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Abstract - Renewable Energy Resources (RES) have become integral components of energy strategies worldwide, witnessing a 

widespread adoption across various applications. The prevalent utilization of these resources can be attributed to their 

efficiency, cost-effectiveness and the growing global demand for energy. As daily energy consumption continues to rise, the 
popularity of renewable energy resources persists, driven by their effectiveness and economic viability across diverse sectors. 

The proposed system constitutes a Photovoltaic (PV) energy generation system integrated with a high-gain multi-port DC-DC 

converter, ultimately powering a DC load. The high-gain multi-port DC-DC converter serves as a pivotal component, efficiently 

managing power flow between the PV source and the DC load. Notably, the DC link voltage, critical for sustained operation, is 

adeptly regulated by a Modified Adaptive Neuro-Fuzzy Inference System (ANFIS) controller. This controller optimally adjusts 

the converter’s operation, ensuring the stability and reliability of the entire system. The significance lies in the synergy between 

renewable energy harvesting through PV panels, the versatile multi-port converter and the intelligent control facilitated by the 

Modified ANFIS, collectively fostering an energy-efficient and robust DC-based power system. The battery system is employed 

to store surplus energy attained from the PV system, which can be utilized in the lagging period of energy. The overall proposed 

system is implemented in MATLAB/Simulink. This comprehensive approach not only harnesses solar energy effectively but also 

showcases the adaptability and precision achieved through advanced control strategies, making it a promising model for 
sustainable energy applications. 

Keywords - High gain multi-port converter, MATLAB/Simulink, Modified ANFIS, Photovoltaic, RES. 

1. Introduction 
Due to the growing number of people, businesses and 

residents worldwide, there is an urgent need for electricity. In 

the past, fossil fuels were used to generate electricity; 

however, the use of fossil fuels has historically exacerbated 
environmental issues and disrupted the global ecosystem [1, 

2]. Nuclear energy and renewable energy sources are essential 

substitutes for fossil fuels in order to solve this issue [3].  

Today’s renewable energy sources are low-polluting and 

sustainable, among their numerous benefits. These days, one 

of the RES, known as solar photovoltaic generation, is 

becoming a more appealing option to traditional energy 

sources fossil fuels because of its lower energy costs, 
flexibility in terms of scale, and ease of procurement, low 

maintenance requirements and pollution-free operation [4, 5]. 

However, the environment, including temperature, solar light 

and shifting shadows, has a significant impact on the amount 

of energy generated by highly erratic and intermittent SPV 

systems [6]. Traditionally, a pre-conditioning DC/DC 

converter is needed for the renewable power generating 

system in order to improve isolation, maintain a steady power 

output, and achieve full energy harvesting [7]. Researchers 

and engineers have been attempting to create sophisticated 

power electronics converters and PV system control schemes 

in order to overcome these obstacles [8].  

A DC-DC boost converter is essential to raise the low 

voltage to the required level when the voltage across 

renewable energy sources is low, making grid integration 
unfeasible [9]. The issue with DC-DC boost converters is that 

they must run at high-duty cycles in order to increase voltage. 

This imposes much strain on the power semiconductor devices 

they use, which reduces overall efficiency and limits voltage 

gain [10, 11]. One such solution is the high-gain multi-port 

DC-DC converter, which enables efficient power transfer 

between multiple ports, such as the PV array, energy storage 

devices and loads. This converter offers several advantages, 

http://www.internationaljournalssrg.org/
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including high conversion efficiency, compact size, and 

flexibility in managing power flow. 

In addition to the converter, control algorithms play a vital 

role in optimizing the performance of PV systems [12, 13]. In 

this context, conventional techniques like Fuzzy [14, 15], 

Artificial Neural Networks (ANN) [16] and ANFIS control 
technique [17] have gained popularity. ANFIS combines the 

advantages of neural networks and fuzzy logic to create a 

robust and adaptive control system. By utilizing ANFIS, the 

control strategy can effectively regulate the voltage and 

current levels and ensure a reliable and stable DC power 

supply [18, 19]. Due to issues including the curse of 

dimensionality and computational cost, ANFIS is not suitable 

for solving problems involving huge input sizes [20, 21]. As a 

consequence, the proposed work implemented the Modified 

ANFIS controller to overcome the issues in the normal ANFIS 

controller, which led to improved accuracy, reduced control 

errors and better overall control performance.  

Furthermore, the PV systems generate electricity from 

sunlight during the day, but the energy production is 

intermittent and dependent on weather conditions. Batteries 

allow for the storage of excess energy generated during sunny 

periods for later use when sunlight is not available, such as 

during the night or on cloudy days. Energy storage helps 

ensure a continuous and reliable power supply, making the PV 

system more self-sufficient and reducing reliance on the grid. 

