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1. INTRODUCTION

Renewable energy is best source for producing power without affecting the environment, and it is a
market trend that is expanding. Additionally, the market for solar energy expands in tandem with rising
electricity consumption [1]. The biggest drawback of solar panels is their low efficiency when compared to
other energy producing technologies. The majority of studies discovered that solar panels convert sunlight into
electricity with an efficiency of about 30%. On the other hand, it may be expensive to add a different controller
and device to increase that efficiency; therefore, we developed a maximum power point tracking (MPPT)
technique that makes the most of the solar panel's potential [2]. The majority of cases demonstrate that the
MPPT makes up for changes in the current and voltage properties of the solar board. More power can be
supplied to the battery in the form of voltage and current thanks to MPPT. The amount of incoming solar
energy and the cell’s operating temperature has a significant impact on the photocurrent. The dc-dc step-up
converter was recycled to adjust the duty cycle so as to modify the load and obtain the greatest power output
from a photovoltaic (PV) module. Maximum power points (MPP) essentially search for the operational point
in real time. The effectiveness of a photovoltaic solar system is increased by using the conventional MPPT
methods under conditions of steady irradiation [3]. The primary weakness of these customary MPPT methods
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is their incapability to mitigate the oscillations of the operating point of photovoltaic system around “maximum
power point” (MPP). The monitor depicts a shading phenomenon caused by the shadows cast by towering trees
and tall buildings [4]. Urban areas witness an impact on performance, attributed to the solar PV's power
generation dependence on solar irradiation and temperature. Furthermore, energy from highly irradiated PV
panels disperses to those with lower irradiation levels, resulting in the conversion of electricity to heat.
Consequently, the overall power output diminishes. This study employs a metaheuristic cuckoo search
optimization (CSO) MPPT technique to tackle this issue [5].

The modeling of solar panels is briefly explored in section 2. Additionally, in sections 3, 4, and 5,
respectively, the operation of the MPPT model followed by the “DC-DC converter” and the “MPPT controller”
has been proposed in order to acquire the maximum power. In sections 6 and 7 detailed methodology of cuckoo
Search MPPT techniques has been briefly presented. Section 6 contains a list of each method's experimental
findings. Finally, the research for part 7 is complete.

2. MODELLING OF SOLAR PANEL

PV/solar cells are devices that directly convert solar light energy to electricity. Sunlight contains tiny
energy particles called photons, which can be renewed into electrical energy. The photovoltaic effect is a term
used to describe this occurrence [6]. When sunlight impacts a PV cell that is short-circuited, it generates charge
carriers that initiate the flow of electric current. Series of parallel interconnection of multiple PV modules is
used to form PV array. Each PV module comprises a collection of interconnected photovoltaic cells [7].

For modeling and control reasons, a photovoltaic panel model is essential. The producers of PV panels
frequently do not provide all the information required regarding the panel. When a PV panel is operating at its
“maximum power point” (MPP), it is most efficiently used. To do this, figuring out the MPP is crucial, which
may be done using an appropriate tracking method like the MPPT algorithm. A buck or boost DC/DC converter
frequently makes an MPPT's operation easier [8].

Employing a PV panel with a stable voltage and power reference, which in turn controls the duty cycle
of the “DC/DC converter”, is an easy way to set up an MPPT. In order to maximize the solar electricity now
accessible in settings that are continually changing, the MPPT of the photovoltaic system desires to be
improved by a controller [9]. The analogous circuit of the photovoltaic cell is shown in Figure 1. PV panels
have a response current of:

. Ny Vpp+ipyR NyVpp+ipyR
o = Iy [exp (22222 ] ks o
The diode current equation is:
_ Vpu+ipyRs)
1o = oo (2222) 1] @

The thermal generated voltage is V; =%. R, and Ry, stand for series and parallel resistance in the

aforementioned equations; a represents diode-ideality factor; In a PV panel, n, and n,, stand for the number of
series and shunt cells, respectively; k;, represents Boltzmann’s constant and the charge of one electron is q.
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Figure 1. Schematic diagram of PV cell equivalents

3. DC-DC CONVERTER

Boost converters are DC-DC power converters that produce an output voltage boost. A step-up
converter circuit using MOSFET switches is shown in Figure 2. Two operating modes are possible for it. When
the boost inductor current ramps up, the transistor turns on, and the diode turns off, mode 1 is initiated [10].
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The diode transmits the inductor's stored energy to the load. By altering the MOSFET's time for turning on or
off, power flow can be managed. The i/p voltage and the o/p voltage are related by (3).

