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Abstract— Solar photovoltaic cell is the smallest unit of solar 

(PV) system. It converts light energy into electrical energy is 

termed as photovoltaic effect. In Modeling of PV system 

designers have great challenge to predict the expected power 

output under different environmental conditions. This paper 

present an analysis of PV module, based on the single diode 

model with series and shunt resistance. One diode equivalent 

circuit is employed in order to I-V and P-V characteristics of 

a 250 W solar module. The electrical model parameters of 

solar (PV) such as photocurrent, saturation current, series 

resistance, shunt resistance, diode ideality factor were 

constructed by simulations. The expected environmental 

output may results in decrease of output current and voltage 

due to the increase in the temperature of the solar PV panel. 

In order to track maximum power point tracking (MPPT) 

technique under varying insulation and shading conditions is 

used. PV arrays may be shaded by neighboring buildings 

power lines, trees, clouds, birds, grass. Due to the effect of 

partial shading on PV system characteristics and efficiency 

for different shading conditions and temperatures. Its 

characteristics and efficiency was experimentally found. The 

maximum power point of solar cells can be used on solar 

UAVs. The performance of the solar PV panel is analyzed by 

mathematical model for a solar photovoltaic cell using 

MATLAB R2014a. 
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I. INTRODUCTION 

Solar energy is one of the promising sustainable energy in this 

scenario. The obvious choice is a clean energy source, which 

is abundant and could provide security for the future 

development and growth is the sun energy. In present time 

many renewable sources are available such as wind and solar 

then biomass energy etc. The solar energy widely used 

because it is abundantly available almost everywhere and 

availability of technology. The PV module is a series and 

parallel combination of solar cells. In general solar cells are 

connected in series to get required output voltage. 

Solar cell is proportional to intensity of sunlight. Solar cell is 

basically a PN junction fabricated on layer of semiconductor.  

 These three points are taken from commercial array 

are used for finding V-I equation for the solar (PV) model by 

adjusting the parameters of V-I equation, the PV model can 

be built by using basic math blocks. A novel approach for 

solar module temperature estimation using a simple diode 

model has been described by simulation. Heat and light 

directly comes from the power of the sun that is solar energy, 

then electricity is produced. Different technologies are used 

to produce solar-electric power, which converts solar 

irradiance directly to electrical energy using solar cells. A 

photovoltaic system is a system which 16 Mathematical 

Modeling of Photovoltaic System uses one or more solar 

panels to convert solar energy into electricity. An easy and 

accurate method of modeling photovoltaic arrays is presented 

by mathematical model. As PV system produces less voltage 

and current, so this can only be used for low power 

applications like feeding of small loads such as lighting 

systems and DC motors. For high power applications power 

electronic converters are required to process the electricity 

from the PV device. The details of modeling of photovoltaic 

arrays in MATLAB/Simulink. Tracking of maximum power 

point and the regulation of output voltage, output current. 

 A single solar cell can generate daily electricity in 

rage of 6 W to 10 W while our daily requirement is much 

higher. Therefore in order to generate more electricity, many 

solar cells are connected together in the form of PV module. 

The number of solar cells to be connected together and the 

way they are connected together determine current and 

voltage that can be obtained from the modules, and the 

average energy it can produce every day. The cells are 

interconnected to form panel, then series and parallel 

combination of panel forms array. 

 The performance of solar cell depends are highly 

expensive. The effect of variations of model parameters and 

the effect of different solar light intensity and ambient 

temperature [1]. The single diode model is used for modeling. 

The step by step simulation is performed [2]. The describes 

several observations on the current verses voltage (I-V) 

curves and power verses voltage (P-V) curves of partially 

shaded arrays [3]. 

II. MODELING OF SOLAR PV SYSTEM 

Mathematical model of the solar PV panel can be used to 

analyze the performance and the characteristic of the solar PV 

panel. This paper considers the effect of ambient temperature 

and the variation of sunlight intensity on the model. The 

proposed a model of PV cell based on the fundamental circuit 

for a solar PV cell considering the effects of physical and 

environmental parameters. 

 Equivalent circuit 

The mathematical model can be built using the equations 

derived from the equivalent circuit shown in figure 1. 

 
Fig. 1: Equivalent electrical circuit of PV cell. 

