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Abstract: The maximum production of electricity is needed to satisfy the consumption from sources of renewable energy, like solar
power. The renewable energy source known as solar energy is also environmentally benign, making it an excellent option for power
generation. Due to the fact that solar PV panel efficiency is dependent on irradiance, to optimize PV panel output, numerous methods for
MPPT, or maximum power point tracking, has been created.. Thus, a new method based on MPPT technique has been provided in this
study to enhance the independent photovoltaic system's functionality even in dim lighting and climate change by using the algorithms
HBA and COA. The HBA is extracted from the honey badger's method of foraging is employed to maximize the PV panel's power
additionally COA optimization is analyzed for making the output power efficiently and accurately by analyzing the placement of PV
panel in whole process based on the social behavior of coyotes. From these algorithms the maximum power is obtained in any climate
changing situations and also the efficiency and accuracy are maintained using optimization. The novelty of this paper is to produce
maximum power and also maintain the efficiency and accuracy of output throughout the process. Multiple simulation results are
generated by the suggested algorithm, and the panel power is simulated using MATLAB software to assess its effectiveness. Comparing
the suggested technique to the conventional algorithm at various degrees of solar brightness, the findings demonstrate that it can greatly
increase regulated output power and provide faster, better dynamic response, hence increasing system efficiency.

Keywords: Partial shading condition, MPPT technique, PV system, Honey Badger Algorithm (HBA), Coyote Optimization Algorithm
(COA), Efficiency, Accuracy.

power, it ascertains boost converter's duty cycle, one
may determine the difference between successive powers
and related voltages [5]. To reduce oscillation with high
speed and tracking accuracy is carried by fractional order
with fuzzy logic method [6]. A variable step-size
approach that auto-scales has been devised to eliminate
the problems and to modify the step size using the
previous variable step-size technique [7]. This paper
focusing on the generating speed by increasing the
number of optimal blades in which impeller solidity is
measured using the starting and stopping speed of blades

(8].

1. Introduction

The growing population and advancements in technology
are driving up the need for electricity, which is why
power generation is shifting to more sustainable sources
like solar energy. Solar energy is produced when
sunlight strikes an object and is a cheap, infinite energy
source [1]. The performances of the traditional P&O
algorithm can be enhanced by applying the fractional
short-circuit current (FSCC) approach in response to
changing environmental circumstances [2]. Period of the
next duty cycle that is used to enhance a photovoltaic
system achieves its steady state by multiplying the

adaptive perturbation size and variable perturbation
frequency by an Arctangent function applied to a two-
dimensional Gaussian function [3].

For low power and low cost applications, a significant
voltage gain P&O technique has been implemented using
an inverter-DC [4]. By looking at the algorithm for
differential power, to effectively monitor the maximum
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To improve PV system efficiency and reduce total
harmonic distortion, a single phase multilevel inverter
and three series-connected full bridge inverters are used
in a single half bridge inverter configuration [9]. Its
primary goal is to generate the most electricity possible
under different shading condition in which whale
optimization and differential evolution algorithms are
used to produce high output [10]. This method is used to
produce maximum power by reducing the shading effect
and atmospheric changes using voltage scanning
technique within the short period of complex PSC [11].
This system is made for low power applications that use
photovoltaic systems with a single diode as the source of
precision. System performance is improved by using the
maximum power point tracking control approach [12].
To raise the renewable energy system's efficiency, the
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P&Q algorithm monitors the input source's maximum
power point. The temperature affects a solar system's
output power and radiation intensity of the solar cells
[13]. This system uses an array of PV cells with the
MPPT algorithm of fuzzy mechanism and deep
reinforcement to continuously create the maximum
power [14].

This research aims to enhance photovoltaic panels using
algorithm for producing maximum power and by
algorithm but in conventional technologies the maximum
power is not stable to all type of loads. The remaining
portions of this work are separated into the following
categories. The investigated PV panel model is explained
in Section 2. Section 3 describes the architecture of the
boost type dc-dc converter. In section 4 offers a thorough
assessment of the MPPT tracker's performance utilizing
a closed loop PID controller and the suggested algorithm
in separate sections. Section 6 concludes with a
conclusion. Section 5 displays the experimental
validation together with the findings of the simulation.