Vo 1
Vi1 ®)

Here, Vi implies response voltage of the PV, Vo refers to the step-up converter’s voltage, D indicates duty
cycle, expressed by (4).

_Ton
D=— 4)

In this context, "Ton" refers to the duration during which the MOSFET is actively turned on, while "T"
represents the total cycle period time. The transistor functions as a switch, being cycled on and off in
accordance with a pulse width modulated (PWM) control signal [11]. PWM operates at a consistent frequency,
with "T" remaining constant and "Ton" being subject to variation. Consequently, the duty cycle "D" can be
adjusted anywhere between 0 and 1. Table 1 indicates the parameters of the DC-DC step-up converter.

Figure 2. Boost converter circuit diagram

Table 1. Converter parameters

Parameter value
Resistance “R” 50Q
Inductance “L” 120 pH

Capacitance “C” 330 uF
Capacitance “C1” 330 pF

4. MAXIMUM POWER POINT TRACKING

MPPT efficiently performs a real-time search for the operational position that generates the maximum
quantity of electricity that can be collected from the solar array at any insolation grade. Discussion and simulation
of five MPPT techniques will take place [12]. A comprehensive MPPT system is composed of four essential
components: a controller, a pulse-width modulation generator, a comparator, and a DC/DC boost converter [13].
An MPPT system is formed by combining a DC-DC converter and an MPPT tracking algorithm. MPP tracking
is the term assigned to this tracking procedure [9]. By adjusting the DC-DC converter's working point to the
appropriate voltage and panel current at MPP, MPP can be monitored. MPP changes with the weather [14].

A “maximum power point tracking” mechanism is engaged in the middle of the photovoltaic panel
and the load to optimize the produced PV power [15]. An MPPT system is conjured of a controller, a “DC-DC
boost converter”, a comparator, and a pulse-width modulation generator [16]. Due to the rapidly changing
weather, it becomes necessary to alter the MPPT controller and algorithm [17] as shown in Figure 3.
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Figure 3. MPP differs with weather conditions
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Figure 4 shows a DC-DC bhoost converter with a sliding mode MPPT controller. The MPPT controller
tracks the maximum power point of the solar PV panel and provides a gate pulse to the PWM generator, which
controls the duty cycle of the switch in the boost converter. The boost converter then increases the voltage from
the solar panel to the desired output voltage.
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Figure 4. Block diagram of proposed model

5. CUCKOO SEARCH MPPT TRACKING

Due to ease of implementation, the cuckoo search optimization (CSO) exhibits numerous advantages.
It efficiently handles nonlinear problems in real-time and operates with fewer tuning constraints, leading to
rapid convergence [18]. Two cuckoo species, the Ani and Guira, utilize communal nests and occasionally
introduce foreign eggs to enhance their hatching success [19]. Some cuckoo varieties engage in brood
parasitism; for instance, the intelligent Tapera species imitates their host's appearance to maximize their
reproductive success. The timing of egg-laying process of Tapera is truly remarkable. While host birds might
be deceived into adopting foreign eggs, any identified alien eggs are either discarded or the whole nest is
abandoned, prompting the host bird to establish a fresh nest elsewhere [20]. Brood parasitism can manifest in
three forms: intraspecific, cooperative, and nest takeover. In this study, an approach involving MPPT utilizing
the cuckoo search algorithm is familiarized [21]. The suggested method begins by initializing an initial solution
for the PV panel's operating voltage, referred to as "Va," which is set to [0, 25, 0]. In the context of the CS
process, "Va" represents the nest. Fitness value of the power is deliberated using the steps described in (5).

Fo=Vo X1 ®)

The logic sequence of the cuckoo search algorithm is as follows:

- Step 1: Initiate population of n host nests, B, Kievyy , Pa, d™", d™* and iter ™, Taking i=1.

