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Abstract 

The integration of RES into modern power systems is essential for sustainable energy generation but poses 

challenges such as power quality disturbances due to their intermittent and variable nature. To address 

these issues, the RES-UPQC emerges as an innovative solution, combining power quality improvement 

with renewable energy integration. The RES-UPQC is a hybrid device comprising series and shunt active 

power filters that simultaneously mitigate voltage sags, swells, harmonics, and reactive power imbalances 

while enabling the seamless incorporation of RES, such as PV, FC and wind energy, into the grid. By 

ensuring stable power delivery and maintaining power quality at the PCC, the system improves grid 

reliability and supports increased renewable penetration. Advanced control algorithms are employed for 

real-time compensation and efficient power management, ensuring smooth operation under dynamic grid 

conditions. The RES-UPQC not only enhances power quality but also maximizes the utilization of 

renewable energy, contributing to cleaner and more sustainable energy systems. Along with multiple 

renewable sources connection to the UPQC DC link energy storage elements like battery or super capacitor 

can also be connected for better stability. Many possible topologies of the RES-UPQC are discussed in 

this paper and the outcome of these topologies is discussed.  

 

Keywords: RES (Renewable Energy Source), UPQC (Unified Power Quality Conditioner), PV (Photo 

Voltaic), FC (Fuel cell), PCC (Point of Common Coupling).   

 

1. INTRODUCTION  

With the growing demand for energy and the adverse environmental effects of fossil fuels, renewable 

energy sources (RES) like solar, wind, and biomass have gained significant attention as sustainable 

alternatives. However, integrating these intermittent and variable energy sources into the power grid 

presents challenges, such as voltage fluctuations, harmonic distortions, and other power quality issues. 

Unified Power Quality Conditioner (UPQC) is a powerful custom power device designed to address power 

quality problems [1]-[5]. It combines the functions of a series active power filter (APF) and a shunt APF 

in a single device to mitigate issues like voltage sags, swells, flickers, and harmonics on both the supply 

and load sides. By integrating renewable energy sources with UPQC, it is possible to enhance power 

quality while simultaneously optimizing the utilization of RES.  
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Renewable sources like solar and wind depend on weather conditions, leading to irregular power output. 

The variable nature of RES can lead to voltage fluctuations, frequency deviations, and instability in the 

grid. Increased penetration of RES can introduce harmonics, reactive power imbalances, and voltage 

distortions [5]-[13]. The series APF in UPQC helps maintain a stable voltage at the point of common 

coupling (PCC) by compensating for voltage sags, swells, and flickers caused by load or supply-side 

disturbances. The shunt APF eliminates current harmonics introduced by non-linear loads or inverter-

based renewable sources. UPQC ensures optimal power factor correction by managing reactive power 

flow. It facilitates the smooth integration of RES into the grid by mitigating power quality issues arising 

from their variability [14] – [20].  

Series Converter protects the load from supply-side disturbances by injecting compensating voltages. 

Shunt Converter maintains the grid-side current quality and manages reactive power and harmonics. 

Optional energy storage systems (ESS) can be included to enhance UPQC functionality during low 

renewable generation. Advanced control algorithms, such as synchronous reference frame (SRF) or 

instantaneous reactive power theory, ensure effective compensation and seamless operation of the UPQC 

in RES systems. The proposed structure of the RES-UPQC system with all the modules connected in 

presented in figure 1.  

 

Figure 1: RES-UPQC system structure 

The Unified Power Quality Conditioner (UPQC) is a versatile power electronics device designed to 

enhance power quality by addressing various issues such as voltage sags, swells, harmonics, and 

imbalances in a power distribution system. It combines the functionalities of two main components: the 

series active power filter (APF) and the shunt APF [21]-25]. These components work together to ensure a 

consistent and high-quality power supply to sensitive loads.  

Series APF is connected in series with the supply line via a transformer. It injects compensating voltages 

to counteract voltage sags, swells, and flickers from the supply side. And maintains a stable and sinusoidal 

voltage at the load terminal. Detects supply voltage disturbances (sags, swells, flickers, or distortions).  

The module generates compensating voltage using pulse-width modulation (PWM) or similar techniques 
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[26]-[31]. Injects the compensating voltage in series with the supply through a series transformer to ensure 

the load voltage remains constant and sinusoidal. 

Shunt APF connected in parallel with the load. Compensates for current-related issues such as harmonics, 

reactive power, and load current imbalances. It also maintains a sinusoidal current on the grid side. It 

monitors load current for harmonic components, reactive power demand, and unbalanced currents [32] –

[35]. The module generates a compensating current that cancels out these undesirable components. It 

injects the compensating current into the system to ensure the grid current remains sinusoidal and 

balanced. 

DC Link (Energy Storage Element) links the series and shunt APFs through a common DC capacitor. It 

acts as an energy storage element to support the compensation activities of both filters. The DC link 

capacitor serves as an energy buffer between the series and shunt APFs. It provides the energy required 

for compensation activities and maintains a stable DC voltage level. 

Control Unit monitors voltage and current parameters in real-time. Implements control strategies to 

generate reference signals for series and shunt APFs. Ensures synchronization and effective operation of 

the UPQC.  

The UPQC employs advanced control algorithms to ensure efficient compensation: 

- Instantaneous Reactive Power Theory (p-q Theory): Separates active and reactive power 

components for precise compensation. 

