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In recent years, given the growing attention towards the usage of renewable energy sources, 
maximum power point tracking (MPPT) based on Swarm Optimization Algorithms (SOAs) have 
widely developed. The main advantage of SOAs-based MPPT methods are the robust, reliable, 
and fast performance. Furthermore, these approaches are capability of tracking of maximum 
power in real-time conditions, such as partial shading conditions (PSC) and different levels of 
temperature and irradiance. The paper considers five SOAs, including proposed differential 
particle swarm optimization (DPSO), particle swarm optimization (PSO), genetic algorithm 
(GA), differential evolution (DE) and harmony search (HS). These SOAs have been tested on 
an experimental MPPT system at Control Engineering and Automatic Lab, Ho Chi Minh City 
University of Transport, Vietnam. A comparison of these methods have been employed by 
running 100 times for each method with the same initial conditions and then the proposed 
DPSO method is proven to be the most effective to tackle MPPT problem. 

Keywords: Maximum power point tracking (MPPT), Swarm Optimization Algorithms (SOAs), 

Partially shaded conditions (PSC), Photovoltaic (PV) 

 

1. Introduction 

 

Due to the increase in level of climate change and the climb of oil price, the usage of the 

renewable energy has been considerably growing [1]. One of the most efficient renewable 

energy sources is solar energy, which is suitable for many different applications because of 

low fuel cost, unpolluted operation and low-cost maintenance [2]. According to researchers, 

solar photovoltaic capacity in over the world reached to 500 GW in 2018 and is predicted to 

be 1290 GW in 2030 [3]. With the capacity of 4,954 MW in 2020, Vietnam is known as 

one of solar power generation leaders in Asia [4]. However, the largest challenge in using 

solar energy is the high price of PV modules but the low photoelectric conversion 

efficiency. Moreover, the characteristic of power-voltage is nonlinear, which depends on 

solar irradiance and temperature; also results in decreasing the operating efficiency of PV 

modeling [5]. The recent PV array conversion efficiency only accounts for reaching below 

20%, it means an amount of 80% of solar energy is lost in the environment [6,7]. To 

overcome this problem, a maximum power point tracking (MPPT) controller is normally 

combined with an energy conversion to not only increase power delivered from the PV 

modules to the load, but also improve the operating lifetime of PV systems [8,9]. 

A variety of conventional MPPT methods have been proposed to track the maximum 

power point (MPP) from the output of PV systems. Toward this goal, the power of the PV 

array is determined by measuring output current and voltage, and accordingly the duty 

cycle of the converter is adjusted to track the MPP. Perturb and Observe (P&O) [10,11], 

Incremental Conductance (IC) [12-14], Hill Climbing (HC) [15,16], and Ripple Correlation 

Control [17,18] are the most popular methods. The simple structure and fast convergence 
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towards the MPP are the main advantages of the conventional methods. However, they only 

offer good tracking results when the uniform irradiances are provided to PV modules. 

Under PSC, the conventional methods fail to distinguish the global maximum power point 

(GP) from many local maximum power points (LP) on the PV waves [19]. 

Recently, several approaches have been proposed to improve the performance of 

conventional methods [20,21]. Nevertheless, they require a powerful and expensive 

controller to handle an extensive mathematical computation. Moreover, these improved 

methods give a low accuracy in tracking the true MPP under the unpredictable 

environmental condition, results in decreasing the efficiency and reliability of PV system.   

Different researches have been recently performed where MPPT based on intelligence 

techniques, such as fuzzy logic control (FLC), artificial neural network (ANN) and sliding 

mode control (SMC) were applied to catch the GP under PSC. The main advantage of these 

methods is robustness, flexibility and cost computing power. However, these intelligence 

techniques also suffer from huge control circuit complexity and big data processing, results 

in increasing the tracking time. For instance, FLC requires 3 steps to track MPP, including 

fuzzification, fuzzy rule base table and defuzzification [22,23]. Also, ANN is a faster 

tracking technique but needs a large amount of data in training process to improve the 

tracking accuracy [24-26]. Meanwhile, SMC is the advanced method; whose performance 

is more simply but the longer tracking time [27,28]. 