2. Literature Review

DC to DC converters are used with MPPT algorithm to
produce maximum power; however these types of
converters are used with MPPT algorithm only in PV
system. In this section some existing papers related to
this technology are reviewed.

A DC — DC converter based on the PV fed solar PV
system for low power applications was discussed in this
system. For the same PV system, the same people were
the focus of the creation and modeling of a single diode-
based solar panel. The system will operate more
accurately if the solar panel receives less irradiation.
Maximum Power Point Tracking (MPPT) control
algorithm, which was examined by Akhil Raj et al. [15],
is employed with the same system to improve
performance. Furthermore, a comprehensive
investigation on DC-DC converters with a flexible
switching mechanism and a solar-fed system is
underway.

In this technology, M. Lakshmi et al. provide a single-
phase DC-DC high-gain converter as a solution to the
dual utilization of DC to DC converter in PV systems
connected to the grid [16]. One key benefit of this
converter for achieving integrated MPPT control and DC
voltage regulation was its ability to operate three
switches in two separate modes. Even when the inverter
is not connected to the DC bus, this integrated control
aids in maintaining a consistent DC voltage for the DC
load.

To monitor maximum power point (MPP) modules for
photovoltaic performance, fill the greatest amount of
energy output available, and maintain reliability and

efficiency, several tracking methods are investigated.
Khaled Osmani et al. employed two phases in this
system: the DC-DC Power Processing Unit (PPU)
architecture and algorithm implementation [17]. Initially,
low & partial irradiance conditions are the design
parameter for all MPP algorithms. Second, PPUs were
categorized as DC-DC converters that were either
independent or non-isolated. When creating an MPP
tracker, a separate buck-boost converter is the optimal
option, according to PPU design.

A PV-powered water pump system with a quadratic
Boost (3LQB) and a flexible suspension drive (SRM)
with three stages of DC-DC dual conversion was
unveiled. The attainment of quadratic static voltage, the
DC-DC topology was distinguished by a drop in
electrical pressure across all power switches and diodes
and power to maintain electrical balance in the output
capacitors. An asymmetrical half-bridge (AHB)
converter attached to the SRM drive is turned on by the
DC-DC converter's three-level voltage. Additionally, the
DC-DC converter's continuous running mode (CCM)
optimizes power produced by photovoltaic cells when
combined with the high-performance tracking algorithm
(MPPT) developed by Armando Cordeiro et al. [18].

This approach is used to construct and examine a solar
system that is managed by a Fractional Order Pl (FOPI)
controller and has a strong DC-DC Transistor.
Strengthening the DC-DC converter is required in order
to track inputs effectively. Goal of Ahmed T. Mohamed
et al.'s study [19] was to determine the appropriate PV
model's parameters and FOPI controller's operational
settings. Using flower pollination algorithm (FPA) and
water cycle algorithm (WCA), the features of the PV
module models and the FOPI control panel were
specifically specified.

MPPT was implemented in three phases with a fixed and
flexible step of current interference to improve its
durability and performance which was presented by
S.M.Sousa et al. [20]. This MPPT algorithm was tested
by testing three separate DC converter heads controlled
by a single loop of current for testing feasibility of this
system in sudden change of irradiance, which was used
in off-grid photovoltaic battery charging systems.

3. Design Of Proposed Methodology

The PV has been examined and assessed in this
suggested technique. By implementing the analyses, it
has been confirmed that the suggested method for
analyzing the PV system is effective. Determining the
PV system's metrics, such as its efficiency and losses, the
suggested method is used. Present in the PV system are
three categories of analysis: technical sustainability,
viability, and verifying and defending environmental
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conditions. The recommended solution consists of a
controller, DC-AC inverter, PV panel, and switched
mode DC-DC transistor. In addition to assessing
accuracy and efficiency, the highest power is extracted
using this method. Figure 1 displays the PV units' block
diagram in its entirety of this paper in this PV panel
accept the irradiance of sunlight which is integrated with
MPPT block for getting maximum power this maximum
power. With the aid of an inverter, this maximum power
is transformed from DC to AC to supply loads [21].