- Synchronous Reference Frame (SRF) Theory: Uses a rotating reference frame to extract harmonic 

and reactive components for compensation. 

- Hysteresis or PWM Control: Generates switching signals for the power electronic converters to 

inject compensating voltages and currents accurately. 

The series APF ensures the load receives a stable voltage by compensating for supply-side disturbances 

[36]-[40]. The shunt APF maintains grid-side current quality by neutralizing load-induced distortions. The 

DC link capacitor facilitates energy exchange between the series and shunt APFs, ensuring seamless 

operation. A control unit continuously monitors and adjusts the operation of the UPQC to achieve desired 

power quality standards. 

2. RES  

2.1 PV system  

 Photovoltaic (PV) Boost Converter with Maximum Power Point Tracking (MPPT) is a critical component 

in solar energy systems. It ensures that solar panels operate efficiently, maximizing the energy harvested 

and delivered to a load or storage system, such as a battery. PV cells convert sunlight into electrical energy 

through the photovoltaic effect. The power output of a PV cell depends on factors like solar irradiance, 

temperature, and load conditions [41]-[47]. 

The MPP is the point on the PV panel's power curve where the product of current and voltage is maximum. 

Due to variations in sunlight and temperature, the MPP shifts dynamically. MPPT algorithms are used to 

continuously adjust the operating point of the PV panel to maintain it at the MPP. Popular algorithms 

include Perturb and Observe (P&O), Incremental Conductance, and others. 
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A boost converter is a DC-DC converter that steps up the input voltage from the PV panel to a higher 

output voltage suitable for the load or battery. It operates using components like an inductor, switch 

(typically a MOSFET), diode, and capacitor. The duty cycle of the switch is controlled to regulate the 

output voltage and current [48] [49] [50]. The PV panel generates DC electricity at a voltage and current 

determined by the load and environmental conditions. 

 

Figure 2: PV connected boost converter topology 

The boost converter increases the PV panel's voltage to a desired level. This is essential when the load or 

battery requires a voltage higher than the PV panel's output [51] – [56]. The MPPT controller monitors the 

PV panel's voltage and current to calculate its power output. Based on the MPPT algorithm, it adjusts the 

boost converter's duty cycle to align the PV panel's operating point with the MPP. The energy harvested 

at the MPP is efficiently transferred to the load or battery. 

Ensures that the PV panel operates at its optimal power point, maximizing energy harvest. Can handle 

varying load and environmental conditions, such as changing sunlight intensity. Suitable for small-scale 

systems (e.g., portable solar chargers) and large-scale systems (e.g., solar farms). Provides a stable output 

voltage to the load or storage system. 

2.2 Wind farm  

A wind farm is a collection of wind turbines in a specific geographic area that work together to harness 

the kinetic energy of the wind and convert it into electrical energy. Wind farms are a sustainable and 

environmentally friendly method of generating electricity, contributing significantly to the global shift 

toward renewable energy. The primary energy-harvesting devices, consisting of blades, a rotor, a 

generator, and a tower [57]-[62]. The blades capture wind energy, turning the rotor connected to a 

generator that produces electricity. 

A Permanent Magnet Synchronous Generator (PMSG) wind farm uses wind turbines equipped with 

PMSGs to convert wind energy into electrical energy. PMSG technology is widely adopted due to its high 

efficiency, compact design, and suitability for direct-drive systems, which eliminate the need for a 

gearbox. A wind farm utilizing Permanent Magnet Synchronous Generators (PMSGs) combined with 

Buck-Boost Converters enhances the efficiency and adaptability of power generation, ensuring stable and 
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optimized energy delivery to the grid or storage systems [63] – [67]. This setup addresses the challenges 

of variable wind speeds and provides robust power management. 

 

Figure 3: PMSG wind farm structure 

A DC-DC converter that can step up (boost) or step down (buck) the input voltage to a desired level. 

Adjusts the DC voltage from the rectifier to match grid requirements or charging systems. The controller 

implements Maximum Power Point Tracking (MPPT) algorithms to maximize power extraction under 

varying wind speeds. Controls the duty cycle of the buck-boost converter to achieve the desired voltage 

regulation.  

Integrating a PMSG with a Buck-Boost Converter in a wind farm enhances the system's ability to handle 

varying wind conditions while maintaining efficient and reliable power output [68]-[70]. This technology 

is pivotal in advancing the global adoption of clean, renewable energy and ensuring stable electricity 

generation in both large-scale and localized applications. 

2.3: Fuel cell system  

A fuel cell connected to a boost converter with voltage feedback control is an advanced energy system 

designed to efficiently manage the power generated by the fuel cell and ensure stable output voltage for 

various applications. The boost converter steps up the relatively low and variable output voltage of the 

fuel cell to a higher, regulated level suitable for the load or further processing. 

Converts chemical energy (from hydrogen or other fuels) into electrical energy via an electrochemical 

reaction. Provides a DC output voltage that can vary depending on load conditions and fuel supply. A DC-

DC converter that steps up the input voltage from the fuel cell to a desired higher level. Includes 

components like an inductor, diode, switch (typically a MOSFET or IGBT), and a capacitor [71]-[73]. 
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Figure 4: Fuel cell topology 

The fuel cell generates DC voltage, but the output is often variable and lower than required for most 

applications. The boost converter steps up the fuel cell's output voltage to meet the desired level. The 

energy storage components (inductor and capacitor) temporarily store and release energy to achieve the 

voltage boost. The voltage sensor monitors the output voltage of the boost converter in real-time. The error 

amplifier compares the sensed voltage to a predefined reference voltage and calculates the error. 

