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ARTICLE INFO ABSTRACT

Received: 18 Dec 2024 The growing global need for energy has spurred the widespread adoption of grid-connected Solar

Photovoltaic (SPV) systems. These systems harness the advantages of photovoltaic power

generation, such as environmental sustainability, low maintenance requirements and noise-free

Accepted: 28 Feb 2025 operation, positioning them as a prominent Renewable Energy Source (RES). This conceptual
framework emphases on demonstrating and control design of a PV grid-tied system, integrating a
Modified Single-Ended Primary Inductance (SEPIC) - Luo Converter. The central objectives of this
work are to investigate the behavior of solar PV systems and to develop an efficient grid-connected
solar power solution. To achieve these objectives, a Maximum Power Point Tracking (MPPT)
circuit is designed, leveraging Red deer algorithm optimized Adaptive Neuro-Fuzzy Inference
System (ANFIS). This innovative approach ensures the continuous optimization of power
extraction from solar PV modules. The DC voltage generated by the PV system is subsequently
directed to a Single-Phase Voltage Source Inverter (1®VSI) for conversion into AC voltage. The
resulting AC voltage is then made available for various applications within the grid. Based on the
simulation results, the algorithm efficiency is of 98.8% and the converter efficiency is found to be
98.92%. The MPPT efficiency is of 98.61%, which gives better optimization when compared to that
of other algorithms. This framework encapsulates the advancements in SPV systems, offering a
sustainable energy solution that aligns with the growing demand for clean and efficient power
generation.

Revised: 10 Feb 2025
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1. INTRODUCTION

For environmental concerns and the advancement of a sustainable society, future power systems will include a
significant penetration of solar power, wind power, fuel cell and small/micro-hydro power systems. Energy supply
are not only linked to global warming but also to environmental concerns. The trend is to increase renewable
energy while decreasing the use of fossil fuels and coal. Some potential solutions for mitigating these effects have
emerged, including energy conservation through greater energy efficiency, a reduction in fossil fuel use, and an
increase in ecologically friendly energy suppliers. Recently, one of the key difficulties for engineers and scientists
has been the generation of energy from clean, efficient and ecologically acceptable sources. Among numerous RESs,
PV energy conversion system is most preferred option due to its accessibility, ease of installation, environmental
friendliness, and low cost [1] [2]. PV in power systems is defined as a stand-alone or grid-connected application as a
harmless and clean source of solar energy. [3]
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Even though PV panels are inexpensive, MPPT methods are still widely used to manage power electronic
converters. The transformation ability of PV modules is limited due to nonlinear voltage/current properties. MPPTs
are acute components for safeguarding superior PV energy generation in tracking a global power point [4].
Typically, efficacy of a PV system is low. As a result, a number of MPPT approaches are used to improve efficiency.
Maximum power is extracted from a PV system by employing these strategies. These techniques detect the panel
current or voltage, or both, at MPP and measure the parameters required to run the system. Several MPPT
approaches have been developed throughout the years, like Hill Climbing (HC) [5] [6], Perturb & Observation
(P&O) [7] [8], Fuzzy Logic [9] [10], ANFIS [11] [12]. However, these approaches display substantial power
fluctuations around MPP and a delayed settling time in reaction to step changes. However, these approaches
struggle adapting to changes in solar irradiance or temperature and the model's intricacy also pose difficulties in
real-time implementation [13] [14]. Hence, to overcome these issues optimization technique has been introduced
[15]. To track the optimal power, a novel ANFIS based MPPT controller with Red deer optimization has been
proposed in the study.

A DC-DC converter is required for avoiding too many series-connected PV panels and achieve MPPT [16]. They are
often regarded as the finest option for controlling, protecting and boosting the voltage level and efficiency of RES
[17].To advance the operation of DC-DC converters, a novel SEPIC- Luo converter have been proposed. A high-
voltage DC link is formed by connecting the rectifier's DC output which is then is passed to 1¢p VSI [18] for AC
voltage conversion. By controlling voltage on the grid side using a PI [19] controller, PV systems operate better in
fluctuating irradiance conditions and provide stable voltage for grid applications.