Recently, SOAs have been known as the most mature and promising method to solve 

MPPT problems under complex changes in environment. Application of different SOAs 

such as particle swarm optimization (PSO) ([29-31], genetic algorithm (GA) [32,33], 

differential evolution (DE) [34], and harmony search (HS) [35] have been reviewed in the 

literature. The most important feature of SOAs is simply performance, fast tracking speed, 

low-cost microcontrollers. Moreover, all the SOAs is ability to remove the steady-state 

oscillation, increasing the tracking efficiency of MPPT controller. With simple 

implementation, high response, fewer parameters, and low-cost microcontrollers, PSO is 

attracting considerable attentions of the researchers in enhancing the operating efficiency of 

PV generation system [36]. 

To improve the performance of the traditional PSO technique, differential particle 

swarm optimization (DPSO) algorithm has been proposed in this study. The proposed 

DPSO is performed by large changing in velocity equation in order to search for a better 

solution in the search space. Compared to the classical PSO, the proposed DPSO- based 

MPPT not only removes steady-state oscillation, but also searches the true GP in dynamic 

environment conditions such as partial shading and non-uniform irradiance. Moreover, the 

proposed DPSO demonstrates the superiority as compared to the other SOAs because of 

simpler structure, more efficient and better convergence speed. 

 

2.  Review of problem formulation of MPPT 

2.1. Modelling of the PV module  

 

A variety of equivalent circuit models have been proposed to describe the PV module; 

however, the single diode model, as shown in Figure 1, is the most common [37]. The PV 

model contains a single diode, a current source, an equivalent series resistor RS and a 

parallel resistor RSH. The presence of RSH is caused by the p-n junction leakage current of 

the cell. 
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Figure 1. Modelling of a PV module 

 

The V-I characteristic graph of the diode is determined by the Schockley equation. The 

relationship between the output current I and the photocurrent IPH is given as: 

1

V IR
SI I I

PH D R
SH

 +
 = − −
 
 

                     (1) 

where 

1

V IR
SI I I

PH D R
SH

 +
 = − −
 
 

                         (2) 

where V is the cell voltage, IRS is the reverse saturation current of diode D1, α is the 

diode ideality constant, and VT is the thermal voltage of PV module that is expressed by: 

T
V k
T q

=                                                       (3) 

where k is the Boltzmann constant, k = 1.38 x 10-23 J/K, T is the temperature of the p-n 

junction in Kelvin and q is the electron charge, q = 1.6 x 10-19 C. The specialized PV 

module, namely TP250MBZ, whose parameters is shown in Table 1 is used to obtain the V-

I and the P-V graph as given in Figure 2 [38]. From Figure 2 it can be seen that the MPP is 

significantly influenced by changes in solar irradiances. 

 

Table 1. Parameters of the TP250MBZ 

Parameters Values 

Maximum power (W) 250 

Maximum voltage (V) 30 

Maximum current (A) 8.3 

Short circuit current (A) 8.83 

Open circuit voltage (V) 36.8 
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Figure 2. I-V and P-V characteristics of the PV module under normal condition 

 

2.2. PV arrays under PSC  

 

A PV system consists of a large number of identical solar cells connected in series and in 

parallel to increase its voltage and output power. At all time, each cell can receive a 

different amount of solar energy because some cells might be covered by nearby tree, 

chimney, or cloud, known as PSC [39,40]. In this case, the sunlight energy received by the 

shaded cells is lower than that obtained by the non-shaded cells, so the current generated by 

the non-uniform illuminated module is less than that of the fully illuminated module, which 

directly accounts for the power loss [41]. 

To solve this problem; therefore, each PV cell is normally connected in parallel with a 

bypass diode to produce other path for the excess current to flow. Figure 3 presents the 

characteristics of the I-V and P-V system under equal irradiance and PSC conditions. It can 

be seen from Figure 3 that a single MPP is appeared on the P−V characteristic curve in case 

of equal exposure of light. Meanwhile, under PSC, there are multiple local peaks and one 

the GP, giving the true MPP on P-V curves, and the number of peaks depends on the level 

of irradiance provided to each module [42,43].  

