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ABSTRACT 
Photovoltaic systems are one of the main actors inpower generation. The solar PV modules have non-linear Voltage-power characteristics with local 
maximum power points (MPPs) under partial shading conditions. In order to continuously achieve maximum power from solar panel, it always has to 
be operated at its global MPP. Depending on sunlight falls on the panel the PV power generation also varied. The main aim is to focus on getting 
efficient power even partial shaded condition using particle swarm optimization. Drawbacks of conventional MPPT algorithms are rectified using 
PSO algorithm by giving upper and lower limits. 

 

KEYWORDS: Photovoltaic (PV), Maximum Power Point Tracking (MPPT), Particle Swarm Optimization (PSO), Perturb and Observe ( P and 

O).  
 

INTRODUCTION 

 

In solar photovoltaic system, Whenever radiation falls on the panel varies, buck boost converter will 

maintain the fixed maximum power. Buck boost converter design is based on resistance and capacitance value. 

Depending on irradiation falls on the solar panel it will change the power generation even if the radiation is 

below the required level. In which output characteristics of panel depends on irradiation and load impedance 

hence its maximum power point (MPP) is not constant. So maximum power point tracking method is needed to 

uphold the solar panel at its MPP. 

 

Equivalent circuit of solar cell: 

The electric behavior of the solar cell is used to create an electrically equivalent model and is based on 

discrete electrical components. An ideal solar cell may be modelled by a current source in parallel with a diode 

in practice no solar cell is ideal, to overcome these difficult situation shunt resistance and series resistance 

component are added to this model. 

J (V) = Jrec (V) – Jgen (V) – Jph 

This behavior can be described by an equivalent circuit in which a diode and a current source are connected 

in parallel. The diode is formed by a P-N junction.Global optimization strategy applied to a distributed PV 

generation system has been proposed. The PV sources are each connected to a high-voltage bus through a 

dedicated dc/dc converter. At the dc bus, a bidirectional dc/dc converter, having at its input a backup unit, feeds, 

or absorbs power. 
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Fig 1.1: a solar cell with series resistance Rs and shunt resistance Rp 

 

Characteristic equation: 

I = IL - ID - ISH 

Where, I = output Current  

IL = photo generated current 

ID = diode current  
ISH = shunt current 

 

II. Photovoltaic Systems: 

Photovoltaic systems are used to convert solar radiation into electricity via a variety of methods. The most 

common approach is to use silicon panels, which generates an electricity current when light falling on it. 

Photovoltaics are especially valuable for remote rural applications where it would be prohibitively expensive to 

supply electricity from the utility line. The supreme advantage of the solar energy is that, which can be able to 

operate independently. Under partial shading condition peak values get changing, to analyze the characteristics 

we have used three PV array and separate irradiance to them. Irradiance falling on the panel will change the 

current flow in the circuit. Power obtained by the PV system depends on both the current and voltage value, 

under partial shading condition these characteristics got changed so the resultant power will be below the 

required level. 

 
Fig. 2.1: circuit diagram designed by MATLAB 

 

Under partial shading condition, three separate panel receiving different irradiance to maintain the output 

value as constantPSO algorithm is implemented in MATLAB.  
 

Table 2.1: Partial Shading Condition Analysis 

 

MODULE 

 

PV1 

 

PV2 

 

PV3 

 

OUTPUT 

 
1 

 
1000 

 
1000 

 
1000 

 
147.7 

 

2 

 

1000 

 

900 

 

900 

 

137.9 

 
3 

 
1000 

 
900 

 
800 

 
112.6 

 

Boost converter: 

DC-DC buck boost converter have been used here to step up or step down the power output coming from 

the panel by selecting the inductance and capacitance value as required. Firing angle of buck boost converter 

can be adjusted as per the requirement. Whenever the irradiance is below the required level converter will boost 

up the power generated from the panel by means of this function. Panel output is given to input terminal of buck 

boost converter, depending on the incoming voltage and current it will generate the power. Under partial 
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shading condition the power generated from the panel may varied to overcome this drawback PSO algorithm 

has been implemented by setting upper and lower limits to the converter. Maximum power point tracking is a 

technique used to achieve maximum power from the panel whenever the irradiance is below the required 

amount, this maximum power can be achieved by means of buck boost converter which has the inductor which 

acts as a temporary storage element for giving additional current flow in the circuit whenever there is a need. 

 

Maximum power point tracking: 

Maximum power point tracking is a technique used to achieve maximum power under partial shading 

condition. PV solar system provides different power depending on different load parameter and sunlight falling 

on the panel. MPPT with PSO used to control the panel output. As the amount of sunlight falling on the solar 

panel varies, the loading conditions used to give efficient power so that we can achieve global peak value. By 

differing the load value a non-linear output efficiency of the solar cell can be achieved and analyzed using I-V 

curve. It is the purpose of the MPPT system to change the output of the PV array and apply the proper load to 

obtain maximum power for given condition. 

 

 
 

Fig 2.1: P-V characteristics curve 

 

Power will reach the maximum peak value whenever irradiance is available fully. Multiple peaks may be 

obtained corresponding irradiance changes. In this system the certain methods are followed to achieve good 

experimental results. The process flow of our proposed system is shown in flow chart. 

