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Abstract— For a photovoltaic system, therelationship of the output voltage and power isusually non-linear, so it is essential to equip a
MPPT controller in PV systems. Furthermore, the hotspot problem is a common phenomenon, resulting from the PV system
operating under PSC. Partial shading not only damages the PV cdlls, but also makes it difficult to find the global MPP in the
characteristic curves of P-V. The paper proposes a novel version of PSO, namely PPSO in order to detect the global peak among the
multiple peaks, known as the true maximum energy from PV panel. For this, the PPSO algorithm makes the velocity of each particle
be perturbed oncethe particles are struck into alocal minima state in order to find the best optimum solution in the MPPT problem.
The perturbation in the velocity vector of each particle not only helps them tracking the MPP accurately under the changing
environmental conditions, such as large fluctuations of insolation and temperature like PSC; but also removes the steady-state
oscillation. The proposed approach has been tested on a MPPT system, which controls a dc-dc boost converter connected in series
with a resistive load. M oreover, the obtained results are compared to those obtained without any MPPT controller to prove the
efficiency of the suggested method. In addition, this novel version gives the highest accuracy of tracking the optimum power in the
least iteration number as compared to the conventional PSO.

Keywords— boost converter, MPPT, partially shaded conditions, PSO, PV system.

and INC algorithm [8] are the most popular. The P&O
I. INTRODUCTION algorithm is performed based on the disturbance of the

Vietnam has the potential to develop its available output voltage, leading to the output power variation of PV.

renewable energy resources [1] that can be exploited andf:cl)lr th.'s’ the gwectlon of volteflge pert_urbauoln has Ch(;’mﬁed
used in practice have been identified to date including: I\C/I)POIQNWILQ to the rg]ovem_(lalnt_ 0 operaélnﬂ pg)lrln towar tr?
hydropower, wind energy, biomass energy, biogas energy, . However, the oscillation around the balance state has

: lead to the power losses and the increase of convergence
biofuels, solar energy, and geothermal energy [2]. Due to; . -
low fuel costs, environmentally friendly and low-cost time. To improve the P&O method, the INC is implemented

maintenance, PV systems have an important role in theby the comparison between the instantaneous conductance of

development of green energy [3]. However, the disadvantagep v an(_j the der|vat_|v_e rate of con(_juctance. Because of th?
of applying PV array is the high price of installation but the dynamic characterlsnc_ and the size of perturbation step;
low energy conversion efficiency. Besides, the output powerhowever, the cqnvgntlona}l . methods normally suffer .the

of photovoltaic is varied non-linearly with the voltage ste_a_dy—state oscillation, giving rise to the low operating

because of the changing environmental condition [4]. The efficiency of PV [9]'. .

recent PV array conversion efficiency only reaches below To overcome this problems,_the FLC has mtrod_u_ceq to
20 %, it means an amount of 80% of solar energy is lost intrack accurately the MPP by using thr_ee steps: fuzzification,
the environment [3], [5]. An effective solution to this fuzzy_ rule base table and defuzzification [10]. However, the
problem, a MPPT controller is normally combined with an track!ng accuracy depends on the number of_the member
energy conversion to exalt the operating efficiency of functions, so the ANN [6], [11] is = proposed in order to

- : ; lute this problem. In spite of the higher operating
photovoltaic systems [6]. Due to the simple implement and Sout .
fast computing time, the MPPT controller using the P&O [7], efficiency, the ANN should be regularly trained because the
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PV characteristic varies to its life. 700

T T T T T T T T

For tracking MPP, the hotspot problem is very important ; ! Globel peak: ‘ ‘ ; ;
in case of PV systems under PSC and can damage PV cell  °®r -7 "7- " r- " g /7 "ry - m o1
[12]. To avoid this situation, some of adaptive behaviors wol o LN s
algorithms, including GA [13], DE [14], and PSO [15] have ; ; ; ; ; ; / w
been applied to the MPPT controllers. Nevertheless, itis not £ 4o -~ - -0 /A Lo o A\ |
easy for these methods to determine the global peak becaus ; ; ; ; w ! : ;
of the appearance of multi-local peaks in the PV £ 30p - p/ oo ‘LOCEIP?‘—‘ SRR S
characteristic provided. * i | | | | | | |