 

 

Figure 3. The I-V and P-V characteristic during PSC 

 

3.  Review of SOAs approaches  

 

In this section, five highly efficient algorithms suitable to track MPP of PV systems are 

discussed concisely, including GA, DE, HS, PSO and proposed DPSO. The general feature 

of all these methods is to move towards the optimum point in the search space from an 

initial solution. Assume the size of the population is considered as N and the dimension of 

each element of the population is considered as M, where M represents the total number of 

variables. Thus, the initial solution is denoted as X = [X1, X2,…, XN]T, where ‘T’ denotes 
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the transpose operator. Each individual Xp (p = 1, 2,…, N) is given as Xp = [Xp,1, Xp,2,…, 

Xp,M]. The detailed algorithms of various methods are described below for completeness. In 

all these algorithms, the index p varies from 1 to N, whereas the index q varies from 1 to M. 

3.1. Genetic Algorithm  

 

Genetic Algorithm (GA) is a nature inspired meta-heuristic optimization approach, 

which is proposed by Holland in 1975 [44]. This algorithm is suitable to solve any 

optimization problem based on principles of biological evolution. The algorithm starts with 

a randomly generated solution called chromosomes, which are recombined or mutated and 

then tested to define a predefined fitness function. GA finds the best solution by 

reproduction, crossover and mutation operations [45]. The crossover factor (CF) is known 

as the probability of pairs of chromosomes to produce offsprings, whereas mutation factor 

(MF) describes the probability of changing the status of a randomly selected binary bit of a 

chromosome from 0 to 1 and vice versa. The different steps of GA are as given in 

Algorithm 1 [46].   

Algorithm 1.  

Step 1. Select CF and MF  

Step 2. Initialize population of chromosomes 

Step 3. Set iteration i = 1 

Step 4. Calculate fitness function value of each chromosomes Fp
i = f(Xp

i), ∀p and find 

the index of the best chromosomes b ∈ {1, 2,…, N}.  

Step 5. Perform the three processes (selection of chromosomes, crossover of parents and 

mutation of offsprings) to generate a new set of chromosomes Xp
i, ∀p 

Step 6. Evaluate fitness function of each particle after updating Fp
i+1 = f(Xp

i+1), ∀i and 

find the best chromosome b1 

Step 7. If Fb1
i+1 < Fb

i
 then set b = b1 

Step 8. If i < Maxite then i = i+1 and goto step 5 else goto step 9 

Step 9. Print optimum solution as Xb
i. 

 

3.2. Differential evolution  

 

Differential evolution (DE) is particle-based optimization method, which is used for 

global optimization applications [47]. DE relies on initial random population generation, 

which is then, improved using by crossover, mutation and selection operations on a 

population. DE primarily utilizes the mutation operation to generate a mutant element from 

the difference between two mutually independent elements multiplied by a mutation factor 

F. Then, crossover operation is performed to generate trial elements, whose size is the same 

as the population. Crossover rate (CR) is the so-called crossover constant in the range of [0, 

1], which is used in the condition statement of the crossover section. Subsequently, 

selection operation is performed to pick up better trial elements [48]. The different steps of 

DE used in this study are presented in Algorithm 2 [49]. 

Algorithm 2.  

Step 1. Choose F and CR  

Step 2. Initialize population of elements X 

Step 3. Set iteration i = 1 
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Step 4. Calculate fitness of elements Fp
i = f(Xp

i), ∀p and find the index of the best 

element b 

Step 5. Perform mutation with three mutually different random indices t1, t2, t3 ∈ {1, 2, 

…, N} to generate trial solution 

, 1, 2, 3,( ), p,qi i i

p q t q t q t qT X MF X X= + × − ∀                           (4) 

Step 6. Perform crossover on trial solution with the help of the CR and a randomly 

generated index randb where randb = randp(M) ∈ {1, 2, . . ., M} 

,
,

,

if () or

if ()
p q

ip q
p q

T rand CR q randb
Y

X rand CR and q randb

 ≤ =
= 

> ≠
             (5) 

Step 7. Evaluate trial fitness TYp = f(Yp,1, Yp,2, . . ., Yp,M), ∀p 

Step 8. Perform selection of trial solution ∀i 

1 ,
,

,

if

if

i
i p q p p

i ip q
p q p p

Y q TY F
X

X p TY F
+

 ∀ <
= 

∀ ≥
                        (6) 

Step 9. Evaluate fitness function value Fp
i+1 = f(Xp

i+1), ∀p and find the index of the best 

element b1 

Step 10. If i < Maxite then i = i+1 and goto step 5 else goto step 11 

Step 11. Print optimum solution as Xb
i. 

