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Abstract— Due to shortage of non- renewable sources of 

energy there is requirement of renewable sources. So there 

is a huge rise in demand of solar energy. Solar energy is 

being used nowadays in the form of PV arrays. The output 

of PV array is a function of various parameters such as solar 

insolation, temp. and percentage of shadow on the array. 

The reason for shadowing is the nearby tall structures and 

moving clouds During partial shadowing more than one 

peak is observed in the output of a PV cell .In this paper we 

aim at observing the impact of shading on array 

characteristics using MATLAB model of PV array. The 

insolations incident on different models are considered to be 

different. Then we compare the output of the MATLAB 

model with the theoretical values. Here we aim to design 

and develop simulation of solar panels connected in series 

integrated with a boost converter and MPPT algorithm 

taking into account the effects of partial shading. 
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I. INTRODUCTION 

The use of nonconventional energy sources, photovoltaic 

(PV) installations are being increasingly employed in 

several applications, such as distributed power generation 

and stand-alone systems. However, a major challenge in 

using a PV source is to tackle its nonlinear output 

characteristics, which vary with temperature and solar 

insolation. The characteristics get more complexity if the 

entire array does not receive uniform insolation, as in 

partially cloudy (shaded) conditions, resulting in multiple 

peaks. The presence of multiple peaks reduces the 

effectiveness of the existing maximum power point tracking 

(MPPT) schemes [1]–[3] due to their inability to 

discriminate between the local and global peaks. PV 

characteristics in order to use a PV installation effectively 

,under all conditions. Over the years, several researchers 

have studied the characteristics of PV modules and the 

factors that affect them [4]–[7]. Walker [4] has proposed a 

MATLAB-based model of a PV module to simulate its 

characteristics for studying the effect of temperature, 

insolation, and load variation on the available power. 

However, the model does not consider the effect of shading 

on the PV characteristics. [5] have experiment obtained the 

I–V characteristics of the PV module and the constituent 

cells to understand the effect of partial shading. However, 

this work is limited to module-level study and it does not 

discuss the shading effects on an entire PV array. However, 

the I–V and P–V characteristics of the one module, 

considered in their study, do not predict the presence of 

multiple steps and maximum, which are common in the V-I 

and P–V characteristics of large PV arrays that receive Non 

uniform insolation. A numerical algorithm, which considers 

them is match in individual PV cells and their shading 

levels, has also been proposed [8] to simulate the complex 

characteristics of a PV array. It requires every element (each 

cell of the module, bypass diode, blocking diode, etc.) to be 

represented by a mathematical expression. It can render 

accurate results, though at the expense of complicated 

modeling, involving large and complex matrix 

computations, more computation time and efforts, and 

higher memory requirement. 

This is not only the size (i.e., the total number of 

modules) of the PV array but also its configuration (i.e., the 

number of modules in series and parallel, respectively) that 

significantly affects its power output, and therefore, the 

performance of the system under partially shaded 

conditions. 

From the previous paragraphs, it may be conclude 

that, while it is very important to model, study, and 

understand the effects of shading on PV arrays, a “simple-

to-use,” efficient and economical computer-aided design 

(CAD) tool is not available for the purpose. Therefore, it fell 

that there is a need for a flexible, interactive, and 

comprehensive simulation model, which can serve as the 

following.  

1) The basic tool for professionals and discovery to 

accurately predict the PV characteristics (including 

multiple peaks) command output power under partially 

shading conditions. 

2) A design which is aid for users who want to build actual 

PV systems, study the stability and interfacing aspects 

(e.g., distributed generation applications) without 

consider into the intricate details (e.g., semiconductor 

physics). 

3) A instrument to study the effect of array configuration 

on the output power for a likely/known shading pattern. 

4) A planning instrument that can help in the installation 

of efficient and optimum PV arrays in a given 

surrounding. 

5) A instrument to develop and validate the effectiveness 

of existing and new MPPT schemes. 

Software packages like PV-Spice, PV-Design Pro, Solar Pro 

,PV cad, and PV system are available, but have one or more 

of the following limitations: 

1) commercial, proprietary in nature and expensive; 

2) very complex to model the shading effects; 

3) do not support the interfacing of the PV arrays with the 

actual power electronic systems. 

This paper presents a MATLAB-based simulator 

cum learning instrument, which can be used to enhance the 

understand and predict the I–V and P–V characteristics of 

large PV arrays. This can be used to study the effect of 

temp. and insolation variation, varying shading patterns 

(characterized by multiple maxima in the power–voltage 

curves), and the role of array configuration on the PV 

characteristics. A main advantage of the presented paper is 
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that the PV array model can be interfaced with the models of 

actual systems (e.g., power electronic converters) making 

this possible to simulate completely PV systems and its 

interaction with other systems. The reason for using 

MATLAB is that this is available in most academic, 

research, and industrial organizations and contemplate 

useful for several engineering disciplines. This provides 

several features that can be used to solve highly complex 

systems, electronic and power electronic circuits and 

systems, and distributed generation power systems [13]–

[15].  The usefulness of the proposed instrument is 

demonstrated with the help of two illustrative example. 

