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Abstract

The renewable energy revolution is essential considering the depleting threats and greenhouse gas
production of conventional energy resources. Solar has the priority among renewables due to the availability
of the source almost everywhere. Further, solar photovoltaic (SPV) technology is prominent due to the
direct conversion of sunlight into electricity. However, the non-linear characteristics do not allow the SPV
cell to produce determined power. Therefore, the trackers driven by algorithms are hired to take the
operating point to a maximum power point (MPP). Only soft-computing MPP tracking (MPPT) algorithms
can survive under partial shading conditions (PSC). One of the most renowned soft-computing algorithms
is the flower pollination algorithm (FPA) because it effectively distributes locally and globally. Optimal
utilization of the strengths of FPA to improve its performance in MPPT for SPV cells has been performed
in this research. Results have shown around 86% improvement in tracking speed which is a huge
achievement. Simulations have been performed in MATLAB.

Keywords: MPPT, Solar, Photovoltaics, Algorithms, FPA.

INTRODUCTION

The renewable energy revolution occurred due to the problems of conventional energy
unreliability, soaring costs, and environmental threats [1-3]. Among renewables, the Sun
is the only reliable energy source due to its presence all around Earth [4-6]. In solar
technologies, the SPV is the only existing technology that directly converts sunlight into
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electrical energy using the photoelectric effect [7-9]. However, the SPV faces problems
in producing the maximum possible energy due to its non-linear characteristics [10-12].
The electric load and weather force the SPV to operate far from its peak power point,
which causes power loss [13-15]. To avoid this, MPP trackers guided by MPPT algorithms
are hired [16-18]. The MPPT algorithms can be majorly categorized into conventional and
soft-computing expressed in Figure 1.

Solar Photovoltaic System MPPT
Techniques (stand-alone and grid
connected system)

v v v
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techniques techniques techniques
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Figure 1: Types of MPPT Algorithms [19]

Where the conventional follows the incrementing strategy that fails to identify the MPP
among multiple crests under PSC, however, the soft-computing performs better due to
the utilization of the randomization concept [20-22]. Each algorithm in soft-computing has
a different strategy but it depends on randomization [20-22]. One of the most effective
soft-computing algorithms is FPA [23-25]. It is known for its effective distribution of
solutions across the search space [23-25].

The FPA has proved its dominance over renowned algorithms like Particle Swarm
Optimization in [26], Revised Particle Swarm Optimization in [27], Grey Wolf Optimization
in [27], Genetic Algorithm in [27], and Firefly in [28] in MPPT efficiency and tracking
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speed/time. Multiple researchers have optimized the FPA with multiple different
approaches and have had success to some extent. A scientist in [29], has implemented
the revised MFPA with an introduction of a new equation to select the initial duty cycles.
This attempt to improve the initial cycle boosted the tracking speed up to 35%. Another
researcher [30] attempted to process the pollens through local and global in a single step.
This strategy was applied to enhance the efficiency of FPA and remains successful with
around 0.5% more efficient. Researchers in [31] used the root mean square error, mean
relative error, and mean absolute error approaches to optimize the convergence
efficiency of FPA and got 96% efficient results. Further another concept of cross-
pollination was introduced by a researcher in [32] by merging the local and global
searching and sharing their positions for further placements. The approach seems
effective and achieved a 1% improvement in efficiency and around 32% improvement in
tracking speed. Research conducted in [33] has utilized the concept of random walk to
optimize the efficiency of FPA. The random walk is applied immediately after the
pollination process to optimize the distribution of pollens to get more efficient results. This
contribution has improved the MPPT efficiency of FPA by 0.9%. Multiple other efforts
have been made by various researchers that got reasonable development in tracking time
and minor betterment in efficiency, as the FPA is already one of the top efficient
algorithms.

Analyzing the strategy of FPA, we have revised its strategy to optimize its performance.
The efficient utilization of pollination to avoid randomness to get the effective distribution
of solutions throughout the power curve. The revised structure has outperformed the FPA
in MPPT time.

The research article explains the FPA in section 2 and the revised FPA in section 3.
Results are discussed in section 4 followed by the conclusion in section 5. Whereas,
section-6 presents referred work.

FPA MPPT Algorithm:

The FPA algorithm is one of the top-performing techniques. It has a distribution strategy
for solutions (known as pollens in FPA) at close and far positions through a local and
global pollination process respectively. A first set of randomly generated pollens is applied
and pollen with the optimal result is kept as the best pollen of the set denoted by Phpest.
Further, each pollen in the set would be assigned a new value through local or global
pollination that depends on comparing a random number in the range 0-1 and the
probability switch. This ends up with a new set ready to apply and provide another Pypest.
The process repeats for a defined iteration number and Prest with the optimal value would
be the best pollen among all Prest. Refereed as Goest. Afterward, the FPA searches for
parameter changes (irradiance, temperature, etc.) to reinitiate the tracking process. The
flowchart of FPA is placed in Figure 2.
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Figure 2: Flower Pollination Algorithm [23-25]
Revised FPA MPPT Algorithm:

Observing the strategies of FPA has lightened the idea of better utilization of the
pollination concept to get more efficient results. The FPA takes random pollens and
makes random placements before processing them through pollination which is the weak
area. To get better results, the optimal placement of pollens before processing is
mandatory, afterward the pollination selection would play a vital role in effective
distribution to get the needed results.