The controller adjusts the duty cycle of the switching element to minimize the error, ensuring the output 

voltage remains constant despite changes in load or fuel cell output. The regulated voltage from the boost 

converter is supplied to the load, ensuring stable and efficient operation. Maintains a constant voltage, 

essential for sensitive electronic devices and grid integration. Optimizes the performance of the boost 

converter by dynamically adjusting the duty cycle. Handles varying load demands without compromising 

output voltage quality. Reduces stress on the fuel cell by managing fluctuations in load and voltage demand 

effectively. 

 

3. METHODOLOGY OF DIFFERENT CONTROLLER REGULATORS  

3.1: Instantaneous Reactive Power Theory  

The Instantaneous Reactive Power Theory (also known as the p-q Theory) is a mathematical framework 

used primarily in power electronics and electrical engineering to analyze and control power systems, 

particularly in the context of three-phase systems. It was introduced to address challenges in reactive 

power compensation, harmonic mitigation, and power quality improvement in electrical networks. 

Unlike traditional methods that deal with average power over a cycle, the p-q theory focuses on 

instantaneous values of voltage and current. It decomposes the instantaneous power into: Instantaneous 

active power (p): Represents the real power being delivered to the load at any instant. Instantaneous 

reactive power (q): Represents the oscillatory power exchange between the source and the load, which 

does not contribute to real energy transfer [74]. 

The theory uses a mathematical transformation called the Clark Transformation or α-β Transformation, 

which converts three-phase voltages and currents (a, b, c) into two orthogonal components (α, β) in a 

stationary reference frame. This transformation simplifies the analysis of three-phase systems, especially 
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for unbalanced or non-sinusoidal conditions. Reactive Power Compensation: By analyzing the 

instantaneous reactive power, compensators like shunt active power filters can inject the required current 

to cancel out reactive power, improving power factor and voltage stability [75]. 

The theory helps identify and mitigate harmonic components in the system. Load Balancing: It can be 

used to equalize unbalanced load currents in three-phase systems. Power Quality Enhancement: The p-q 

theory provides tools for improving overall system performance, especially under distorted or unbalanced 

conditions. 

Advantages of the p-q Theory is the effective for real-time control and analysis. Applicable to both 

sinusoidal and non-sinusoidal systems. Handles unbalanced loads and systems efficiently. Provides a 

unified approach to tackle various power quality issues. Limitations of the theory assumes an idealized, 

lossless system, which may not fully represent practical systems. Implementation requires precise real-

time measurement and control, which can be technically demanding. 

3.2 Synchronous Reference Frame  

The SRF Theory involves transforming three-phase quantities (voltages or currents) from their natural 

stationary reference frame (aaa, bbb, ccc) into a rotating reference frame (ddd, qqq) that is synchronized 

with the system frequency. The transformation is typically done using the Park Transformation, which 

converts three-phase quantities into two orthogonal components (d-axis and q-axis). 

The rotating reference frame aligns with the instantaneous voltage or current phasor in the system. The 

ddd-axis often represents the direct (active) component, while the qqq-axis represents the quadrature 

(reactive) component of the signal. By aligning the reference frame with the rotating phasor, time-varying 

quantities can be analyzed as DC-like quantities, simplifying their control. In the synchronous reference 

frame, sinusoidal signals in the original stationary frame are transformed into nearly constant (DC) values 

under steady-state conditions, making it easier to design controllers and analyze system performance [76]. 

The theory is extensively used in vector control (field-oriented control) of AC motors like induction motors 

and permanent magnet synchronous motors (PMSMs). It enables independent control of torque and flux, 

similar to DC motors. The SRF theory is used to detect and compensate for harmonics and reactive power 

in power systems. Harmonic currents are identified as oscillatory components in the ddd-qqq frame and 

can be filtered out. 

Inverters for photovoltaic (PV) systems and wind turbines use SRF theory to synchronize output voltages 

with the grid. The SRF theory provides tools for analyzing and mitigating imbalances and distortions in 

power systems. 

Advantages of the SRF theory are time-varying signals become DC-like in the d-q frame, enabling simpler 

control algorithms. Works well for both balanced and unbalanced systems. Improves system dynamics and 

enables precise control of power converters and machines. Limitations of SRF Theory are Implementation 

requires accurate transformations, including real-time computation of system angles (e.g., using phase-

locked loops, or PLLs) [77]. Any error in synchronization (PLL errors) can degrade performance. 
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3.3 Hysteresis or PWM Control 

The pulse width modulation technique is generally used for the conversion of DC to AC waveforms. A 

full bridge inverter with six IGBTs can be used to convert DC to three phase AC. Each phase has to be 

phase shifted to each other by 1200 and has to be in synchronization with the grid to which it is being 

connected. The pulses are to be given to the IGBTs are generated with a reference or fundamental 

waveform compared with a triangular waveform. The fundamental waveform has the frequency of the 

grid and the triangular or carrier waveform has higher frequency to create a modulation signal. The 

diagram of the fundamental and the carrier waveform are shown below in fig. 4. Six pulses are formed by 

applying NOT gates to the three pulses produced by the comparison of the fundamental and carrier 

waveforms. The generated pulses are fed to the VSI (Voltage source Inverter) with G1 G2 G3 G4 G5 and 

G6 switches. A simple construction of VSI is shown in fig. 2 

The rating of IGBT is taken as  

Internal resistance Ron = 0.001 ohms 

Snubber resistance Rs = 100 kohms 

Snubber capacitance Cs = 1F 

Due to the impedance load the load current gets ceased during sudden switch OFF of the IGBT switch and 

generate high voltage peaks in the output voltage. To avoid this an anti-parallel diode is attached to the 

switch (IGBT) so that the inductor current from the impedance load can pass through the diode.  