3.3. Harmony search  

Harmony search (HS) algorithm is inspired the improvisation process of musicians, in 

which each solution called harmony is defined by a vector [50]. The algorithm is guided by 

harmony memory consideration rate (HMCR), pitch adjustment rate (PAR) and bandwidth 

(BW) to obtain improved harmony memory (HM). The different steps of HS are shown in 

Algorithm 3 [51]. 

Algorithm 3.  

Step 1. Set parameter BWmin, BWmax, PARmin, PARmax and HMCR  

Step 2. Initialize population of harmonies X 

Step 3: Calculate fitness of elements Fp
i = f(Xp

i), ∀p and find the index of the best 

harmony b and the index of the worst harmony w.  

Step 4. Set iteration i = 1 

Step 5.  

( )      /min max minPAR PAR i PAR PAR Maxite= + × −             (7) 

Step 6.  

( )     /max max minBW BW i BW BW Maxite= − × −                    (8) 

Step 7. Generate a new harmony with randomly generated numbers rp ∈ [0, 1] and rq ∈ 

[0, 1], ∀q 

 
( ),

( ),

min, max,q min,

() W, if R

if R

() ( ),

randp N q p q

q randp N q p q

q q

X rand B r HMCR and r PA

NH X r HMCR and r PA

X rand X X otherwise

 + × < <


= < >
 + × −

        (9) 

Step 8. Evaluate trial fitness TY = f(NH1, NH2, . . ., NHM) 

Step 9. 
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 , w w,, ,i i i i

b b q q q qif TY F then X NH q elseif TY F then X NH q< = ∀ < = ∀       (10) 

and find the index of the worst harmony w else goto step 7 

Step 10. If i < Maxite then i = i + 1 and goto step 5 else goto step 11 

Step 11. Print optimum solution as Xb
i 

 

3.4. Particle Swarm Optimization 

Particle swarm optimization (PSO) is a swarm intelligence-based metaheuristic 

optimization technique, which was initially developed by James Kennedy and Russell 

Eberhart in 1995 [52-54]. This algorithm is inspired by social behaviour of birds flocking 

together, in which the swarm is made of potential solutions called as particles.  Each 

particle flies in the search space with a certain velocity and save their best position; 

meanwhile the overall best position of the swarm obtained by any particle during the flying 

process is also kept in the collective memory. The next position of each particle in the 

search space is decided by the present movement, best individual position and the best 

position of the swarm obtained so far. The initial velocity of the population is denoted as V 

= [V1, V2, …,VN]T, where ‘T’ denotes the transpose operator. Thus, the velocity of each 

particle Xp (p = 1, 2, . . ., N) is given as Vp = [Vp,1, Vp,2, . . ., Vp,M]. The different steps of 

PSO are given in Algorithm 4 [55]. 

Algorithm 4.  

Step 1. Select w, c1 and c2  

Step 2. Initialize positions X and velocities V of each particle of population 

Step 3. Set iteration count i = 1 

Step 4. Evaluate fitness function value of each particle Fp
i = f(Xp

i), ∀p and find the best 

particle index b 

Step 5. Select Pbestp
i = Xp

i and Gbest
i = Xp

i 

Step 6.  

( )–  –  /
max max min

w w w w ite maxite= ×             (11) 

Step 7. Update velocity and position of each particle using two following equations: 
1

, , 1 1 , , 2 2 ,( ) ( )i i i i i i

p q p q best p q p q best q p qV w V c r P X c r G X
+

= × + − + −                 (12) 

1 1

, , ,

i i i

p q p q p qX X V
+ +

= +                                                    (13) 

Step 8. Evaluate fitness of each particle after updating Fp
i+1 = f(Xp

i+1), ∀p and find the 

best particle index b1 

Step 9. Update Pbest of each particle ∀p   

  
1 1 1 1, ,i i i i i i

p p bestp p bestp bestpif F F then P X p else P P p
+ + + +

< = ∀ = ∀                (14) 

