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Abstract

In this study, a hybrid Ant Colony Optimization-Particle Swarm Optimization (ACO-PSO) algorithm was proposed to optimally deter-
mine the maximum power point tracking (MPPT) parameters. The main goal of current study is to improve the overall performance of
the MPPT system.The efforts of oscillation filtering and noise suppression were taken in this design, as well as the time response and the
settling time. The proposed method is employed to track the global MPP under different shadow conditions, based on three different
irradiation levels to test the ability and accuracy of the proposed method. The results of tracking MPP by the proposed MPPT technique
showed that the improved method tracked the MPP for all the tested cases with a reasonable accuracy and in a very short convergence

time as compared to the P&O method.
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1. Introduction

Photovoltaic (PV) module only converts a relatively low percent-
age of its incident solar irradiation into electrical energy, which
means its efficiency is modest [1]. Main step in increasing the PV
cell efficiency is by employing one of the MPPT techniques to
obtain the maximum probable power from a varying PV sources.
Normally, MPP analytically determined from the power-volt (P-
V) characteristic curve and voltage-current (I-V) characteristic
curve. Each curve has a unique point named MPP, whereby the
module is operating at its maximum efficiency to yield the maxi-
mum output power, depending on its operating conditions (radia-
tion and temperature). Therefore, can be defined MPPT method as
a technique that constantly tracks the MPP on the characteristic
curve of P-V or 1-V and to ensure that the PV module can operate
at the optimal point where most power is obtained. Different
MPPT algorithms have been used previously to achieve that task
alongside a DC-DC converter whose duty cycle is varied and is
being used on the load side powered by a solar panel [2]. For this
purpose, there are different methods used to track the MPP. These
methods were deliberated in previous studies.

Perturbation and observation (P&O) technique was used as one of
the most well-known algorithms employed to track the MPP [3,
4] . The simplicity and ease of implementation render it an attrac-
tive method to use [3]. Nonetheless, one of the major drawbacks
of this algorithm is the oscillation around the MPP. Once the algo-
rithm reaches a maximum point (local or global), it will keep os-
cillating back and forth around it, by a value called AV. Therefore,
perturbation size corresponds to the power oscillation around the
MPP. The Incremental Conductance (INC) method can overcome
some of the drawbacks of P&O method [5, 6]. It is still a popular

method, although it is more complex than the P&O. However,
incremental conductance is slightly harder to implement than P&O
[7].In addition, these methods still conventional methods and can-
not distinguish between the local and global MPP.

Therefore, it has become necessary to implement MPPT tech-
niques dealing with such cases. Particle Swarm Optimization
(PSO) algorithm was one of the most widely used [8, 9], since it is
a method utilized towards predicting the PV system’s MPP accu-
rately [10, 11]. Meanwhile partially shaded 1-V curve exhibits
multimodal characteristics, PSO methods are envisaged and very
effective to track global MPP and distinguish it from the local
ones under this condition [12, 13]. Fast changing in the weather
condition needs to do iteration fast, but long convergence time is
required for PSO based MPPT, which make it less effective in
case of rapid weather changes . Ant Colony Optimization (ACO)
method is supposed to be one of the most effective methods in the
operation of tracking MPP from a PV. This is because it combines
a positive feedback appliance, distributed calculating, as well as
greedy search method. In the process of searching for the optimal
solution, it has a sturdy level of ability like, the positive feedback
mechanism which guarantees that the ACO is almost capable in
perceiving fast and optimal solution in the early stages. By com-
bining the advantages of both methods, PSO and ACO techniques,
a desirous search, adequate results are quickly obtained and effi-
cient MPP results are achieved. In this sense, many numbers of
studies have been achieved in the field of MPPT performance
improvement. However, there is no study carried out both of the
convergence time and accuracy in a time with a reasonable value.
Therefore, this study aimed to achieve a high number of accuracy
level within a very short convergence time.

In this paper, a new technique based on hybrid ACO-PSO algo-
rithm to track the global MPP for a PV system operates with dif-
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ferent partial shadow conditions and rapid weather change has
been presented. It combines both, the simplicity in the search pro-
cess and accuracy of the acquired results. To verify its validity,
the presented technique is then compared with PSO based on P&O
MPPT algorithm. The implemented method is simulated and test-
ed using Matlab Simulink software.

2. Materials and Methods

Proposed method

As mentioned earlier, the importance of MPPT techniques dedi-
cated in its ability of achievement the best value of extracted pow-
er point from PV panels through any operation condition. Most
implemented methods succeed in tracking and extracting the max-
imum power point. However, each method has its obstacles and
implemented in a certain weather condition for a specific system.
Also, there is no method considered all available shadow condi-
tions; like shadow conditions with rapid change in the weather
conditions.