HBA based MPPT
Control DCtoAC !
inverter Grid
|
DCoDC f— —»| Filtr [
Converter  |—— ERY
B
PV Panel
COA |
Controller

Fig 1: The block diagram of solar power system

To achieve maximum power, using HBA based MPPT
algorithm. Each and every block of this system is
explained in below sections.

4. Output Voltage and Current Analysis Of PV Panel

Solar panel which combines several PV cells to provide
high power is the initial component of the suggested
system that is utilized to transform light energy into
electricity. A photovoltaic cell, also known as a PN
junction diode, is composed of semiconductor materials
with positive and negative layers that contain holes and
electrons, two types of charge carriers. Figure 2 displays
the PN junction diode circuit schematic. Since no solar
cell is really suitable for employed as a current source in
conjunction with a diode, the model has a component for
both series resistance and shunt resistance [22].

Ideal photovoltaic cell

e

W NN

f 0

Fig 2: Circuit diagram of PV cell

Solar cell's current production is mentioned in equation
(1) that is equal to the addition of diode current and
current through the shunt resistor is subtracted from that
produced current source.

L=1, (I, +1,) )

Here, the output current is represented by | , the photo
current by I the diode current by Ip and the shunt

current is denoted as | . Voltage across these elements
determines the current flowing through them, as stated in
equation (2)

V,=V+IR, @

Where V is the voltage across the output terminal and V j
is the voltage across the diode and resistor, output
current is denoted as | and series resistor is denoted by
Rs

Equation (3) mentions the diode current, which comes
from the Shockley diode formula.

2
I,=1, exp{q ‘}—1 3)

nKT

Where, the symbols for elementary charge are
represented by q, diode ideal factor by n, reverse
saturation current by lo, Boltzmann's constant by K, and

KT
absolute temperature by T. At 25°C, ——= 0.0259
q

volts. Current passing through shunt resistor can be
calculated using formula (4).

| =1 (4

Here, R, is the shunt resistance. Substituting these values
in equation (1) we obtain the output current and voltage,
which are provided by equation (5).

=1, - Io{exp[(wm:_:_RS)}—l}—V;mS (®)
p

To find the value of V, Lambert's W function is used to
solve the equation.

At | = 0 (open circuit), the voltage across the output
terminals equals the open-circuit voltage of the cell.
When the shunt resistance is large enough, the
characteristic equation's last factor is ignored, the open-
circuit voltage V. is mentioned in equation (6).

V,, ~ KT In[IL +1J (6)
a lo

The short-circuit current, V = 0, is defined by equation

(7) as the current that flows through the terminals while

the cell is functioning in a short circuit.
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I, =1, )

As a result, the levels of voltage and current produced by
solar cells are calculated using the previously given
formula. After that, the DC to DC converter block—
which is shown in the block below—receives these
voltages.

4.1. Performance and circuit diagram of DC to DC
converter

DC-DC converter block uses PV panel's output voltage
as its input to raise the input voltage to a predetermined
level. In this instance, a boost type DC-DC converter is
utilized; figure 3 displays the boost type converter's basic
circuit design.

o

Vo

I

Vs

(@]

Ay

A
O>»Oor

Fig 3: Circuit diagram of DC-to-DC converter

In this above circuit diagram the input source is
connected to inductor for constant output and there is a
switch (FET) in which the diode is connected to
capacitor. The load connected in it is constant voltage
source and this voltage is obtained by frequency
modulation. The two modes of operation is given below
[23; 24],

Switch is ON , diode is OFF
Switch is OFF, diode is ON

The second mode is choosing for getting more output
current and the steady state equation for second mode is
given in equation (8-10),
V,, =V, +V, (®)
V in is output voltage from PV panel, the inductor's
voltage across it is VL and converter's output voltage is
VO.

di_
L_v _V 9)
dt n (o)
dii Al AL V-V )
dt At (1-D)T L

D stands for duty cycle. Since the switch is in the open
position for the duration specified in equation (11)