Step 10. Update Gbest of population 

  
1 1 1 1

1 1 1,i i i i i i

b b best bestb best best
if F F then G P and b b else G G

+ + + +
< = = <        (15) 

Step 11. If i < Maxite then i = i+1 and go to step 7 else go to step 12 

Step 12. Optimum solution obtained print the results of optimum generation as Gbest
i 

 

3.5. Proposed Differential Particle swarm optimization  
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Differential Particle swarm optimization (DPSO) is a modified version of PSO, which is 

added by a feature into 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:  

  
1

, , 1 1 bes , 2 2 , 3 3 , ,( ) ( ) ( )i i i i i i i i

p q p q tp p q bestp p q l q p qV w V c r P X c r G X c r X X+ = × + − + − + −        (16) 

1 1

, , ,

i i i

p q p q p qX X V+ += +                                                                                               (17) 

In Equation (16), 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. Figure 4 shows the search mechanism of the 

proposed DPSO in a multidimensional search space. 

 

Figure 4. Proposed DPSO search mechanism of pth particle at ith iteration in a multi-

dimensional search space 

 

In Figure 4, Pbestp,q
i represents personal best qth component of pth individual, whereas 

Gbestq
i represents qth component of the best individual of population up to iteration ith.  

It is found from Figure 4 that the proposed DPSO is performed by adding one more term 

(Vp
Diff) 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, which is suitable to track MPP under PSC. The different steps of proposed 

DPSO are presents in Algorithm 5. 

Algorithm 5.  

Step 1. Set w, c1, c2 and c3  

Step 2. Initialize positions X and velocities V of each particle of population 

Step 3. Set iteration count i = 1 

Step 4. Evaluate fitness of each particle Fp
i = f(Xp

i), ∀p and find the best particle index b 

Step 5. Select Pbestp
i = Xp

i and Gbest
i = Xb

i 

Step 6. w=wmax – (wmax – wmin)xite/Maxite  

Step 7. Update velocity and position of each particle using eqns. (16) and (17): 

Step 8. Evaluate updated fitness of each particle Fp
i+1 = f(Xp

i+1), ∀p and find the best 

particle index b1 
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Step 9. Update Pbest of each particle ∀p   

  
1 1 1 1, ,i i i i i i

p p bestp p bestp bestpif F F then P X p else P P p
+ + + +

< = ∀ = ∀                 (18) 

Step 10. Update Gbest of population 

 
1 1 1 1

1 1 1,i i i i i i

b b best bestb best best
if F F then G P and b b else G G

+ + + +
< = = <         (19) 

Step 11. If i < Maxite then i = i+1 and go to step 7 else go to step 12 

Step 12. Optimum solution obtained print the results of optimum generation as Gbest
i. 

 

4.  Application of SOAs to MPPT  

 

In this work, for tracking MPP of PV system by different metaheuristic optimization 

methods, each method has been executed 100 times. Subsequently, with these results 

obtained from 100 runs, including actual power, measured power, tracking time and 

efficiency have been compared in order to demonstrate the best meta-heuristic optimization 

method for solving MPPT problem. It can be noted that the duty cycle value d of the dc–dc 

converter is selected as the particle position in the search space. Meanwhile, the output 

power is defined as the fitness value evaluation function. The main steps of SOAs-based 

MPPT are described in Algorithm 6 and its comprehensive flowchart is shown in Figure 5: 

Algorithm 6.  

Step 1. Each SOAs method will start the optimisation from a random initial value that is 

determined as follows: 

  [ ]1 2 3, , ,...,i

p ND D D D D=                                                                                            (20) 

Here N is the number of particles and i 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 2. After the digital controller sends the PWM command according to the duty cycle, 

which also represents the position of particle i, the output voltage VPV and current IPV are 

defined, which are the basis of calculating the output power of PV system  

Step 3. Set RUN = 100 

Step 4. Call a SOAs 

Step 5. If RUN < 100 then RUN = RUN + 1 and goto step 4 else goto step 6 

Step 6. Evaluate the measured power, tracking time and efficiency for 100 runs 

Step 7. Print the result for the best RUN 
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Initialize positions and velocity of each particle 

d=d0, V=0,1*d0

Sense V(i)*I(i). 