In this research, novel ANFIS MPPT in PV systems is used to enhance the scheme's ability to abstract the MPP from
solar panels, and adjust to shifting weather patterns. The system's performance and flexibility have been enhanced
by the implementation of a Red Deer Algorithm for optimisation. A Modified SEPIC-Luo converter has been
proposed which helps to reduce input and output voltage ripples, contributing to improved power quality and
stability in the grid-connected system. To assure better power quality, an LC filter is employed by improving
current and voltage waveforms. A single phase inverter topology has been implemented to convert the DC input
from PV cell to AC output.

2. PROPOSED SYSTEM

The use of electrical energy has been increased substantially because of the tremendous rise in global population.
This resulted in the installation of a PV system. This proposed scheme (Figure 1) employs a revolutionary Red Deer
Optimized ANFIS topology with a combined SEPIC-Luo converter for a PV tied grid system. The power obtained
from PV side is fed into the grid via the DC link. A single phase VSI was utilized to provide grid power by converting
DC voltage from PV to AC voltage. It is required to optimize the system's power quality performance by using PI
controller. A technique like this seeks to diminish DC link input voltage fluctuation, eliminate harmonics, steady
output current, voltage, frequency and power flow in the grid side.
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Figure 1. Proposed system
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2.1. Modelling of PV

Due to its low voltage, PV cells are typically not controlled separately. As a result, cells are generally connected in
series (Figure 2) to generate the required module output voltage. The PV module is made up of number of
interconnected cells housed in a frame. A PV array is a structure that consists of a number of PV modules installed
on the same plane with suitable electrical connections to produce the needed electrical power for a specific
application. PV module connections in series and parallel are comparable to battery connections and are governed
by Kirchhoff's lows.

The parameters of PV module are same as those of a PV cell, except that the voltage limit must be distributed by the
amount of series connected cells. The PV output current equation I, is given as follows:

Where I,,,denotes photo generated current, I, refers PV saturation current, V,, represents PV output voltage, R;is
the shunt resistance, R, denotes shunt resistance, m indicates diode ideality factor and V, represents thermal

voltage(Vt = %)

T - Temperature of the cell

q > Electronic charge(1.6 x 1071°C)

k - Boltzmann constant (1.38 * 10723 J /K)

The voltage equation is given by,
Ige+ Iny+MIy N
Vyp = NAln (;75) — 2Ryl (2)

Where N, M are the strings linked in series and parallel respectively, I, denotes short circuit current and A is the
material co-efficient.

The power generated from PV is intended as shown below,
P ="V, I, (3)

In-order to regulate voltage levels, and facilitating seamless integration with the electrical grid, SEPIC Luo
converters are used by enhancing the overall performance and reliability of PV systems.

[ph ID Ish

Figure 2. Modelling of PV
2.2, Modified SEPIC-Luo Converter modelling

The modified SEPIC-Luo converter, which raises the voltage on the PV side, is shown in Figure 3. The two modes of
operation of converter has been shown below. For the theoretical study, all capacitors are considered voltage
sources, while semiconductors are considered ideals.
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Figure 3. Modified SEPIC- Luo Converter

Mode 1[t, — t;] (Figure 4) - At time t,, switch S is activated, and the diodes D; and D, are choked, while the
inductors L; and L, store energy. The input voltage is applied to inductor L; and V;, — V¢, voltage is applied to
inductor L,. The V, voltage exceeds the V, voltage.
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Figure 4. Switch on mode

Mode 2 [t,_t,] (Figure 5) - At time t,, switch S is made off, and the energy placed in input inductor L, is conducted
to output via C; capacitor and output diode D,, as well as to the C, capacitor via the diode D, . As a result, the switch
voltage equals the C, capacitor voltage. The diode D, transfers the energy kept in inductor L, to the output.

Figure 5. Switch off mode

The basic theoretical waveforms used in hard switching commutation are shown in Figure 6.

