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Abstract- This paper proposes an improved particle swarm optimization (PSO) based MPPT algorithm to improve the 
steady state performance. Furthermore, the proposed method has the ability to track MPP effectively under rapidly varying 
conditions and partial shading condition (PSC). Formulation of problem, design details and experimental results are 
discussed in detail. The proposed technique is independent of the system, it is easy to implement, tracking efficiency is high 
and performance under changing atmospheric condition is good. Effectiveness of the proposed method is validated by 
analyzing the experimental results obtained from 110 W solar power generation systems. 
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I. INTRODUCTION 
 
Tracking solar power is difficult due to non-linear 
current – voltage (I-V) characteristics of panel with a 
unique maximum power point (MPP) [1]. Power 
produced by PV panel varies with variation in 
atmospheric conditions such as solar irradiation and 
cell temperature. MPP of solar panel also varies with 
variation in atmospheric conditions. So in order to 
extract maximum power, PV panel must be operated 
at a voltage corresponding to MPP (VMPP). Maximum 
power point trackers are used to achieve this [2-6]. 
MPPT is an art of extracting maximum power from 
PV panel and it is regarded as the critical component 
of SPV system. Internal resistance of PV panel varies 
with variation in atmospheric conditions but the load 
resistance remains the same. Converter controlled 
with MPPT algorithm is used to achieve load 
matching and extracting maximum power from PV 
panel [7-9]. PV system with MPPT achieves load 
matching and extracts maximum power thereby 
increases efficiency of solar power tracking. In order 
ensure that the PV system is operating near MPP, a 
DC-DC converter along with an MPPT controller is 
inserted in between load and PV module [10].  
Conventional hill climbing methods are simple and 
easy to implement but has problems such as 
oscillations of operating point around MPP, requires 
more time to determine MPP, can be fooled under 
quickly changing atmospheric conditions and it is not 
effective under PSC’s[11], which in turn reduces the 
overall system efficiency. Compared to other MPPT 
techniques, PSO based MPPT technique are that it is 
easy to implement, only few parameters are there to 
adjust, PSO doesn’t have any genetic operators like 
recombination, mutation or cross over to optimize the 
objective function, just like as other heuristic 
optimization based MPPT techniques PSO MPPT is 
derivative free, coding implementation is easy, its 
less dependent on initial points which makes 

convergence robust. But PSO requires relatively 
larger computational time to find maximum power 
point.  
 
In this paper, a new APSO based MPPT technique is 
proposed to improve the precision of tracking and 
reduce the tracking time. The performances of this 
adaptive PSO (APSO) based MPPT is verified 
through experimental studies pursued using a 
developed PV control set-up that has OPAL-RT 
platform for implementation of the control 
algorithms. Formulation of problem, design details 
and experimental results are discussed in detail. The 
proposed technique is independent of the system, it is 
easy to implement, tracking efficiency is high and 
performance under changing atmospheric condition is 
good. Effectiveness of the proposed method is 
validated by analyzing the experimental results 
obtained from 110 W solar power generation systems. 
 
II. IMPROVEMENT AND APPLICATION OF 
PSO TO MPPT 
 
Standard version of PSO is improved to increase the 
tracking speed, tracking accuracy and robustness. 
Convergence speed and tracking accuracy are 
improved by decreasing inertial weight and cognitive 
coefficient linearly from larger value to smaller value 
and increasing social coefficient linearly from relative 
smaller value to larger value. Inertia of the agents are 
determined by 휔, if it is too large convergence will be 
quick but there is chance of overshoot. If it is too 
small, convergence will slow, but the direction of 
moment of agent can be quickly changed. Hence by 
decreasing the 휔 from relative larger value to lower 
with iterations improves the convergence speed, 
tracking accuracy and motion of agents in the 
searching space. 푐  determines the searching speed of 
each agent without the cooperation of other agents. 
Agents may convergence to local maxima if it is too 
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large.  Convergence of the agents to the operating 
point will be slow if it too small. Similar to 휔, 푐  is 
also varied from relative larger value to lower value 
to ensure that the agents move towards 퐺  with 
minimum time. Searching speed of the agents with 
cooperation of other agents is determined by 푐 . If it 
is small agents tends to converge at different points 
and the convergence speed is low. If it is large the 
range of search region will be restricted and agents 
tend to converge at some point near MPP. So in order 
to track 퐺  accurately and precisely with minimum 
time, 푐  is varied from relatively smaller value to 
larger value with iterations. MPP can be easily 
determined under any atmospheric condition by 
choosing more agents, but it increases the overall 
convergence time. A major concern in MPPT 
application is to achieve faster convergence with 
minimum time. Standard version of APSO algorithm 
is modified to meet practical consideration of MPP 
problem. Chroma 62150 H-600 S Solar array 
simulator in SAS mode is connected to the load 
through SEPIC converter and an OPAL-RT OP 5060 
controller has been used to implement MPPT 
algorithm.  
 
