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Abstract— Green energy generation is the most emerging 

research area in present scenario.  PV systems are gaining 

much interest because of their increased efficiency. Solar 

energy fluctuates with the intensity of the radiated light. As 

a result the output power of the panel varies. This varying 

supply can neither be connected to grid nor used for load. 

Hence to obtain a maximum power, maximum power point 

technology (MPPT) like soft computing technique called 

Particle Swarm optimization algorithm (PSO) is proposed to 

find the maximum power. This proposed method has the 

ability to track the MPP for the extreme environmental 

condition. The algorithm is simple and can be computed 

very rapidly. To optimize the utilization of large arrays of 

photovoltaic modules, maximum power point tracker 

(MPPT) is normally employed in conjunction with the 

power converter (dc–dc converter and/or inverter). 

However, due to the varying environmental condition, 

namely temperature and solar insolation, the power–voltage 

characteristic curve exhibits a maximum power point (MPP) 

that varies nonlinearly with these conditions thus posing a 

challenge for the tracking algorithm. MATLAB and 

simulink will be employed for simulation of PSO based 

global maximum power point tracking (GMPPT) for PV 

power system. 
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I. INTRODUCTION 

The global energy consumption is increasing everyday due 

to increased population and advanced technologies. But due 

to unreliable electrical system, our country is facing severe 

power shortage problems. India and China are the two 

countries responsible for major consumption of energy. Due 

to Global warming concerns, there is a strong need to deploy 

clean energy sources and implement energy efficient 

solutions to meet future energy demand. Energy engineers 

all over the world are focusing on solar projects to increase 

the generation capacity.  

Renewable energy sources have many advantages 

over conventional energy sources, as they are green, do not 

emit carbon dioxide and in many cases are sustainable. 

Consequently, there is much interest in using renewable 

energy as a solution of the problems created by burning 

finite fossil fuels. However, the use of renewable energy still 

has a number of limitations, as most renewable energy 

sources depend on the weather conditions, such as wind in 

wind power generation, rain in hydropower and clear skies 

in photovoltaic (PV) systems. Furthermore, the cost of 

renewable energy sources is higher than the conventional 

energy sources when generating large volumes of energy. 

Therefore, the main issue in renewable energy research is to 

reduce the cost and increase the efficiency of production. In 

recent years, wind power and PV energy have been the two 

main areas of the research and development. However, 

much work needs to be done in this field in order to make 

renewable as efficient and reliable as possible. 

A solar system is made up of solar modules. 

Number of cells combines to form a module and these 

modules are in turn connected to form the PV system. The 

output DC voltage of the panel is then converted to desirable 

AC voltage for feeding excess power to the grid. Despite of 

advanced technologies, a grid connected PV system is 

always subjected to several complexities. Maximum Power 

Tracking algorithms were developed in past methodologies 

to obtain continuous constant power.  

Solar photovoltaic (PV) is envisaged to be a 

popular source of renewable energy due to several 

advantages, notably low operational cost, almost 

maintenance free and environmentally friendly. Despite the 

high cost of solar modules, PV power generation systems, in 

particular the grid-connected type, have been 

commercialized in many countries because of its potential 

long-term benefits. Furthermore, generous financial 

schemes, for example, the feed-in tariff and subsidized 

policies, have been introduced by various countries, 

resulting in rapid growth of the industry. To optimize the 

utilization of large arrays of PV modules, maximum power 

point tracker (MPPT) is normally employed in conjunction 

with the power converter (dc–dc converter and/or inverter). 

The objective of MPPT is to ensure that the system can 

always harvest the maximum power generated by the PV 

arrays. However, due to the varying environmental 

condition, namely temperature and solar insolation, the P–V 

characteristic curve exhibits a maximum power point (MPP) 

that varies nonlinearly with these conditions, thus posing a 

challenge for the tracking algorithm. To date, various MPP 

tracking methods have been proposed. These techniques 

vary in complexity, accuracy, and speed. Each method can 

be categorized based on the type of the control variable it 

uses: 1) voltage, 2) current, or 3) duty cycle.  

For the voltage and current based techniques, two 

approaches are used. The first one is the observation of MPP 

voltage VMP or current IMP with respect to the open circuit 

voltage VOC and short circuit current ISC, respectively. 

Since this method approximates a constant ratio, its 

accuracy cannot be guaranteed. Consequently, the tracked 

power would most likely be below the real MPP, resulting in 

significant power loss. The second approach is to obtain the 

information on the actual operating point of the PV array 

(i.e., voltage and current) and these points are updated 

according to the variation in environmental conditions.  