The contributions of the developed work are illustrated as 

follows, 

 High-gain multi-port DC-DC converter is employed to 

efficiently manage the power flow between the PV source 

and the DC load. 

 The Modified ANFIS controller is employed to adjust the 

converter’s operation optimally, ensuring the stability and 

reliability of the entire system. 

 The battery system is utilized to store the surplus energy 

obtained from the PV system, which distributes the power 

supply to the load system during the lagging period of 

energy from PV. 

2. Proposed Methodology 
The integration of PV energy systems into power 

infrastructure has gained significant attention due to the 

increasing demand for RES and the need to reduce greenhouse 
gas emissions. PV systems harness the power of sunlight and 

convert it into electrical energy, providing a clean and 

sustainable power generation solution.  

To ensure the efficient utilization of the generated PV 

power, converter and control techniques are employed. One 

such advanced solution is the integration of a high-gain multi-

port DC-DC converter and a Modified ANFIS control for a 

robust DC power supply. The Flow diagram of the proposed 

work is illustrated in Figure 1, and it is explained as follows, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1 Block diagram for the proposed framework 
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battery system is employed to store surplus power from the 

PV system. During the lagging period of energy from the PV 

system due to ecological changes, the battery system generates 

power for the load application. Finally, the proposed system’s 

robustness ensures a consistent and reliable DC power supply, 

which is essential for various applications and loads. 

2.1. Modelling of PV System 

In general, a solar cell consists of a power source coupled 

in parallel with an inverted diode. It represents parallel 

connections with series resistors and series connections with 

parallel resistors, respectively. Leakage currents result in 

parallel resistance, whereas a disturbance in the direction of 

electron migration from 𝑛  to 𝑝  junction creates series 

resistance. The equation that follows represents the PV current 

at the output end, 

𝐼 = 𝐼𝑆𝐶𝐶 − 𝐼𝑑  (1) 

𝐼𝑑 = 𝐼𝑂 (𝑒
𝑞𝑉𝑑

𝐾𝑇 − 1)    (2) 

Here, 𝐼𝑑 specifies the current over the diode, 𝐼𝑂 indicates 

the reciprocal of diode current saturation, 𝑞  represents the 

electron of charge, 𝐼𝑆𝐶𝐶 denotes the current of the short circuit 

in the PV panel and 𝑉𝑑  refer to the voltage over the diode 
respectively. By resolving Equation (1) and (2), 

 𝐼 = 𝐼𝑆𝐶𝐶 − 𝐼𝑂 (𝑒
𝑞𝑉𝑑

𝐾𝑇 − 1)   (3) 

Here, 𝐼 stands for PV cell current, 𝑉 for PV cell voltage, 

and 𝑛 for the diode ideality factor. 

2.2. Modelling of DC-DC Multiport Converter 

The proposed step-up converter with three input ports for 

a hybrid energy system is shown in Figure 3. The power 

semiconductor switches 𝑠1, 𝑠2and 𝑠3 regulate the three input 

sources.  

Diodes were used to freewheel the current when the 

power semiconductor switch was in the OFF state, and 

inductors and capacitors served as converter filtering 

components. The steady-state output voltage across the load 
“R” of the three-input port step-up converter is supplied by, 

𝑉𝑂 = ∑
𝑉𝑗

1−𝑑𝑗

3
𝐽=1   (4) 

Here, the power semiconductor switch  𝑠1 , 𝑠2  operating 

duty cycle is shown by  𝑑𝑗 , and the three-input step-up 

converter output voltage is represented by 𝑉𝑂. For switches 𝑠1, 

𝑠2 the gating signal is shown in Figure 5. Figure 4 illustrates 

how the converter functions in various modes, including 

modes 1, 2, and 3.

 

 

 

 

 

 

 

 

 
 

Fig. 2 Structure of solar PV system 

 

 

 

 

 

 

 
 

 

 
Fig. 3 Circuit diagram of proposed multi-port DC-DC converter 
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Mode 1: In this state, power switches 𝑠1, 𝑠2 are activated 

as specified in Figure 4(a). The currents of the inductors 𝐿1, 
𝐿2 increase linearly as a result of the input voltages. All of the 

diodes are reversely biased and do not conduct, so the voltage 
of the capacitors stays constant. In this mode 1, the output 

capacitor supplies the output load.  

Mode 2: This mode, 𝑠1is in ON state and 𝑠2 in the OFF 

state, Diodes D1 and D3 are reverse-biased, while diodes D2, 

D4 are forward-biased. The capacitors C2, C4 are charged 

while capacitors C1, C3 and C5 are discharged in this mode. 