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 1899
which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management

2025, 10(3)
e-ISSN: 2468-4376
https://www.jisem-journal.com/ Research Article
Vo
4
VS VS = ch iS = il.l + iLZ
Ig T
>t
Vo
Vp,=V¢,
V, —
DZ IDZ IDZ
Ip, — —
t
Vo
Vp, b= Ipm Ip,
ID]_ — ——— —— Ea———
t
Vo =Viu[(1+D)/(1-D)]
Ve, Ve, = Vial(1/(1- D))
Ve,
Ve, = Viu[(D/(1—D)] >t
L) 15 T (R S
i Iz =1
L2 ——a T —rre N S
>t
t t t
tu‘,"=(1—n).T ! ton =D.T tug = (1—D).T
- T .

Figure 6. Theoretical waveforms of the proposed converter

The maximum voltage across all diodes and power switch is equivalent to voltage across the C, capacitor. The total
voltage of the capacitors C; and C, is equal to output voltage. The input current is equal to mean L; inductor
current, while output current is equal to mean L, inductor current.

The static gain of the proposed converter is calculated by ignoring average inductor voltage at steady-state, as
shown in (4). Equation (5) calculates C, capacitor voltage, which is the same as output voltage of traditional
converters. The V¢, voltage is equivalent to the maximum switch voltage. As a result, the switch voltage is less than
converter output voltage.

Vo _ 14D

v, 1-D 4)
The voltage through C; capacitor is given by (5),
Vo _ D
v, " 1o (5)
The voltage across C, is given by,
Vep _ 1
AR (6)

A controller in PV system enhances efficiency through advanced algorithms and real-time adjustments. An ANFIS
based MPPT has been used that ensures the system to operate at its peak performance.

2.3. Modelling of ANFIS controller
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The ANFIS design depicted in Figure7 is composed of 5 layers, with the output of each layer designated by L;, i
where [ and i denotes layer number and neuron number respectively.

Input
Layer

| Layer1 | | Layer 2 |

: w; (e, Ae):

|
W, e
Tw, (e Ae)| Wy =

Figure 7. ANFIS architecture
The following is a full explanation of each layer:
Layer 1:
This layer downs the non-linear input using semantic variables such as small, medium, and huge and the node is
referred to as an adaptive node. The equation of each node is given as follows

Ly, = pé(e)

Ly; = uB;(de) where i=1,2, _.....j (4)

Here e and Ae represent deviation and change in deviation respectively, 4;(e)and B;(Ae) are membership functions

that calculate the provided data. The membership functions are assigned to each node using the Gaussian
membership function, given as follows:

2 Tij

§A; (x) = exp[‘l (Q)Q] )

where c;;is the mean and o;; is its variance of the j** function.
Layer 2:

This layer finds the strength for each standard based on the information associated with that standard. This layer's
node function is denoted as follows,

Ly; = pA;(e) * uB;(Ae), wherei=1,2 (6)
Layer 3:

The normalization process is done by the nodes in this layer. The following is the node function of this layer:

— 5 =M
Ly, =w, = witws @)
— w:
Ly, =w, = W1+2W2 €)]

Layer 4:

This node's function of this layer is given as follows:
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Ly =wif; = wi(pie + q10e +11) (9)
Ly, = wof, = Wy(pye + qAe +13) (10)

where w; denotes the firing strength normalized. The linear parameters (p;, q;,7;) shown in equation (9, 10) are
changed by the ANFIS training process.

Layer 5:

The over-all outcome of the last layer is the total of all incoming signals. This layer is known as output layer, and it
has a single node, which is given as a circle node with the following node function:

2 L f.
Lsi = 2—‘21 Wil (11)

To enhance the different parameters of the ANFIS controller, Red Deer optimization algorithm has been
implemented.