Therefore, a new method developed in this study to track the glob-
al MPP under both rapid and partial shadow conditions. In addi-
tion, the presented method combines the simplicity and improve
efficiency of the extracted power via different weather conditions.
Consequently, the proposed MPPT based on ACO-PSO and varia-
ble step size P&O applied and tested through three different shad-
ow conditions. In all these shadow conditions, the MPPT method
and optimal PID controller presented a clear enhancement for all
oscillation round MPP, the settling time and the response time.
The ACO is a combination of positive feedback mechanism, dis-
tributed computing, and a greedy search algorithm. It has strong
abilities to look for the optimal solution. For instance, the positive
feedback mechanism ensures that the ant colony algorithm is able
to identify the optimal solution in earlier stage. By using the
greedy search, the acceptable solution is quickly found and effi-
ciency of the system is improved. Therefore, the MPPT conver-
gence speed problem in a PV system is solved through modified
ACO-based optimization. ACO-based MPPT is applied in this
study to find the shortest path, to increase convergence speed. The
equation below describes the ant’s behaviour towards finding the
shortest path to the global MPP point, denoting the amount of
pheromone toward the shortest path.

Ph,, =Ph, (1-8)+ ZAPth' )

Where Phyy is the amount of pheromone deposited for a state tran-
sition xy, A is the pheromone evaporation coefficient, APhy/' is the
amount of pheromone deposited by it ant.

K/L,

i if ant i uses curve xy in its tour
APh ' = 0

otherwise

Where Li is the cost of the i ant's tour (typically length) and K is
a constant. Due to aforementioned merits of using ACO, the prob-
lem of slow MPP tracking for PV arrays could be solved via
adopting ACO based MPPT [14].

The PSO algorithm relies on population. It uses several possible
solutions in order to establish the best one or a combination of
solutions to a particular problem. Its objective is to provide the
global optimum of the fitness function (the real valued function)
ascribed to a particular search space. The Prest and Gp must be kept
up-to-date at each iteration all through the optimization process.
The mathematical form of acquiring the velocity and updating the
location of each particle is shown in Egs. below, individually. The
equations below are the basis for computing the position and ve-
locity of individuals.

vV i+l :in +C1rl(Pbest -X rl1) +C2r2(Gbest -X r:) 2
" " At At

X = X!+ VIAL ®)

Where the subscription n represents the number of used particles; i
refers to the number of iterations; Vin stands for the velocity vector
of the ni particle and X', for location vector, at it iteration.

The search operation of MPPT within shadow conditions is more
difficult, due to multi peaks appearing on the P-V characteristic
curve. Different local points and only one global point will be
generated on the P-V characteristic curve. A technique of using
Perturbation and Observation method (P&O) combined with a
Particle Swarm Optimization method (PSO) has shown an effi-
cient result for tracking global MPP and differentiate it from the
local ones [15, 16]. However, it has the disadvantage of long con-
vergence time and failure to track global MPP rapidly, especially
when the array is exposed to fast changing weather conditions.

Therefore, to overcome these drawbacks, this study proposes a
new method of combining the P&O method with a hybrid method
of ACO-PSO. This is because the above mentioned merits of PSO
in differentiating the global point and tracking it efficiently, the
ability of ACO algorithms in adapting to the rapid changes in
weather condition and its fast convergence speed [17, 18]. This
will lead to producing an accurate MPPT method with fast con-
vergence speed. In this method, DC/DC converter (boost convert-
er) is used to control the maximum global point via employing the
proposed MPPT algorithm, which adjusts the duty cycle of boost
converter. The schematic diagram of interleaved proposed MPPT
controller is shown in Figure 1. In the proposed system, to control
the step size, firstly the perturb and observe algorithm are activat-
ed. They are used because of the ability to track the first local
point and changing the step size of the search in a proper way. In
the next step, the calculation process of a hybrid ACO-PSO algo-
rithm is carried out as this can track the global MPP in a very fast
convergence speed and efficient mode.
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= - lxp Ki lh'.d
Output
‘ P Power
X = Whwe 3 4 | ymr PID controller =3  DCDC T
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Fig. 1: Block diagram of proposed ACO-PSO based P&O MPPT and PID
controller.
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As a matter of fact, the performance of any optimization technique
depends on the selected objective function or fitness function. The
integral time absolute error (ITAE) helps in shrinking the peak
overshoot. Also, the integral time square error (ITSE) decreases
the settling time, which cannot be achieved with the integral abso-
lute error (IAE) or the integral square error (ISE) based-tuning
[19]. Consequently, in this research, ITAE and ITSE are used as
objective functions or cost functions to improve the PID design
process, as shown in the next Egs. While the whole combination
system shown in Figure 2.
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Fig. 2: PV system with proposed MPPT diagram & optimal PID controller.
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A combination of ACO-PSO algorithm have been used in this
study and tuning PID controller for the purpose of attaining steady
state condition of extracted power in order to achieve the system
stability and reliability. The study algorithm applied on PV system
from four PV modules operated in two different show conditions.
These processes are represented in Figure 3, which illustrates the
block diagram of PV modules system.
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Fig. 4: Block diagram of a PV array with four PV modules.

