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Abstract— In this paper, Maximum Power Point Tracking is 

done in a solar photovoltaic system for maximum harvesting 

of power from the sun so that the solar power generation can 

be improved. In this paper a Dynamic PSO a variant of PSO 

is used for maximum power point tracking in solar PV 

system under linear and non-linear conditions. A 

comparative analysis on the performance of  Dynamic PSO 

as well as the conventional techniques such as  perturbation 

and observation and particle swarm optimization technique 

is done for Maximum power point tracking of Solar 

Photovoltaic System under linear and non-linear condition. 

The efficiency of the   technique is compared and the best 

technique is applied for maximum power point tracking in a 

solar PV system under linear and non-linear conditions that 

prevails in the atmosphere. Linear and non-linear are 

conditions, in the atmosphere that occurs due to direct 

sunlight irradiance and diffused irradiance on the earth‘s 

atmosphere that affects the solar PV panel insolation level. 

Under varying atmospheric conditions the solar PV 

generation is made more efficient by using the best 

Maximum Power Point Tracking technique. 
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I. INTRODUCTION 

Nowadays demand for renewable energy is rapidly 

increasing due depletion of non-renewable energy resources 

and  increased pollution from the non-renewable system .In 

renewable energy systems solar energy is obtained very  

easily and it involves low capitals when compared to other 

forms of renewable energy systems, Therefore tapping of 

solar energy plays an important role towards achieving long 

lasting, sustainable, environment friendly in fulfilling the 

energy needs for mankind which are given in[1-3]. 

Generally solar energy are tapped using Photovoltaic cells. 

The whole combined setup of PV system  is used for 

generating solar power. A Photovoltaic source has several 

advantages such  as  low maintenance cost, no need for fuel, 

pollution free, and contributes to standalone systems as 

in[4].Though the Solar Photovoltaic system is very much 

beneficial it has some of  its drawbacks such as  low 

conversion efficiency, nonlinear characteristics of PV 

arrays, and non-reliability on irradiation levels, and 

atmospheric  temperature has made some difficulties to 

extract the maximum power from them as in [6]. Over the 

years many papers are concentrated in finding a solution for 

maximum power harvesting in a solar PV system using 

many MPPT algorithms. The conventional methods used are 

Incremental Conductance, Current Sweep method, Hill 

Climbing methods and the most commonly used are 

Perturbation and Particle Swarm Optimization. Here in this 

paper a comparative analysis of Dynamic Particle Swarm 

Optimization(DPSO), Perturbation and Observation (P&O) 

and Particle Swarm Optimization(PSO) is performed to 

determine which is the best MPPT technique for achieving 

maximum power harvesting from a solar PV system under 

varying atmospheric condition similarly in[8] .The analysis 

is performed using the simulated results of MATLAB 

SIMULINK. 

II.   PHOTOVOLTAIC SYSTEM 

A PV system consists of a solar panel, converter, controller, 

load and battery as shown in the following Fig.1. 

 
Fig.1: Solar Pv System 

A. Solar panel 

Solar panel is a P–N junction device in which the sunlight is 

absorbed by the semiconductor atoms, freeing electrons 

from the cell‘s negative layer to flow through an external 

circuit and back into the positive layer like in[5]. The flow 

of electrons produces electric current. Fig.2 shows the 

Equivalent circuit of a solar panel. The equations of this 

circuit are as follows 

 
Fig. 2: SOLAR PANEL EQUIVALENT CIRCUIT 
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where Vt is thermal voltage, Ns is the number of 

series cells, Ipv is photovoltaic current, Ipv,n is photovoltaic 

current in nominal condition, G is radiation intensity, Gn is 

nominal radiation intensity=1000 w/m2, ΔT is (ΔT =-Tn) 

temperature change, Tn is nominal temperature = 25°C, Eg is 

the distance of energy bars in Si, Io,n is inverse saturation 

current in nominal condition, KI is the ratio of short circuit 

current variation to temperature variation in nominal 

condition, a is a constant value between 1 and 1.5 that is 

determined by other cell‘s parameters. By using the Eq. (6) 

instead of (4), the accuracy of model increases as a 

consequence of Voc sensitivity to temperature. In these 

equations, Kv is the sensitivity of open circuit voltage with 

respect to temperature. 

 

B. Converter 

Converter is an essential part of any PV system regardless of 

load type. The main role of converter is conditioning the 

produced power of PV cells in order to meet the load 

requirements. However, it can be used for matching the 

panel curve with output load in order to extract maximum 

power from PV panel.  

C. Controller 

A MPPT solar charge controller is the charge controller 

embedded with MPPT algorithm to maximize the amount of 

current going into the battery from PV module. The major 

principle of MPPT is to extract the maximum available 

power from PV module by making them operate at the most 

efficient voltage[6]. MPPT checks output of PV module, 

compares it to battery voltage then fixes what is the best 

power that PV module can produce to charge the battery and 

converts it to the best voltage to get maximum current into 

battery. MPPT is most effective under non linear conditions: 

Cold weather, cloudy or hazy days. MPPT solar charge 

controller is used to correct for detecting the variations in 

the current voltage characteristics of solar cell and shown by 

I-V curve[6-8]. MPPT solar charge controller is necessary 

for any solar power systems need to extract maximum 

power from PV module; it forces PV module to operate at 

voltage close to maximum power point to draw maximum 

available power.  

III. MPPT USING PERTURBATION AND OBSERVATION 

Perturbation and Observation (P&O) is based on a 

comparison of perturbation voltage and changing power. 