The revised FPA initiates five pollens at global positions and processes through local
pollination to attain five positions at a reasonable distance. This would conduct the
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repeated regional distribution of pollens at five local positions. To ensure efficient global
positioning these locally pollinated solutions will be processed through global pollination
to reduce the probability of missing GMPP, and require fewer computations and a smaller
number of iterations due to the limited search area. Additionally, within a single iteration,
the efficient utilization of local and global pollination is attained. Moreover, the
arrangement of collected pollens will be carried out through a hierarchical optimization
approach to minimize the settling time. Finally, the retriggering of the algorithm is based
on the change in weather, which is measured using the changing values of current and
voltage. The application of the existing pollination concept strategy is optimized in this
revised structure of FPA. The flowchart of the revised FPA (RFPA) is designed in Figure
3.
PSRN
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Figure 3: Proposed Revised Flower Pollination Algorithm
Simulation’s Result:

To validate the claim of MFPA, we have simulated a 90-watt SPV system that possesses
a PV array connected with a load through a boost converter. The duty cycle to the boost
converter is provided by the algorithm which in this case are FPA and MFPA. The weather
effects have also been applied to the PV array in the simulation model presented in Figure
4.
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Figure 4: Photovoltaic System's Structure

The weather scenarios applied to the SPV system are standard test conditions
(1000w/m?, 25°C), light shading (one panel of three is shaded 50%), and dark shading
(two panels of three are shaded 50% and 25%). The three conditions are picturized in

Figure 5.
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Figure 5: Solar Photovoltaic System

The characteristic curves of the designed SPV system for the three scenarios are
depicted in Figure 6. At full shine the PV array production capability is 90 watts, however,

it reduces to 57.9 watts at light shading and drops down to 52.83 watts in the dark shading
scenario.

-
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Figure 6: Characteristic Curve of 3S PV System for Strong PSC
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Application of FPA for STC presented in Figure 7 showed good results of 89.24 Watt
which is 99.15% efficient but the time it took is 0.7549 seconds due to the high number
of iterations and large settling time between successive pollens. On the other hand, the
MFPA extracted 89.46 watts from the SPV array which is 99.4% efficient. The efficiency
is better but the main achievement is the time it took to get the GMPP which is only 0.1018
seconds which means 86.5 times faster (far better than FPA). The reason is the efficient
use of concepts, which helped out in minimizing the iterations and settling time.

200 ‘ ‘ . |
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43-‘ 100 F j =
S 0 ‘ ! . X: 0.7549
-100 | | . Y: 89.24
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A) FPA algorithm for Zero Shading

Pmean_PV (W)
T

T T T T

sk | | | | | | . . |
OW || X 0.1018 X 0.1352 ‘ )

Y 89.46 Y 89.46

T T T T

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

1 X 0.1 1 X 0.1386 T N
Y 0.02941 Y 0.02941
i ol i i

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Time (seconds)

B)DA-FPA algorithm for Zero Shading
Figure 7: Simulation Results for 3S Configuration under Zero PSC

Proceeding to the second test, we shaded one of three SPV modules by 50% (it receives
500W/m? illumination) and applied the algorithms. It can be easily observed from the
results in Figure 8 that both the competitor algorithms attained 53.39 watts of power at
different speeds. The MFPA has proved 86 times faster than the FPA in tracking speed
by capturing the target in just 0.1057 seconds. The FPA is slow with a big margin, it attains
the same in 0.7515 seconds.
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Figure 8: Simulation Results for 3S Configuration under Weak PSC

To assess the performance under more complex situations, we applied dark shading to
the SPV system and blocked 50% of the light of one module and 75% of the light of the
second module. This putrefies the power-voltage curve to challenge the algorithms
proving their capabilities. As in light shading, the MFPA has outpaced the FPA with 86
times faster results in achieving the same goal of 52.82 watts. The simulation outcomes
explain the results in Figure 9.
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Figure 9: Simulation Results for 3S Configuration under Strong PSC

To summarize the results and discussion, we have generated Table 1. A detailed
performance presentation of both competing algorithms for each scenario is covered
along with a comparison in tracking speed and efficiency. The Table 1 is sufficient to know
the difference between presented algorithms in all aspects.

Table 1: Performance Comparison for 3S PV System

Partial _ Power Rated Efficiency Tracking Improvement
Shading Algorithms Output Power (%) Speed in Tracking
(W) (W) (sec) Speed (%)
. FPA 89.24 99.15 0.7549
Zero Shading DA-FPA 89.46 % 99.4 0.1018 86.5
Weak Partial FPA 53.39 579 92.21 0.7515 86
Shading DA-FPA 53.39 ) 92.21 0.1057
Strong Partial FPA 52.82 52 83 99.98 0.7515 86
Shading DA-FPA 52.82 ) 99.98 0.1058
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Finally, the changing scenarios are analyzed to check if the algorithm can detect weather
swings. The simulated output in Figure 10 confirms the change detection ability of MFPA
to maintain its routine under numerous environments.
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T T T T T
100} : - ! ! B
X 0.1208 ¢ .
0 U’_\—J_ TL—//' ! X 0.3258 —{pe=r! ! X 0.5288 -
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Figure 10: Performance of DA-FPA Algorithm Under Changing Weather
Conditions for 3S PV system

CONCLUSION

After analyzing the searching strategy of FPA algorithms, we understood its core strength
which is the efficient distribution of solutions at local and global pollinations. Further
optimizing the effective utilization of its strengths to get more accurate and quick results,
we revised the structure of FPA. Despite random pollens, we generated global positions
for pollens to distribute solutions locally across each position. This improves the search
quality by covering the maximum area and reducing the probability of avoiding GMPP.
The MFPA is compared with the FPA at different persistent and varying weather and
found the be more efficient and 86 times faster. Performance is summarized in Table 1
for both algorithms under each weather scenario.
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