- Step 2: Measure the corresponding PV voltage and current after generating the duty cycle for the converter.
Calculate PV power.

- Step 3: If i>n then Iter=1 proceed else take i=i+1 and goto step 2.

- Step 4: Specify dbset take i=1.

- Step 5: Update Levy flight and duty cycle.

- Step 6: If dy <d™" & d;> d™* then continue else go to step 8.

- Step 7: Response the duty cycle di for converter and measure the corresponding PV voltage and current
and find the PV power.

- Step 8: If i>n go to next step else i=i+1 go to step 5 and continue.

- Step 9: Find the worst next.

- Step 10: If rand >Pa abandon the worst nest and construct a new one using Levy fly at the new location
then determine PV power.

- Step 11: If le> iter™ respond the duty cycle of d best else take iter=iter+1 and continue from step 4.

- Select a random nest, and then use a random walk to create a new solution after finding the best current.

Vit +1) = Vi(t) + a @ L'evy (1) (6)

A basic form of random movement is recycled, which is not as effective as levy flights. Moreover, to
handle issues involving different scales, a step size vector is employed and is set at 0.05. After generating new
solutions, the fitness values are re-evaluated, and the optimal choice is identified [22]. The MPPT algorithms,
tracked by CS, compute a reference voltage termed "V er," Which is created for each temperature and irradiation
level [23]. The variance amongst Vref and the actual PV response voltage, known as "Vy," is considered to yield
the error voltage, Verror [24]. The proportional-integral-controller is chosen above the proportional or
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proportional-integral controller [25]. Though the trial-and-error approach is employed to tune the proportional-
integral-derivative (PID) controller parameters, it doesn't guarantee precise calculation of controller coefficients.

6. SIMULINK MODEL

The entire system, as represented in Figure 5 is simulated using the MATLAB Simulink platform. To
accurately trace the true maximum power point, the “cuckoo search (CS) algorithm” is employed, ensuring the
optimal transfer of maximum power from the photovoltaic array to the load across diverse irradiation and shading
scenarios. The graphical representation in Figures 6-11 illustrates the “current”, “voltage”, and “power” attributes
of the photovoltaic module while applying the CS algorithm for maximum power point tracking (MPPT).

Table 2 outlines specifications for a photovoltaic module with 60 cells, having a maximum power
output of 249 W. The module exhibits an open circuit voltage of 36.8 V, a voltage at the Maximum Power
Point of 30 V, and a short circuit current of 8.83 A, providing key electrical parameters for understanding its
performance in solar energy applications.
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Figure 5. Simulink diagram of proposed model

Table 2. PV module specification

Parameter Value Parameter Value
Cell per module 60 Voltage at MPP 0V
Maximum power 249 W  Short circuit current  8.83 A
Open circuit voltage  36.8 V. Current at MPP 83A

7. RESULTS

The figure below illustrates the input and output profiles of voltage, current, and power. The “current”,
“voltage”, and “power” curve of a photovoltaic cell before a boost are seen in Figures 6-8. The “current”,
“voltage”, and “power” curve of a photovoltaic cell following a boost converter are shown in Figures 9-11.

PV Module voltage curve before boost
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Figure 6. Input voltage v/s time characteristic
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PV Module current curve before boost
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Figure 7. Input current v/s time characteristic
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Figure 8. Input PV power - time characteristic
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Figure 9. Output voltage v/s time characteristic
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Figure 10. Response current - time characteristic
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Figure 11. Response power - time characteristic
CONCLUSION

The MATLAB/Simulink software is utilized to simulate the cuckoo search (CS) optimization MPPT

technique under partial shading conditions. The developed CS algorithm demonstrates remarkable efficiency
in managing partial shading conditions (PSC) across various shading scenarios. On the other hand, the perturb
and observe (P&O) algorithm demonstrates limitations when dealing with the impact of partial shading
conditions on the solar panel. The outcomes further reveal that the CS-tracked power experiences minimal
fluctuations in evaluation to the P&O algorithm, showcasing more consistent power output. Additionally, the
progress of the CS algorithm is straightforward and exhibits reduced difficulty.
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