Flowchart of the proposed APSO based MPPT 
technique is shown in Fig. 1. From Fig. 1, operating 
principles of proposed APSO MPPT technique can be 
described as follows: 
Step 1 (Selection of parameters): Duty ratio, D of 
dc-dc converter is selected as the particle position. 
Power extracted from the PV panel PPV  is defined as 
the objective funtion to be maximized. Number 
particles in the population is chosen carefully, if large 
number particles are chosen tracking accuracy 
increases but tracking speed reduces. As the number 
of particles increases computation time also 
increases. Population size is chosen in such a way 
that it ensure good tracking speed and accuracy. 
Generally population size is made equal to the 
number of series connected PV cells.   
Step 2 (Initializing PSO): In PSO placing particle 
from the selected population in fixed position or 
distributing randomly in free space is possible. 
Position of particles can be placed around GMPP if 
information about GMPP is known. Generally MPP 
of a PV curve occurs nearly 80% of open circuit 
voltage. Hence the particles are placed at fixed 
positions equidistantly placed in a search space with a 
maximum and minimum limits, Dmax and Dmin 
respectively.  
Step 3 (Evaluation of fitness function): Maximizing 
the extracted power, PPV is the goal of proposed 
MPPT technique. Panel volatage and panel current 
correspondig to each duty cycle (each position of 

particle) are sensed, filtered using digital filters and 
fed to FPGA controller. From which fitness function, 
extracted power is calculated for evaluation. 
Step 4 (Updating global and individual best): 
Present fitness value of ith particle is compared 푃  
then replace it with present value . Best fitness value 
from all selected particle is set as global best 퐺 .  
Step 5 (Upadating velocity and position of 
particles): Velocity and position of each particle in 
the total population is updated after the evaluation 
process. Particle positions in a population is adjusted 
using equation (1), 
푥 = 푥 + ∅                             (1) 
 
Where ∅  is velocity component which is calculated 
given by equation (2),   
∅ = 휔 ×  ∅ + 푐 × 푟 푃 − 푥 + 푐  ×
 푟 {퐺 − 푥 }                                           (2)                                       
 
Term 휔 × Vk

i,j have the control over convergence 
behavior of PSO and this term forces the particle to 
move in the same direction early it moved. To 
improve the tracking efficiency inertial weight is 
made decreasing with time so that its effect on 
velocity decreases with increase in iterations. Inertial 
weight is set to a large value initially with time its 
value decrease so that tracking becomes more 
accurate and quick. Inertial weight is modified as 
shown given by equation (3) to make it vary linearly, 
 ω = ω − ( ω )                            (3) 
 
Were 푛  is total number of iterations plus one, 푛 is 
the present iteration count, 휔  and 휔  upper and 
lower bound of 휔 . 
Values of 푐  and 푐  are modified as given in 
equations (4) and (5), initially both the value are set 
large as the progress value of 푐  decreases and value 
of 푐 .  푐  is made to decrease linearly and 푐  is made 
to increase linearly with time, so that the particle will 
move towards global best.  
 c = c − ( )                          (4) 

 c = c + ( )                          (5) 
 
Were 푐 , 푐 , 푐 , 푐  are upper and lower 
bounds of 푐  and 푐  respectively. 
Step 6 (Checking for convergenece): When maximum 
number of iterations are reached or when the 
variations in velocity is within the limit convergence 
criteria is met and the present 퐺  value is chosen as 
GMPP. 
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Fig. 1: Flow chart of APSO based MPPT algorithm. 