Toer =T —Toy =T -DT =@-D)T

We can say that At = (1_ D)T

Vi,
Ai, (open)= - °x(1-D)T (11)
Output voltage is solved from below equations (12-15)
Ai, (open)+ Ai, (close) =0 (12)

Vo _ 1 (14)

V,, 1-D

Vg = 2y (15)

1-D

4.2. HBA based algorithm for maximum power
generation

The algorithm known as HBA, which is based on the
feeding habits of honey badgers, should be used to
optimize the electricity produced by PV panels. It locates
the prey by digging and smelling, otherwise it directly
approaches the beehive by following the honey guide
bird. In a single day, it may dig fifty holes with a 40-
kilometer radius. There are two stages to this algorithm:
the honey phase and the digging phase. Each step of this
algorithm is explained below [25]. This algorithm shows
in figure 4 is based on exploration and exploitation phase
and the population candidate solution is given in
equation (16)

Population candidate solution=

Xll X12 e XlD
Xo1  Xpp eer Xop
(16)
| X1 Xnz2 - Xop |

Honey badger is in the position of i which is expressed in
equation (17),

X =X+ X +..+Xx> (17)
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| Initialization |

| Defining intensity |

| Update density factor |

| Escaping from local optimum

| Updating the agent position |

Digging phase

End

Haney phase

Fig 4: Flow chart of HBA algorithm

The geographic distribution and population number (N)
of honey badgers at the beginning phase are given by
equation (18).

x, =Ib, +1,x (ub —1b,) (18)

Here, Ib;and ulb, represent the lower and higher

values of the search domain, and r is a random number
between 0 and 1.

The level of focus and the separation between the honey
badger's target and its prey at that particular spot dictate
how intense a hunt will be. Here I; is the smell intensity
and if the smell intensity increases the speed will also
increase which is expressed as inverse square law in
equation (19-21)

I, =1, x [Lj (19)
4 7d,

S = (Xi — Xi+1)2 (20)

di - Xprey - Xi (21)

Here, Prey's concentration intensity is denoted by S;
conversely, d; represents the distance between the it
badger and the prey. Density factor (o) makes smooth
transition by controlling time-varying randomization
from exploration to exploitation. For decreasing the
iteration with time, update < which is given in
equation (22).

o =C x< exp[—t_t j (22)

Here, C is the constant that is higher than or equal to the
value 1 (default=2), and t
of repetitions.

max 1S the maximum number

Here, the suggested method switches the search
orientation by using a flag F. as seen in Figure 5, in order
to obtain high, which is then utilized to scan the search
space in order to escape from local optima [26].

1/9

1/4
|

Sphere S
r
IS 2r
Honey badger
3r

(pery)

Fig 5: Search direction of honey badger

There are two stages to the updating process (X new): the
digging phase and the honey phase. As explained above.
Movement of the honey badger resembles cardioids, and
equation (23), which describes this motion, represents
the cardioids motion.

Xoaw = Xprey TFXBxIxX +Fxryxaxd; X‘COS(Z/ZI’A)X[].—COSQ?Z%)]

(23)

N

where f is higher than or equal to 1 (default = 6), X prey iS
the position of the prey that fits the profile the best,

d, is the distance between the prey and the it honey

badger, and r3, r4, and r5 are three distinct random
integers between 0.Value of F is expressed in equation
(24)

-1 if , <0.5
- l—1 else

Here, The random number, rs, ranges from 0 to 1.
Moreover, in digging phase, any disturbance F received
by badger is used to find better prey location. The honey
phase is expressed in equation (25) below, which
clarifies the honey badger's behavior in accompanying
the beehive's honey bird.

(24)

Xoew = Xprey + F X1, xarxd, (25)
At the moment, time-varying search behavior (a)
influences the lookup. In addition, a honey badger may
find disruption F.

