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ABSTRACT 

This paper presents the implementation of a generalized 

photovoltaic simulation model using MATLAB®/GUI 

interface. The model is developed using basic circuit 

equations of the Photovoltaic (PV) cells including the effects 

of solar radiation and temperature changes. These effects 

added in real time operation simultaneously. Since the PV 

module has nonlinear characteristics, it is necessary to model 

it for the design and simulation of maximum power point for 

such system applications. Photovoltaic system characteristic 

curves as current - voltage (I-V) and power - voltage (P-V) 

characteristics are drawn according to values change of the 

temperature and solar radiation which observed in 

MATLAB®/GUI interface. The simulation results showed 

that these factors and the corresponding PV model influence 

the maximum power obtained from PV modules under 

operating conditions. The simulation model also presented the 

design of the array and the batteries of the load connected to 

the photovoltaic system. 
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1. INTRODUCTION 
It is known that the important factor for photovoltaic system is 

the cost of a system, and because of several kinds of the 

photovoltaic array we have the right to select the best array 

with the best efficiency and price. The popular types of 

materials are crystalline and thin films, which have 

differences in terms of light absorption efficiency, energy 

conversion efficiency, manufacturing technology and cost of 

production. Different kinds of crystalline materials like a 

mono-crystalline, polycrystalline are available [1].  

In this paper, the current and the generated power by the 

photovoltaic array is calculated according to daily solar 

irradiation when the cases study in Egypt. According to the 

generated power of  the PV array and the required energy for 

a typical building, the number of photovoltaic arrays is 

estimated then the cost of the solar system is calculated. 

System is simulated by MATLAB®/GUI interface software, 

and the results are discussed. The simulation is about sizing in 

order to select the best array for photovoltaic system to have a 

optimize system according to size of the system [1]. 

 

PV arrays, controllers, battery storage, inverters, and load 

models have been proposed to predict the performance of a 

PV system under various load current profiles [2, 3 and 

4].Several PV models were reviewed to select a suitable 

model for PV devices by considering adjustment errors at 

specific data points [5]. The reverse bias model was adopted 

to explain the breakdown effect of a PV cell with temperature 

[6]. A detailed terminal voltage model of a PV cell was 

proposed using the five-parameter model [7, 8]. Experimental 

verification was achieved using mono-crystalline PV modules 

to evaluate four- and five-parameter models [9, 10]. 

The strong correlation between module temperature and 

electrical terminal characteristics has also prompted 

significant research into thermal modelling of PV panels. 

Temperature dependant models of a PV panel were suggested 

[11, 12], considering heat radiation, heat convection, and 

power generation. Two dimensional thermal flows for PV 

panel plates were considered in PV panel models [13, 14]. 

Experimental verification depicting the dependence of panel 

output power and efficiency on temperature was achieved 

using commercial PV modules [10, 15, 16 and 17].  

2. OPERATING PRINCIPLE 
A PV cell is a semiconductor p-n device that produces current 

when irradiated. This is due to electron - hole pair forming in 

the semiconductor material that absorbs photons with energy 

exceeding the band-gap energy of the semiconductor material. 

The PV cell consists of front and back contacts attached to the 

semiconductor material, the contacts can collect the charge 

carriers (negatively charged electrons and positively charged 

holes) from the semiconductor p and n layers and supply the 

load with the generated current (DC) as described in Fig. 1. 

[18]. 

 

Fig. 1: The Process of generation electricity in PV cell 
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3. PHOTOVOLTAIC SYSTEM MODEL 

3.1 Solar Cell Model 
The model is developed using basic circuit equations of the 

Photovoltaic (PV) Solar cells including the effects of solar 

irradiation and temperature changes. A PV cell can be 

represented by a current source connected in parallel with a 

diode, since it generates current when it is illuminated and 

acts as a diode when it is not. The equivalent circuit model 

also includes a shunt and series internal resistance that can be 

represented by resistors Rs and Rsh as shown in Fig. 2.  

 

Fig. 2: The equivalent PV cell circuit model 

The physical structure of a solar cell is similar to that of a 

diode in which the p–n junction is subjected to sun exposure. 

The basic semi-conductor theory is captured in the following 

equations: 

                                                                                               

                   
  

    
                                                    

Where 

I:  Cell output current, A 

        : The Photocurrent, isthe current produced by the 

incident light and function of irradiation level and junction 

temperature, A 

   : The diode current modeled by the equation for a Shockley 

diode, A 

        : The saturated reverse current or leakage current, A 

q  :  Electron charge (1.602 × 10-19 C). 

