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ABSTRACT
In this paper, a new differential particle swarm optimization (DPSO) method is investigated for tracking the
maximum power point (MPP) for the photovoltaic (PV) system in order to enhance the operating efficiency of the
PV system. The DPSO-based MPPT method is not only able to tract the MPP using few iterations, but also avoids the
steady-state oscillation phenomenon. Moreover, the proposed method is capable for extracting the optimization
power under varying temperature condition as well as large fluctuations of irradiation. To demonstrate the
effectiveness of the proposed, the obtained results are compared to those obtained using the conventional perturb
and observation (P&O), incremental conductance (IncCond), and classical particle swarm optimization (PSO).
Furthermore, a boost converter supplied by a solar array simulator is done to check the stability of the circuit.
Meanwhile, the DPSO-MPPT algorithm is embedded in the PV system simulated by using Simulink software and
MATLAB Toolbox. The simulating results show the superiority of the proposed approach in improving the efficiency
of the photovoltaic system.
KEYWORDS
Boost converter, maximum power point tracking (MPPT), particle swarm optimization (PSO), photovoltaic (PV)
system, solar insolation.

1. INTRODUCTION
In recent decades, the PV energy plays an important role in meeting the
rapidly increasing demand of world energy along with development of
bio-energy based on bio-based fuels and waste heat recovery technologies
to satisfy the ever-stricter regulations in relation to environmental
pollution [1-12]. Up to date, many countries on over the world has a PV
capacity of more than one gigawatt [13,14]. By the beginning of 2017, the
largest PV capacity of 850MW was reached in Longyangxia Dam Solar Park
in China [15]. The use of solar energy increases significantly because of
low fuels costs, environmentally friendly and low-cost maintenance.
However, the cost of PV array as well as equipment for energy conversion
is a great challenge in using PV systems. Besides that, the P –V
characteristic depends entirely on the extreme environmental condition,
including solar insolation and temperature. Therefore, a MPPT controller
is often coordinated a power converter to maintain the efficient operation
of the PV arrays [16,17]. Traditionally, the MPPT controllers normally use
the (P&O) and incremental conductance (IncCond) algorithm because of
simple deployment and few parameters [18-23]. In the P&O algorithm, the
voltage of the PV array is perturbed by a small increment which results in
a variation of output power, P. If the P is improved, the perturbation will
move the operating voltage toward the MPP, then the direction of
perturbation is retained. In case of a negative P, the system is operated far
from the optimal point, thus the direction is reversed accordingly in order
to bring the operating point back to the MPP. In the IncCond algorithm;
meanwhile, the derivative rate of conductance is compared to the
instantaneous conductance to extract the optimization power of PV arrays.
However, the main drawback of the InCond and P&O methods is the low
efficiency and oscillations around the MPP caused by the dynamics and the
perturbation step size [24]. Another method is the hill climbing (H&C),
which directly updates the operating point of the PV system by perturbing

the duty cycle [25,26]. In spite of simply implement, the H&C also suffers
with same disadvantages inherited by two above methods. Furthermore,
under PSC and modules irregularities, the results of tracking MPP by using
the conventional methods is not accurate due to multiple peaks on the PV
curves.
To overcome this aforementioned drawbacks, the artificial intelligence
(AI) algorithm, namely fuzzy logic (FL) and neural network (NN) have
recently been investigated in order to extract the maximum power in case
of non-linear I_V characteristic [27, 28]. Nevertheless, they require an
extensive computation with high-cost processors to deal to continuously
change in environmental condition. The other new MPPT algorithms,
inspired by nature and biological structure, have been proposed for
tracking MPP from PV array, including genetic algorithm (GA), differential
evolution (DE), and particle swarm optimization (PSO) [29-32]. Among AI
algorithms, the PSO has been presented as the best solution for tracking
MPP under extreme environmental condition. However, the main
drawback of PSO is the significantly decrease of particles’ velocity once
they find the MPP, thus the operating efficient of the PV arrays is also
reduced.
In this paper, the DPSO algorithm has been investigated for the first time
to track MPP of PV systems. Compared to the classical PSO, the proposed
DPSO is performed by adding one more term in the velocity equation in
order to search for a better solution in the search space. The proposed
DPSO- based MPPT has a similar structure to the classical PSO and hence
it is also capability of avoiding steady-state oscillation and tracking the
MPP under partial shading condition (PSC) as well as large fluctuations of
insolation. Furthermore, the algorithm has faster tracking speed, simpler
deployment using a lower cost controller as compared to other
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conventional MPPT methods. The rest of this paper is organized as follows.
Section II describes research problems, including modeling of the PV
module and array. Section III proposed the DPSO algorithm and how to use
it for improving the MPPT performance. The simulating results are given
in Section IV. Finally, Section 5 presents the conclusion of the work.
2. PROBLEM DESCRIPTION