The most popular technique is the perturb and 

observe (P&O) method. It is based on the perturbation of 

voltage (or current) using the present power P and previous 

operating power, respectively. If P is improved, the direction 

of perturbation is retained; otherwise, the direction is 

reversed accordingly. Despite the simplicity of the 

algorithm, the performance of P&O method is heavily 

dependent on the trade-off between the tracking speed and 

the oscillations that occurs around the MPP. A small 

perturbation reduces the oscillations but at the expense of 
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tracking speed, or vice versa. Another major drawback of 

P&O is that during rapid fluctuations of insolation, the 

algorithm is very likely to lose its direction while tracking 

the true MPP. Several improvements are proposed to 

address this issue mainly by considering adaptive 

perturbation. However, these techniques are not fully 

adaptive and hence are not very effective. Moreover, under 

special condition such as partial shading and modules 

irregularities, these methods often fail to track the true MPP 

because the PV curves are characterized by multiple peaks 

(several local and one global). Since the P&O algorithm 

could not distinguish the correct peak, its usefulness under 

such conditions diminishes rapidly. 

Soft computing based algorithms were recently 

developed to obtain the global optimal solution under 

varying environmental conditions. The PSO method is a 

simple and effective Meta heuristic approach for obtaining 

optimal solution. It requires assignment of random weights 

and velocity vector. The proposed Particle Swarm 

Optimization algorithm (PSO) is a swarm behavior based 

technique and is relatively easier to develop. The proposed 

work concentrates on designing DC-DC converter operated 

through the MPPT algorithm. 

II. SYSTEM DESCRIPTION 

This section provides the modelling of PV system and 

design of the converter with MPPT. 

A. Mathematical Model of PV System: 

A PV (photovoltaic) cell is a semiconductor device that 

converts light energy to electrical energy by photovoltaic 

effect. A  PV  array  consists  of  several  PV  cells  in  series  

and  parallel  connections. It is the combination of many PV 

modules. Parallel connections  are  responsible  for  

increasing  the  current of  the  module  whereas  the series 

connection is responsible for increasing the voltage in the 

array.  

A solar  cell  can be modeled by  a  current  source  

and  an diode which is inverted is connected  in parallel to it. 

It has its allowable series and parallel resistance. Series 

resistance is due to the blocking in the path of flow of 

electrons from n junction to p junction and parallel 

resistance is due to the leakage current.  In this paper PV 

model is built and implemented using 

MATLAB/SIMULINK to verify the output characteristics 

of the PV module. In this model, the inputs are the solar 

irradiation and cell temperature; the outputs are the 

photovoltaic voltage and current. 

B. Design of Converter Fed from MPPT Algorithm: 

The boost converter fed from the MPPT algorithm is used to 

provide a load matching. The proposed GMPP algorithm is 

used to feed the load with a fixed reference value from the 

given set of insolation and temperature conditions. The 

relationship between the output voltage and the input panel 

voltage is given by (2.1). 

V0 = (D / 1-D) Vs Volts  (2.1) 

Where,    V0 = Converter Output Voltage, Volts 

Vs = Converter input voltage, volts 

D = Duty Cycle (ton / T) 

The converter duty cycle or the duty ratio is 

signifies the on time of the power converter. (D > 1) where 

T is the total time period, ton is the switching time period, 

toff   is the off time period of IGBT (T=ton+toff). So the cuk 

converter is fed by means of a control pulse from the pulse 

width modulated signal. The PI control loop is eliminated, 

and the duty cycle is adjusted directly in the algorithm. To 

compensate the lack of PI controller in the proposed system, 

a small marginal error of 0.002 is allowed. 

III. GLOBAL MAXIMUM POWER POINT TRACKING TECHNIQUE 

Typically, the commercially available flat-plate PV modules 

consist of multiple solar cells connected in series. A bypass 

diode is connected in parallel to each module (or group of 

cells within a module) for protection against hot-spot failure 

effects. A typical solar panel converts only 30 to 40 percent 

of the incident solar irradiation into electrical energy. 

Maximum power point tracking technique is used to 

improve the efficiency of the solar panel. A MPPT is used 

for extracting the maximum power from the solar PV 

module and transferring that power to the load. 

As illustrated in Fig. 1, under no-partial-shading 

conditions, the power–voltage characteristic of the 

individual PV modules exhibits a unique maximum power 

point (MPP). The position and magnitude of the MPP 

depends on the solar irradiation and ambient temperature 

operating conditions. By controlling a power electronic 

converter, which is connected at the output of the PV 

module or array, according to an MPP tracking (MPPT) 

technique, the PV power generator always operates at the 

corresponding MPP under the continuously variable 

meteorological conditions and the PV energy production is 

maximized. Extensive reviews of the techniques, which 

have been proposed to perform the MPPT process for PV 

modules operating under such, uniform solar irradiation 

conditions, as well as their operational characteristics. For 

PV arrays formed by flat-plate PV modules, in case that the 

individual PV modules comprising the PV array receive 

unequal amounts of solar irradiation (e.g., due to dust, 

shading from surrounding buildings, etc.) then the power–

voltage characteristic of the PV array exhibits multiple local 

maxima and only one of them corresponds to the global 

MPP (see Fig. 1). In it is shown that local maxima of small 

amplitude, called “traps”, could also be observed in a 

measured PV power curve due to circuit no idealizes 

causing measurement errors with amplitude which is a 

function of the PV voltage. 