3. MPPT implementation under Partial Shad-
oWs

Under partial shadowing conditions, there are many MPPT tech-
niques introduced and proposed in the literature. However, each
method had its restrictions and limitations. Some methods could
track the MPP but it so complicated whereas other methods have
an oscillation around the MPP, but failed to track MPP within fast
changing weather conditions. This is because when the PV system
operates under shadow conditions the 1-V and P-V characteristic
curves will generate many local maximum points and only one
global point. Tracking this MPP global point and distinguishing it
among the local ones is a big constraint for most MPPT methods.
Also, transient issues of extracting power are added up to the limi-
tations facing tracking operation. Therefore, the proposed method
serves to resolve the most important issue; which is to track the
MPP. To insure the capability of proposed method to treat the
most important issue for any change in weather condition, this
study was applied in three different shadow conditions to examine
the reliability of method used.

3.1. First Case Steady

The first applied shadow condition was as in the following se-
quence; 400 W/m?; 400 W/m?2; 800 W/m?; 800 W/m?, for each PV
module and connected in series. The P-V and |-V characteristic
curves of the array of the PV system’s array are as presented in
Figure 5, the output which represents the general characteristics of
the PV model operating in the shadow condition. The results of
tracking the MPP using the proposed method and the P&O com-
parison method are presented and plotted in Figures 6 and 7,
which were recorded under two different levels of shadow condi-
tions. The first level is 400 W/m2 and applied on the 1% and the
2" PV modules, and the second level is 800 W/m2 applied on the
3rd and 4th PV modules, when these four PV modules are con-

nected in a series. The second important issue is the attainment of
steady state condition for the extracted power.

Power (Watt)

L L L L L L
o 10 2 30 40 50 60 7 80 %
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a

Vetage vol)
b
Fig. 4: a: P-V characteristics of the PV array, b: |-V characteristics of the
PV array operating under shadow conditions, (400 W/m?; 400 W/m?; 800
W/m2; 800 W/m2),

The effectiveness of the proposed MPPT method was tested and
investigated through three different shadow conditions, which
represented the most common shadow conditions that could hap-
pen on the PV system. Figure 5 displays the extracted power’s
simulation results through the proposed MPPT technique. Where-
as, Figure 6 is displaying the extracted power’s simulation results
by the P&O comparison method. By using the proposed method, it
can be seen that at the thirteenth selection interval, the algorithm
tracked the local MPP at a value of 231W and at a time of 0.82 s.
The algorithm continued to search until finding the second point
which represented the global point. It was tracked accurately at 3.5
s and 447 W. However, in the comparison method (P&O method),
the first local point tracked at the eighteenth selection interval with
power value ranging from 225 W and 235 W. The global point
was tracked at the time of 4.05 s with power value ranging be-
tween 443 W and 453 W.

500 [~ S—— |
—— proposed MPPT mathod

[ ‘ Time (Second)
Fig. 5: Extracted power using the proposed method (ACO-PSO), under
shadow conditions (400 W/m?; 400 W/m?; 800 W/m?; 800 W/m?).
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IEig. 6: Extracted power using the proposed method (ACO-PSO), under
shadow conditions (400 W/m?2; 400 W/m2; 800 W/m?; 800 W/m?).

From the two Figures (5 and 6), it can be concluded that in addi-
tion to the fast tracking time of the proposed method, it also rec-
orded other advantages in terms of efficiency and time response
besides acquiring the steady state condition around MPP value. In
the tracking operation of the first shadow condition, settling time
of MPP in the proposed method was shorter than the P&O method,
which occurred at 3.5 s for global point. However, it took 4.05 s in
the P&O method. Furthermore, the other important issue consid-
ered in the proposed method is the oscillation pattern around MPP,
which was oscillation-free in comparison with the P&O method;
ranging from 443 W to 453 W along the time after the global MPP
tracking was achieved.

