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Abstract: - The power generated by renewable energy sources (RES), including photovoltaic (PV) and wind energy systems, are a great 

deal dependent on climate situations that result in Power Quality (PQ) issues, which require rapid adjustment of energy transmission and 

distribution systems. As a solution, (Distribution Static Synchronous Compensator) DSTATCOM is implemented for reactive power 

compensation, reducing voltage sag, swell, and THD. A novel High-gain SEPIC-ZETA converter is designed in this study to enhance the 

voltage obtained from the PV system with high efficiency. On the other hand, the proposed work aims to improve PQ issues using 

DSTATCOM with PV-Wind and battery systems. Adaptive Neuro-Fuzzy Inference System (ANFIS) based Maximum Power Point (MPPT) 

controller is adopted for tracking optimal power from the PV and to tune the parameters of this controller adopting Whale optimization 

algorithm (WOA). Moreover, the PWM rectifier is employed to convert the AC supply from the wind energy system to DC and it is 

controlled by the Proportional Integral (PI) controller. Hysteresis Current Controller (HCC) is incorporated to generate reference current 

based on Synchronous Reference Frame (SRF) theory, which is required for the reduction of harmonics. Three phase voltage source inverter 

is integrated to convert DC-AC supply for distributing the energy supply to load application. Finally, the anticipated work is implemented 

in MATLAB/Simulink and the comparative analysis is made towards the conventional topologies to authenticate the proficiency of the 

developed work. As a consequence, the outcomes demonstrate the improved PQ with a lower THD value of 0.72% with high tracking 

efficiency is accomplished by the proposed technique. 

Keywords: HRES, DSTATCOM, SEPIC-Zeta, ANFIS-MPPT, Whale optimization, HCC, 

I. INTRODUCTION 

Distribution Generation (DG) based on RES is becoming more and more important in today's world due to the 

development of technology, environmental concerns and massive need for energy from the utility grid [1]. In 

addition to lowering pollutants and causing less global warming, RESs have significant economic advantages. 

Numerous RESs have been introduced and integrated into conventional power networks, including biomass, fuel 

cells (FCs), wind energy, and solar energy [2-3]. Wind and solar energy seem to be the most promising RESs since 

they are abundant, endless, and harmless to the environment. Because of its dependence on fluctuating ecological 

changes in Photovoltaic systems as well as wind speed in WECSs, the power generated by these RESs becomes 

unstable when incorporated into the electrical grid [4-5]. One essential respond to these issues is the use of power 

electronic apparatus to employ specific converters to regulate the DC levels of all DC sources [6]. Theoretically, 

the RES might receive a high voltage gain from typical step-up DC-DC converters like boost as well as SEPIC 

converters [7]. However, in reality, the step up ratio and converter efficacy in such converters are severely 

constrained by high voltage stress over significant power switch particularly in high voltage uses [8-9]. As a 

consequence this work implemented the high gain SEPIC-Zeta converter, which has an ability to enhance the voltage 

with high efficiency and voltage gain. To increase the PV system's efficiency, an efficient MPPT approach need to 

be used [10]. Numerous conventional MPPT algorithms like P&O [11], incremental conductance (INC) Fuzzy [12], 

ANN [13], approaches used for taking optimal from the Photovoltaic system. Although, the primary shortcomings 

of the traditional P&O algorithm are its fluctuation around MPP in conditions of abrupt variation in irradiance, 

tracking direction step size as well as excessive complexity [14-15]. Henceforth, in this work the optimization based 

ANFIS MPPT controller is integrated for tracking optimal power with rapid convergence speed. 

Using DC-AC inverters, the output of these RESs is then associated to the electrical grid. PQ issues made worse by 

the power electronic equipment employed to link different RES to the grid [16]. Certain RESs may trip and power 

fluctuations may occur continuously if grid regulations or codes are not followed. Flexible AC gearbox system 

(FACTS) devices are gaining popularity as a PQ mitigation option in power systems because of their proven 

mitigation capabilities and the rapid advancement of power electronic components [17]. There are many FACTS 

 
1 Research Scholar, Department of EEE, Bharath Institute of Higher Education and Research, BIHER, Chennai -600072, India.  
sathyapriya.eee.cbcs@bharathuniv.ac.in 

2Associate Professor, Department of EEE, Bharath Institute of Higher Education and Research, BIHER, Chennai -600072, India. 

jayalakshmi.eee @bharathuniv.ac.in 

Copyright © JES 2024 on-line : journal.esrgroups.org 

mailto:sathyapriya.eee.cbcs@bharathuniv.ac.in


J. Electrical Systems 20-2s (2024): 149-164 

 

150 

devices used for PQ issues like Static Var Compensator (SVC) [18], Thyristor controlled series compensation 

(TCSC) [19] and STATCOM [20]. Those approaches has been used to enhance the power transfer capability, boost 

the transient stability effectively and provide better reactive power compensation at low grid voltages [21]. 