 
Step 7 (Reinitialization): Generally PSO technique is 
used find optimal solution for problems. In case of 
solar power tracking maximum power generated from 
the panel varies atmospheric conditions. So particles 
must be reinitialized to find new GMPP under 
varying atmospheric condition. When conditions 
mention in equation (6) is satisfied reinitialization is 
done in the proposed technique. 
  , ,

,
≥ ∆푃                           (6) 

 

 
 
Due to the changes in the environmental conditions 
the objective function also changes during real time 
operations. In such cases, to obtain the new MPP the 
agents must be reinitialized. If the reinitialization 
process is no carried out properly, 푃  and 퐺  
cannot be updated automatically for the change in 
operating point due to change in environmental 
conditions. As a result operating point may stuck at 
some point, stopping search fro new MPP. An 
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additional constaring given in equation (6) has been 
added to avoid this problem.  
III. EXPERIMENTAL RESULTS 
 
To verify the effectiveness of the proposed MPPT 
technique, a 110 W prototype has been implemented 
from which simulation and experiments were carried 
out accordingly. Chroma 62150 H-600 S Solar array 
simulator in SAS mode has been used to validate the 
proposed algorithm. Hall Effect current sensor and 
voltage sensor was used to sense input current and 
voltage to single ended primary inductor (SEPIC) 
converter. Voltage and current sensors are inserted at 

the output terminals of the PV panel to sense PV 
generated voltage and current. Sensed values are then 
fed to OPAL-RT controller for MPPT operation. 
FOD 3180 driver IC has been used for providing 
isolation between control circuit and power circuit 
and to amplify the PWM pulses generated by 
controller. PWM signal generated from controller is 
fed to gate of the MOSFET switch through the driver 
circuit. The proposed APSO MPPT technique was 
developed in MATLAB simulink environment and is 
compiled and downloaded into OPAL-RT controller. 
 

 

 
Fig. 2:I-V and P-V characteristics when operating point at right of MPP. 

 
Experimental results of the proposed system under STC with initial position of the operating point fixed at 
different locations of I-V and P-V characteristics by varying output load is shown in Fig. 2 to Fig. 4. Initially, 
the position of operating point is fixed far away at right side of MPP as shown in Fig. 2 and MPPT tracker is 
made ON. The measured tracking efficiency from this point is 99.90 % as shown in Fig. 3 and requires 1.8 s to 
track MPP.  Average output power is 56.70W and average value of voltage and current are 14.57 V and 3.891 A 
respectively as shown in Fig. 4. After five iterations the proposed MPPT algorithm converges to MPP.  
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Fig. 3:I-V and P-V characteristics when operating point at MPP. 

 
Fig. 4: PV current and voltage. 

 
CONCLUSION 
 
A system independent adaptive PSO based MPPT 
technique which improves the tracking speed, 
tracking accuracy and performance under PSC is 
presented in this chapter. The problem formulation, 
design procedure, and parameter setting method 
which takes the hardware limitation into account are 
described and explained in detail. Experimental 
results show that the average tracking efficiency of 
the APSO technique is greater than 99.90 %. Four 
different patterns were utilized to experimentally 
validate the effectiveness of the proposed method. 
According to the experimental results, the proposed 
method can obtain the GMPP in all the test cases no 
matter where the GMPP locates. Experimental results 
also show that the proposed method can successfully 
detect the shading pattern changes and reinitialize the 
MPPT process. The tracking efficiencies in five test 
cases are all higher than 99.90%. The proposed 
technique boasts the following advantages:  

(1) Comparing to other GMPP searching methods, 
the tracking efficiency of the APSO-based 
MPPT algorithm is very high.  

(2) PSO-based method is a good candidate for 
MPPT algorithms, as it is easy to implement 
and converges to the desired solution in a 
reasonable time.  

(3) The proposed method tracks MPP quickly and 
precisely under rapidly varying atmospheric 
conditions too. It is well known that the choice 
of PSO parameters may have some impact on 
optimization performance; this aspect will be 
investigated in the future work. 
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