Calculate initial fitness of each particle 

P(i) = V(i)*I(i)

RUN=1

Call a MOA

Store the result

If RUN>100

Evalute objective function 

value and tracking time

Save the result for the best 

RUN

RUN=RUN+1

yes

No

 

Figure 5. The overall flowchart of MOAs based-MPPT 

5.  Results and discussion  

 

The proposed SOAs-based MPPT was developed on a model that consists of a PV solar 

panel connected to resistive load through a boost converter with MPPT controller, as 

depicted in Figure 6. The output voltage and current of the PV system are provided to the 

SOAs-MPPT block, and then the digital controller generates a PWM duty to control the 

switch of the energy converter with the predefined frequency of 30 kHz. In the other words, 

the MPPT controller is executed according to the duty cycle generated from the SOAs-

based MPPT block.  
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Figure 6. Simulink model of the DPSO-based MPPT system 

 

Figure 7 presents a configuration of connected 8 numbers of PV modules, which 

contains four modules per string with the total output power of 1992 W. In case of PSC, the 

PV modules are partially shaped by the different solar irradiances, which are inputted to the 

tested PV system.  

 

 

Figure 7. The configuration of PV system under test 

 

This model is designed and experimented at Control Engineering and Automatic Lab, 

Ho Chi Minh City University of Transport, Vietnam as shown in Figure 8. 
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Figure 8. The experimental MPPT system 

 

To test the effect of PSC on PV characteristics, two shading cases are considered as 

given in Table 2 and the corresponding V-I and P-V characteristics are shown in Figure 3 

[56]. For the first shading case, the same amount of solar irradiance is provided for all the 

eight PV modules, so there is only one GP appeared on the P-V graph. In the second case, 

under PSC, four peaks are produced in the P-V curve because of non-uniform irradiances, 

in which one GP of 739 W is occurred at the third peak on the P-V characteristic. 

 

 

 

Table 2. Different shading cases of solar energy 

Case Solar irradiances 

(W/m2) 

Theoretical 

value of power 

(W) 

Voltage at 

MPP (V) 

Current at 

MPP (A) 

1 

 

G1 = 1000 G5 = 1000 

1992 120 16.6 
G2 = 1000 G6 = 1000 

G3 = 1000 G7 = 1000 

G4 = 1000 G8 = 1000 

2 

G1 = 900 G5 = 1000 

739 94 7.8 
G2 = 400 G6 = 900 

G3 = 500 G7 = 500 

G4 = 100 G8 = 400 

To achieve the best performance of the proposed SOAs, parameter selection plays an 

important role. During this work, the following procedure is adopted to obtain the best 

parameters of the SOAs as given in Table 3. 
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Table 3. Selection of parameters of MOAs 

Algorithms No. of particle Parameters 

GA 10 CF = 0.8; MF = 0.01 

DE 10 CR = 0.4; F = 0.5 

HS 10 HMCR = 0.7; BW =[0.0001, 0.9]; PAR=[0.4, 1.0] 

PSO 10 c1=c2 = 2.025; w = [0.4, 0.9] 

DPSO 10 c1=c2 = 2.5; c3 = 0.05; w = [0.4, 0.9] 

Noted that the programs have been developed in MATLAB environment and executed 

on an Intel Core i7 processor and 2.66GHz clock frequency with 8192MB RAM. 

In this paper, the SOAs, including DPSO (proposed), PSO, GA, DE and HS are applied 

to find an optimal duty cycle of the boost converter in order to track the true GP of the PV 

system in the two shading cases as given in Table 2.  

Case 1. The uniform irradiances to all the eight PV modules  

Figure 9 presents the numbers of iteration versus particle position. It can be clearly seen 

from Figure 9, the proposed DPSO technique only takes three iterations to converge at the 

optimal point, whereas all the remaining four methods require over four iterations.  

 

 

Figure 9. The particle position in the search space in case of uniform irradiances 

 

Table 4 summaries the results of the different metaheuristic based MPPT controllers 

under the fully illuminated condition. From Table 4, we can see that that the proposed 

DPSO-based approach achieves the maximum power of 1992 W with a tracking efficiency 

of 100%. The tracking time of proposed method is also faster than that performed by PSO, 

GA, DE and HS. 