array. It can be seen that from these figures that photovoltaic cell
characteristic is non-linear, whose output power varies as a function of the
irradiance and temperature, thus decreasing the operating efficiency of PV
system. Also, the efficiency of these photovoltaic modules is not satisfied
by the power requirement and hence require an intelligent algorithm to
overcome this problem. In this paper, a model using the DPSO assisted
MPPT algorithm is designed to enhance the efficiency of PV.

Various equivalent circuit models are used to describe PV modules, in
which the single diode model, as shown in Figure 1, is the most popular
[33].
The output current I and the photocurrent I PV for the equivalent circuit in
Figure 1 are given by:

 V + IRS 
I = I PH − I d 1 − 

 RSH 
(1)
The diode characteristic is given as follow:


 V + IRS
I d 1 = I RS exp 
 VT


 
 − 1
 
(2)

where IRS is the reverse saturation current of diode 1, α is the diode ideality
constant, and VT is the thermal voltage of PV modules that is expressed by:

VT = k

T
q

Figure 3: I-V curves for
different temperature levels

Figure 4: P-V curves for
different irradiation levels

3. THE PROPOSED DPSO-BASED MPPT ALGORITHM
(3)

where k is the Boltzmann constant, T is the temperature of the p-n junction
in Kelvin and q is the electron charge.

In this section, a novel DPSO-based MPPT algorithm is developed for
improving the efficient of PV systems. For this, the concepts of DPSO is
introduced first.
3.1 DPSO

Figure 1: The single diode
model of PV module

Figure 2: Series-parallel structure
of a PV array.

For a PV system, the cells are connected in a series–parallel matrix (NS x
NP), as shown in Figure 2 [34]. The mathematical equation representing a
PV array is given as follows:

  V + IRS   
I = N P  I PH − I RS ( I P + 2) −  
 
  RRS   

(4)

The DPSO is a modified version of PSO, in which particles are capable of
escaping from local minima in order to find a better optimization solution
in the search space. PSO is inspired by social and cooperative behavior
displayed by various species to fill their needs in a multi-dimensional
search space [35]. The algorithm is guided by personal experience (Pbest),
overall experience (Gbest) and the present movement of the particles used
to decide their next positions in the search space. More details about the
basic conceptualization of PSO can be found in [36,37].
The proposed DPSO considers an additional feature in the classical PSO.
The additional feature is the opinion of one of the particles selected
randomly from the swarm. The randomly-scaled difference of the particle
and its opinion-giver particle is included in the velocity equation of the
particle necessary to escape from local minima. Mathematically, the
concepts of DPSO can be expressed as follows:
V pk,+q1 = w  V pk,q + c r ( Pbest kp,q − X kp,q ) + c r (Gbestqk − X kp,q ) + c r ( X k − X kp,q )
11
22
3 3 l ,q

(7)
where

 V + IRS 
 V + IRS  
I p = exp 
 + exp 
 VT N S 
 ( p − 1)VT N S





1
k
k +1
X kp+
,q = X p,q + V p,q
(5)

In Eq. (7), c3 is the scaling factor and r3 is a randomly-generated random
number between 0 and 1, whereas l represents the expert particle
corresponding to target particle p. In this equation, l varies from 1 to N but
l ≠ p. Fig.5 shows the search mechanism of the proposed DPSO in a
multidimensional search space.

and

=

NS
NP

(8)

(6)

Figures 3 and 4 depict the I–V and P–V characteristics of a common

In Figure 5, Pbestkp,q represents personal best qth component of pth
individual, whereas Gbestkq represents qth component of the best
individual of population up to iteration k.

PV
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Step 9: Optimum solution obtained and hence print the results Gbest.