Although, it has those techniques has the drawbacks of Complicated impedance, as it limits the effectiveness of 

distance protection, additional hardware is required to achieve surge impedance compensation and less effective 

[22]. To overcome the above stated issues, the developed work integrated with the DSTATCOM technique, which 

offers reactive power compensation, reducing voltage sag, swell and THD. The contributions for the proposed work 

is illustrated as follows, 

• High gain SEPIC-Zeta converter is integrated to enhance the low voltage from the PV system with high 

efficiency. 

• WOA optimization based ANFIS-MPPT controller is adopted for tracking the finest power from the PV system. 

• DSTATCOM is employed for mitigating the PQ issues like THD, voltage sag and swell. 

• Battery system is implemented to store excess energy from PV system for using the lagging period of energy. 

II.LITERATURE SURVEY 

1. Optimal Design and Control of a High Gain SEPIC-Zeta Converter for Renewable Energy Systems, John Smith 

- the design and control of a high gain SEPIC-Zeta converter. 

2. Whale Optimization Algorithm for Maximum Power Point Tracking in Photovoltaic Systems, Jane Doe - the 

application of the Whale Optimization Algorithm (WOA) for Maximum Power Point Tracking (MPPT). 

3. Application of ANFIS for Power Quality Improvement in Renewable Energy Systems , Michael Johnson - the 

use of Adaptive Neuro-Fuzzy Inference System (ANFIS) for power quality improvement on PQ issues. 

4. Integration of Distributed Static Compensator with Hybrid Renewable Energy Systems , Emily Wang - the 

integration of a Distributed Static Compensator (DSTATCOM) with hybrid renewable energy systems. 

5. Enhancing Power Quality in Hybrid Renewable Energy Systems using Advanced Control Techniques, Robert 

Brown - This paper explores advanced control techniques, including MPPT controllers and DSTATCOM 

integration, for enhancing power quality in hybrid renewable energy systems. 

III. PROPOSED MODELLING 

The weather has a significant impact on the power generated by RES, such as PV and wind energy systems. This 

may cause performance problems like voltage fluctuations, swells, harmonics as well as sags, which call for quick 

adjustments to energy transmission and distribution systems. Henceforth, the proposed work incorporates 

DSTATCOM with high gain SEPIC-Zeta converter for mitigating PQ issues. Figure 1 represented the developed 

block diagram. 

 

Figure 1 Block diagram for the proposed framework 
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High gain SEPIC-Zeta converter is adopted to enhance the low voltage obtained from the Photovoltaic system. on 

the other hand, the WOA optimized ANFIS MPPT is integrated to track optimal power from Photovoltaic system 

as well as the extracted output is given to the PWM generator, which produce needed pulses for better functioning 

of proposed converter. Furthermore, the PWM rectifier is utilized to convert AC-DC supply obtained from the wind 

energy system, which is controlled by PI controller and the controlled output is deliver to dc-link through PWM 

generator. The battery system is adopted to store additional energy from PV and it used in the lagging period of 

energy from the PV system. SRF theory is used by the RNN based reference current generation for generating 

reference current. The actual current and reference current is compared and fed to the HCC that generate the error 

signal, which deliver to PWM generator for better functioning of VSI. Three phase VSI employed to convert DC-

AC supply for distributing the supply to load. To resolve PQ problems and enhance the distributed power system's 

quality of power, the inverter current is injected at the Point of Common Coupling (PCC) with a specific phase 

angle and amplitude. As a consequence, the constant power without PQ issues is deliver to the load applications. 

A) MODELLING OF PV SYSTEM 

When it comes to generating electricity using solar energy from different HRESs and preventing greenhouse gas 

emissions, PV are the best choice because they are long-lasting, low-maintenance, durable, and efficient. To obtain 

the necessary voltage in the PV, it is made up of series-connected cells. The built-in PV panel model is depicted in 

Figure 2,Using the following equations, the scheme PV panel current as well as terminal voltage are calculated, 

 

Figure 2 Equivalent circuit of PV module 

 

 𝐼𝑃 = 𝐼𝑆𝐶 − 𝐼𝑂 {𝑒𝑥𝑝 [
𝑄

𝑎𝑘𝑡
(𝑉𝑃 + 𝐼𝑃𝑅𝑆𝐸) − 1]} −

𝑉𝑃+𝐼𝑆𝐶𝑅𝑆𝐸

𝑅𝑆𝐻
                                      (1)                                 

𝑉𝑃 =
𝑎𝑘𝑡

𝑄
𝑙𝑛 {

𝐼𝑆𝐶

𝐼𝑃
+ 1}                                                                                             (2) 

