structures the premise for four 
parameters. Series resistance offers more realistic 
behavior for photovoltaic system concluded by 
Bikaneria et al. [5]. Salmi et al. [6] focuses on Matlab 
model and describe that series resistance increases 
then voltage–current (V-I) curve reduce to origin 
Accurate model that predict voltage–current (V–I) 
curves, power–voltage (P–V) curves, maximum 
power point values for different panel type developed 
by Tian et al. [7]. Chenni et al. [8] carried out the 
comparative study of different technologies of panel 
like thin film, copper indium diselenide, 
multicrystalline silicon and mono crystalline silicon 
and Paulescu et al. [9] performance analysis is based 
on four parameter and also consider difference 
between response time of pyranometer and PV 
module in power estimation. King et al. [10] precisely 
estimate power with an algebraically simple model 
however it obliges parameters that are ordinarily not 
accessible from manufacture Sandia National 
Laboratories [11] provided a database of model 
parameter for different array. This paper shows a 
model which utilizes just information that is given by 
manufacturer for power estimation. 
 
SOLAR CELL  
Solar cells are the building blocks of a PV Array. 
These are made up of semiconductor materials like 
silicon etc. A thin semiconductor wafer is treated to 
form an electric field, positive on a side and negative 
on the other. Electrons are separated from the atoms 
of the semiconductor material when illuminated. If an 
electrical circuit is made by joining a conductor to the 
both sides of the semiconductor, electrons flow will 
start generating an electric current. Duffie and 
Beckman [12] provides equivalent circuit for single 
solar cell. Equivalent circuit is represented by current 
source in antiparallel with diode as shown in Fig. 1 
[13]. 
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Fig.1. Equivalent circuit of solar cell. 

 
According to Kirchoff’s current law, 
 

 

 
 
II. IMPORTANT MODELLING PARAMETER 
 

 
 
 

 

 
 
D. Ideality factor  
The n (Ideality factor) is defined as how closely the 
diode follows the ideal diode equation. Ideality factor 
generally depends upon material used for solar cell. 
The parameter n is taken as 1 if the transport process 
is purely diffusion and n is taken as 2 if it is primarily 
recombination in the depletion region.  
 
There are some research papers which suggested the 
value of n for different materials used for solar cell. 
Bashahu and Nkundabakura [17] reviewed different 
test methods for determination of ideality factor and 
suggested n lies in between 1.26 to 1.5. Rajapakse 
and Muthumuni [18] suggested n is 1.3 for silicon 
material used for solar cell. In this paper, n is 
assumed to be related only to the material of the solar 
cell and considered as independent of temperature 
and solar radiation. 
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III. MODELLING OF PV ARRAY 
 

 

 
Fig. 2. Circuit diagram of solar cell using four parameters 

 

 

IV. EXPERIMENTAL SETUP  
 
In this study one diode model using four parameters 
is used for the prediction of output power of PV 
array. The model require the input parameter as solar 
radiation, module temperature. For validation of 
results an experimental setup was built. Experiments 
were performed at outdoor condition by using two 
series connected Maharishi Solar Technology PV 
modules were kept on optimum tilt angle on the roof 
of the building at the National Institute of Technology 
Hamirpur campus. A photograph of experimental set 
up is shown in Fig. 3. Experimental data was taken at 
different solar radiation and cell temperature. Solar 
radiation was measured using Hukseflux model 
LP02-05 pyranometer and cell temperature was 
measured by a K type thermocouple joined to the 
back surface of the PV module.  
 
A CRIO-9072/3/4 data logger was used for the 
logging of solar radiation, module temperature. The 
values from the data logger are given as the input 
parameters in the four parameters model which is 
developed in Matlab. A four parameters model 
Matlab program was developed that uses 
manufacturer data which is given in I, II for output 
power prediction of PV Array. The output power is 
the predicted and compared the actual one for the 
same values of solar radiation, module temperature. 
 
I. Manufacturer data sheet of Maharishi Solar 
Technology Model No N2317002051 PV Module at 
reference condition 

 
 
II. Manufacturer data sheet of Maharishi Solar 
Technology Model No N2317002001 PV Module at 
reference condition 
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Fig. 3. Pictorial View of experimental setup 

 
V. RESULTS AND DISCUSSION 
 
One diode four parameter model had been developed 
in Matlab. In these models two parameter, module 
temperature and solar radiation are given as input. 
These inputs are the real time measured values. For 
each set of input values output power is predicted and 
validated. The table shows the output power of one 
diode four parameter model along with measured one 
for different levels of solar radiation and temperature. 
Results shows the consistency of the measured power 
with the predicted power at various temperature and 
solar radiation levels. The predicted power differs by 
a large amount at lower radiation. At high radiation 
predicted power is comparable to the measured 
power. In four parameter model shunt resistance is 
not taken under consideration as a result predicted 

power is over estimated. Shunt resistance has a 
negative impact on power at low radiation. That’s 
why in four parameter model mean error is increased 
at low radiation. Mean percentage error between 
experimentally measured and estimated power is 
expanded in extent to the decrement in solar 
radiation. 
 
III. Maximum power values predicted from Matlab 
and compared with measured value along with error 
percentage at different solar radiation and module 
temperature 
 

 
 

 
Fig. 4 Predicted output power at different solar radiation 

 

 
Fig. 5 Predicted output power is compared with measured 

output power 
 
Graph shows that yielded results are reliable with 
exploratory information gave by makers under an 
extensive variety of cell temperatures and 
illumination values.  
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CONCLUSION  
 
In this study four parameters model were used to 
predict the output power of PV Array, with the 
measurement carried out under real operating 
condition at NIT Hamirpur. The four parameters 
model used in this paper utilizes just information 
gave by manufacturer with equations to estimate 
output power for any operating condition. 
Comparison with experimental data it is found that 
four parameter model is quite accurate and can be an 
accurate tool for power prediction of PV Array.  
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