A generalized perturb and observe (P&O) MPPT 

algorithm is proposed in order to avoid convergence of the 

tracking algorithm to the local MPPs on such “traps”. 

However, the performance of this algorithm under the 

existence of large amplitude local MPPs, such as those 

encountered under partial shading conditions, has not been 

investigated. The installation of a separate dc/dc converter 

with MPPT capability at each PV module or group of solar 

cells within the module, thus forming a distributed MPPT 

system, has been described in order to avoid the impact of 

partial shading of the individual PV modules and maximize 

the energy production of the entire PV array. In multiple 

power switches, diodes, and capacitors are distributed 

among groups of series-connected solar cells within a PV 

module. In that scheme, the power switches are controlled 

such that in case of non uniform solar irradiation incidence 

among the individual groups of solar cells, each of them still 
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operates at its local MPP by redistributing the produced 

energy between the groups of solar cells through the use of 

an inductor. A similar topology is proposed in order to 

maximize the energy production of PV sources which are 

connected in series at the input of a multilevel dc-link 

inverter under partial shading conditions. 

In flat plate PV module configurations, the power–

voltage curve of the PV array may exhibit multiple local 

MPPs in case that multiple PV elements (cells or modules) 

are connected in series and the incident solar irradiation is 

non uniform among them (see Fig. 1). However, as will be 

demonstrated in the following sections of this paper, this 

effect also arises for the individual flexible PV modules, 

even in case that they are not connected in series or parallel 

with other PV modules. Thus, the installation of a separate 

dc/dc converter at each flexible PV module is not adequate 

to guarantee that the maximum PV module power is 

produced, unless a suitable global MPPT method is applied. 

The position of the global MPP of a PV array operating 

under partial shading conditions is detected by changing a 

voltage reference proportionally to the ratio of the PV array 

open-circuit voltage and short-circuits current. The 

application of this method requires knowledge of the 

configuration of the PV modules within the PV array (i.e., 

number of PV modules connected in series and parallel) and 

their operational characteristics. The global MPP is detected 

by iteratively modifying (with a fixed step) the duty cycle of 

a dc/dc power converter, which is connected at the output of 

the PV array, such that the entire power–voltage curve of the 

PV array is scanned. The same principle is also applied in a 

switched-capacitor dc/dc converter is used for continuously 

tracking the MPP of a partially shaded PV array. 

 
Fig. 1: Power-Voltage Characteristic of Flat Plate PV 

Module and Arrays under Uniform and Partial Shading 

Conditions. 

The global MPP detection process is performed by 

periodically scanning the power–voltage curve of the PV 

array using a MOSFET power switch connected in parallel 

to the PV array, which is controlled a such that it is driven 

from cut off to saturation through the active region. Thus, 

the entire power–voltage characteristic of the PV array, from 

the open-circuit voltage to the short circuit current operating 

points, is scanned in order to derive the position of the 

global MPP. Do views of past-proposed techniques for the 

appropriate configuration of the electrical connections 

among the PV modules comprise the PV array or their 

dynamic reconfiguration using a matrix of power switches, 

in order to minimize the power loss due to partial shading 

condition. However, these methods are not adequate to 

ensure maximum power production under all partial shading 

conditions. Furthermore, in case of the dynamic 

reconfiguration strategy, the switch matrix and associated 

wiring for performing the interconnections between the PV 

cells/modules result in increased hardware complexity. The 

application of a radial basis function and a three layered 

feed-forward neural network is proposed in for tracking the 

global MPP. Using such an approach has the disadvantage 

that the hardware resources required for implementing the 

control unit are increased. Also, intensive efforts are 

required by the system designer in order to ensure that the 

neural network training process will be adequate to ensure 

convergence to the global MPP under any partial shading 

conditions.  