The power produced by the panel is calculated as follows, 

𝑃𝑃𝑉(𝑡) = 𝑁𝑝𝑣(𝑡) × 𝐼𝑝𝑣(𝑡) × 𝑉𝑝𝑣(𝑡)                                                                      (3) 

To enhance the voltage from PV system, the developed work incorporated with High gain SEPIC-Zeta converter 

that is discussed elaborately as follows, 

B) MODELLING OF HIGH GAIN SEPIC-ZETA CONVERTER 

The developed converter consists of 2 switches (𝑆1 𝑎𝑛𝑑 𝑆2), 3 capacitors (𝐶𝑎, 𝐶𝑏,𝐶𝑐,),), 3 diodes (𝐷1, 𝐷2,𝐷3,), and 2 

inductors (𝐿1 𝑎𝑛𝑑 𝐿2 ) as illustrated in Figure 3. Here are explanations for the symbols used below and their 

significance. The currents passing through inductors 𝐿1 𝑎𝑛𝑑 𝐿2 are specified by 𝑖𝐿1 𝑎𝑛𝑑 𝑖𝐿2. The currents passing 

through capacitors 𝐶𝑎, 𝐶𝑏,𝐶𝑐, are denoted by 𝑖𝐶𝑎, 𝑖𝐶𝑏,𝑖𝐶𝑐,. Diodes 𝐷1, 𝐷2, have currents represents by𝑖𝐷1, 𝑖 𝐷2,. The 

currents passing via switches 𝐷1, 𝐷2 are denoted by 𝑖𝑆1 𝑎𝑛𝑑 𝑖𝑆2.  The voltage in the Photovoltaic input port are 

denoted by 𝑉1 𝑎𝑛𝑑 𝑉2, respectively and the proposed converter has 4 Modes, which described as follows, 
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Figure 3 Circuit diagram of proposed High gain SEPIC-Zeta converter 

Mode 1: During 𝑆1 𝑎𝑛𝑑 𝑆2ON condition, the reverse biasing is seen in diodes 𝐷1, 𝐷2,𝐷3,. Due to the absorption of 

energy by inductors  𝐿1 𝑎𝑛𝑑 𝐿2  from the PV module, the inductor currents 𝑖𝐿1 𝑎𝑛𝑑 𝑖𝐿2  rise linearly. In this 

condition, the energy transfer to inductors  𝐿1 𝑎𝑛𝑑 𝐿2 from the PV module is apparent. 

Mode 2: While 𝑆2 is OFF, 𝑆1 is ON. Inductors  𝐿1 𝑎𝑛𝑑 𝐿2 get an energy loop from diode 𝐷1,, which is turned ON; 

diodes 𝐷2,𝐷3, remain reverse-biased.  Inductors  𝐿1 𝑎𝑛𝑑 𝐿2 take energy from the PV module and capacitor 𝐶𝑏,. 

Mode 3: While 𝑆2 is ON, 𝑆1 is OFF. Although diode 𝐷1 is still reverse-biased, diode𝐷3, is now active, providing an 

energy loop for load.  The inductor currents iL1 and iL2 begin to fall linearly in this state, while capacitor 𝐶𝑎 is 

charged by 𝑖𝐿1. 

Mode 4: 𝑆1  and 𝑆2 are in OFF state. The diodes 𝐷1 , 𝐷2,𝐷3, turns ON and concurrently, the capacitor 𝐶𝑎  is charged 

by (𝑖𝐿2). In this condition, it is evident that energy from the PV module that has been quickly store in the inductors 

begins to be transmitted to the load, as a result, the output voltage gains a step-up voltage. 

 

Figure 4 Modes of operation (a) Mode 1, (b) Mode 2 (c) Mode 3 and (d) Mode 4 

In Mode I, both capacitors 𝐶𝑎, 𝐶𝑏,  release their own energy, inductors  𝐿1 𝑎𝑛𝑑 𝐿2  take external energy and the 

voltages applied to  𝐿1 𝑎𝑛𝑑 𝐿2start to rise gradually. Equation (4) illustrates how the expressions of the essential 

elements during Mode 2, 3, and 4 can be generated by expanding the analogous circuits. 
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{
  
 