II. MODEL OF A PV ARRAY 

PV cell can be represented by an equivalent circuit, as 

shown in Fig. 1. The characteristics of this PV cell can be 

obtained using standard equations [4]. For simulating an 

entire PV array, the model of a PV array is developed first. 

Each PV array considered in this paper comprises 36 PV 

cells connected in series providing an open circuit voltage 

(Voc) = 21 V and a short-circuit current (Isc ) = 3.74 A. The 

shading pattern for a large module is very difficult to model. 

A special category and terminology is used in this paper  

 
Fig. 1: Equivalent  circuit of a PV cell. 

 
Fig. 2: PV array terminologies. (a) PV module. (b) Series-

assembly with two series-connected subassemblies S1 and 

S2. (c) Group. (d) PV array with groups G1 to G4. 

to define the various components of a PV module. 

These are explained with the help of Fig. 2. A 

“subassembly” is obtained with several series-connected PV 

modules receiving the same type of insolation. Several such 

series-connected subassemblies, each with a different type 

of insolation, form a series assembly [Fig. 2(b)]. Series 

assemblies, having similar shading patterns, form a “group” 

[Fig. 2(c)]. Every groups (with ith  group represented by 

“Gi”), having different shading patterns and connected in 

parallel, made a PV array, as shown in Fig. 2(d). 

III. SIMULATION PROCEDURE 

This section define the procedure used for simulating the I–

V and P–V characteristics of a partially shading PV array. 

This is very important to understand how the shading pattern 

and the PV module structure are defined in MATLAB using 

the proposed model. This section consists of defining 

groups, assemblies, etc., for use with the MATLAB model 

develop corresponding to Fig. 2(d). It is explained with the 

help of illustration 1. To begin with, a easy case is 

considered with just two different shades on the PV array. 

Given a PV array consisting of 1000 PV modules arranged 

into 100 series assemblies, connected in parallel, each 

having 10 array. This is desired to obtain the I–V and P–V 

characteristics of the many components (array through 

group, as described in Fig. 2) of this PV module, it consists 

of three groups with different insolation patterns, as given in 

Table I. Groups G1 through G3 have 40, 38, and 22 series 

assemblies, respectively. The complete PV array is shown in 

Fig. 3. As seen in Fig. 3, 

 
Table 1: Shading Pattern and Configuration Of The Array 

Used In Illustration 

 
Fig. 3: PV module configuration for illustration 1, 

corresponding to the shading pattern of Table I. 

only two different insolation levels are considered 

for simplicity. Shaded modules, receiving an insolation, λ = 

0.1 kW/m2, are indicated in dark color.  

The aforementioned illustration demo the method 

and the format in which the input parameters are fed and the 

module configuration is described in the software to get the 

PV characteristics. 

 
Fig. 4: PV module with bypass and blocking diodes. 

The dark modules imply shading 
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A. Effect of Bypass and Blocking Diodes on PV 

Characteristics: 

Fig. 4 shows a PV array with bypass and blocking diodes 

connected in the module. This is very  important to note that 

the characteristics of an module with bypass and blocking 

diodes alter from that of an array without these diodes. The 

developed simulation instrument has a provision to simulate 

the module characteristics, for any value of temp. insolation, 

and for any array configuration, with and without the bypass 

and blocking diodes. Illustration 1 considers the case where 

bypass diodes are connected across every module and at 

least one blocking diode is connected in series with every 

series assemblies, as shown in Fig. 4. 

IV. PROPOSED MODEL 

In the proposed model the first three solar array each contain 

solar cell 20.The input of solar array is solar irradiation and 

temperature  and output contain in V-I form. A diode is used 

for bypass and  blocking model. The output of  solar array is 

one in form of current and voltage .The output of solar array 

is give in power mode and hence P-V &V-I characteristics 

for different cell with different temperature level. 

 
Fig. 5: Proposed Model of PV array 

This section describes the usefulness of the 

proposed simulation model in simulating and understanding 

the 

V. RESULT 

 
                  Fig. 6: Cell current for diode 

 
Fig. 7: P-V and I-V characteristics of Proposed Model 

In fig. 6 the graph show the variation of current in 

diode and in fig.7 the upper curve show Voltage vs 

Current(V-I) & the lower curve show Power vs Voltage(P-

V). 

VI. CONCLUSION 

A method to obtain the I–V and P–V characteristics of a PV 

array, having a  number of series- and/or parallel-connected 

modules, under partially shaded conditions is described. The 

PV curves show multiple peaks under partially shaded 

conditions. The existing MPPT schemes, which assume a 

unique maximum power point, therefore, remain inadequate. 

The magnitude of the global peak is dependent on the PV 

array configuration and shading pattern besides the 

commonly known factors, i.e., insolation level and 

temperature. It is demonstrated that, if the likely shading 

pattern on the PV array is known, the simulation model is 

handy to design the most optimum configuration of the PV 

array to extract the maximum power. The results obtained 

with this model can be effectively used with off-line 

capabilities of MATLAB/SIMULINK to investigate the 

effectiveness of MPPT methods working under non uniform 

insolation conditions. 
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