3.2. Second Case Steady

The second case selected shadow condition as per the following
sequence: 600 W/m?; 1000 W/m?; 1000 W/m?; 800 W/m? and the
shape of P-V and |-V characteristic curves of the PV system’s
array are presented in Figure 8. The output represents the general
characteristics of the PV model operating in shadow condition.
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Fig. 7: a: P-V characteristics of the PV array, b: :1-V characteristics of the
PV array, for a system operating under shadow conditions, (600 W/m?
1000 W/m2; 1000 W/m?; 800 W/m?).
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Fig. 8: Extracted power using the proposed method (ACO-PSO), under
shadow conditions (600 W/m?; 1000 W/m?; 1000 W/m?; 800 W/m?).

The result of tracking MPP in second operating condition, using
the proposed method is presented in Figure 8 and by using the
comparative P&0O method presented in Figure 9. In this shadow
condition, the same way of tracking the first shadow condition
was used. However, in this method, two local points and one
global point were taken. In the tracking process, it initially tracked
the first local point at 0.82 s and 445 W in the proposed method.
Afterward, the searching process continued and it tracked the
global point at 5.3 s and 648 W. In the second local point, the
tracker maintained the same power value of global point, although
the change is observed in the power characteristic curve, as shown
in Figure 8. This change is due to the fact that the proposed meth-
od tried to maintain the maximum value of extracted power. How-
ever, as shown in Figure 9, in the second local MPP, the power
extracted in P&O method continued to track the MPP and the
value of power plunges very fast. Under this P&O method, the
maximum tracked power was at 245 W. However, in the proposed
method, it maintained at 648 W.

Another most important comparative point, within the tracking
process, is the proposed algorithm, which tracked the first local
MPP at the twelfth selection interval of 445 W and 0.82 s. How-
ever, in the P&O, it was tracked at power value in the range of 437
W and 447 W and 1.4 s. The tracking process continued searching
until it finding the global point at 648 W and 5.3 s. Similarly, in
the P&O method, the global point was tracked at 5.88 s with a
power value ranging between 640 W and 650 W. In the compara-
tive method, the search continued, resulting in tracking the third
MPP point (i.e. the second local point) at 7.4 s with a maximum
power value of 245 W. Therefore, the important difference be-
tween the proposed method and the P&O method; is that the pro-
posed method was successful in tracking the global point, while
P&O failed in tracking it. Contradictorily, the P&O method con-
tinued tracking each local point on the power curve, which finally
resulted in a decrease in power value at all time values. But, in the
proposed method, the focus was on the global point.

As a general comparison between the proposed and P&O method
during this tracking process, the proposed algorithm tracked the
first local MPP at the tenth selection interval at 0.7 s and 147 W,
but the compared P&O method MPP tracked it at 1.35 s and pow-
er value ranging from 139 W to 149 W. The second local MPP
was tracked at the twelfth selection interval, but in the compared
P&O method, it was tracked at the sixteenth selection interval at
3.9 s and power value between 373 W and 383 W. The third MPP
(global MPP) was tracked at the fourteenth selection interval, but
in the compared P&O method, it was tracked at the nineteenth
selection interval of 6.2 s and power value ranging from 451 W to
461 W.

Therefore, for all the case studies tested in this study, the MPPT
proposed method recorded fast tracks time as compared to the
P&O method which was much slower than the proposed method.
In addition to that, the proposed method also depicts other benefits
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in terms of power efficiency and time response, as well as the
steady state occurring around the MPP values. Additionally, in the
proposed method, the oscillation pattern around MPP was not
found, indicating that it had attained the steady state condition. In
comparison with P&O method where the oscillation around MPP
was present, the third shadow condition was ranging from 451 W
to 461 W, along with the time after the global MPP tracking was
attained.

4. Conclusion

In this study, a new MPPT algorithm based on hybrid ACO-PSO
algorithm has been developed. The proposed method implemented
by referring to the output of the conventional P&O algorithm and
nonlinear characteristics of photovoltaic as an input to the PID
controller. In addition, the proposed method has been used to track
the maximum global power point under shadow conditions. For
this purpose, two different shadow conditions were tested as a
case studies. The results of tracking MPP by the proposed MPPT
technique showed that the improved method tracked the MPP for
all the tested cases with a reasonable accuracy and in a very short
settling time as compared to the P&O method. It was found that
the extracted power had no oscillation around the MPP, when
comparing with the P&O method with a noticeable oscillation
around the MPP, which resulted in decreasing the efficiency of the
extracted power from the PV system.
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