2.4. Red Deer Optimization Algorithm
The projected RDA flowchart is illustrated in Figure 8.

Start
Initialize Red Deers

Roar male Red Deers

Select y percent of best male Red Deers as
male commander

Fight between male commanders and stags

From harems

Mate male commander of harem with
a percent hinds in his harem

Mate male commander of harem with (8 percent hinds
in another harem

Mate stag with the nearest hind

Select the next generation

No
Stop condition satisfied

End

Figure 8. Red Deer Optimized controller
2.4.1. Generating Red Deers

This approach seeks to find the best answer for the issue's variable. An array known as "chromosome" in GA
language which consists of certain values is made and it is denoted as "Red Deer" in this context. As an outcome,
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Red Deer is the response’s correspondingly. It is 1 * N, array in N,,, dimensional optimization problem. This
array is defined as follows:

Red Deer = [X1, X5, X3, o, Xpar] (12)
The value of function is given as:
Value = f(Red Deer) = f(X; X, X5, ---,XN,,ar) (13)

To begin optimization procedure, we create a population size N,,,. We choose the greatest Red Deers for N,;,,.and
the remainder for Ny;,,,4.

2.4.2. Roar Male red deers

The male Red Deer roars to enhance their grace. It denotes that if male Red Deers outperform previous ones in
terms of independent functions, and they swap them. So that, every male Red Deer is made to switch positions.
Male Red Deer attract females by roaring.

2.4.3 Select y percent of best male Red Deers as male commanders

Male Red Deer varies greatly from one another. Some of them had greater success than others. Males are generally
not as suited to nature; some even steal harems. We consider it into two types: male commanders and stags. Hence,

N.male.Com = round{y. Nyq.} (14)
Where N.male. Com is the no. of males grabbing the harems.
The no. of stags is calculated as follows:
N.stag = Ny — N.male.Com (15)
Where N.stag is no. of stags in male population.
2.4.4. Fight between male commanders and stags

The men battle stags for each commander at random and select them if independent function is superior to the
previously stated after a combat.

2.4.5. Harems

This phase involves making harems. The harem refers to a group of hinds that have been enslaved by a male ruler.
V, = v, — max{v;} (16)

Where v, is nth male commander's value and V;, is its normalized value.

Vn
yN.male.Comy,.
Xi=1 Vi

P, =

(17)

B, denotes standardised power of each male commander

From an alternative angle, a man's typical strength is the amount of hindrance that he ought to have. At that point,
a harem's hind population will be:

N.harem,, = round{P,. Nyinq} (18)

Where N. harem is the no. of hinds in n** harem and Ny, denotes total no. of hinds. We choose one of the hinds at
chance and give it to each male commander to split them. These hinds, together with male, will form the n*
harem.

2.4.6. Mate male commander of harem with a percent hinds in his harem

The mating action begins at stage E. In GA, we have a "crossover”" model for this fact. A harem's number of hinds
mating with their male leader will be proportional to a:
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N.harem™¢ = {rounda.N. harem,} (19)

Where N. harem#t¢ denotes no. of hinds in the nt*harem. We pick N. harem™®¢ of the N. harem at random.
2.4.7. Mate male commander of harem with 8 percent hinds in another harem

Each harem has a percentage of hinds that can mate with the male commander for each harem. The number of
hinds mating with one male Red Deer in a harem is given as,

N.harem®¢ = round{B.N. harem,} (20)
2.4.8. Mate stag with the nearest hind

Each stag is mating with the closest hind at this stage. The distance in a J-dimension between a male Red Deer and
every hind is computed as follows in order to determine which hind is the closest:

oA
d; = (Zjej(stagj - hmd}) ) 2 (21)
2.4.9. Select the next generation

The next group of male Red Deer was determined to be the best fit, and hinds were selected for the next group by a
tournament or any other evolutionary mechanism that used fitness-based selection.

2.4.10. Convergence
The halting condition might be set by a time interval, number of iterations, or the best solution ever found.

This control algorithm facilitate seamless integration with the grid, managing the bidirectional flow of electricity
and ensuring grid stability. It also enhances the overall performance of the PV system by maximizing energy yield
and contributing to the reliability of grid-tied solar installations.

3. RESULTS AND DISCUSSION

The suggested scheme’s performance is researched and evaluated using comprehensive simulation simulations in
MATLAB Simulink. In Table 1, the parameters for the proposed system are presented.