The output capacitor C provides power to the load.  

Mode 3: In this mode, the Power switches s1 and s2 are in 

OFF condition. Forward-biased diodes are D1 and D3 While 

reverse-biased diodes are D2, D4. The odd-numbered 

capacitors C1, C3 and C5 are charged by the current passing 
through the primary and secondary inductors L1 and L2, and 

the even-numbered capacitors C2, C4 are discharged. The 

inductor L3 provides power to the load and output capacitors. 

The inductors’ average current can be written as 

𝑖𝐿1𝑎𝑣𝑔 =
𝑀

1−𝑑1
𝐼𝑜𝑢𝑡      (5) 

𝑖𝐿2𝑎𝑣𝑔 =
𝑀

1−𝑑2
𝐼𝑜𝑢𝑡  (6) 

𝑖𝐿3𝑎𝑣𝑔 =
𝑀

1−𝑑3
𝐼𝑜𝑢𝑡  (7) 

Here, M specifies the voltage gain of the developed 

converter and Iout indicates average output current 

respectively. 

Three-input step-up converters have boost cell inductors 

that are constructed similarly to those of conventional boost 

converters. The converter’s Continuous Conduction Mode is 
intended to operate with inductors (CCM). The following 

formula can be used to determine the minimum rate of 

inductors for the CCM converter process: 

𝐿1𝑚𝑖𝑛 =
(1−𝑑1)𝑑1𝑉𝑝𝑣

2𝑀𝐼𝑜𝑢𝑡𝑓𝑠𝑤
   (8) 

𝐿2𝑚𝑖𝑛 =
(1−𝑑2)𝑑2𝑉𝑏𝑎𝑡𝑡

2𝑀𝐼𝑜𝑢𝑡𝑓𝑠𝑤
  (9) 

𝐿3𝑚𝑖𝑛 =
(1−𝑑3)𝑑3𝑉𝑜

2𝑀𝐼𝑜𝑢𝑡𝑓𝑠𝑤
 (10)                                             

Here, 𝑉𝑝𝑣 , 𝑉𝑏𝑎𝑡𝑡  represents the input voltage PV and 

battery, 𝑓𝑠𝑤  indicates the switching frequency of the 

converter. For step-up converters with three inputs, the 

capacitor value is as follows: 

𝐶1,𝑚𝑖𝑛 = 𝐶1,𝑚𝑖𝑛 = 𝐶1,𝑚𝑖𝑛 =
𝜆𝑉𝑜

𝑓𝑠𝑤𝑅𝐿𝑚𝑖𝑛𝑉𝑃𝑃,𝑚𝑎𝑥
  (11) 

Here, 𝑉𝑃𝑃,𝑚𝑎𝑥 indicates the maximum ripple voltage and 

the 𝑅𝐿𝑚𝑖𝑛 represents the converter’s minimum load resistance 

correspondingly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4 Modes of operation (a) Mode 1, (b) Mode, and (c) Mode 3. 
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Fig. 5 Waveform for the proposed converter 

2.3. Modelling of Modified ANFIS Controller 

One of the problems with using a traditional fuzzy 

technique is the correlation between computing difficulty and 

ANFIS dimensions, which is also known as the “curse of 

dimensionality.” In order to break the curse, it definitely needs 

to reevaluate the Modified ANFIS (MANFIS) architecture 

seen in Figure 6.  

Four layers make up a standard ANFIS model; the 

defuzzification layer is the fourth layer; in this layer, every 

rule will produce a distinct output. The normalized emission 

intensity multiplied by the first-order polynomial function 

yields the output for each adaptive node in this layer: 

𝑂4
𝑖 = �̅�𝑖𝑓𝑖 = �̅�𝑖(𝑝𝑖𝑥 + 𝑞𝑖𝑦 + 𝑟𝑖).    𝑖 = 1,2  (12) 

In formula (13), the posterior parameter set is denoted by 

{𝑝𝑖,𝑞𝑖 , 𝑟𝑖}, and �̅�𝑖 indicates the output of the third layer of the 

ANFIS structure. In Formula (13), the Taylor series is 

extended as follows: 

𝑓𝑖 ≈ 𝑓𝑖(𝑐𝑖) +
𝑑𝑓𝑖

𝑑𝑥𝑖
1

(𝑥𝑖
1 − 𝑐𝑖

1) + ⋯ +
𝑑𝑓𝑖

𝑑𝑥𝑖
 𝑛

(𝑥𝑖
𝑛 − 𝑐𝑖

𝑛)  (13) 