In this current study, PPSO has been developed to *°[ "/ 7 """ " 0T N
enhance the operating efficiency of PV. The proposed ool _ 737 o Tl - L o 73 o 71 o L - 737 o Tl R
method is based on the perturbation of the velocity whenever ! ! | ! | | | i
the particles move toward the local minimal. In addition, the 0 1 1 1 1 l 1 l l
obtained results are compared to other conventional MPPT RO, AU AN
methods to demonstrate the superiority of the PPSO- based
MPPT controller, even under the varying environmental Fig. 2 Characteristic curve of PV modules under PSC
condition. A. ABrief of PSO Algorithm

II. MATERIALS AND METHODS PSO is considered as a swarm intelligence, which is

. introduced in the first time by Kennedy and Eberhart in 2002
Figure 1 shows that the PV system modules are connecte¢, ) at first, each particle is initialized by random solutions

to a parallel-series matrix gk Np) [12]. Nevertheless, atall 5,4 then keeps searching for the optimum solution by

time, each cell can receive a different amount of solar energy ndating generations. It can be noted that these particles fly
because some modules might be covered by nearby tree, the search space by.Rand Geq Mathematically, the

Ch"‘?”ey’ or cloud, known as PSC [16]. In this case, the position of each particle is determined in the search space as
sunlight energy received by the shaded cells is lower thang;;q.vs:

that obtained by the non-shaded cells, leading to the hotspot

problem. In other words, the hotpot phenomenon is occurred

by absorbing the electric power generated by the non-shade/t = wxvjsg + ¢ (Poest o - XK 4) + cory(Goestt - XK ) 1)

PV cells, giving rise to damage PV systems [17], [18].

N X =xK g v 2)
M

NP RS

Where:
* * IVV\’ C1, & learning factors;
N

lo

ry, r;: random number between (0,1);
w: inertia factor.

Nplpy
Poestand Gegiare determined as stated before. The search
mechanism of PSO in a multidimensional search space is
illustrated in Figure 3.

®
totl

Fig. 1 Series-parallel structure of a PV array
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In case of PSC, a PV cell has connected in parallel with a
bypass diode to produce other path for the current in order to
remove the hotspot problem. However, the disadvantage of
inserting a diode is the presence of multiple peaks on the
characteristics of the P-V, as shown Figure 2, in which there
is only one global optimal point, giving the true MPP [19].

A variety of the conventional MPPT algorithms is
proposed to detect this GP during PSC, but they are not
effective because of high power loss [20]. To overcome this
problem, some approaches are mentioned for finding the true
MPP, in which the PSO-based MPPT algorithm is suggested
controlling several PV arrays with a pair of voltage and - ; >
current sgnsors [10]. Howevir, it is diﬁigult to detectgthe GP Fig:3 The search mechanism of PSO
because it is trapped into a local optimum, and hence
requires an improved PSO to overcome this problem.
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IP: Initialized Particle

PP: Perturbed Particle

LCP: Locally Converged Particle
Arrow: Represents direction of move
Length of arrow: Values of velocity

IP?
Local optimum
\PPS

Global optimum

Fig. 4 Dynamics of particle in the multi-dimensional search space in the algorithm based on PSO

Compared to many similar population bionic intelligent Step 1: Generate the swarm randomly in search space
algorithms, particles that can converge to the optimum pointsubject to upper and lower bounds and initialize the
make the convergence speed of PSO faster. It can be segmarameters of PPSO.
from the egn. (1); however, after a certain number of Step 2: Calculate the fitness function of each particle
iteration, a slow decrease for the velocity of each particle using the equation as following:
can be observed, arising from the effect of the inertia weight
w [22], [23]. Therefore, each particle is not capable to reach Fm=f (Xim), 4)

a position considerably for the smaller velocity; in other

words, it is easy for them to be struck into a local optimal )

state. Figure 4 shows the dynamics of special particles, SteP 3: S€bbes”= x™ , Vi and Gpest™ = X"

which have longer arrows in the PSO algorithm’s search Step 4: After setting the iteration count m = 1 and the

space. tolerance t = 1, the velocity and position of each particle is
. updated by using eqgns. (1) and (2).