Table 1. Parameter description

Parameter Description
PV
No. of PV cells 10

Short circuit current | 8.33A

Peak power 10Kw

Open circuit voltage | 12V

Series connected PV
cells

Modified SEPIC-Luo

36

Ly, L, 4.7 UF
Cy,C, 1mH
Ry 100
Cy 2200pF

Switching frequency | 10KHz
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Figure 9. PV parameters for case 1 condition

A PV panel with a temperature waveform and irradiance waveform is shown in figure 9. The temperature is found
to be maintained at 25°C initially, rising to 35°C after 0.3 seconds. Correspondingly, the irradiance of the PV is
constant of 800W /sq.m , after 0.3s the value rises to 1000 W /sq.m

CONVERTER OUTPUT VOLTAGE WAVEFORM

S0 SOLAR PANEL VOLTAGE WAVEFORM USING OPTIMIZED ANFIS CONTROLLER
T T T T T T T T T T
400 F 1 1 1 + 1 o
£ £
a0 | { ! 1 1 B0 [ T T T T :
= 5
100 | 1 1 1 1 4
20 | 1 1 1 .
o F 1 1 1 + 1 o
o i i i i i i i i i i
Time(s) Time(s)
SOLAR PANEL CURRENT WAVEFORM CONVERTER OUTPUT CURRENT WAV EFORM
T T T T T T T T T T
12 -t — ] s - 1 | 1 1 ]
10 .l’ 1 1 1 1 . 4 F 1 + 1 1 .
E ] T T 1 - E 3 4 1 1 4 1 4
= =
E o | | { ] s, — | I T T ]
F] s |
[y 1 1 1 . [ + { 1 1 1 A
2 - 1 1 1 . 0 1 + 1 1 .
0 1 1 1 . -1 1 + 1 1 A
0 ol 02 03 .4 0.s 0.6 0 o1 02 03 0.4 0.5 0.6

Time(s) Time(s)
Figure 10. Voltage and current waveforms of the PV and controller

Figure 10 illustrates the voltage and current from PV and controller. Here, outputs from PV are fed as input to the
converter. Initially, a constant voltage of 58V is obtained. After 0.3s, the value rises and stable voltage of 70V is
obtained. At the same time, with some fluctuations initially a constant current of 11A is obtained and after 0.3 s a
stable current of 12 A is obtained.

Similarly, it is noted that the output voltage of controller rises to the peak value of 390 V and then after fluctuations
for some time at 0.2s a continuous voltage of 320V is attained. For the output current waveform, current value

drops initially, then a constant value of 2A is maintained for some time and after 0.3s a stable current of 2.5A is
obtained.

Case 2:
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Figure 11. PV parameters for case 2 condition

Figure 11 represents temperature and irradiance waveform of PV. A stable temperature of 35°C is obtained and
correspondingly a stable irradiance of 1000 W /sq.m is obtained.

Figure 12 represents voltage and current output of PV and the controller. A stable voltage of 70V is obtained and
after some distortions a constant current of 12A is maintained.

At the same time, voltage and current waveforms of controller shows that stable voltage of 320V is obtained after
0.2s and the current value peaks to 6A initially, later after some fluctuations it, maintains a stable current of 2.5A
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Figure 12. Voltage and current waveforms of the PV and controller
Case 3:
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Figure 13. PV parameters under case 2 condition
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Figure 14. Voltage and current waveforms of PV and controller

Figure 13 represents temperature and irradiance waveform of the PV panel. A stable temperature of 35°C is
obtained and correspondingly a stable irradiance of 800 W /sq.m is obtained initially, then after 0.3s a stable value

of 1000 W /sq.m is maintained.

Figure 14 shows voltage and current from PV and the controller. A steady voltage of 70V is achieved after 0.3
seconds of maintaining a constant voltage of 60V. Within 0.3 seconds, 12A is sustained at a constant rate and minor

distortions appear after 0.5 seconds.

Similarly, voltage and current waveforms of controller shows that the stable voltage of 320V is obtained after 0.2s.
Initially, the current value peaks to 5.5A, then it drops down and maintains a stable current of 2.5A with minor

distortions.