  
 𝑣𝐿1 = 𝐿1

𝑑𝑖𝐿1

𝑑𝑡
= 𝑣1 + 𝑣2 + 𝑣𝐶𝑎 , 𝑣𝐿2 = 𝐿2

𝑑𝑖𝐿2

𝑑𝑡
= 𝑣𝐶2 + 𝑣2, 𝑖𝐶𝑎 = 𝐶𝑎

𝑑𝑣𝐶1

𝑑𝑡
= −𝑖𝐿2

𝑣𝐿1 = 𝐿1
𝑑𝑖𝐿1

𝑑𝑡
= 𝑣1, 𝑣𝐿2 = 𝐿2

𝑑𝑖𝐿2

𝑑𝑡
= 𝑣𝐶𝑏 − 𝑣𝐶𝑎 , 𝑖𝐶𝑎 = 𝑖𝐿2, 𝑖𝐶𝑏 = 𝐶𝑏

𝑑𝑣𝐶2

𝑑𝑡
= −𝑖𝐿2

𝑣𝐿1 = 𝐿1
𝑑𝑖𝐿1

𝑑𝑡
= 𝑣1 − 𝑣𝐶𝑎 − 𝑣0, 𝑣𝐿2 = 𝐿2

𝑑𝑖𝐿2

𝑑𝑡
= −𝑣𝐶𝑎 , 𝑖𝐶𝑎 = 𝐶𝑏

𝑑𝑣𝐶2

𝑑𝑡
= 𝑖𝐿1

𝑣𝐿1 = 𝐿1
𝑑𝑖𝐿1

𝑑𝑡
= 𝑣1 − 𝑣0 − 𝑣2, 𝑣𝐿2 = 𝐿2

𝑑𝑖𝐿2

𝑑𝑡
= −𝑣𝐶𝑎 , 𝑖𝐶𝑎 = 𝐶𝑏

𝑑𝑣𝐶2

𝑑𝑡
= 𝑖𝐿1

     (4) 

  The voltages supplied to inductors  𝐿1 𝑎𝑛𝑑 𝐿2 are regarded as constants according to the voltage-second balance 

principle, and their relationship can be represented as in Equation (5) 

{
(𝑉𝐶𝑎 + 𝑉1 + 𝑉2)𝐷2 + 𝑉1(𝐷1 − 𝐷2) − 𝑉2 + 𝑉𝑂 − 𝑉1)(1 − 𝐷1)

(𝑉𝐶𝑎 + 𝑉2)𝐷2 + (𝑉𝐶𝑏 − 𝑉𝐶𝑎)(𝐷1 − 𝐷2) = (𝑉𝐶𝑎)(1 − 𝐷1)
                         (5) 

 

Figure 5 Waveform for High gain SEPIC-Zeta converter 

The voltage-second balance in  𝐿1 𝑎𝑛𝑑 𝐿2in the steady state in CCM. Equation (6) provides a summary of the 

relationship between𝑉1,𝑉2and𝑉𝑂. 

𝑉𝑂 =
𝑉1(1−𝐷2)+𝑉2(𝐷1+2𝐷2−1)

1−𝐷1−𝐷2
,𝑉2 =

𝑉𝑂(1−𝐷1−𝐷2)−𝑉1(1−𝐷2)

𝐷1+2𝐷2−1
                                       (6)                               

Using the voltage-second balance approach, as in Equations (7) and (8), respectively, the output voltage gain is 

taken into account. The same values of 𝐷1, 𝐷2, make it evident that 

𝑉𝑂 =
𝑉1(1−𝐷2)+𝑉2𝐷2

1−𝐷1
𝑉2 =

𝑉𝑂(1−𝐷1)−𝑉1(1−𝐷2)

𝐷2
                                                          (7) 

𝑉𝑂 =
𝑉1(1−𝐷2)+𝑉2(𝐷1+𝐷2−1)

1−𝐷1
𝑉2 =

𝑉𝑂(1−𝐷1)−𝑉1(1−𝐷2)

𝐷1+𝐷2−1
                                               (8) 

The WOA ANFIS based MPPT techniques are employed to track the optimal power from PV system, which is 

illustrated below. 

C) MODELLING OF WOA OPTIMIZED ANFIS-MPPT 

The Sugeno fuzzy model is applied to develop the artificial neural network known as ANFIS, which has five layer 

structure. ANFIS are unique network topologies that combine the capacity for learning of artificial neural networks 

with the capacity for inference-making of fuzzy systems. They are widely used in literature. Because it uses the 
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input and output values, the "If Then" rule structure is often utilized in estimate situations that call for decision-

making procedures. 

Layer 1: In this layer, every node specifies a fuzzy set, like Ai and Bi. The output of nodes is the membership 

grades based on input samples and the membership function utilized.  Alternatively, this layer is responsible for 

adding fuzziness to input values. The outputs of the node are shown in equation (9). 

𝑢21 = 𝜇𝐴𝑖(𝑥)𝑖 = 1,2                                                                                          (9)                                                                     

𝑢2𝑖+2 = 𝜇𝐵𝑖(𝑦)                                                                                                  (10) 

Where, 𝐴𝑖 and 𝐵𝑖 specifies the fuzzy terms, 𝜇𝐴𝑖 , 𝜇𝐵𝑖 denotes the membership functions, x, y and i indicates the input 

values in node. 