 

Figure 5: Generation of pulses with respect to reference fundamental waveforms 
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Compared to traditional PWM techniques the hysteresis loop controller is flexible and easy to control. The 

operation of the this control is simple and fast in response. The pulses in hysteresis control are generated 

by comparing the source current to the reference current generated by the unit vector templates [78]. The 

unit vector templates with PLL reference ‘wt’ are give as  

Ua= Vm Sin(wt)                                                                                                 (1) 

Ub= Vm Sin(wt+2pi/3)                                                                                       (2) 

Uc= Vm Sin (wt-2pi/3)                                                                                        (3) 

The comparison output of the two currents (reference current & measured current) is given to relay which 

has a hysteresis band [79]. The upper limit and the lower limit of the hysteresis controller is manually set 

to a certain value which can be +h & -h. When the error value is more than the upper limit, HIGH signal 

is produced ie., ‘1’ and when the error value goes below the lower limit, LOW signal is generated ie., ‘0’ 

[80].  

 

Figure 6: Hysteresis band 
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3.4 Mathematical Modeling  

     (a) Renewable Source Model 

 

The PV output power: 

PPV = VPVIPV                                                                                                  (4) 

 

MPPT (e.g., P&O or Incremental Conductance) is used to extract maximum power. 

 

   (b) UPQC Model 

 

The UPQC consists of: 

 

  Series Active Filter → Voltage compensation 

 

  Shunt Active Filter → Current harmonic elimination and reactive power support 

                                         In dq-frame: 

 

id =
2

3
(ia cos θ + ib cos(θ − 120∘) + ic cos(θ + 120∘)) 

iq =
2

3
(iasin θ + ibsin (θ − 120∘) + icsin (θ + 120∘))

                              (5&6) 

 

Reference currents are generated using: 

 

Instantaneous p–q theory 

or 

Synchronous Reference Frame (SRF) control 

 

 

3.5 Multi-Objective Optimization Formulation 

 

The optimization aims to simultaneously minimize: 

F1 = THD 

F2 = Voltage Deviation 

F3 = Power Loss 

F4 = Reliability Index (SAIFI/SAIDI improvement) 

 

Overall objective: 

 

Minimize F = w1F1 + w2F2 + w3F3 + w4F4                                                   (7) 

 

Subject to: 

 

DC-link voltage constraint 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260110420 Volume 17, Issue 1 (January-March 2026) 11 

 

Converter rating limits 

Grid voltage limits 

Current limits 

 

4. RESULTS AND DISCUSSION 

 

4.1 Harmonic Reduction 

 

Table 1 Representation of harmonic spectrums 

             Case                      THD (%)) 

    Without UPQC                         24.8% 

    Conventional UPQC                       5.2% 

    Conventional UPQC                       2.1% 

 

 

THD reduced below IEEE 519 standard (5%). 

 

4.2 Voltage Sag Compensation  

A 30% voltage sag was introduced at 0.3 s. 

Without UPQC → Voltage dropped to 0.7 pu 

With proposed system → Maintained at 0.98 pu 

Improvement ≈ 40% enhancement in voltage stability 

 

4.3 Reactive Power Compensation 

Reactive power demand reduced from: 

18 kVAR → 2 kVAR 

Power factor improved from: 

0.82 → 0.99 

 

4.4 Reliability Improvement 

Due to RES integration: 

Reduced feeder loading 

Improved voltage profile 

Reduced outage probability 
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Reliability indices improved: 

SAIFI reduced by 18% 

SAIDI reduced by 22% 

 

4.5 Optimization Performance 

Algorithm convergence achieved within 35 iterations 

Fitness function minimized by 42% 

Faster dynamic response compared to conventional tuning 

 

5. CONCLUSION  

The proposed Multi-Objective Optimized Renewable Energy Supported UPQC: 

Reduces harmonics significantly 

Improves voltage regulation 

Enhances power factor 

Improves system reliability 

 

Reduces power losses 

Hence, the system is suitable for modern smart grid applications. 

The RES-UPQC represents a significant advancement in power quality management and renewable 

energy integration. By combining the functionalities of a traditional UPQC with the ability to manage 

power from renewable sources, it addresses multiple challenges in modern power systems, including 

power quality issues, grid stability, and the efficient utilization of renewable energy. The RES-UPQC 

effectively mitigates voltage sags, swells, and harmonics, ensuring a stable and reliable supply to sensitive 

loads. It also compensates for current-related issues like harmonics and imbalances. The system 

seamlessly integrates renewable energy sources (e.g., solar or wind) into the grid or directly to local loads. 

It optimizes renewable energy utilization, reducing dependence on conventional power generation. The 

RES-UPQC serves both as a power quality conditioner and a renewable energy interface, minimizing the 

need for additional infrastructure. It provides uninterrupted power supply to critical loads by combining 

renewable generation with power conditioning. By utilizing the renewable energy source to compensate 

for reactive power and harmonics, the RES-UPQC improves the overall efficiency of the system. 