Where 
𝑑𝑓𝑖

𝑑𝑥𝑖
 𝑛

 specifies the function gradient of the ith rule 

centre, 𝑓𝑖(𝑐𝑖) represents the basic function value of the ith rule 

centre, and 𝑛 is the input dimension. The rule centre, which 

has the same dimension as the input, is represented by the 

formula  𝑐𝑖 = [𝑐𝑖
1, 𝑥𝑖

𝑛] . As a result, the ANFIS first-order 
model can be written as:           

𝑓𝑖 ≈ ∑ (𝑓𝑖(𝑐𝑖)𝑅
𝑖=1 + ∑ (𝑥𝑖

𝑛 − 𝑐𝑖
𝑛)).𝑁

𝑛=1 �̅�𝑖  (14) 

Using the zero-order ANFIS model, fi(c i) can be found 

in this formula. Domain expertise is combined into the model 

as a Gauss basis function in the manner shown below: 

𝛷𝑗
𝑟 = 𝑎𝑗 . 𝑒𝑥𝑝 (− ∑ (

𝑐𝐵
𝑖−𝑐𝐹

𝑖

𝜎𝑗
𝑖

)
2

𝑛
𝑖=1 )  (15) 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 6 Structure of modified ANFIS  
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Gauss basis function is employed. When there are many 

advantageous rules, the weighted geometric mean of the 

independent Gauss function can be used to represent the 

model’s output in the 𝑟𝑡ℎ rule. 

𝑚𝑟
𝑜 = ∏ (𝛷𝑗

𝑟)𝛾𝑟
𝑗𝐽

𝑗=1      (16) 

𝛾𝑟
𝑗 =

1

∑ (
𝐷𝑟𝑗

𝐷𝑟𝑖
⁄ )

𝐽
𝑖=1

     (17) 

Where the parameter generated by the zero-order ANFIS 

model’s 𝑟𝑡ℎ rule is denoted by 𝑚𝑟
𝑜. The weight of the degree 

between the 𝑗𝑡ℎ suitable rule centers and the 𝑟𝑡ℎ rule centers 

is represented by 𝛾𝑟
𝑗  respectively. 

3. Results and Discussion 
The proposed system constitutes a PV energy generation 

system integrated with a high-gain multi-port DC-DC 

converter, ultimately powering a DC load. The proposed High 

gain converter efficiently manages the power flow between 
the PV source as well as the DC load.  

On the other hand, the Modified ANFIS controller 

effectually controlled the developed converter with less 

settling time. By utilizing MATLAB/Simulink, the proposed 

work is validated, and the comparative analysis is made, 

which is designated in this section. Table 1 specifies the 

parameter specification, which is discussed as follows. 

Table 1. Parameter specification 

Parameters Values 

Number of Cells 

Connected in Series 𝑁𝑠 
36 

Peak Power 10KW, 10 Panels 

Open Circuit Voltage 12V 

Short Circuit Current 8.3A 

High-Gain Multi-Port Converter 

Switching Frequency 10KHz 

L1, L2, L3 1mH 

C1, C2, C3, C4, C5 22µF 

Co 2000µF 

 

3.1. Case 1 Single Input Single Output (SISO) 
The PV waveform gets medium Temperature and 

Irradiation of 35 ° C and 1000(w/sq.m) correspondingly as 

specified in Figure 7(a) and (b). As illustrated in Figure 7 (b) 

and (c), the solar panel input voltage is taken as 76V and the 

current is 13.1A, respectively.  

As indicated in Figure 8 (a) and (b), the output current 
oscillates certain period, and it is constantly maintained at 

400V, and the output current is also upheld initially after it is 

preserved at 2.31A. Furthermore, the input power is given as 

1000W, and the output power is preserved at 922W, as 

specified in Figure 8 (c) and (d). In this case 1, the battery is 

unable to charge due to insufficient power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 7 Solar panel waveform (a) Temperature, (b) Irradiation, (c) Voltage, and (d) Current. 
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Fig. 8 Waveforms (a) Converter output voltage, (b) Output current, (c) Solar panel input power, and (d) Converter output power. 

3.2. Case 2 Double Input Single Output (DISO) 

In this case, the solar panel gets low temperature and 

radiation of 20°C and 700(w/sq.m), as demonstrated in Figure 
9(a) and (b). Moreover, the voltage and current obtained from 

the PV are 58V and 11.97A, respectively. The power attained 

from the PV is 700W, which is lower than the load power of 

1000W, as specified in Figure 10(a). The battery voltage gets 

preserved at 50V and the current is unity as illustrated in 

Figure 10 (b) and (c) respectively.  