 

Table 4. Comparison of different MOAs-based MPPT techniques under the fully 

illuminated condition 

MPPT 

techniques 

Real power 

(W) 

Measured power 

(W) 

Tracking time 

(s) 

Efficiency (%) 

DPSO 1992 1992 0.21 100 

PSO  1992 1950 0.27 97.9 

GA 1992 1942 0.28 97.5 

DE 1992 1940 0.3 97.5 

HS 1992 1945 0.3 97.6 

 

Furthermore, Figure 10 shows the response time of output power using different 

optimization methods.  
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Figure 10. The convergences of power to different optimization methods under uniform 

 

From Figure 10, it is observed that the proposed DPSO technique converges to the GP 

very quickly as compared to PSO, GA and DE. It only takes 0.21 s to reach the MPP, 

whereas the PSO, GA, DE and HS methods yields the tracking time of 0.27, 0.28, 0.3 and 

0.3 s, respectively. Besides, less oscillations are appeared on P-V characteristic in case of 

using the proposed DPSO. However, the remaining techniques generate considerable 

oscillations around steady state, thereby, causing energy loss and reduces the efficiency.  

Case 2. Various different irradiance values to all the eight PV modules  

For all the five SOAs, the particle position in the search space is presented in Figure 11. 

From the graph, we can see the convergence speeds are four and five iterations for the 

proposed DPSO and the remaining optimization algorithms. 

 

Figure 11. The particle position in the search space in case of non- uniform irradiances 

 

The results of tracking the MPP using different MOAs under PSC are shown in Table 5. 

 

Table 5. Comparison of different MOAs-based MPPT techniques under the unequal 

illuminated condition 

MPPT 

techniques 

Real power 

(W) 

Measured power 

(W) 

Tracking time 

(s) 

Efficiency 

(%) 

DPSO 739 739 0.19 100 

PSO  739 711 0.24 96.2 

GA 739 720 0.28 97.4 

DE 739 709 0.24 96.0 

HS 739 645 0.35 87.2 

 

It can be observed from Table 5 that the proposed DPSO is capable of tracking the 

maximum power of 739 W with an efficiency of 100%. Meanwhile, these are found to be, 
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in order, 711 W, 720 W, 709 W and 645 W in case of using the other bio-inspired based 

optimization techniques mentioned in this paper. Also, the proposed method reduces the 

convergence time by 20.8%, 32.1%, 20.8% and 45.7% as compared to PSO, GA, DE and 

HS, respectively. 

Figure 12 shows a comparison of the dynamic characteristics of the output power using 

different SOAs-based MPPT controllers.  

It may be found from Figure 12 that DPSO, PSO, GA and DE is ability to escape the LP 

while HS fails to track the GP. Furthermore, the proposed DPSO presents a less steady-

state oscillation as compared to the remaining techniques, so it is promising tool for 

reducing power loss. 

 

 

Figure 12. The convergences of power to different optimization methods under non-

uniform irradiances 

 

6. Conclusion 

 

In this paper, the performance of five distinctive SOAs has been proposed to enhance the 

operating efficiency of PV system under PSC. Two shading cases for a configuration of 

connected 8 PV modules have been selected for comparison of the tested five MPPT 

methods. The simulation results demonstrate the proposed DPSO is outstanding in terms of 

tracking time, number of iteration and tracking efficiency as compared to PSO, GA, DE and 

HS. The proposed DPSO requires 0.19 s to trạck the true GP, whereas the tracking time is 

risen about 20-40% in case of using the other bio-inspired optimization methods. 

Furthermore, the MPPT controller using DPSO technique reaches the tracking efficiency of 

100%, which is better than others. Another advantage of the proposed DPSO is the absence 

of oscillation around the MPP, results in decreasing power loss during PSC. 

In summary, a variety of promising approaches have been available with the help of 

SOAs in smart grid technologies. In the future progress, the author plan to apply the 

proposed DPSO and then do a comparison of different bio-inspired optimization techniques 

in some of the areas, such as electric vehicle charging in smart grids, protection of the smart 

grid and resource scheduling 
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