 The current source represents the light generated 

current of the solar cell, a diode represents the nonlinear 

impedance of the p-n junction, series resistance represents the 

internal electrical losses and shunt resistance corresponds to 

the leakage current to the ground .The diode is connected in 

anti parallel with the light generated current source represents 

the theoretical model of ideal solar cell.  When solar radiation 

falls on cell, the direct current generated that varies linearly 

with solar radiation. 
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Applying KCL, the output current of the cell is: 

                   I = Iph − Id − Ish                                      (1) 

 The light generated current or photocurrent varies 

with irradiance and temperature is given by these 

mathematical equations (1 to 7) 

I = Iph − Is [exp
(V + IRs)q

aKTNS

− 1] −
V + IRs

Rsh

        (2) 

 

                 Iph = Ir

Isc

Ir0

                                                    (3) 

 

                 Is =
Isc

[exp (
Voc

aVt
) − 1]

                                 (4) 

 

                 Id = Is [exp (
V + IRs

aVt

) − 1]                     (5) 

 

                 Ish =
(V + IRs)

Rsh

                                           (6) 

 

                 𝑉𝑡 =
𝑘𝑇𝑁𝑠

𝑞
                                                    (7) 

 These expressions depict the relation between 

voltage and current of a photovoltaic module. The 

mathematical equations (2) is a nonlinear equation whose 

parameters are 

Here, 

Ns - represent series connected cells 

Iph - the light generatedd current 

Is - the reverse saturation current 

Rs andRsh - represent the series and parallel inherent 

resistances of the cell. 

q - The electron charge 1.6021746 × 10−19∁ 

k - Boltzmann’s constant    1.3806503 × 10−23   𝐽/𝐾 

TECHNICAL SPECIFICATIONS FOR CRYSTALLINE 

MODULES 

Rated Power 250 W 

Voltage at Maximum Power 30.50 V 

Current at Maximum Power 8.20 A 

Open circuit voltage 37.10 V 

Short circuit Current 8.60 A 

Total No of cells series 𝐍𝐬 60 

Total No of cells parallel 𝐍𝐩 4 

Table 1: Electrical Specification of PV Panels 

 The electrical specifications are under test 

conditions of irradiance 1 kW/m2, and cell temperature 250 C. 

III. SIMULINK MODELING OF PV MODULE 

 Determination of Diode phase current 

The diode current determine by Shockley diode current 

equation written as 

                Id = Is [exp (
V + IRs

aVt

) − 1]                   (8) 

 

                Id = NpI0 [exp (

𝑉

𝑁𝑠
+

𝐼𝑅𝑠

𝑁𝑝

𝑎𝑛𝑉𝑡

) − 1]           (9) 

Here,  

I0 - The diode reverses saturation current 

𝑉0 -  applied forward voltage on diode 

N - The ideality factor 

𝑉𝑡   - The thermal voltage 

               Vt
KT

q
= 26 mV at  25℃                             (10)  

 The Simulink model constructed by fig 2. Solar 

photo current equation for (2). 

 The characteristics equation or mathematical model 

of solar PV has been derived in terms of unknown parameters 

of series resistance and modified diode ideality factor, 

respectively. Rest of the three unknown parameters 

photocurrent, saturation current, and shunt resistance have 

been estimated analytically.  

 
Fig. 2: Simulation model for phase current 

 Determination of Reverse saturation current 

I0 is diode reverse saturation current, it is temperature 

dependent current. The saturation current is cubic function of 

temperature. 

IO = I0,ref (
Top

Tref

) exp [(
qEg

AK
) (

1

Tref

−
1

Top

)]    (11) 

 
Fig. 3 Simulation model for reverse saturation current 

Here, 

I0 - The diode reverses saturation current at STC, 

Top - operating temperature,  

Tref - Standard temperature(25℃), 

Eg - Band gap energy its depends upon the used material, 

To determine the value of I0,ref consider ideal solar power PV 

cell model as in fig. 1. 

         I = Iph,ref − I0,ref (exp (
V

αref

) − 1)                 (12) 

Here, 

Iph,ref  - Photo current at STC. 
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Under open circuit condition (R = ∞, I = 0, V = Voc,ref) the 

above equation simplifies to 

     0 = Iph,ref − I0,ref (exp (
Voc,ref

αref

) − 1)          (13) 

The term (-1) is neglected being very small in comparison to 

exponential term. 