Xpk+1

Set w, c1 , c2 ,c3 , n
Vpk

Vpk+1

Initialize positions and velocity of each particle
d=d0; v=0.1*d0

Gbestk
VpGbest
Pbestpk

Xpk

VpPbest

Sense V(i), I(i). Calculate initial fitness of each
particle: P(i)=V(i)*I(i)

VpDiff

Evaluate initial fitness of each particle and
select Pbest and Gbest

Figure 5: Proposed DPSO search mechanism of pth particle at kth
iteration in a multi-dimensional search space
It is found from Figure 5 that the proposed DPSO is performed by adding
one more term (VpDiff) in the velocity equation, thus the MPP can be
obtained much sooner than that using the classical PSO. Furthermore, this
additional feature allows the particles to escape from a local optimum in
order to search for a better solution in the other reasons in the search
space.

Set iteration count k =1

Update velocity and position of each particle

3.2 Application of DPSO to MPPT

Evaluate fitness of each particle and update
Pbest and Gbest

The complete flowchart for the proposed method is shown in Figure 6 and
the proposed DPSO assisted MPPT algorithm uses the following basic
principles:
Step 1: In this paper, the duty cycle value d of the dc–dc converter is
selected as the particle position in the search space. Meanwhile, the PV
module output power is defined as the fitness value evaluation function. It
can be noted that the number of particles should be is selected as the
number of the series connected cells in PV array.
Step 2: The DPSO algorithm will start the optimisation from a random
initial value that is determined as follows:

D =  D1 , D2 , D3 ,..., DN 
k
i

(9)

Step 3 (fitness evaluation): After the digital controller sends the PWM
command according to the duty cycle, which also represents the position
of particle i, the PV voltage VPV and current IPV are defined. These values are
the basis of calculating the fitness evaluation of particle i (the PV module
output power). The fitness of each particle is evaluated

Fp k = f ( X p k ) ,∀p and then finding the best particle index b

Pbest p k = X p k , ∀p and Gbest k = X b k

Step 5: Update the velocity and position of each particle using eqns. (7) and
(8)
Step 6: Evaluate the updated fitness of each particle

Fp k +1 = f ( X p k +1 ) ,

∀p and find the best particle index b1

If Fp

k +1
b1

 Fp

k

then Pbest p
k +1

k +1

= Xp

k +1
b1

else Pbest p

k +1

No
Print optimum values of the duty cycle as Gbest

4. SIMULATION RESULTS AND DISCUSSION
The proposed DPSO-based MPPT algorithm was developed on a model,
which consists of a PV solar panel connected to resistive load through a
boost converter with MPPT controller, as depicted in Figure 7. It can be
observed that the PV voltage and current from the PV module are sent into
the MPPT controller, and subsequently the output of the PWM signal, are
used to drive the switch of the boost converter in order to execute the
MPPT from the PV module.
To achieve the best performance of the proposed DPSO algorithm,
parameter selection plays an important role. During this work, the
following procedure is adopted to obtain the best parameters of the
algorithm. For different population sizes of 10, the best set of parameters
for the DPSO algorithm as follows:
1. Inertia weight is taken in between 0.1 to 0.5 (randomly at each
iteration);
2. Acceleration factors (c1 and c2) are 1.5 and 2.5, respectively.

4. Maximum iteration is set to 1000.

= Pbest p ,

and set b = b1 else Gbest

k

k +1

 Fb

Step 8:

If k  Maxite then k = k + 1 and go to step 5 else go to

then Gbest

 Pbest

k +1

If F

k

If k <= Maxite ?

3. Scaling factor c3 is 0.04

Step 7: Update Pbest of each particle∀p and Gbest of population
k +1

Yes

Figure 6: Flowchart of the proposed DPSO_MPPT

where N is the number of particles and k is the number of iterations. It
means the particles are initialized on random positions which cover the
search space [Dmin, Dmax]. Dmax and Dmin are the maximum and
minimum duty cycle of the utilized dc-dc converter, respectively.

Step 4: Select

k = k+1

 Gbest ,
k

It can be noted that all the programs were developed in MATLAB
environment and executed on an Intel core i7 processor and 2.66GHz clock
frequency with 8192MB RAM.

step 9
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To demonstrate the superiority of the DPSO, a comparison of tracking the
optimization point using the PSO is performed for the test PV system, as
shown in Figure 9. It can be clearly seen that both of the AI algorithms can
find the optimization of centralized arrays without fluctuation around the
MPP, but the improved tracked faster. The optimization time of the DPSO
and PSO is 0.57 s and 2.12 s, respectively.