K  :  Boltzmann constant (1.38 x 10 -23 J/ok) 

V  :  Cell output voltage, V 

  :  Cell operating temperature, ok 

A  :  The diode ideality factor 

Eq. (1, 2) can be modified to obtain the current–voltage 

characteristics of a photovoltaic cell employed in the solar 

panel by adding some parameters as given in Equations (3, 

4,5)[18, 19]. 

                  
          

    
     

  
       

   
                                                

   
    

 
     

         

  
           

                  
         

   
     

  
       

   
                                                

   
       

 
                                                                                     

Where 

   : Photocurrent, The photovoltaic current, A 

   : Reverse saturation current, A 

    : Series resistance of the cell, Ω 

   : Shunt resistance of the cell, Ω 

  : Thermal voltage, V 

   : Number of series cells 

   : Number of parallel cells branches 

Both K and Tc should have the same temperature unit, in 

Kelvin. The curve fitting factor A is used to adjust the I-V 

characteristics of the cell obtained by testing. 

     Equations (3) & (4) give the voltage of a single solar cell 

which is then multiplied by the number of cells connected in 

series to calculate the full array voltage. Since the array 

current is the sum of the currents flowing through the cells in 

parallel branches, the cell current I is obtained by dividing the 

array current by the number of the cells connected in parallel 

before being used in eq. (4), which is only valid for a certain 

cell operating temperature Tc with its corresponding solar 

irradiation level G [20, 21].  

     If the temperature and solar irradiation levels change, the 

voltage and current outputs of the PV array will follow this 

change. Hence, the effects of the changes in temperature and 

solar irradiation levels should also be included in the final PV 

array model. A method to include these effects in the PV array 

modelling is given by Buresch [20]. According to his method, 

for a known temperature and a known solar irradiation level, a 

model is obtained and then this model is modified to handle 

different cases of temperature and irradiation levels. Let (9) be 

the benchmark model for the known operating temperature 

(Tc) and known solar irradiation level (G) as given in the 

specification. [21, 22] 

When the ambient temperature and irradiation levels change, 

the cell operating temperature also changes, resulting in a new 

output voltage and a new photocurrent value. The solar cell 

operating temperature varies as a function of solar irradiation 

level and ambient temperature. The variable ambient 

temperature Ta affects the cell output voltage and cell 

photocurrent. These effects are represented in the model by 

the temperature coefficients Ki and Ko for cell output voltage 

and cell photocurrent, [15] respectively, as: 

 

      
       

   
                                                           

NOCT: Nominal operating cell temperature 

Iph exhibits a linear relationship with light intensity. Io is also 

temperature dependent. Values of Iph and Io are given by the 

following equations [18]: 
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Where 

   : The photovoltaic current at Tc& G, A 

    : The photovoltaic current under standard conditions at 

Tr& Gr, A 

   : Reverse saturation current at Tc, A 

     : Reverse saturation current at reference temperature at Tr, 

A 

     : The intensity of solar irradiance, W/m2 

  : The reference intensity of solar irradiance = 1000 W/m2 

   : Temperature coefficient of the short circuit current  

  : Temperature coefficient of the open circuit voltage  

  : Cell operating temperature, ok 

  : Reference cell operating temperature= 25oC = 298.13 ok  

  : Ambient air temperature, ok 

  : Band-gap of the semiconductor material 

The saturated reverse current, Ior, at reference temperature at 

Tr is given by the following equation [18]: 

     
         

     
         

   
 
                                                               

Where 

         : Short circuit current of photovoltaic cell under 

standard conditions at Tr& Gr, A 

         : Open circuit voltage of photovoltaic cell under 

standard conditions at Tr& Gr, V 

The open circuit voltage and short circuit current are 

important parameters associated with the I–V characteristics 

of the solar panel. These parameters are subject to variations 

in the atmospheric conditions. The short circuit current and 

open circuit voltage can be calculated under different 

atmospheric conditions using the following equations [18]:  

                                     
 

  
      

                                                                         

Where 

        : Short circuit current of photovoltaic cell under 

operating conditions at Tc& G, A 

        : Open circuit voltage of photovoltaic cell under 

operating conditions at Tc& G, V 

Equations (3, 4) represent I-V and P-V curves, where three 

remarkable points are highlighted [23]:  

a) open- circuit (Voc, 0),  

b) Short circuit (0, Isc),  

c) Maximum power point (VMP, IMP).  