    Iph,ref = I0,ref exp (
Voc,ref

αref

)                                  (14) 

 

   I0,ref =
Iph,ref

exp (
Voc,ref

αref
)

                                              (15) 

 Determination of shunt current 

Ish    is the shunt current for PV module is expressed as in fig 

4. The simulation model for shunt current was shown in fig 

4. The complete simulation model for solar PV module 

shown in fig 5. 

 
Fig. 4: Simulation model for shunt current 

             Ish = (

V0Ns

Np+IRs

Rsh

)                                (16) 

IV. EFFECT OF PARAMETER VARIATION 

In this paper includes the analysis of environmental 

(irradiance and temperature) and physical parameter 

(𝑅𝑠ℎ, 𝑅𝑠) variation effect on output of solar PV module. 

 Effect of solar Irradiance Variation 

The photocurrent varies with irradiance, so that the 

simulation was performed or different values of 

irradiance  (1000, 800,600,400 W/m2) at STC (standard 

test condition). Fig.6. Shows I-V curve after simulation at 

different irradiance. The percentage change in short circuit 

current (ISC) is much more than the percentage change in open 

circuit voltage (VOC). The current changes from 

(2.7 A to 2.9 A) and voltages from (56 V to 59 V).the  output 

power is higher for high irradiance Value. Consider the short 

circuit condition (R = 0, I = Isc,ref, V = 0) to establish the 

relation between photocurrent (𝐼𝑝ℎ) and short circuit current 

(𝐼𝑠𝑐,𝑟𝑒𝑓). 

 
Fig. 5. Simulation model for solar PV module 

 The complete part of the simulation for solar PV 

diagram shown in fig 5. When constructed by various 

irradiance and temperature. The relation is true under ideal 

conditions but in photocurrent is dependent on irradiance and 

temperature. Then modified relationship as follow on given 

below. 

Iph =
B

Bref

[Isc,ref + Ki(Top − Tref)]                      (17) 

 The simulation was performed for different values 

of irradiance (680, 650,580,94 𝑊/𝑚2) at STC shown in 

fig.6. I-V graph. The change in short circuit current is much 

more than the change in open circuit voltage. The current 

changes from (15 A to 3 A) and voltage 

from (40 V to 32 V). The output power is higher for high 

irradiance value in this Simulink model for I-V characteristic 

graph.  
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Fig. 6: V-I Characteristic of PV module at different Irradiance 

Matlab coding for plotting XY graph is given below 

Plot(Vpv, Ipv) 

Plot (Vpv, Ppv) 

 Effect of solar Temperature variation 

The Simulink model was performed using different values of 

temperature (25℃, 45℃, 55℃) at STC shown in fig. 7. The 

current (𝐼𝑠𝑐) increases in very small amount but decrement in 

open circuit voltage (𝑉𝑜𝑐) is considerable with increases in 

temperature, hence output power decreases with increases in 

temperature. Low temperature is recommended for better 

results. 

 
Fig. 7: P-V Characteristic of PV module at different Temperature 

V. PARTIAL SHADING OF SOLAR PANEL 

The problem of a photovoltaic controller for maximum power 

point tracking under varying insolation and shading 

conditions. A general purpose adaptive maximum power 

controller is tailored to maintain operation of the PV system 

at the maximum power point while constantly avoiding local 

maxima for changing environmental conditions. 

 The solar shading condition test for 250 watts solar 

PV panel fig. 7 was 30% shading condition and given output 

for irradiance (643𝑊/𝑚2) and temperature rating (55℃) 

then ((𝑉𝑜𝑐 = 30.67, 𝐼𝑠𝑐 = 474𝑚𝐴) . shading condition for 

(10% to 100%) testing PV panel. 
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Fig. 8: Shading of solar panel 

VI. CONCLUSION 

The characteristic curve of the solar cell is obtained through 

the operation model. The simulations results are compared 

with the characteristic curves obtained by the ground test, 

which concluded that the solar cells have a certain maximum 

power output point in different solar lighting conditions. The 

output characteristics of solar panel in three kinds of weather 

conditions are tested. The variation of sunshine intensity and 

temperature conditions is set up in MATLAB/ Simulink. It 

can be found that the PV cell shows a strong nonlinearity, 

which is obviously affected by the change of temperature and 

light conditions. Which temperature changes mainly affect 

the open circuit voltage, and light intensity changes mainly 

affect the short circuit current. 
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