By utilising an ANFIS controller and an optimised red deer-based MPPT method, the Modified SEPIC-Luo

converter increases voltage.

CONVERTER OUTPUT VOLTAGE WAVEFORM
USING PI CONTROLLER

CONVERTER OUTPUT VIOL TAGE WAVEFORM
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Figure 15. Output voltage waveforms of (a) PI controller and (b) Optimized ANFIS controller

The output voltage obtained using PI controller is found to be un-stabilized with fluctuations as demonstrated in
Figure 15(a). Figure 15 (b) shows constant voltage of 320V obtained using Red Deer optimized ANFIS controller.
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Figure 16. Waveforms of real power and reactive power of PI controller

The reactive and real power obtained with the PI controller is illustrates in Figure 16. It shows that a stable real

power is obtained after o.1s. In reactive power, the value of the power reaches a peak, then drops down to continue
a constant value throughout the system.
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Figure 17. Grid (a) Voltage (b) Current waveforms

Figure 17 depicts the current and voltage waveforms of the grid. A constant voltage of 230V, and a constant grid
current of 8A is maintained without any deviations.
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Figure 18. THD waveform of the Grid

The THD of grid is demonstrated in Figure 18. It shows that lowest THD of 2.12% is obtained using PI controller at
the grid side.

Table 2. Comparison of MPPT

MPPT Technique Efficiency %
Hill climbing 96.9 [6]
P&O 97.5[8]
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Fuzzy Logic 94 [10]
ANFIS-PSO 98.5 [28]

Red Deer Optimized ANFIS | 98.61

Table 2 shows the efficiency of different MPPT techniques used .When compared to other techniques, the proposed
MPPT obtains maximum efficiency of 98.61%

Table 3. Comparison of Converter Efficiency

Converter Efficiency
Boost 80 [20]
Cuk 85[21]
SEPIC 88.2[22]
Luo 92.46 [23]
Luo- Boost 98.5 [27]
Modified SEPIC-Luo 98.92

Table 3 depicts the efficiency of various converters. The proposed converter achieves a maximum efficiency of
98.92% when compared to other converters.

Table 4. Comparison of Algorithm Efficiency

Optimization Algorithm | Efficiency
IGWO 98.54 [24]
LIPO 98 [25]
FFA 85.5 [26]
Red Deer Optimized ANFIS | 98.8

Table 4 depicts the efficiency of different algorithms. When compared to other optimization techniques, the

proposed converter obtains maximum efficiency of 98.8%.
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Figure 19. Convergence graph

Figure 19 represents the convergence graph of the proposed algorithm. This convergence graph serve as a tool for

evaluating, and optimizing the performance of the algorithm used during the optimization process.

From the

figure, it is found that the proposed algorithm is of high convergence speed when compared to that of IGWO, LIPO

and FFA.
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4. CONCLUSION

As the demand for clean and sustainable energy continues to rise, the proposed work in grid-tied PV systems pave
the way for more efficient and reliable PV power integration into typical energy networks. The modified SEPIC Luo
converter contributes to improved energy extraction from PV modules by efficiently managing the power flow and
voltage regulation. Thus, the proposed system results in a more robust and responsive grid-tied PV system. The
optimization of the Red Deer Optimized ANFIS MPPT process ensures that the PV system operates at its peak
efficiency, adapting to changing environmental conditions and maximizing the utilization of available PV energy.
The utility of this advanced control algorithms and power management strategies contributes to enhanced grid
stability. The converters enable seamless synchronization with the grid, minimizing power fluctuations and
improving the system's ability to deliver consistent and reliable electricity. The proposed MPPT efficiency is of
98.61% results in the better performance of the entire system. The algorithm efficiency is of 98.8% that
continuously adjust the operating point of PV to extract MPP from varying environmental circumstances. The
converter efficiency is found to be 98.92%, a high efficiency, and has the ability to step up or step down the input
voltage. The projected system represent a promising combination for future solar energy systems, contributing to
the ongoing transition towards a greener and more sustainable energy co-ordination.
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