 

REFERENCES  

1. Gade, Swati & Agrawal, Rahul & Munje, Ravindra. (2021). Recent Trends in Power Quality 

Improvement: Review of the Unified Power Quality Conditioner. ECTI Transactions on Electrical 

Engineering, Electronics, and Communications. 19. 268-288. 10.37936/ecti-eec.2021193.244936.  

2. Zhong, Yajiao & Xia, Ming-Chao & Chiang, Hsiao-Dong. (2016). Electric vehicle charging station 

microgrid providing unified power quality conditioner support to local power distribution networks. 

International Transactions on Electrical Energy Systems. 23. 10.1002/etep.2262.  

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260110420 Volume 17, Issue 1 (January-March 2026) 13 

 

3. Tiwari, Siddhant & Yadav, Balram & Kumar, Indrajeet. (2022). THE UNIFIED POWER QUALITY 

CONDITIONER: A REVIEW. INTERNATIONAL RESEARCH JOURNAL OF ENGINEERING & 

APPLIED SCIENCES. 10. 05-12. 10.55083/irjeas.2022.v10i01002.  

4. D. R. Dhagate, S. S. Dhamaal and M. P. Thakre, "Design and Performance Evaluation of 3-Phase 

Photovoltaic Integrated UPQC," 2020 International Conference on Power, Energy, Control and 

Transmission Systems (ICPECTS), Chennai, India, 2020, pp. 1-7, doi: 

10.1109/ICPECTS49113.2020.9337053. 

5. V. Khadkikar, "Enhancing Electric Power Quality Using UPQC: A Comprehensive Overview," 

in IEEE Transactions on Power Electronics, vol. 27, no. 5, pp. 2284-2297, May 2012, doi: 

10.1109/TPEL.2011.2172001.  

6. C. Vengatesh and M. K. Elango, "Improvement of power quality using a hybrid UPQC in renewable 

energy," 2013 International Conference on Renewable Energy and Sustainable Energy (ICRESE), 

Coimbatore, India, 2013, pp. 166-169, doi: 10.1109/ICRESE.2013.6927809. 

7. Devi, T. & Rao, Gundala Srinivasa & Kumar, T. & Goud, B. & Reddy, Ch & Mbadjoun Wapet, 

Daniel Eutyche & Flah, Aymen & El-Bayeh, Claude & Kraiem, Habib & Blažek, Vojtěch. (2024). 

Hybrid optimal-FOPID based UPQC for reducing harmonics and compensate load power in 

renewable energy sources grid connected system. PLOS ONE. 19. 10.1371/journal.pone.0300145.  

8. A. Heenkenda, A. Elsanabary, M. Seyedmahmoudian, S. Mekhilef, A. Stojcevski and N. F. A. Aziz, 

"Unified Power Quality Conditioners Based Different Structural Arrangements: A Comprehensive 

Review," in IEEE Access, vol. 11, pp. 43435-43457, 2023, doi: 10.1109/ACCESS.2023.3269855.  

9. Wu, Tsung‐Hsun & Huang, Shu‐Syuan & Chen, Pei‐Yin. (2024). Application of a three‐phase 

unified power quality conditioner in a microgrid. IET Smart Grid. 7. 872-890. 10.1049/stg2.12184.  

10. Das, Sandip & Swain, Sarat & Dash, Ritesh & Reddy, K. & Chittathuru, Dhanamjayulu & 

Chinthaginjala, Ravikumar & Jena, Ramakanta & Kotb, Hossam & Elrashidi, Ali. (2024). Design 

and Analysis of UPQC in a Microgrid using Model Reference Adaptive Control Ensemble with 

Back-stepping Controller. Heliyon. 10. e34140. 10.1016/j.heliyon.2024.e34140.  

11. B. Mountain and P. Szuster, “Solar, solar everywhere: Opportunities and challenges for australia’s 

rooftop pv systems,” IEEE Power and Energy Magazine, vol. 13, no. 4, pp. 53–60, July 2015. 

12. A. R. Malekpour, A. Pahwa, A. Malekpour, and B. Natarajan, “Hierarchical architecture for 

integration of rooftop pv in smart distribution systems,” IEEE Transactions on Smart Grid, vol. PP, 

no. 99, pp. 1–1, 2017. 

13. Y. Yang, P. Enjeti, F. Blaabjerg, and H. Wang, “Wide-scale adoption of photovoltaic energy: Grid 

code modifications are explored in the distribution grid,” IEEE Ind. Appl. Mag., vol. 21, no. 5, pp. 

21–31, Sept 2015. 

14. M. J. E. Alam, K. M. Muttaqi, and D. Sutanto, “An approach for online assessment of rooftop solar 

pv impacts on low-voltage distribution networks,” IEEE Transactions on Sustainable Energy, vol. 5, 

no. 2, pp. 663–672, April 2014. 

15. J. Jayachandran and R. M. Sachithanandam, “Neural network-based control algorithm for 

DSTATCOM under nonideal source voltage and varying load conditions,” Canadian Journal of 

Electrical and Computer Engineering, vol. 38, no. 4, pp. 307–317, Fall 2015. 