B. TheImproved PPSO Algorithm Step 5: The fitness values of each particle corresponding

The PPSO makes the velocity vector of each particle beto its new velocity and position are calculated as follows:
disturbed once it reaches to a local peak. In other words, the
velocity of each particle should be reset if there is no the = f(x_mﬂ)'
best search solution of population after a certain number of ' ' (6)
iterations. The perturbation of velocity can help particles o
getting a great thrust to push them escaping from the optimaihere the best particle is indexedpay .
region with a local property. The perturbed velocity for each ~ Step 6: The updated personal experiment and overall

particle can be updated by the following equation. experience for each particle are corresponding to:
V™ = Ppest™ if F™<F" then Pbest™=X"™ dse Pbest™ = Pbest™ (6)
1] 1]
@ it F™<FE" then Gobest™ < Pbest,™
It is noted that the tolerance should be relaxed in order toandset p=p, ese  Gbest™ < Gbest" @)

receive another opportunity to continue the search process
for a pre-defined number of iterations. It can be concluded Step 7: The perturbation of velocity is performed as
that the particles can keep searching the optimal solution infgllows:
the multidimensional space to avoid the local peaks by
perturbing the velocity of each particle. if t<t _ then V=Pbest
Detailed procedures for optimizing using PPSO can be m

; dset t=1 e t=F"-F,™
presented in steps: an e p P

(8)
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Step 8: The optimum process is repeated until the pre-

defined iteration is met
Step 9: The optimum solution is reache@e{3

C. ThePPSO-based MPPT algorithm for the improvement
of the output power

The overall flowchart of the PPSO-based MPPT method
is illustrated in Figure 5.
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Fig. 5 Diagram of the proposed PPSO_MPPT

Firstly, the initial position of particle is chosen by the
random value of duty cycle (d) of a boost converter while
the fitness function is determined by the output powgp) (P
of PV system. The initial value of (d) should be subjected to
upper and lower bounds, [, Dmad- Next, a PWM

particle is obtained. Finally, the PPSO algorithm updates the
position and velocity of particles based on the personal and
overall experience until the optimum value of the duty cycle

is obtained. It can be careful that the perturbation of velocity
is performed once the tolerance limit has not met.

It can be noted that each PV module is connected in
parallel with a by-pass diode in order to remove the hotspot
problem. In case of PSC, the PV modules are partially
shaped by the different solar irradiances, which are inputted
to the tested PV system,Yand | of the PV system are
provided to the PPSO-MPPT block, after that the digital
controller generates a PWM duty aiming at controlling the
switch of the energy converter with the pre-defined
frequency of 30 kHz. The MPPT controller is executed
according to the duty cycle generated from the PPSO-based
MPPT block. It can be observed from Fig. 6 that the energy
converter includes an inductor of 30 mH connected to a
capacitor of 10 mF and a switch connected in parallel with a
diode.

Firstly, the simulation of a PV array under PSC is
performed in case of without any MPPT controllers. The
obtained maximum power results given in Table 1 are
corresponding to the difference in solar irradiances of four
PV modules.

I1l. RESULTS AND DISCUSSION

The proposed PPSO algorithm has been used for tracking
the optimum power during PSC in current study. Achieved
empirical results of the case with the MPPT controller are
compared with none. It is the basis for demonstrating the
reliability of the proposed method. For this, the following
parameters have been considered for the novel PPSO variant.
In particular, the parameters are selected using a loop to
optimize parameters.

* The size of swarm is set as 100

« The inertia weight belongs the range of 0.4 and 0.9
» Acceleration factors,;= ¢, =2

» Maximum iteration is set to 1000.

With the support of Core i7 processor with the clock
frequency corresponding to 2.66GHz and 8192MB RAM,
the calculation program has been developed in MATLAB
environment.

For tracking MPP, the suggested PPSO-MPPT algorithm
is performed based on a typical system composed of a PV
panel and a boost converter integrated with a MPPT
controller, as shown in Fig. 6. According to Figure 7, PV
modules have been connected in series with the test subjects.

It can be clearly seen in case 1, all of PV modules are
provided the maximum solar irradiance of 1000 W/rhe
maximum output power of PV system reaches to 908.6 W,
which is presented by only one peak on the PV characteristic.
The case 2, 3, 4 and 5 are tested, in which the solar
irradiance supplied for tHgst PV module is retained, while
other modules are shaped by the different sunlight energy. It
can be observed in case 2 and 4 that the solar energy of the
second and third PV modules is the same, results in there are

command corresponding to the duty cycle is sent from athree optimum points on the P-V characteristic. However,

digital controller, the output voltage ) and current ¢l
are practically measured, Pof PV system is thus calculated.
After the fitness of each particle is evaluated, the best initial
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In the case of using the PPSO-based MPPT controller, theresults are compared to those reached in case of without any
variation of solar irradiances supplied for the four PV MPPT controllers under PSC, as expressed in Table 3.
modules are shown in Table 2. Furthermore, the obtainedFigure 8 shows the dynamic characteristics of PV.