Figure 7: Simulink model of the DPSO_based MPPT system
In this paper, the proposed DPSO-MPPT algorithm has been initially tested
with a Matlab/Simulink model under fixed environmental condition. To
demonstrate the effectiveness and high efficiency of the proposed
algorithm, the output response time was compared to the conventional
P&O and IncCond methods. Furthermore, the convergence characteristic
of the DPSO-MPPT is compared to the classical PSO-MPPT in order to
verify faster and more accurate MPP tracking ability of the proposed
method. It is to be noted that the duty cycle d is periodically updated using
a fixed step-size of 0.01 for the P&O and IncCond algorithms. The switching
frequency of the converter was set to 1 kHz.
Figure 8 shows the response time of output power under constant
environmental condition (the solar insolation G = 900 W/m 2 and the
temperature T = 25°C) in case of without MPPT controller, using DPSO and
the conventional methods. It can be observed that the maximum capacity
of power to be produced by using MPPT controllers is over 7600W, while
the power obtained to be 7360 W without any MPPT algorithm. Moreover,
the output power value of the proposed DPSO algorithm for the test PV
module is 7678 W, which is higher than that obtained by using the
conventional methods (7656 W). As can also be seen from Fig. 8 that it only
takes 0.57 s to track the optimization power for the proposed DPSO,
whereas the P&O and IncCond methods yielded the MPP tracking time of
2.9 s. In other words, the MPPT controllers are capacity of improving the
operating efficiency of PV panel, in which the tracking ability of the
proposed DPSO algorithm is better compared to two remain methods.
Another superior advantage of the proposed algorithm is to eliminate
oscillations in a steady state after few iterations.

Figure 10: The dynamic characteristic of output power during rapidly
increasing radiation values

Figure 11: The dynamic characteristic of output power during rapidly
decreasing radiation values
Figure 10 shows the dynamic characteristic of the output power under
solar radiation varied between 700 W/m2 and 800 W/m2 at a fixed
temperature of 25°C. It can be seen that the maximum power values
reached by using the DPSO-MPPT controller are 6009 W for G = 700 W/m2
and 6849 W for G = 800 W/m2, which are the same to the theoretical value
of the MPP. Meanwhile, the dynamic behaviour of the system in case of
rapidly reducing irradiation is depicted in Figure 11. When the solar
radiation is decrease from 800 W/m2 to 600 W/m2 at 8 s intervals, the
output power obtained by using the DPSO-MPPT controller is 6849 W and
5158 W.
The results for tracking the MPP of the different MPPT controllers under
fluctuations of irradiation are summarized in Table 1. It is observed that
the power produced by using the proposed algorithm was greater than
99% under all test conditions.

Table 1: The obtained results of output power without/with the MPPT
controller
Figure 8: The response time of output power using the DPSO and the
conventional methods at G = 900 W/m2 and T = 25°C

G
(W/m2)

Without
MPPT

P&O

InCond

PSO

DPSO

the
theoretical
value of PV

600

4567.0

5137.0

5137.4

5157.2

5157.5

5157.7

700

5913.0

5994.8

5995.0

6009.0

6009.2

6009.7

800

6820.0

6812.0

6812.3

6849.1

6849.5

6850.0

900

7360.0

7655.0

7656.0

7677.2

7678.0

7678.3

Figure 9: The response time of output power using the DPSO and PSO at
G = 900 W/m2 and T = 25°C
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5. CONCLUSION
In this paper, a novel DPSO algorithm is proposed by adding one more
term in the velocity equation of the classical PSO algorithm in order to
improving the operating efficiency of PV system. The DPSO-based
technique has been successfully tested on a PV array model connected to
a resistive load through a boost converter. The simulating results shows
that the output energy of the proposed algorithm is above 99.5% with few
iterations under all environmental conditions. Furthermore, these results
are compared to the results obtained by the conventional P&O, InCond
algorithms to demonstrates the ability of eliminating oscillations around
the MPP. In addition, a comparative study of improving the performance
of MPPT is carried out by using the PSO in order to faster and more
accurate tracking of the proposed method. In short, the DPSO assisted
MPPT is a simple and efficient method, which is capable of extracting the
optimization power in few iterations under partial shading condition as
well as large fluctuations of insolation.
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