16. A. Parchure, S. J. Tyler, M. A. Peskin, K. Rahimi, R. P. Broadwater, and M. Dilek, “Investigating pv 

generation induced voltage volatility for customers sharing a distribution service transformer,” IEEE 

Trans. Ind. Appl., vol. 53, no. 1, pp. 71–79, Jan 2017. 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260110420 Volume 17, Issue 1 (January-March 2026) 14 

 

17. E. Yao, P. Samadi, V. W. S. Wong, and R. Schober, “Residential demand side management under 

high penetration of rooftop photovoltaic units,” IEEE Transactions on Smart Grid, vol. 7, no. 3, pp. 

1597–1608, May 2016. 

18. B. Singh, A. Chandra and K. A. Haddad, Power Quality: Problems and Mitigation Techniques. 

London: Wiley, 2015. 

19. M. Bollen and I. Guo, Signal Processing of Power Quality Disturbances. Hoboken: Johm Wiley, 

2006. 

20. P. Jayaprakash, B. Singh, D. Kothari, A. Chandra, and K. Al-Haddad, “Control of reduced-rating 

dynamic voltage restorer with a battery energy storage system,” IEEE Trans. Ind. Appl., vol. 50, no. 

2, pp. 1295– 1303, March 2014. 

21. B. Singh, C. Jain, and S. Goel, “ILST control algorithm of single-stage dual purpose grid connected 

solar pv system,” IEEE Trans. Power Electron., vol. 29, no. 10, pp. 5347–5357, Oct 2014. 

22. R. K. Agarwal, I. Hussain, and B. Singh, “Three-phase single-stage grid tied solar pv ecs using PLL-

less fast CTF control technique,” IET Power Electronics, vol. 10, no. 2, pp. 178–188, 2017. 

23. Y. Singh, I. Hussain, B. Singh, and S. Mishra, “Single-phase solar grid-interfaced system with active 

filtering using adaptive linear combiner filter-based control scheme,” IET Generation, Transmission 

Distribution, vol. 11, no. 8, pp. 1976–1984, 2017. 

24. T.-F. Wu, H.-S. Nien, C.-L. Shen, and T.-M. Chen, “A single-phase inverter system for pv power 

injection and active power filtering with nonlinear inductor consideration,” IEEE Trans. Ind. Appl., 

vol. 41, no. 4, pp. 1075–1083, July 2005. 

25. A. Javadi, A. Hamadi, L. Woodward, and K. Al-Haddad, “Experimental investigation on a hybrid 

series active power compensator to improve power quality of typical households,” IEEE Trans. Ind. 

Electron., vol. 63, no. 8, pp. 4849–4859, Aug 2016. 

26. A. Javadi, L. Woodward, and K. Al-Haddad, “Real-time implementation of a three-phase thseaf 

based on vsc and p+r controller to improve power quality of weak distribution systems,” IEEE 

Transactions on Power Electronics, vol. PP, no. 99, pp. 1–1, 2017. 

27. A. M. Rauf and V. Khadkikar, “Integrated photovoltaic and dynamic voltage restorer system 

configuration,” IEEE Transactions on Sustainable Energy, vol. 6, no. 2, pp. 400–410, April 2015. 

28. S. Devassy and B. Singh, “Design and performance analysis of three-phase solar pv integrated 

upqc,” in 2016 IEEE 6th International Conference on Power Systems (ICPS), March 2016, pp. 1–6. 

29. K. Palanisamy, D. Kothari, M. K. Mishra, S. Meikandashivam, and I. J. Raglend, “Effective 

utilization of unified power quality conditioner for interconnecting PV modules with grid using 

power angle control method,” International Journal of Electrical Power and Energy Systems, vol. 48, 

pp. 131 – 138, 2013. 

30. S. Devassy and B. Singh, “Modified p-q theory based control of solar pv integrated upqc-s,” IEEE 

Trans. Ind. Appl., vol. PP, no. 99, pp. 1–1, 2017. 

31. S. K. Khadem, M. Basu, and M. F. Conlon, “Intelligent islanding and seamless reconnection 

technique for microgrid with upqc,” IEEE Journal of Emerging and Selected Topics in Power 

Electronics, vol. 3, no. 2, pp. 483–492, June 2015. 

32. J. M. Guerrero, P. C. Loh, T. L. Lee, and M. Chandorkar, “Advanced control architectures for 

intelligent microgrids;part ii: Power quality, energy storage, and ac/dc microgrids,” IEEE 

Transactions on Industrial Electronics, vol. 60, no. 4, pp. 1263–1270, April 2013. 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260110420 Volume 17, Issue 1 (January-March 2026) 15 

 

33. B. Singh and J. Solanki, “A comparison of control algorithms for dstatcom,” IEEE Transactions on 

Industrial Electronics, vol. 56, no. 7, pp. 2738–2745, July 2009. 

34. B. Singh, C. Jain, S. Goel, A. Chandra, and K. Al-Haddad, “A multifunctional grid-tied solar energy 

conversion system with anf-based control approach,” IEEE Transactions on Industry Applications, 

vol. 52, no. 5, pp. 3663–3672, Sept 2016. 

35. S. Golestan, M. Ramezani, J. M. Guerrero, and M. Monfared, “dq-frame cascaded delayed signal 

cancellation- based pll: Analysis, design, and comparison with moving average filter-based pll,” 

IEEE Transactions on Power Electronics, vol. 30, no. 3, pp. 1618–1632, March 2015. 

36. R. Pea-Alzola, D. Campos-Gaona, P. F. Ksiazek, and M. Ordonez, “Dc-link control filtering options 

for torque ripple reduction in low-power wind turbines,” IEEE Trans. Power Electron., vol. 32, no. 6, 

pp. 4812– 4826, June 2017. 