4.3. Performance and circuit diagram of DC to AC
inverter

Output of maximum power from DC-DC
converters is given to the input of DC-AC inverter in
which multilevel inverter (cascaded H-Bridge (CHB) is
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used. Figure 6 shows the circuit diagram of CHB inverter
[27].

vde —— SAl sBl

SA2 SB2

Fig 6: Circuit diagram of DC-AC converters

Figure 6 above shows the configuration of two or more
H-bridge inverters powered by a single DC source from
the CHB. This kind of inverter uses four power
electronic switches since it is a single-cell H-bridge
inverter. Every inverter cell may use the same
modulation mechanism or a different one. It can be either
of the following: -carrier-based PWM, fundamental
switching frequency PWM, or a hybrid or mixed PWM
approach that combines the two. This circuit's output is
supplied to loads and the grid [28].

4.4. COA based stability enhancement optimization

The suggested method analyzes the PV panel
arrangement and maintains system efficiency through the
use of a recently developed optimization technique
termed COA. Its core concept is derived from species of
cane latrines found in North America. The social
structure of the coyote agents is defined by modifying
the algorithm. Main benefit of this approach is that it
maintains equilibrium between the mechanisms of
exploration and exploitation throughout the optimization
process. Figure 7's flow chart explains the algorithm's
operation.

Define Input parameters

And initialization (?

Perform birth and death
Process inside the pack

Estimate the corresponding fitness function

Identify the coyote represents the alpha
of the pack

Perform pack’s
transitions

v

Modify ages of coyotes

Next iteration

Estimate the new social condition

Last
coyote?

No Yes

Fig 7: Flow chart of COA algorithm

COA is dependent on the coyotes' social structure and
routine experience exchange, in addition to their hunting
prey [29]. As they move in a close chain toward the prey,
their cooperative functions set them apart. Considering
that they have an acute sense of smell, they can locate
their prey. Coyotes attack in packs, which compels them
to adjust and strengthen their positions. Coyotes migrate
a great deal of random distance from their current
locations, well-prepared with a chance of threat, when
they strike their opponents. Equation (26) defines the
coyote's social behavior, which is used as a collection of
design factors.

SOC/t = X = (Xys Xps XgreeaXp ) (26)

The coyote must adjust to the surroundings due to this
social situation, which is known as fitcp’t € R.

Equation (27) provides an assessment of the coyotes'

adaptability to their existing social conditions.
fit?* = f(SOC?*) @7)

Initially the coyotes are in random packs after sometime
it will move and change their packs. Coyotes move
between packs, enhancing their engagement to a
significant degree are shown in alpha which is given in
equation (28).

c={1,2,...N .}

alpha= {SOCC'D*t

arg min f (SOCJ’")}

(28)
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Cultural tendency is defined as the existing information
shared by coyotes when all coyotes are arranged and
exchange in social culture which is given in equation
(29, 30),

O . ; N, isodd
()
Cl.lltjpt = OE; _}_()D'L‘tc -
2 7*1)1 .
> otherwise
(29)

Where O"' is a rating of the general social state of all
coyotes at any given time, a pack's cultural
predisposition is determined by the average social
circumstances among every coyote inside that pack. In

this agecp’t is the birth of new coyotes, this, as a

consequence of the pair of parents' social combination
selecting at random, is represented by equation (30),

SOCSHY ;rnd a Py orj=j,
SOCSK"

pupPt = 72”" srnda P, +P, orj=j,
R; ;otherwise

J

(30)

where, SOC}', is the Social conditions of coyote r1,

SOC/}'; is the Social condition of coyote r2, The

optimization problem's dimensions are ji, jo, the number
in the range of variables boundaries is R j, and the
probabilities of scatter and association are P, and Ps.

Computation of coyote cultural diversity is based on P,
and Ps from pack which is given below,

For simulation we have to consider two parameters.
These are the worst pack effect 6 and fitness function w,
where the number of coyotes in the group is represented
by Q. Equation (31, 32) mentions this function.

o = alpha” —SOC?;

cr2

(31)

S =cult™ —SOCp;

cr2

(32)

The alpha and pack effect is important while updating
coyotes which is shown in equation (33),

SOCP*™ =SOCP** +r1.51+r2.52
(33)

Reports on the condition of society of coyotes are given
below equation (34),

SOCP " fitP> ' ofitP" (34)

sOC 1t =
¢ SOCP'otherwise

Thus the output is maintained efficiently and accurately
by using the above mentioned optimization technique.
The effectiveness of maximum power generation
progress is confirmed using the system's simulated
output, as explained in more detail in the section that
follows.