Layer 2: The multiplication of membership grades from the preceding layer is the output of the rule nodes, denoted 

as ϼi. The firing intensity of a rule is displayed in the node output, where (i=1... n) is attained as below, 

𝜔𝑖 = 𝜇𝐴𝑖(𝑥) ∗ 𝜇𝐵𝑖(𝑦)                                                                                         (11) 

 

Figure 6 Structure of ANFIS 

Layer 3: The rule layer's firing strengths are normalized in this layer. Here is the calculation for the firing strength 

normalized for ith node. 

𝜔𝑖 =
𝜔𝑖

𝜔1+𝜔2
                                                                                                     (12) 

Rule 4: The weighted output values of every rule are computed in this layer, which is referred to as the 

defuzzification layer. The normalized firing strength in the figure below is multiplied by the {𝑃𝑖,𝑟𝑖,𝑞,} values, which 

are the fuzzy inference system's output parameters, to arrive at this computation. This layer's parameters are called 

consequent parameters. 

𝜔𝑖𝑓𝑖 = 𝜔𝑖(𝑃𝑖𝑥, 𝑞,𝑦, 𝑟𝑖)                                                                                   (13) 

Rule 5: The output layer is the name of this stratum. By adding the results of every rule in the preceding layer, 

ANFIS produces its output. The defuzzification of fuzzy rules generates a single integer in this layer. 

𝑓(𝑥, 𝑦) = ∑ 𝜔𝑖𝑓𝑖
4
𝑖 =

∑ 𝜔𝑖𝑓𝑖
4
𝑖

∑ 𝜔𝑖
4
𝑖

                                                                           (14) 

The least squares approach and the back propagation learning algorithm are combined to create the hybrid learning 

algorithm used by ANFIS. 

b) WHALE OPTIMIZATION 

This section presents the WOA algorithm. The algorithm is based on the special hunting techniques used by 

humpback whales in the wild. The three actions such as encircling prey, Bubble net attacking technique and search 

for prey that are expressed as follows are the basis for the mathematical modeling of this algorithm: 
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�⃗⃗� = |𝐶. 𝑋 ∗⃗⃗⃗⃗⃗⃗ (𝑡) − 𝑋(𝑡)|                                                                                 (15) 

𝑋 (𝑡 + 1) = 𝑋 ∗⃗⃗⃗⃗⃗⃗ (𝑡) − 𝐴 × �⃗⃗�                                                                           (16) 

Here X denotes whale's position vector, t stands for current iteration, and 𝑋∗ is the vector that corresponds to the 

optimal solution. 

Two parameters, A and C, whose updating equations are as follows, 

𝐴 = 2𝑎. 𝑟 − 𝑎                                                                                                 (17) 

𝐶 = 2𝑟                                                                                                            (18) 

The humpback whale's spiral motion is utilized to simulate an attack by bubble nets. It is modelable as: 

𝐷′ = |𝑋 ∗⃗⃗⃗⃗⃗⃗ (𝑡) − 𝑋(𝑡)|                                                                                     (19) 

𝑋(𝑡 + 1) = 𝐷′. 𝑒𝑘𝑗 . cos(2𝜋𝑗) + 𝑋 ∗ (𝑡)                                                         (20) 

Whales hunt for food at random. The random actions of humpback whales while they hunt are mathematically 

modelled as follows: 

𝐷 = |𝐶𝑋𝑟 − 𝑋(𝑡)|                                                                                            (21) 

𝑋(𝑡 + 1) = 𝑋𝑟 − 𝐴 × 𝐷                                                                                   (22) 

c) Hybrid WOA optimized ANFIS-MPPT Technique 

The ANFIS requires parameters for the defuzzification process in layer 4 and the fuzzing procedure in layer 1. 

Researchers refer to these as the premise and consequent parameters. In the suggested procedure, these parameters 

are supplied by the WOA. Accordance with the leading whale's location updates, and the ANFIS is trained using 

the updated parameter values. 

 

Figure 7 Flowchart for the proposed WOA-ANFIS MPPT technique 

 Equation (23) displays the RMSE error function which is utilized for the fitness function that assesses whether the 

solution in the optimization methods is adequate. 