3.1.1 Open-circuit  
This point is obtained when the terminals of the cell are 

disconnected. The cell presents a voltage called (Voc) 

expressed analytically using eq. (13).  

   
    

 
     

   

  
                                                                      

3.1.2 Short-circuit  
The terminals of the cell are short circuited, through which 

flows a current called (Isc). In this situation, the voltage 

between cell terminals is zero. 

                                                                                     

Where c is a constant. 

3.1.3 Maximum power point (MPP)  
It is the operating point on the I-V curve that gives the 

maximum output power from the solar cell at different 

operating conditions.Here voltage versus current product 

which produce maximum values of power points. VMP is 

related to VOC through the relation in eq. (15):  

                 

And IMP is related to Isc through the relation in eq. (16):  

                 

The best conditions are the "standard operating conditions" 

happen at Irradiance equal to 1000W/m², cells temperature 

equals to 25°C, and spectral distribution (Air Mass) AM is 

equal to 1.5.  

3.2 Solar Module Model 
To increase total voltage of the module, cells have to be 

connected in series as shown in Fig. 3 (Vout=V1+V2+V3+…). 

Connecting PV cells in parallel, as shown in Fig. 4, increases 

the total current generated by the module (Iout=I1+I2+I3+...). 

The total current is equal to sum of current produced by each 

cell. 

 

Fig. 3: Connecting PV cells in series 

 

Fig. 4: Connecting PV cells in parallel 
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For Np cells branches in parallel and Ns cells in series, the 

total shunt resistances (Rsh,Module) and series resistances 

(Rs,Module) in module are equal to: 

 

             
  

  
                                                                 

            
  

  
                                                                    

Where 

           : Total shunt resistance in the photovoltaic module, 

Ohm. 

            : Total series resistance in the photovoltaic module, 

Ohm. 

         :  Shunt resistance in one photovoltaic cell, Ohm. 

         :  Series resistance in one photovoltaic cell, Ohm. 

  :  Number of cells in series 

  :  Number of cells branches in parallel  

Then, we will add          &           in eq. (3&4) instead 

ofRs&Rsh respectively if the module have Ns&Np, then apply 

equations in previous sections to find specifications of the 

module and draw characteristic as current - voltage (I-V) 

characteristics & power - voltage (P-V) characteristics, which 

are drawing according to the values of the temperature and 

solar radiation are observed in MATLAB®/GUI interface [24, 

25]. 

The module current has an implicit expression depending on 

the following variables expressed in function of a single cell 

parameters and this is approximation method [26]: 

 
                                                                                     

                                                                                  

 

Where 

           : Total short circuit current of the photovoltaic 

module, A. 

           : Total open circuit voltage of the photovoltaic 

module, V. 

         :  Short circuit current of one photovoltaic cell 

         :  Open circuit voltage of one photovoltaic cell 

 

3.3 Solar Array Model 
     The modules in a PV system are typically connected in 

arrays.Fig. 5.Illustrates the case of an array with MP parallel 

branches each with MS modules in series. 

     The applied voltage at the array’s terminals is denoted by 

VA, while the total current of the array is denoted by    

        

  

   

                                                                           

Where A is the branches number 

     If it is assumed that the modules are identical and the 

ambient irradiation is the same on all the modules, then the 

array’s current is:  

IA = MpIM                                                                                      

     From load data is inserted in simulation program, we can 

specify the data & number of connection of photovoltaic array 

system. 

 

Fig. 5: Solar cell array consists of Mp parallel branches, 

with Ms Modules in series in each branch. 

 

3.4 Design of the system 
In one day, the Load will consume energy (E) in Wh/day 
 

                                                                                                

Where 

  : Power of load, W 

  : Operating time of load, hours 

The connected load (Iconn.) in (Ah) is calculated by: 
 

              
 

 
                                                                         

If the current is not constant, the current must be integrated 

over the time operation. 

Neither the battery charging and discharging nor the wiring is 

100% efficient. Charging & discharging efficiency of battery 

and wiring efficiency are inserted. 