Block diagram of the proposed global MPPT 

system is depicted in Fig. 2 

 
Fig. 2: Block Diagram of the Proposed Model 

A. Particle Swarm Optimization Algorithm: 

Particle swarm optimization (PSO) is an intelligence 

optimization theory was developed by Eberhart and 

Kennedy in 1995. The principle of this algorithm was 

inspired from the foraging behaviour of birds and fish 

schooling, and the two scholars were applied this 

phenomenon to overcome the problems associated with 

search and optimization. In this algorithm, several 

cooperative birds are used, and each bird, referred to as a 

particle, each particle flying in the space has its own fitness 

value that mapped by an objective function and velocity 

which uses to decide the direction and distance of their 

movement.  Each particle exchanges information obtained in 

its respective search process. The typical process of 

optimization the particles are shown in Fig. 3 

 
Fig. 3: Movement of A PSO Particle 

The movement of particles impact by two 

variables; the       that used to store the best position of 

each particle as an individual best position, and the       

that found by comparing individual positions of the particle 

swarm and store it as best position of the swarm. The 

particle swarm uses this process to move towards the best 

position and continuously it revise its direction and velocity, 

by this way, each particle quickly converge to an optimal or 

close to a global optimum. The standard PSO method can be 

defined by the following equations; 

  (k+1)=w  (k) +     *(       -   (k))     *(       -   (k))     

(3.1) 

  (k) =   (k+1) +   (k+1)                        (3.2) 

i = 1, 2 ……,N 
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Where    and    are the velocity and position of 

particle i,  k represents the iteration number; w is the inertia 

weight; r1 ,r2 are random variables and their values are 

uniformly distributed between [0,1]; c1, c2 represents the 

cognitive and social coefficient respectively.       ,i is the 

individual best position of particle i, and        is the swarm 

best position of all the particles. If the condition (3.4) of 

initialization was satisfied, the method updated like (3.3). 

       =   (k                 (3.3) 

f(   ) > f(      )          (3.4) 

Where, f represents the objective function that should 

be maximized. The basic operating principle of this method 

can be explained as follows; 

1) Step 1 (PSO Initialization): 

     Particles are usually initialized randomly following a 

uniform distribution over the search space, or are initialized 

on grid nodes that cover the search space with equidistant 

points. Initial velocities are taken randomly.  

2) Step 2 (Fitness Evaluation): 

     Evaluate the fitness value of each particle. Fitness 

evaluation is conducted by supplying the candidate solution 

to the objective function. 

3) Step 3 (Update Individual and Global Best Data): 

Individual and global best fitness values (       and        ) 

and positions are updated by comparing the newly 

calculated fitness values against the previous ones, and 

replacing the        and       as well as their corresponding 

positions as necessary.  

4) Step 4 (Update Velocity and Position of Each Particle): 

The velocity and position of each particle in the swarm 

is updated using (3.1) and (3.2).                           

5) Step 5 (Convergence Determination):  

Check the convergence criterion. If the convergence 

criterion is met, the process can be terminated; otherwise, 

the iteration number will increase by 1 and go to step 2. 

 
Fig. 4: Flowchart of PSO Method 

IV. DESIGN AND SIMULATION OF MPPT ALGORITHM 

The Simulink module of the proposed system that was 

simulated in Matlab, in which the terminal voltages of the 

PV module was controlled by the DC-DC cuk converter and 

its output, was coupled to the load. The table I shows the 

electrical parameters of the PV module. 

Parameter Symbol Value 

Maximum Power Pmax 56W 

Voltage at MPP Vmax 30V 

Current at MPP Imax 1.9A 

Short Circuit Voltage Vsc 32V 

Open Circuit Current Ioc 2.6A 

Table 1: Electrical Parameter of PV Module 
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Fig. 5: Characteristics of PV Array under Non-Uniform 

Insolation Condition 

The simulation of proposed algorithm is done. The 

panel is subjected to various non-uniform insolation 

conditions are performed. The non-uniform insolation 

condition is obtained by giving three different insolation 

condition (G1=1000 W/  , G2=800 W/  , G3=500W/  ) 

and constant temperature T=37   to each PV panel. Fig. 6, 

Fig. 7 and Fig. 8, represent the voltage, current and power. 

 
Fig. 6: PV Array and Output Voltage 

 
Fig. 7: PV Array and Output Current 

 
Fig. 8: PV Array and Output Power 

The output from PV system is DC. The DC output 

is given to the Cuk Converter. The outputs obtained from 

PSO Method eliminate the limitations of all other MPPT 

technique. The components for the Cuk converter used in 

simulation were selected as follows:  

1) Input inductor L1 = 5 mH;  

2) Capacitor C1 (PV side) = 47 μf; 

3) Filter inductor L2 = 5 mH;  

4) Switch: insulated-gate bipolar transistor [(IGBT)]; 

5) Freewheeling diode;  

6) Capacitor C2 (filter side) = 1 μF; 

7) Resistive load = 10 Ω; 

8) Switching frequency = 10 kHz; 

V. CONCLUSIONS 

Under partial shading condition the conventional MPPT 

techniques fail to track global MPP. This can be done by 

using a new efficient MPPT algorithm. The proposed PSO 

based GMPPT algorithm offers a proper tool for tracking 

maximum power with less search steps at changing 

environmental conditions. The developed GMPPT will be 

available to apply for a large scale industrial application in 

roof top as well as domestic applications due to its 

adaptability under both high and low power applications 

including the factors of frequently changing ambient 

temperature and solar irradiation. 
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