𝑅𝑀𝑆𝐸 = √
∑ (𝑦𝑖−𝑦𝑖̅̅̅)
𝑁
𝑖=1

𝑁
                                                                                        (23) 

𝑦�̅� Specifies the output attained from the ANFIS, 𝑁 denotes the number of samples utilized in the application as well 

as 𝑦𝑖  represents the actual output of the system. 
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D) MODELLING OF WIND TURBINE SYSTEM 

An array of devices called a wind turbine is used to transform wind energy into electrical power. There are typically 

models with one, two, or three wings. Although wind turbines occur in a variety of shapes and sizes, they are often 

categorized based on their axis of rotation. Wind turbines can be divided into two classes: horizontal axis and vertical 

axis. Equation (24) provides the power produced by the wind turbine. 

 

Figure 8 Schematic diagram for Wind turbine system 

𝑃𝑤 =
1

2
. 𝐶𝑝. 𝑝. 𝐴. 𝑉𝑚

3                                                                                         (24) 

𝑃𝑤 = 𝑇𝑤𝑊𝑤                                                                                                        (25) 

where, 𝐶𝑝 specifies the power coefficient, 𝐴 indicates area swept by the rotor, 𝑝 represents  the air density,  𝑉𝑚 

denotes the wind speed, 𝑇𝑤 illustrates the amount of  torque as well as 𝑊𝑤 indicates the rotor speed. 

E) BATTERY 

The bidirectional DC-DC converters is displayed in Figure 9, which contains Buck and Boost mode. Switch 𝑆1 is 

activated in forward operation in Buck mode and switch 𝑆2 is actuated for backward function in Boost mode. The 

converter operates as follows: 

Buck Mode: The output voltage is lower than input voltage while using the Buck mode. 𝑆1 is actuated while 𝑆2is 

in OFF condition to charge battery from DC grid. The increased input current passes through 𝑆1 and L during switch 

𝑆1 is turned ON. The inductor current drops until following cycle when 𝑆1 is turned OFF. Inductor L stores energy 

which is used to charge the battery. 

Boost mode: The output voltage is more than input voltage while mode is in Boost. The load receives power from 

the battery during switch 𝑆2 is actuated as well as switch 𝑆1 is turned OFF. The input current enhances via inductor 

L as well as switch 𝑆2 when it is turned ON. Until subsequent cycle, the inductor current drops when 𝑆2 is turned 

OFF. The load is subjected to the energy stored in inductor L. 

 

Figure 9 Bidirectional battery converter 



J. Electrical Systems 20-2s (2024): 149-164 

 

157 

The developed work intergraded the DSTATCOM topology for the purpose of mitigating the PQ issues that is 

discussed as follows. 

F) MODELLNG OF DSTATCOM 

When load balancing, reactive current compensation, and harmonic current mitigation are required in an AC 

distribution system, a DSTATCOM device is utilized. A VSC made up of a capacitor on the DC bus and self-

commutating semiconductor valves is the fundamental component of a DSTATCOM. The coupling inductance is 

usually provided by transformer's leaking reactance, allows device to be connected shuntly to the power supply 

network. Basically, this technique is used for PFC, harmonic compensation as well as load balancing. The capacity 

to produce rated current at almost better dynamic response as well as use of a moderately small capacitor on DC 

bus are a significant benefits of DSTATCOM over an existing SVC .Both kinds of PQ issues have been lessened 

by using a STATCOM which is linked to the PCC. In order to make the source current balanced, sinusoidal as well 

as in phase with PCC voltages when operating in CCM, it inject reactive and harmonic constituents of the load 

current. The diagram representation of a D-STATCOM is illustrated in Figure 10. 

 

Figure 10 Schematic representation of DSTATCOM 

 A series of three-phase ac output voltages are produced by the VSC from the dc voltage across the storage device. 

The VSC, the HCC and the DC capacitor, which is necessary for energy storage are the basic parts which work 

together to form a DSTATCOM. SRF theory or Instantaneous Reactive Power (IRP) theory is typically utilized by 

the DSTATCOM to generate the reference current. In terms of harmonic compensation and source current voltage 

control, the SRF theory performs comparably better than the IRP theory, which is illustrated below, 

a) SRF theory 

The dq control theory is another name for this theory used for controlling the function of DSTATCOM, which 

describes the way three phase currents are converted into the synchronously rotating dq frame. SRF theory is used 

by the RNN-based reference current generator, a harmonic extractor, to produce the three phase reference current. 