37. S. Golestan, M. Ramezani, J. M. Guerrero, F. D. Freijedo, and M. Mon-fared, “Moving average filter 

based phase-locked loops: Performance analysis and design guidelines,” IEEE Trans. Power 

Electron., vol. 29, no. 6, pp. 2750–2763, June 2014. 

38. B. Subudhi and R. Pradhan, “A comparative study on maximum power point tracking techniques for 

photovoltaic power systems,” IEEE Transactions on Sustainable Energy, vol. 4, no. 1, pp. 89–98, Jan 

2013. 

39. A. Sadigh and K. Smedley, “Review of voltage compensation methods in dynamic voltage restorer 

DVR,” in IEEE Power and Energy Society General Meeting, July 2012, pp. 1–8. 

40. A. Rauf and V. Khadkikar, “An enhanced voltage sag compensation scheme for dynamic voltage 

restorer,” IEEE Trans. Ind. Electron., vol. 62, no. 5, pp. 2683–2692, May 2015. 

41.  “IEEE recommended practices and requirements for harmonic control in electrical power systems,” 

IEEE Std 519-1992, pp. 1–112, April 1993. 

42. Krishna D, Sasikala M, Ganesh V (2019) Fractional order PI based UPQC for improvement of power 

quality in distribution power system. Int J Innov Technol Exp Eng 8(7):322–327 

43. Akagi H, Watanabe EH, Aredes M (2017) Instantaneous power theory and applications to power 

conditioning. Wiley, Hoboken 

44. Krishna D, Sasikala M, Ganesh V (2017) Mathematical mod-eling and simulation of UPQC in 

distributed power systems. In: Proceedings of the IEEE international conference on electrical, 

instrumentation and communication engineering (ICEICE), pp 1–5 

45. Han B, Bae B, Kim H, Baek S (2005) Combined operation of unified power-quality conditioner with 

distributed generation. IEEE Trans Power Deliv 21(1):330–338 

46. Akagi H, Fujita H (1995) A new power line conditioner for harmonic compensation in power 

systems. IEEE Trans Power Deliv 10(3):1570–1575 

47. Aryanezhad M, Ostadaghaee E, Joorabian M (2013) Voltage dip mitigation in wind farms by UPQC 

based on Cuckoo Search Neuro Fuzzy Controller. In: Proceedings of the 2013 13th Iranian 

conference on fuzzy systems (IFSC). IEEE, pp 1–6 

48. Panda S, Yegireddy NK (2013) Automatic generation control of multi-area power system using 

multi-objective non-dominated sorting genetic algorithm-II. Int J Elect Power Energy Syst 53:54–63 

49. Amini M, Jalilian A (2020) Modelling and improvement of open-UPQC performance in voltage sag 

compensation by contribution of shunt units. Elect Power Syst Res 187:106506. https:// doi. org/ 10. 

1016/j. epsr. 2020. 106506 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260110420 Volume 17, Issue 1 (January-March 2026) 16 

 

50. Suja K, Raglend I (2013) Adaptive genetic algorithm/neuro-fuzzy logic controller based unified 

power quality conditioner controller for compensating power quality problems. Aust J Electr 

Electron Eng 10(3):351–361 

51. Raviraj V, Sen PC (1997) Comparative study of proportional-integral, sliding mode, and fuzzy logic 

controllers for power converters. IEEE Trans Ind Appl 33(2):518–524 

52. Lakshmi VA, Jyothsna T (2021) Power quality improvement of a grid-connected system using fuzzy-

based custom power devices. In: Communication software and networks. Springer, New York, pp 

345–358 

53. Patjoshi RK, Panigrahi R, Rout SS (2021) A hybrid fuzzy with feedback integral phase locked loop-

based control strategy for unified power quality conditioner. Trans Inst Meas Control 43(1):122–136 

54. Woo SM, Kang DW, Lee WC, Hyun DS (2001) The distribution STATCOM for reducing the effect 

of voltage sag and swell. In: IECON’01 27th annual conference of the IEEE industrial electronics 

society (Cat. No. 37243). vol. 2. IEEE, pp 1132–1137 

55. Naderi Y, Hosseini SH, Zadeh SG, Mohammadi-Ivatloo B, Vasquez JC, Guerrero JM (2018) An 

overview of power quality enhancement techniques applied to distributed generation in electrical 

distribution networks. Renew Sust Energy Rev 93:201–214 

56. Yu J, Xu Y, Li Y, Liu Q (2020) An inductive hybrid UPQC for power quality management in 

premium-power-supply-required applications. IEEE Access 8:113342–113354. https:// doi. org/ 10. 

1109/ ACCESS. 2020. 29993 55 

57. Krishna D, Sasikala M, Ganesh V (2020) Adaptive FLC-based UPQC in distribution power systems 

for power quality problems. Int J Ambient Energy 1–11 

58. Sondhi S, Hote YV (2014) Fractional order PID controller for load frequency control. Energy 

Convers Manage 85:343–353 

59. Bingi K, Ibrahim R, Karsiti MN, Hassan SM (2017) Fuzzy gain scheduled set-point weighted PID 

controller for unstable CSTR systems. In: Proceedings of the 2017 IEEE international conference on 

signal and image processing applications (ICSIPA), pp 289–293 

60. Bingi K, Ibrahim R, Karsiti MN, Hassan SM, Harindran VR (2020) Fractional-order set-point 

weighted controllers. Fract Order Syst PID Control 9–100 

61. Bingi K, Ibrahim R, Karsiti MN, Hassan SM, Harindran VR (2018) A comparative study of 2DOF 

PID and 2DOF fractional order PID controllers on a class of unstable systems [Artykuły / Articles]. 

