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I. INTRODUCTION 

Solar energy is growing rapidly worldwide. Along 
with small installations (up to 10 kW), designed to 
power the local remote objects are operational pho-
tovoltaic solar power plant (PVPP) with a capacity of 
over 1 Mw, connected to the centralized electro 
supply networks. 

According to [1] the average annual growth rate of 
power PVPP in the world for a period of five years 
2007–2012 amounted to 60%. In the year 2012, the 
aggregate installed capacity of solar PV systems in 
the world amounted to more than 100 GW. Solar 
energy leaders have become such countries as Ger-
many, China, Italy, Japan, and United States. 

With regard to the manufacture of solar batteries, 
until recently, it was mainly concentrated in Europe, 
Japan and America. Over the past few years, sub-
stantially increased its production capacity in China. 
With increased demand for solar cells and modules, 
domestic producers are also increasing output. 

In connection with the increasing volumes of re-
lease and commercialization of solar photovoltaic 
cells (PV) there is a need for a precise definition of 
their parameters and characteristics. Measurement of 
current-voltage characteristics (I-V) is the primary 
method of assessing the quality and performance of 
solar cells and modules. When researching PV the 
stage of direct measurement of I-V and Volt-watt 
characteristic (P-V curve) can be replaced by com-
puter modeling process that eliminates the need to 
have expensive simulators solar radiation [2]. 

The task of developing, using modern simulation 
software of mathematical models of systems of 
power supply based on renewable energy systems is 
relevant. Such models will produce a comparative 
analysis of the options for building systems, as well 
as to optimize the parameters and modes of their 
operation. 

II. PROBLEM STATEMENT  

Based on known technical characteristics of solar 
modules (idling voltage and short-circuit current) to 
build a mathematical simulation model in Mat-
lab/Simulink environment for withdrawing cur-
rent-voltage and Volt-Watt characteristics under 
different levels of illumination. The results compare 
with the real current-voltage characteristics provided 
by the manufacturer. 

III. RESEARCH METHOD  
When researching the characteristics of photo-

voltaic cells used the method of mathematical simu-
lation using Matlab/Simulink environment. 

Mathematical description of PV: solar photovol-
taic modules (SM) and solar photovoltaics panels 
consists of many individual solar photovoltaic cells 
(PVcells), which are connected serially and in paral-
lel with the aim of achieving the required output 
voltage and current values. According to [3] solar 
photoelectric cell – solar cell based on the photoe-
lectric effect, which converts the energy of sunlight 
into electrical energy. Effect of solar cells based on 
internal photoelectric effect [4]. It is the inner pho-
toelectric effect, but rather the process of separating 
light quanta generated electron-hole pairs in the p-n 
junction lies at the heart of the process of generation 
of electric current in the solar photo cells. 

Today the most common solar panels based on 
mono- and multicrystalline silicon, which accounted 
for about 80% of the world market. While intensively 
new innovative production technologies of various 
types of thin-film solar cells. 

Solar photovoltaic cells can be represented as a 
functional unit having external, internal and output 
parameters (Fig. 1). To external parameters include 
the illumination of PVcells (G) and temperature (T). 
Internal parameters include idling voltage (Uiv) and 
the short-circuit current (Ipv cells). Output set-
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tings-output voltage (U) load current (I) and power 
output (P) [5]. 

 
Fig. 1. Solar cell as a functional block 

The main characteristic of solar cell (module) is a 
I-V dependency between the shock load and voltage 
at the terminals of the PV at constant temperature and 
intensity of incoming solar radiation. In determining 
the I-V of PV important factors are the intensity of 
the solar radiation and temperature. For measuring 
the intensity of solar radiation (W/m2) using special 
devices. Fig. 2 presents the concept of withdrawing 
I-V of PV. 

 
Fig. 2. PV cell schematic diagram of withdrawing I-V of 

PV 

Idling voltage (Uiv) – voltage at which current is 
zero. On the other hand, the current at which the 
voltage is zero, is called short-circuit current (Ipv cells). 
This extreme points of I-V in which power PV is 
zero. Maximum values of voltage and current (Imax, 
Umax) at constant values of illumination and temper-
ature determine the maximum power point (MPP). 
Figure 3 shows typical I-V and P-V curves of pho-
tovoltaic cells. 

 
Fig. 3. Typical I-V and P-V curves of PV 

Maximum power of PV – power of MPP on I-V 
characteristic where the value of the works of current 
maximum voltage [3]. 