 

 
 

Fig. 2.2: I-V characteristic curve 

 

III. Algorithm comparision: 

Perturbation and observation algorithm: 

This technique is based on the relationship between output voltage and output power of PV module. The 

maximum power is obtained by adjusting the switching mood (duty cycle) of the converter. The drawback of 

P&O is that, which produces oscillation in steady state condition and it cannot produce maximum power in 

rapidly changing environment. 

 

Incremental conductance algorithm: 

To overcome the drawbacks of P&O algorithm INC algorithm is used. In which PV module is operated at 

MPP when incremental conductance dI/dV is equal to the direct conductance -I/V . Sometimes PV module 

conductance is lesser than incremental conductance in that situation PV module conductance will be increased 

by varying the duty ratio of the DC to DC converter. 
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Particle swarm optimization algorithm: 

Particle swarm optimization algorithm is smart way obtaining maximum power in solar panel. Panel output 

characteristics depending not only the current flow in the circuit because irradiance falling on the panel will 

change the current flow. Compared with other algorithm PSO. 

 

 

 

 

 

 

 

 

Fig. 3.1: Movement of particle 

 

These equations are used to find the movement, velocity and position of the particle 

 

 Xj
k+1=Xjj

k+Vk+1 

 

Vi
k+1= WVi

k+ C1r1  Pbesti − Xk
i+ C2R2  Gbest − Xk

i 
 

There are so many techniques available to achieve maximum power point in which particle swarm 

optimization algorithm is most important method. In order to reach MPP only few parameters are needs to be 

calculated which is briefly discussed in the flowchart and also shows the condition for getting maximum value 

from the input whenever all the criteria should match it will operates at its global Maximum Power Point(MPP). 

 
Table 3.1: Parameters Required In Pso 

S.NO PARAMETERS REQUIRED VALUES 

1 number of variables(n) 1 

2 population size(m) 3 

3 inertia weight(w)  0.3 

4 acceleration factor(c1) 1.2 

5 acceleration factor(c2) 1.6 

 

Movement of the particle will depends on velocity of the particle. Generally in particle swarm optimization 

algorithm particles moves randomly in that global best position will be encountered by the particle then moves 

the personal best particle to the Gbest position. This algorithm gives the Gbest value as a maximum when 

multiple particle moves randomly. 

 
Fig. 3.2: Flow chart for PSO 
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v(i,j)=w*v(i,j)+c1*rand()*(pbest(i,j)-x(i,j))+ 

c2*rand()*(gbest(1,j)-x(i,j)) 

v(i,j)-velocity of the particle 

Pbest-personal experience 

Gbest-overall experience  

present movement of the particles to decide their next positions in the search space. Further, the experiences 

are accelerated by two factors c1 and c2, and two random numbers generated between [0, 1] whereas the present 

movement is multiplied by an inertia factor w, varying between [wmin, wmax]. 

Pbestki,j represents personal best jth component of ith individual, whereas Gbestk j represents jth 

component of the best individual of population upto iteration k. Figure (1) shows the search. 

 

RESULTS AND DISCUSSION 

 

Photovoltaic systems are configured with some specifications VMPP=34.56, IMPP=4.275, PMPP=147.744, 

ISC=4.75, VOC= 43.2 PV array is constructed using solar cells connected in series. Multiple peaks can be obtained 

for irradiation changes. Depending on the irradiance falling on the circuit it will automatically produces 

different current, as per the power law if voltage increases, current will be reduced proportionally. Using PSO 

algorithm upper and lower duty cycles are assigned to the PV array and operates in its maximum power point. 

PSO algorithm tracks the maximum power point from the resultant peaks PSO algorithm plays a major role in 

achieving maximum power under partial shading condition by performing some iterative changes. It finds the 

particle in the work space depending on the global best and local best value it will assumes the best particle 

value by adjusting duty cycle it will finds out the best particle in the work space so many changes will happen 

whenever irradiance changes. Velocity and position of the particle will be determined by the algorithm, 

population size have been taken as 3. 

 
1st ITERATION 2nd ITERATION 3rd ITERATION 

f0 = 
48.2540 

f0 = 
   48.2540 

   99.2168 

f0 = 
  48.2540 

  99.2168 

  147.7440 

Elapsed time is 0.078385 seconds. 

As a result step by step variations are shown and each iteration takes some time to achieve the maximum 

power. Best among the three have been chosen by PSO algorithm. By adjusting the duty cycle maximum power 

can be achieved continuously even input obtained by the panel is below the required level. 

 
Table 4.1: Mppt Results From Pso Algorithm Using Matlab 

Number of Iteration  Best particle  Duty cycle Power 

1 3 0.7 147.744 

2 3 0.7 147.744 

3 3 0.7 147.744 

 

Conclusion: 

This is more efficient method compared with other MPPT algorithms. PSO algorithm has been 

implemented in MATLAB Simulink with some upper and lower limits by receiving required current from the 

panel. The solar panel always had operated in its global maximum power point. Drawback of conventional PSO 

algorithms like oscillations in steady state can be solved by using PSO algorithm. Despite the regular structure, 

the proposed method offers remarkable accuracy and speed. PSO algorithm selects the maximum power and 

adjust the other peaks to achieve that maximum power continuously. 
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