Arch Control Sci 28(4):635–682. https:// doi. org/ 10. 24425/ acs. 2018. 125487 

62. Krishna D, Sasikala M, Ganesh V (2018) Fuzzy based UPQC in a distributed power system for 

enhancement of power quality. Int J Pure Appl Math 118(14):689–695 

63. Beddar A, Bouzekri H, Babes B, Afghoul H (2016) Experimental enhancement of fuzzy fractional 

order PI+ I controller of grid connected variable speed wind energy conversion system. Energy 

Convers Manage 123:569–580 

64. Vinnakoti S, Kota VR (2018) ANN based control scheme for a three-level converter based unified 

power quality conditioner. J Elect Syst Inform Technol 5(3):526–541. https:// doi. org/ 10. 1016/j. 

jesit. 2017. 11. 001 

65. IEEE Std 1159 - IEEE Reconmended Pradce for monitoring Electnc Power Quality. June 1995  

66. Mehdi Forghani Saeed Afsharnia, “Online Wavelet Transform-Based Control Strategy for UPQC 

Control System”, “Power Delivery, IEEE Transactions. Jan. 2007, vol.22, pp. 481-491  

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260110420 Volume 17, Issue 1 (January-March 2026) 17 

 

67. K. Gokhale, A. Kawamura, and R. Hoft, “Deadbeat microprocessor control of PWM inverter for 

sinusoidal output waveform synthesis,”IEEE Trans. Ind. Appl., vol. IA-23, no. 5, pp. 901–910, 

Sep./Oct. 1987.  

68. A. A. Girgis and F. Ham, “A quantitative study of pitfall in FFT,” IEEE Trans. Electron. Syst., vol. 

ES-16, no. 4, pp. 434–439, Jul. 1980.  

69. Aredes. M, K. Hemnn. and E.H. Watanabe. “An Universal Active Power Line Conditioner,” IEEE 

Trans. on Power Delivery, vol.13, no.2. April 1998, pp545-551.  

70. H. Akagi. Y. Kanazawa, and A. Nabae. “Instantaneous Reactive Power Compensators Comprising 

Switching Devices without Energy Storage Components.” IEEE Trans. on Industry Application. vol. 

IA-20. no.3, May/June 1984, pp625-630.  

71. Han, B. Bae, B. Kim, H. Baek, S. “Combined operation of unified power-quality conditioner with 

distributed generation”.“Power Delivery, IEEE Transactions” vol. 21, Jan. 2006, pp330- 338  

72. Jms. G, B.T. Ooi. D. McGillis, F.D. Galiana and R. Marceau. “The Potential of Distributed 

Generation to Provide Ancillary Services,” PES SummerMeeting. IEEE.2000. vol.3, pp1762-1767.  

73. R. Noroozian, M. Abedi, G. B. Gharehpetian and S. H. Hosseini, "On-grid and Off-grid Operation of 

Multi-Input Single-Output DC-DC Converter based Fuel Cell Generation System", ACEMP’07 and 

ELECTROMOTION’07 Joint meeting, Sep. 2007 Bodrum Turkey  

74. Hideaki Fujita and Hirofumi Akagi,”The Unified Power Quality Conditioner: The Integration of 

Series- and Shunt-Active Filters” IEEE transaction on power electronics, vol. 13, no. 2, March 1998  

75. Zhan Changjiang Wong Manchung Han Yu Han Yingduo Zhao Liangbing ,”Universal custom power 

conditioner (UCPC) in distribution networks”, “ Power Electronics and Drive Systems, 1999. PEDS 

'99. Proceedings of the IEEE 1999 International Conference”, vol. 2, pp. 1067-1072  

76. Salehi, V. Kahrobaee, S. Afsharnia, S.,”Power Flow Control and Power Quality Improvement of 

Wind Turbine Using Universal Custom Power Conditioner”. “Industrial Electronics, July 2006 IEEE 

International Symposium” ,vol. 3, pp.1888-1892  

77. Changjiang Zhan Ramachandaramurthy, V.K. Arulampalam, A. Fitzer, C. Barnes, M. Jenkins, N. 

,”Universal custom power conditioner (UCPC) with integrated control” ,” Power Engineering 

Society Winter Meeting, 2001. IEEE” vol.3, pp. 1039-1044  

78. H. Matsuo, W. Lin, F. Kurokawa,T. Shigemizu and N. Watanabe, “Characteristics of the Multiple-

Input DC–DC Converter,” IEEE Trans. on Ind. Electronics, Vol. 51, N0. 3, pp. 625-631, June 2004.  

79. Lorenzo, E. “Solar Electricity Engineering of Photovoltaic Systems”, internationally recognized 

expert engineers and scientists of IES (Solar Energy Institute), 1994.  

80. Altas, I. H.; Sharaf, A.M: A Photovoltaic Array Simulation Model for Matlab-Simulink GUI 

Environment, Clean Electrical Power, 2007. ICCEP '07. International Conf. 2007, pp.341 – 345  

 

https://www.ijsat.org/