The corrected load (Icorr.) in (Ah) is calculated by: 
 

       
      

     
                                                                                   

                                                                                             

Where 

    : All efficiency 

    : Battery efficiency 

  : Wiring efficiency 

The batteries capacity BC in (Ah) is calculated by: 

   
      
  

                                                                                        

BD: Battery depth of charging & discharging 
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This capacity might be designed as Ampere – hour capacity & 

Voltage of battery 

Specify the PV power needs. It is determined by determining 

the time when the least amount of sunlight is available during 

months. During the longest hour period, the PV array must 

produce all the electricity needed to operate the load for a day. 

It must be taken into account that the PV modules may not 

always operate at peak efficiency, such as if they get dusty, or 

operation at cell temperatures higher than 25 oC may reduce 

maximum output power by an additional. 

The PV array output current (on one day)    

 
      

         
                                                                                       

        : The corrected load, Ah 

   : Photovoltaic module efficiency 

Psh : Peak sun hour, hours 

                         

   
                           

                     
     

                          

   
                       

                     
                                                     

 

4. MATHEMATICAL MODELLING 

CALCULATION TECHNIQUE BY 

NEWTON-RAPHSON ALGORITHM 
The Newton-Raphson method, or Newton Method, is a 

powerful technique for solving equations numerically. Like so 

much of the differential calculus, it is based on the simple idea 

of linear approximation. The Newton Method, properly used, 

usually homes in on a root with devastating efficiency. 

If xn is the current estimate, then the next estimate xn+1 is 

given by 
 

          
     

      
                                                                       

The Newton-Raphson method is used to solve systems of 

nonlinear equations. It find the roots of a nonlinear function 

by computing the Jacobian linearization of the function 

around an initial guess point, and using this linearization to 

move closer to the nearest zero. A set of nonlinear equations 

applying in equations (3, 4) and are illustrated in Fig. 6. 

5. MATLAB®/GUI INTERFACING 
The generalized photovoltaic simulation model using 

MATLAB®/GUI interface & adding design of photovoltaic 

array system are explained in this paper. The model is 

developed using basic circuit equations of the Photovoltaic 

(PV) Solar cells including the effects of solar radiation and 

temperatures changes. These effects in photovoltaic module 

added in real time operation simultaneously. Since the PV 

module has nonlinear characteristics, it is necessary to model 

it for the design and simulation of maximum power point 

tracking (MPPT) for PV system applications. The 

characteristic curves as the current - voltage (I-V) 

characteristics & the power - voltage (P-V) characteristics are 

shown according to the values of the temperature and solar 

radiation are observed in MATLAB®/GUI interface. The 

simulation results also show that these factors and the 

corresponding PV model influence the power obtained from 

PV modules. 

The Lorentz LC80-12M PV module was chosen for 

modelling, The module provides 80 watt of nominal 

maximum power, and has 36 monocrystalline series 

connected silicon cells. The key specifications are shown in 

Table 1. The input data are inserted in simulation 

GUI/Interface matlab model as shown in Figure (7). 

The model of the PV module was implemented using a 

Matlab program. The model parameters are evaluated during 

execution using the equations listed on the previous sections. 

The program also, calculate the current I, using typical 

electrical parameter of the cell or module (Isc, Voc), and the 

variables Voltage, Irradiation (G), and Temperature (T). 

 

Fig.6: Flowchart display mathematical modelling 

calculation technique by Newton-Raphson Algorithm. 
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Table 1:Specifications of Lorentz LC80-12M PV Module 

at at standard test condition (1000 W/m², 25 °C) 

Parameter Variable Value 

Maximum Power Pm 80W 

Voltage@ Pm Vm 17.2V 

Current @ Pm Im 4.6A 

Short circuit current ISC 5A 

Open-circuit voltage VOC 22.4V 

Temperature coefficient 

of open circuit 

voltage 

ko -(0.35)%/°C 

Temperature coefficient 

of short circuit 

current 

ki (0.09)%/°C 

Temperature coefficient 

of power 
 -(0.5)%/°C 

 

6. RESULTS 
Simulation Matlab GUI/Interface model showed (I-V) and (P-

V) characteristic curves in figures (8,9) for the PV system and 

batteries under connecting the desired load at ambient 

temperature ansolar radiation level of operating conditions. 