5. Results and Discussion

The simulation circuit and waveforms for the suggested
method are displayed below after it has been simulated
using the MATLAB software. In comparison to other
current techniques, the MPPT controller in this part
tracks the highest power at the least amount of time
using the HBA methodology, which provides high
efficiency. The MPPT controller, inverter, DC-DC
converter, and PV panel comprise the simulated circuit
for the project. PV panels with different irradiance levels
are the input of the proposed system. In this proposed
system the tracking efficiency is improved by using
proposed technique is used in MPPT controller for
tracking most force in the shortest amount of time. The
following result shows the load, converter output
voltage, and PV panel output power. Plotting of system
constraints, parameter determination, and data
presentation are provided in Table 1. Boundaries such as
voltage, current, and power are utilized to evaluate both
normal and abnormal situations. The testing technique
requires a simulation time of 0-5s.

Table.1: Implementation parameters

Parameters Values
PV
Maximum Power (W) okw
Cells per module (Ncell) 96
Open circuit voltage Voc (V) 64.2
Short-circuit current Isc (A) 5.96

Voltage at maximum power point Vmp (V) 54.7

Current at maximum power point Imp (A) 5.58
Light-generated current IL (A) 6.0092
Diode saturation current 10 (A) 6.30e-12

Diode ideality factor 0.94504
Shunt resistance Rsh (ohms) 269.5934
Series resistance Rs (ohms) 0.37152

Three phase Filter

Nominal phase-to-phase voltage Vn (Vrms) 260

Nominal frequency fn (Hz) 60
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Fig.9: Comparison Analysis of different partial shading
conditions

Table 2: Simulation result for tracking time and

efficiency
Tracking time in sec
Irradian | |rradianc | Irradian _
Optimizati ce= e= ce= Trackin
on 1000 1 g00(w/ | 700 9
Technique | (V™) m?) | (W/m?) Eﬁ'i'/en
Pmpp = Pmpp = Pmpp = cy ( 0)
249075 | 22354 | 172823
Y, W W
IPSO 8.20 8.01 7.92 85.73
GWO 4.26 3.77 4.15 95.86
I P&O 3.65 3.15 2.87 99.38
Proposed 1.25 1.53 1.55 99.49

Figure 8 shows the PV characteristics, which also
include PV module and array characteristics as well as P-
V and |-V attributes. A DC-DC converter that utilizes the
HBA algorithm promotes maximum power generation.
The resulting power comparison evaluations between the
recommended strategy and other approaches that are
currently in use are displayed in Figure 9. Table 2
describes the tracking efficiencies and the induced
power. Furthermore, the three-phase filter and the VSI
were used to send the generated energy to the grid. The
correctness and efficacy of the system are demonstrated
by the comparison study of the suggested technique. It is
possible to compare the DC connection voltage and
power produced by the recommended technique and the
existing approaches.The analysis concludes that the
suggested approach for managing power yields better
outcomes between the grid side and the generating
side.A detailed study of the suggested technique's
efficacy is provided based on the comparison analysis.
The suggested method's comparative analysis has been
effectively examined and validated.

6. Conclusion

In the stand-alone power system, the MPPT controller
for solar power generation uses a new tracking technique
for HBA that is proposed in this study. The MPPT
controller uses an HBA approach to make the most out
of the power generation that is available. The benefits of
the HBA approach include a reduced computing load and
a faster, more dependable searching capability. This
allows the MPPT to operate on the PV panel in any
weather conditions. Since the suggested tracking
methodology has been shown to monitor most power in
the shortest amount of time, the efficiency of the tracking
system is higher than that of other methods. Furthermore,
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a comparison is made between the suggested MPPT
methodology and the existing methods. The system
performance is verified once the hardware configuration
is in place and information is obtained from the solar
emulator for the output signals PPV, IPV, and VPV.
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