Figures 11(a), and (b) illustrate the converter output 

voltage and current waveform, which is observed that the 

output voltage gets constantly preserved at 400V. Similarly, 

the current oscillates for a certain period, and it is constantly 
upheld at 3A. Furthermore, the battery power initially 

oscillated after 0.1s, it is constantly preserved at 300W, and 

the converter output power is constantly maintained at 922W, 

as illustrated in Figure 12(a) and (b). Thus, the battery needs 

to distribute the load demand of 300W. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 9 Solar panel waveform (a) Temperature (b) Irradiation (c) Voltage, and (d) Current.  
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Fig. 10 (a) Solar panel power, (b) Battery voltage, and (c) Battery current waveform.  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 11 Converter output (a) Voltage, and (b) Current waveform. 

   

 

 

 

 

 

 

 

 

 
 

 

Fig. 12 Output power waveform (a) Battery, and (b) Converter.
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3.3. Case 3 Single Input Double Output (SIDO) 

As specified in Figure 13 (a) and (b), the PV panel gets 

maximum irradiation and temperature of 35°C and 

1000(w/sq.m) in this case. Furthermore, as specified in 

Figures 13 (c) and (d), the PV panel obtained voltage and 

current are 76V and 10.9A, correspondingly. Similarly, the 
converter output voltage is constantly preserved at 400V, and 

the current is maintained at 1.8A after fluctuating a certain 

time, as indicated in Figure 14 (a) and (b). The solar power 

input is 817W, and the output power of the converter is 

maintained at 755W after fluctuating a certain time, as 

illustrated in Figure 14 (c) and (d).  

The battery waveform is demonstrated in Figure 15, 

which shows that the battery voltage is constantly preserved 

at 50V, and the current is maintained at -2A. Moreover, the 

battery power is constantly upheld at -183W because, during 

battery charging, the current gets a negative value. The 

converter output voltage waveform using various controllers 
is illustrated in Figure 16; from the result, it is analyzed that 

using the PI controller, the voltage gets oscillated certain 

period, and after 0.2s, it constantly upheld at 400V and by 

utilizing the ANFIS controller, the voltage is maintained after 

0.12s. Similarly, the proposed Modified ANFIS controller has 

constantly maintained its voltage at 400V after 0.02s.

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 13 Solar panel waveform (a) Temperature, (b) Irradiation, (c) Voltage, and (d) Current.

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Fig. 14 Waveforms (a) Converter output voltage, (b) Converter Output current, (c) Solar panel input power, and (d) Converter output power. 
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Fig. 15 (a) Battery voltage, (b) Current waveform, and (c) Power waveform. 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 16 Converter output voltage waveform using (a) PI controller, (b) ANFIS, and (c) Modified ANFIS controller. 

The developed High-gain multi-port converter is 

contrasted with the conventional techniques, as mentioned in 
Ref [22-24], to illustrate the prominence of the implemented 

work. From the comparison graph, it is evident that the 

proposed framework attained a high-efficiency value of 92% 

compared to the conventional topologies, as illustrated in 

Figure 17. Figure 18 specifies the comparison of switching 
losses, which analyzed that the developed high gain DC-DC 

converter has reduced switching losses of 9W contrasted to the 

other conventional techniques. 
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Fig. 17 Comparison of efficiency 

 
Fig. 18 Comparison of switching losses 

Table 2. Comparison of various controllers  

Controllers Settling Time (s) Rise Time (s) 

PI 0.2 0.01 

ANFIS 0.12 0.01 

Proposed Modified ANIFS 0.02 0.01 

4. Conclusion 
In this paper, a high-gain multi-port DC-DC converter 

and modified ANFIS control are proposed for a robust DC 

power supply. The developed converter efficiently manages 

the power flow between multiple sources and loads. It allows 

for the effective integration of various energy sources, such as 

PV arrays, batteries and the load, while ensuring optimal 
power transfer and system performance. The modified ANFIS 

control algorithm enhances the robustness and stability of the 

DC power supply. By continuously monitoring and adjusting 

the control parameters, ANFIS adapt to varying 

environmental conditions and load demands, ensuring a 
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reliable and efficient power supply. Moreover, the battery 

system effectively stores the surplus energy and distributes it 

to the load during the lagging period of energy from the PV 

system. The overall developed system is executed in 

MATLAB/Simulink, and it is contrasted with the 

conventional topologies to show the prominence of the 

developed work. The results demonstrate that by utilizing the 

developed converter and control technique, the higher 

efficiency of 92%, reduced switching loss of 9W and settling 

time of 0.02 is attained. 
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