Found that the intensity of the solar radiation af-
fects the value of the output current and output vol-
tage-temperature solar cell. So, if you reduce the 
intensity of the light flux in 2 times short-circuit 
current of PVcells decreases in 2 times, while idling 

voltage changes slightly. There is the temperature 
coefficient, which takes into account the temperature 
differences and forming the order of a few milliamps 
to one degree Celsius. 

Mathematical model of the photoelectric element 
is based on the classic equivalent lumped equivalent 
circuit (Fig. 4). This equivalent circuit generator 
includes photocurrent (1F was placed), shunt diode 
(Rsh) and serial (Rs) resistance [8]. 

 
 

Fig. 4. Classic PVcell replacement equivalent circuit 

In accordance with the equivalent substitution of 
PVcells, SE presented on Fig. 2, you can write 

d shph ,I I I I                       (1) 

where I is the load current; phI  is the photocurrent; 

dI  is the current flowing through the diode; shI  is the 
current flowing through the shunt resistance.  

Expressing the magnitude of the currents through 
the physical parameters of PVcells get the analytical 
expression of I-V in the following form [8].    

 sr sr

sh
ph u exp 1 ,

q U IR U IRI I I
AkT R

   
     

      
(2) 

where uI  is the reverse saturation current; U is the 
output voltage; shR  is the shunt resistance of 

PVcells; srR  is the serial resistance of PVcells; q is 
the charge of an electron; k is the Boltzmann con-
stant; А is the I-V setting PV, called diode factor; T is 
the absolute temperature of the PVcells, K.  

Due to the fact that the efficiency of the PVcells 
depends on the form of its I-V (Fig. 3), SE options 
included in equation I-V (2), determine the effec-
tiveness of PVcells (2) represents the five parametric 
model I-V PV, representing special interest only to 
developers of solar cells and modules. 

Efficiency of the photoelectric conversion is de-
termined by light current-voltage characteristic of the 
PVcells the shape of which depends on a number of 
options: serial and parallel (shunt) resistances se 
saturation current density diode, diode coefficient 
and some other factor [6], [7]. 
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Accordingly, the power generated by solar ele-
ment equal .P IU  

Satisfactory accuracy of the model can be ob-
tained, provided that internal resistance values are 
known for photovoltaic cells. Typically, when sys-
tematic deviations observed modeling theoretical 
curve I-V from experimental, resulting from variable 
density currents and voltage gradient [9]. 

Considered by the model is widely used in the 
analysis of solar cells, modules and panels, but the 
characteristics obtained from this model are minor, 
but sometimes unwanted deviations from the cha-
racteristics of the real solar cell or module. One of the 
reasons for the deviations is the difficulty of accu-
rately measuring serial resistance element Rsr. 

It should be noted that additional parameters in-
cluded in (2), a significant influence on the shape of 
the I-V of PVcells has Rsh. Shunt resistance take big 
enough and series resistance is relatively small. 

Simulation of characteristics of PV used in solv-
ing problems such as [9]: 

– PVcells scheme optimization of PV;  
– determination of optimal operating point in the 

changing light and temperature;  
– evaluation of PVcell scheme losses;  
– determination of the effect of partial shading on 

the output characteristics of PV and changes of its 
power;  

– calculation and simulation of photovoltaic 
power supply systems; 

– analysis and forecasting of the work of the 
photovoltaic plant.  

When modeling I-V and P-V we need to know the 
basic settings of the solar module: short-circuit cur-
rent (Ipv cells) and the idling voltage (Uiv). These pa-
rameters are specified by the manufacturer in the 
Passport at a solar cell or module.  From practice we 

know that particular influence on the characteristics 
of PV have consistent resistance, temperature t and 
the diode option a. the smaller the amount, the more 
power, generated by PVcells, and therefore effi-
ciency. With increasing temperature t decreases value 
of Uiv, and Ipv cells practically does not change its value 
[2]. 

Development of simulation model of solar    
module. 

Construction of simulation model of solar pho-
tovoltaic module implemented in Matlab/Simulink 
environment. When designing this model, we used 
materials [10]. 

Developed by Simulink model, which allows to 
register the main characteristics of solar photovoltaic 
module is shown in Fig. 5. 

 
Fig. 5. Simulink characteristic measuring model 

of solar module 

Constructed model includes the following sub-
systems and units. 