The Perturbation & Observation (P&O) has been used 

mostly for its simplicity and easy implementation 

.Applicable to both analog and digital designs. It is also 

compatible with any kind of PV modules. Oscillations occur 

during nonlinear conditions. In this method the controller 

adjusts the voltage by a small amount from the array and 

measures power; if the power increases, further adjustments 

in that direction are tried until power no longer increases. 

This is called the Perturbation and Observation method and 

is most common, although this method can result in 

oscillations of power output. It is referred to as a hill 

climbing method, because it depends on the rise of the curve 

of power against voltage below the maximum power point, 

and the fall above that point. The P&O finds the global peak 

among the local peaks without scanning the entire of P-V 

curve[11]. The following Fig.3 shows the flowchart of P&O 

method. 

 
Fig. 3: Flow Chart Of P&O Method 

 
Fig. 4: Characteristic I-V Curve Of P&O 

IV. MPPT USING PARTICLE SWARM OPTIMIZATION 

If a PV array is partially shaded by the shadow of building, 

tree etc, realization of MPPT is a difficult task. The optimal 

current of each PV module is nearly proportional to the 

insolation falling on it. Under the partially shaded conditions 

the conventional MPPT controller may track to a local MPP 

instead of global MPP. Hence, the generated power may be 

reduced and PV system efficiency will decrease. Compared 

to other techniques in this technique a single pair of voltage 
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and current sensors is sufficient to realize the MPPT 

scheme[12]. The PSO uses several cooperative agents and 

each agent shares the information attained by each 

individual during the search process. In this method each 

agent moves in the search space with a velocity, vi
k
 and 

momentum w, according to its own previous best solution 

and its group‗s previous best solution. Vi
k+1

 = w*vi + 

c1*r1*pbesti + c2*r2*gbest 

Si
k+1

 = si
k
 + vi

k+1     

Here pbesti = si
k
 and f(si

k
) > f(pbesti), where f (also 

known as objective function) is the generated power P 

which represents the summation of power generated by each 

array. Only one current sensor is sufficient for tracking the 

MPP and can be called as multidimensional MPPT control. 

Let V represent the terminal voltage and can be represented 

in the form of N- dimensional row vector. 

 
When the agents reach to the MPP in steady state, 

the velocity becomes zero. The agents are reinitialized 

whenever the following two conditions are satisfied. The 

authors add the function of shifting the agents in order to 

adapt the agents to such situation. The direction of shifting 

is decided randomly. Hence, this function enables local 

search around the MPP. 

 
The following Fig.5 shows the flow chart for PSO 

method. 

 
Fig. 6: Characteristic I-V Curve Of Pso 

 
Fig. 5: Flow Chart For Pso Method 

V. MPPT USING DYNAMIC PARTICLE SWARM OPTIMIZATION 

While searching for food, the birds are either scattered or go 

together before they locate the place where they can find the 

food. While the birds are searching for food from one place 

to another, there is always a bird that can smell the food 

very well, that is, the bird is perceptible of the place where 

the food can be found, having the better food resource 

information. Because they are transmitting the information, 

especially the good information at any time while searching 

the food from one place to another, conducted by the good 

information, the birds will eventually flock to the place 

where food can be found. Here dynamic particle swarm 

optimization is a variant of particle swarm optimization 

performs high tracking efficiency and avoids premature 
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convergence as well as has the capability to perform multi 

objective function. 

 
Fig.7 CHARACTERISTIC I-V CURVE OF DYNAMIC 

PSO 

VI. SIMULATED RESULTS 

The simulated results for Dynamic PSO, P&O and PSO 

under Linear condition and Non-linear is given in the 

following tables. 

A. Comparative Analysis Of Dynamic PSO, P&O And PSO 

Under Linear And Non_Linear Conditions 

A comparative maximum power output for Dynamic PSO, 

P&O and PSO algorithm is executed under Linear and Non-

linear condition[13]. The linear condition is nothing but 

SPV panel exposed to direct beam of sunlight irradiance, 

where as non-linear condition is that when the SPV panel is 

exposed to diffused sunlight irradiance, here the term 

diffused irradiance occur due to cloudy weather condition or 

due to reflection of sunlight by huge mountains lying low. 

The simulated results are obtained to check which algorithm 

among Dynamic PSO,PSO and P&O is doing better in 

maximum power point tracking and the comparative output 

is shown in tables where the Table.1 illustrates the 

maximum power comparative output of PSO and P&O 

under linear condition and the Table.2 illustrates the 

maximum power comparative output of Dynamic PSO, 

Standard PSO and P&O under non-linear condition. 

 
Table 1: Simulated results using Dynamic PSO, Standard PSO and P&O technique under Linear Condition 

 
Table 2: Simulated results using Dynamic PSO, Standard PSO and P&O technique under Non-linear Condition
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VII. CONCLUSION 

Thus the comparitive analysis of maximum power point 

techniques Dynamic Particle Swarm Optimization,  

Perturbation and Observation and Standard Particle Swarm 

Optimization is done under linear and non-linear conditions 

using MATLAB and the maximum power point tracking is 

carried out and from the results it is seen that Dynamic 

particle swarm optimization technique is best suitable under 

linear and non-linear conditions because Standard PSO 

results prematured convergence and its not fine in 

performing multitasking options where as P&O fails to track 

maximum power point when the difference between the 

irradiation level of the shaded modules and non-shaded 

modules is large.Therefore Dynamic PSO is best suited due 

its multiobjective options and it has very good tracking 

efficiency when compared to other techniques.Thus 

Dynamic PSO is best MPPT for linear and non-linear 

conditioned SPV generations. 
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