Figures (10(a), 10(b)) shows the changesin the (I-V) curve 

changes depending on solar radiation G for ( 1 KW/m2 ) & ( 

0.8 KW/m2 ) & ( 0.6 KW/m2 ) & ( 0.4 KW/m2 ) & ( 0.2 

KW/m2 ), while ambient temperature (Ta) is constant and 

equal to 25°C, this will lead to in the short circuit current is  

equal to 5.2A, given that Ns=36, Np=1 and solar radiation 

equal to (1 KW/m2)  . The maximum current (Imax) of the PV 

module is 4.6A and the maximum voltage (Vmax) is 17.2V 

which corresponding the maximum power (Pmax) is 68.16W. 

Since short circuit current is directly proportional to solar 

radiation, the characteristic curves in Figure (11) show the 

predicted response to the change of irradiation. 

Figures (11(a), 11(b)) shows the changes of the (P-V) 

characteristic curve depending on solar radiation (G) when 

ambient temperature (Ta) is constant and equal to 25°C, this 

will lead to increasing in maximum output power as 

increasing in solar radiation.  

Graphs in Figure (12(a),12(b))showed the changes in the (I-V) 

characteristic curve with the ambient temperature when the 

solar radiation is constant (1kw/m2). Ambient temperature has 

a highly effect in open circuit voltage. Open circuit voltage of 

each cell reduces by approximately 0.23mV for every 1°C 

increase in ambient temperature. Short circuit current 

increases lightly as ambient temperature increases, but not 

enough to compensate the power loss due to decreasing in 

open circuit voltage. 

Figures (13(a), 13(b)) showed the changesof the (P-V) 

characteristic curve with ambient temperature increases and 

when solar radiation is constant (1kw/m2).Ambient 

temperature has a highly effect in open circuit voltage and 

maximum output power.  

Figures (14, 15) showed the effects of solar radiation & 

temperature changes in real time operation in (I-V) 

characteristics & (P-V) characteristics of PV Module.

 

 

 

Fig. 7: Input data of PV Module 



International Journal of Computer Applications (0975 – 8887)  

Volume 69– No.6, May 2013 

20 

 

(a) 

 

(b) 

 

Fig. 8: Simulation model for (I-V) characteristics of PV Module 

(a) Matlab GUI/Interface simulation model (b) (I-V) characteristics figure of PV Module 
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(a) 

 

(b) 

 

Fig. 9: Simulation model for (P-V) characteristics of PV Module 

(a) Matlab GUI/Interface simulation model (b) (P-V) characteristics figure of PV Module 
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(a) 

 

(b) 

 

Fig. 10: Effects of solar radiation changes in (I-V) characteristics of PV Module at constant temperature (25oC) 

(a) Matlab GUI/Interface simulation model (b) (I-V) characteristics figures of PV Module 
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(a) 

 

(b) 

 

Fig. 11: Effects of solar radiation changes in (P-V) characteristics of PV Module at constant temperature (25oC) 

(a) Matlab GUI/Interface simulation model (b) (P-V) characteristics figures of PV Module 

  



International Journal of Computer Applications (0975 – 8887)  

Volume 69– No.6, May 2013 

24 

 

(a) 

 

(b) 

 

Fig. 12: Effects of temperature changes in (I-V) characteristics of PV Module at constant solar radiation (1kw/m2) 

(a) Matlab GUI/Interface simulation model  (b) (I-V) characteristics figures of PV Module 
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(a) 

 

(b) 

 

Fig. 13: Effects of temperature changes in (P-V) characteristics of PV Module at constant solar radiation (1 kw/m2) 

(a) Matlab GUI/Interface simulation model (b) (P-V) characteristics figures of PV Module 
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Fig. 14: Effects of Solar radiation & temperature changes in real time operation in (I-V) characteristics of PV Module 
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Fig. 15: Effects of Solar radiation & temperature changes in real time operation in (P-V) characteristics of PV Module
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7. CONCLUSION 
A photovoltaic (cell, module and array) simulation model is 

developed and presented in this paper to be used in 

MATLAB®/GUI interface environment. 

By DAQ, Data are inserted of solar insolation and 

temperature, the model calculates the current and voltage by 

Newton-Raphson method. The results from the 

MATLAB®/GUI interface model show excellent 

correspondence to manufacturer’s published curves. Finally 

the model development was used to show the effect of: 

insolation, temperature in real time as monitoring system for 

the current - voltage (I-V) characteristics & the power - 

voltage (P-V) characteristics and design for PV array system 

design. 
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