MPPT
PPSO_test Parameters
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Ts=1e-05s. Param
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Fig. 1 Simulink model for the system of PPSO_based MPPT
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Fig. 2 Simulation model of four PV models connected in series performed in Simulink

Table 5 shows that the accuracy of MPP monitoring whenin PSC. The accuracy of tracking the optimum power
using the PPSO-MPPT controller for all tested cases is morereaches to 99 %, demonstrates the superiority of a suggested
than 90%. Figure 8 shows that the PPSO-MPPT algorithmmethod in comparison with the cases of without using MPPT

has the ability to detect relatively good global optimal points controllers.
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TABLE |

THE SOLAR IRRADIANCE FORG1TO G4

Thesolar irradiance

Case 2 2 2 2

G; (W/m?) G, (W/m?) Gz (W/m°?) G4 (W/m?) Prax (W)
1 1000 1000 1000 1000 908.6
2 1000 900 900 500 715.4
3 1000 900 800 500 626.5
4 1000 800 800 500 526.7
5 1000 700 600 500 412.6

TABLE Il
THE VARIABLE VALUE OF SOLAR IRRADIANCE FOR THE SYSTEM OPPSOBASED MPPT
Thesolar irradiance

Case 2 2 2 2

G (W/m?) G, (W/m?) Gz (W/m?) G4 (W/m?)
1 [1000 1000 1000] [1000 900 600] [1000 800 500] [1000 600 300]
2 [1000 1000 1000] [800 900 900] [300 800 900] [300 600 900]
3 [1000 1000 1000] [1000 900 800] [800 900 1000] [400 1000 600]
4 [1000 1000 1000] [800 900 500] [800 900 500] [600 1000 300]

PY Power (W)

PV Power (W)

TABLE Ill

THE VALUE OF MAXIMUM POWER WITH/WITHOUT PPSO-MPPRLGORITHM

Case Maximum power (W) MPPT power (W) Tracking accuracy (%)
[908.6, 725.5, 475.3] [900, 708, 430] [99.1, 97.6, 90.5]

2 [528.6, 725.4, 914.6] [500, 710, 900] [94.6, 97.8, 98.4]

3 [598.2, 950.4, 771.5] [560, 900, 740] [93.6, 94.9, 95.9]

4 [727.5, 950.4, 475.3] [710, 910, 450] [97.6, 95.7, 94.7]
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Fig. 3 The dynamic characteristics of the PV power in case of using PPSO-MPPT
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V. CONCLUSION

The PPSO algorithm was investigated aiming to find the [7]
global peak of PV systems in this study as well as to
enhance the efficiency in the operation process of PV
systems. Furthermore, obtained results have been compareg
to the cases of without using any MPPT controllers. Under
PSC, the swarm optimization algorithms can track the
optimum power points, but only the proposed PPSO
algorithm has the capability of tracking the global optimal [9]
(the true maximum among the multiple local minimal). Like
the classical PSO, the mentioned PPSO-based MPPT is
showed the capability of making the steady-state oscillation[10]
with smooth characteristic. Moreover, the MPP accurately
under large fluctuations of insolation as well as temperature
is found. The novel variant, the PPSO gives the higher
tracking accuracy with faster convergence speed asyyq)
compared to the original PSO.

NOMENCLATURE (12]
ANN Artificial Neural Network
Al Artificial Intelligence
DE Differential Evolution (13]
FL Fuzzy Logic
FLC Fuzzy Logic Control
GA Genetic Algorithm [14]
GP Global Peak
Gpes Overall Experience
LP Local Peaks
MPP Maximum Power Point [15]
MPPT Maximum Power Point Tracking
NN Neural Network [16]
Pres Personal Experience
PPSO Perturbed Particle Swarm Optimization
PSC Partially Shaded Conditions [17]
PSO Particle Swarm Optimization
PV Photovoltaic
INC Incremental conductance

[18]
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