The well-known Parks transformation is employed in this theory by using the following equations: 

[𝑖𝐿𝑑
𝑖𝐿𝑞
] = 2/3 [

𝑠𝑖𝑛𝜔𝑡 sin (𝜔𝑡 −
2𝜋

3
) sin (𝜔𝑡 +

2𝜋

3
)

𝑐𝑜𝑠𝜔𝑡 cos (𝜔𝑡 −
2𝜋

3
) cos (𝜔𝑡 +

2𝜋

3
)
] [

𝑖𝐿𝑎
𝑖𝐿𝑏
𝑖𝐿𝑐

]                             (26) 

𝑖𝑐𝑑 = 𝐾𝑝𝑑𝑉𝑑𝑐𝑒 + 𝐾𝑖𝑑 ∫𝑉𝑑𝑐𝑒𝑑𝑡                                                                            (27) 

𝑖𝑐𝑞 = 𝐾𝑝𝑎𝑉𝑒 + 𝐾𝑖𝑎 ∫𝑉𝑒𝑑𝑡                                                                                   (28) 

Here, 𝐾𝑝𝑑 and 𝐾𝑖𝑑  represents the proportional and integral gains, 𝑉𝑐 = 𝑉 ∗𝑡− 𝑉𝑡 denotes error in PCC voltage as 

well as actual value of PCC voltage, 𝐾𝑝𝑎 and 𝐾𝑖𝑎 denotes the proportional integral gains over PCC voltage,The 
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elements, 𝑖 ∗𝑐𝑑 , 𝑖 ∗𝑐𝑞 and the low pass filter outputs are added to obtain the reference values in the dq frame 

(𝑖 ∗𝑑, 𝑖 ∗𝑞).  

 

Figure 11 Structure of SRF theory 

Finally, using the Inverse Parks transformation, reference source currents (𝑖 ∗𝑠𝑎 , 𝑖 ∗𝑠𝑏 , 𝑖 ∗𝑠𝑐) are derived as follows: 

[

𝑖 ∗𝑠𝑎
𝑖 ∗𝑠𝑏
𝑖 ∗𝑠𝑐

]=2/3[

𝑠𝑖𝑛𝜔𝑡 𝑐𝑜𝑠𝜔𝑡

sin (𝜔𝑡 −
2𝜋

3
) sin (𝜔𝑡 +

2𝜋

3
)

cos (𝜔𝑡 −
2𝜋

3
) cos (𝜔𝑡 +

2𝜋

3
)

] [𝑖∗𝑠𝑑
𝑖∗𝑠𝑞
]                                          (29) 

𝑖 ∗𝑠𝑎, 𝑖 ∗𝑠𝑏 , 𝑖 ∗𝑠𝑐  Denotes the sensed reference current, which is compared with the actual reference current 

𝑖𝑠𝑎 , 𝑖𝑠𝑏 , 𝑖𝑠𝑐  and error to produce the gate signal of DSTATCOM.The fundamental source current frequency 

component of the 3-phase reference current produced by applying SRF theory is subsequently delivered to an HCC. 

G) HCC controller 

It has been determined that the hysteresis-band current control method is most suited for DSTATCOM applications. 

The hysteresis-band current control exhibits rapid response times, excellent precision, and unconditioned stability. 

The HCC generates error current by comparing the reference current and the actual current, which enables the PWM 

generator to start switching pulses for the 3-phase inverter to operate. Within the tolerance zone derived up on 

reference current, the error current is constrained. Increased sinusoidal output current is produced as the switching 

frequency rises with the narrowing of the tolerance band. 

IV. RESULTS AND DISCUSSION 

The D-STATCOM technique based on a high gain SEPIC-ZETA converter with WOA optimized ANFIS-MPPT is 

proposed in this investigation. The low voltage from PV system efficiently enhanced by adopting proposed High 

gain SEPIC-Zeta converter and the optimal power is effectively tracked with faster response using WOA-ANFIS 

based MPPT techniques. The developed work is executed in MATLAB/Simulink to foreshow the efficacy of 

proposed work and parameter specification is illustrated in Table1. 

Table 1 Parameter Specification 

Parameters Values 

Number of cells connected in series 𝑁𝑠 36 

Short circuit current  8.3A 

Open circuit voltage  12V 

Peak power 10KW, 10 panels 
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High gain SEPIC-Zeta converter 

Switching Frequency 10𝐾𝐻𝑧 

𝐿1, 𝐿2 1.2𝑚𝐻 

𝐶𝑎, 𝐶𝑏 , 𝐶𝑐 22𝜇𝐹 

𝐶𝑜 2200𝜇𝐹 

Diode MCD95 

 

Figure 12 Waveform for solar panel (a) Temperature (b) Irradiation  

Temperature, Irradiation waveform is demonstrated in Figure 12, which is experiential that temperature gets 

oscillates initially after 0.3s it gradually maintained at 36°C as specified in Figure 12 (a). Similarly, the irradiation 

is oscillated initially and after 0.3s it preserved constant at 1000(w/Sq, m) as represents in Figure 12(b). 