"Irradiance" (Constant) sets the value of the in-
tensity of solar radiation (G) W/m2. Specifies the 
block associated with the input port of the solar 
module subsystem. 

The subsystem “PLM-200” is a solar module   
itself. Detailed structure of the proposed subsystem 
solar module is shown in Fig. 6.

 
Fig. 6. Structure of subsystem of solar module 

The subsystem contains the following blocks: 
“Simulink-PS Converter”, “PS-Simulink Converter” 
– signal converter; “Voltage Sensor”, “Current Sen-
sor” current and voltage meters; “Solver Configura-

tion” is the configuration block; “Product” multipli-
cation block. 

Build in Simulink subsystem of the solar module, 
the output parameters which will match real multi-
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crystalline Solar module PLM-200 (Perlight Solar) 
when light 1000 W/m2: P = 200 W; U = 37.8 V;           
I = 5.3 А; Uiv = 45.5 V;  Ipv cells = 5.6 А. 

From the library Simscsape, select the existing 
universal block “Solar Cell”. Configure the block is 
performed as an option, presented in Fig. 7. This 

element describes the mathematical expression, 
shown in the upper part of the window settings. The 
value of the temperature settings are exposed in the 
next tab (Fig. 8). 

Blocks of solar cells are connected consistently 
and combined into subsystems (Fig. 9). 

     
 

     Fig. 7. Block settings Window "Solar Cell"                                          Fig. 8. Installing temperature values 
 

   
                                               a                                                                                            b 

Fig. 9. Subsystem of "Solar Cell": (a) of 6 elements; (b) of 90 elements

The structure of the controlled resistance subsys-
tem Rvar includes block “Ramp”, which generates a 
linear signal and convert block “Simulink-PS Con-
verter”. 

The simulation results show blocks "PV", "IV" 
(XY graph builder), perform graphing values one 
signal in another function. 

IV.  THE SIMULATION RESULTS 

The following assumptions were taken for mod-
eling: I-V and P-V modeled without considering the 
partial shading of the perceived surface of PV and 
without possible damage. Assumption data provide a 
means of applying the classic analytical expressions 
for modeling the characteristics of PV. 

Taking the temperature of the solar cells equal to 
25° C (Fig. 8). It should also be noted that the accu-
racy of the simulation depends on the possible tech-

nological variations for each item and the module as a 
whole. 

Simulation results are presented below (Fig. 10) 
with indicating the maximum power point values 
(MPP). Curves I-V and P-V obtained the following 
levels of illumination: 200; 400; 600; 800; 
1000 (W/m2). 

 
Fig. 10. I-V and P-V results of modeling 
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Figure 11 shows the family of current-voltage 
characteristics of monocrystalline solar module 
PLM-200 (Perlight Solar) at various levels of illu-
mination (200; 400; 600; 800; 1000 (W/m2)) and a 
temperature of 25° C. 

 
Fig. 11. Family wills-voltage characteristics monocrystal-

line solar module PLM-200 (Perlight Solar) 

Identify compliance characteristics of solar mod-
ule manufacturer-provided and characteristics ob-
tained by modeling in Matlab/Simulink. To do this, 
we shall make a comparison chart of the actual values 
in the module power maximum power points with 
values derived from simulations (Table I). 

TABLE I 

COMPARISON OF ACTUAL VALUES IN MPP 
WITH SIMULATION RESULTS 

No MPP 
Technical 

Specifications, 
W 

The simu-
lation re-
sults, W 

The va-
riance 

between 
values, % 

1  200.1  187  6.5  
2  157.6  152  3.2  
3  115.6  110  5  
4  74.4  70  7  
5  34.4  32  7  

IV. CONCLUSIONS 
Received a simulation model that allows you to 

display family I-V and P-V of solar modules de-
pending on the level of intensity of solar radiation and 
temperature. The developed model describes the real 
solar module only with some degree of approxima-

tion, taking into account the assumptions. There are 
deviations obtained by simulation of current-voltage 
characteristics from the pilot. The main reason was 
the difficulty of accurately measuring deviations, 
coherent and shunt resistance of solar cells. 

Matched the characteristics of solar module 
manufacturer-provided and characteristics obtained 
by modeling in Matlab/Simulink environment. The 
divergence of modeling results with Passport cha-
racteristics does not exceed 7%, that is acceptable and 
is accepted for engineering calculations. Thus con-
firms the adequacy of the proposed simulation model 
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