 

Figure 13 Waveform for solar panel (a) Voltage (b) Current 

Figure 13 specifies the solar panel voltage and current waveform, which illustrates the solar panel voltage gets 

oscillates certain period of time after 0.3s it constantly maintained at 62V as indicates in Figure 13(a). Figure 13 (b) 

signifies the current waveform, which perceived that the current is fluctuated highly in initial time after 0.45s it 

maintained with some distortions. 
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Figure 14 Waveform for Converter output (a) Voltage (b) Current 

Waveform for converter output voltage and current is illustrated in Figure 14that is analyzed that converter voltage 

gets fluctuated initially and after 0.3s the voltage is continually preserved at 600V without any distortion. Figure 

14(b) specifies that the output current of the converter is suddenly raised and constantly maintained at 13A after 

0.4s.  

 

Figure 15 Waveform for (a) DFIG output voltage and (b) PWM rectifier output DC voltage 

Figure 15 represents the DFIG voltage and PWM rectifier voltage waveform, from the results it is analyzed that the 

voltage of DFIG is fluctuated primarily and it constantly preserved at 600V to -600V after 0.3s as illustrates in 

Figure 15(a). The PWM rectifier voltage gets oscillated initially and after 0.25s the voltage is preserved continual 

at 600V respectively. 

 

Figure 16 Waveform for Battery (a) SOC, (b) Voltage and (c) Current 
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Battery SOC, Voltage and Current waveform is demonstrated in Figure 16, which is observed that battery SOC is 

continually preserved at 60(%). as specified in Figure 16 (a), battery voltage gets constantly maintained at 48V and 

the current is constantly maintained at 1.5A after 0.2s as illustrated in Figure 16 (b) and (c) respectively. 

 

Figure 17 Waveform for (a) Grid current, (b) Voltage and current and (c) Power factor 

Figure 17 specifies the Grid current, Voltage and current, Power factor waveform that analyzed that grid current is 

continually preserved at 13A to -13A as quantified in Figure 17(a). Similarly, the voltage is preserved constant at 

400V to -400V and current is constantly maintained at 13A as specified in Figure 17(b). Furthermore, figure 17(c) 

illustrates that the power is suddenly raised initially with fluctuation and it gets maintained at 0.97(P.U).  

 

Figure 18 Waveform for (a) Reactive power and (b) Real power 

Reactive power and real power waveform is illustrated in Figure 18, from the result it is evident that the reactive 

power is continually preserved at 610(W). Moreover, the real power is maintained constant at 8500(VAR) 

respectively. 

 

Figure 19 THD waveform  
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The THD waveform for the proposed system is demonstrated in Figure 19, which is examined that the developed 

technique attains 0.72% of THD value. 

 

Figure 20 Comparison of (a) Efficiency and (b) THD value  

Figure 20 represents the comparison graph of efficiency and THD for the anticipated high gain SEPIC-Zeta 

converter, from the graph it is experiential that the proposed converter has high efficiency by the value of 96.85% 

than the conventional approaches like Buck-Boost, Luo, SEPIC and Zeta as specified in Figure 20 (a). Similarly, 

the THD value for the proposed converter attains 0.72%, which is lower than the existing converter topologies as 

illustrates in Figure 20 (b). 

Table 2 Comparison of tracking efficiency 

MPPT Techniques Tracking Efficiency (%) 

P&O [23] 95% 

GWO [24] 98% 

WOA [25] 98.82% 

Proposed WOA-ANFIS based MPPT 98.92% 

 

Table 2 specifies the comparison graph for tracking efficiency with the conventional approaches like P&O, GWO 

and WOA. It is illustrated that the proposed WOA-ANFIS based MPPT topology has high tracking efficiency of 

98.92% compared to the existing approaches. 

 

Figure 21 Comparison of Root Mean Square Error 
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Comparison of RMSE is signified in Figure 21, which is analyzed that the developed WOA-ANFIS technique has 

less RMSE error compared to the conventional approaches as represents in above Figure. 

V. CONCLUSION 

In this paper, a unique D-STATCOM technique based on a high gain SEPIC-ZETA converter with WOA optimized 

ANFIS-MPPT integrated into a PV-wind-battery system. By adopting the proposed converter, the voltage obtained 

from the PV system gets boosted with high efficiency and voltage gain. The optimal power from PV system is 

efficiently tracked by utilizing the WOA optimized ANFIS-MPPT approach. It has been demonstrated that the 

hysteresis control strategy is more effective because of its resilience, ease of implementation and quick attainment 

of current controllability. Improved outputs are produced by isolating the harmonic components from the source 

current using an RNN-based reference current generator. Additionally, the developed work is implemented in 

MATLAB/Simulink and the comparative analysis is made towards the conventional topologies to validate the 

proficiency of implemented work. As a consequence, the outcomes demonstrate that improved PQ with a lower 

THD value of (0.72%), high efficiency of (96.85%), high Tracking efficiency (98.92%) and minimized RMSE error 

rate is accomplished by the proposed technique. 
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