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Enhancing power quality (PQ) using the Unified Power Quality Conditioner (UPQC) is 

the focus of this article's research review. There has been a dramatic increase in the use of 

non-linear and electronically switched devices in distribution lines and industries, which 

makes PQ issues important. Distribution Flexible AC Transmission Systems (DFACTSs) 

are a novel idea developed to improve the performance of the distribution system. One of 

the DFACTSs is the UPQC. The design of this UPQC aims to resolve various PQ 

problems, such as voltage sag/swell, single-phase and three-phase failures, voltage flicker, 

compensation of current/voltage harmonics, reactive power demand of the load, and 

compensation of unbalanced loads. It is possible to build the UPQC to protect sensitive 

loads that are located inside the distribution system and to prevent any distortion from 

coming from the load side. This study presents a comprehensive analysis of the different 

configurations of UPQC systems for single-phase and three-phase applications. The 

UPQC is categorized based on factors such as voltage sag compensation, supply system, 

converter topology, and system configuration. According to its function, topology, and 

application, many researchers have given the UPQC several various names, like Multi-

Converter UPQC (UPQC-MC), Interlined UPQC (UPQC-I), Distributed Generator UPQC 

(UPQC-DG), Right Shunt UPQC (UPQC-R), etc. This study is meant to provide a detailed 

overview of the many possible UPQC system formations. 
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1. INTRODUCTION

PQ issues are gaining attention and have become a big 

problem for users of energy [1]. The distribution system is 

facing increasing issues in terms of voltage sag/swell and 

harmonics production. These challenges are a result of the 

growing use of nonlinear loads, such as modern power 

electronics and computer-controlled equipment [2]. These 

issues can potentially damage delicate equipment and cause 

costly losses for electrical networks [3]. Poor power quality 

causes electrical equipment to malfunction and causes loads to 

behave abnormally. Harmonic current and more reactive 

power demand are caused by several electronic devices, which 

generate unbalanced loads and fluctuating voltages [4]. These 

problems can be solved in part via LC passive filters. However, 

this filter type is unable to address the issue of unpredictable 

fluctuations in the load voltage and source current waveforms. 

To ensure conformance with power quality regulations, 

various forms of active power filters (APFs) are now widely 

utilized [5]. 

Technology known as custom power developed to assist 

power distribution systems mitigate various PQ issues. 

Distribution systems utilize custom power devices (or D-

FACTSs) to enhance the quality and reliability of power 

supplies [6]. The Dynamic Voltage Restorer (DVR), the 

Distribution Static Compensator (D-STATCOM), and the 

UPQC are the three primary devices of the compensatory type 

custom power [7]. Voltage sag/swell, voltage fluctuations, and 

other situations in which the load's power supply is interrupted 

are the main functions of DVR [8], while a nonlinear load's 

harmonic and unbalanced current are compensated by the D-

STATCOM [9]. The UPQC is a hybrid device that combines 

the functionalities of a D-STATCOM and a DVR. It is 

classified as an element of the Active Power Filter family. 

Installing the UPQC at the power distribution networks' Point 

of Common Coupling (PCC) can improve PQ [10]. 

The UPQC system, designed by Fujita and Akagi in 1998, 

to improve PQ at both the source and load ends [11]. Since 

then, a large number of researchers have worked on this device. 

These researches are separated into four major groups 

according to the physical composition of the UPQC, 

techniques utilized to compensate for sag/swell in the source 

voltage, different UPQC control systems, and various 

algorithms for determining the best location of the UPQC. 

This UPQC's physical structure, including its supply system, 

converters, and UPQC configurations, determines its 

classification. The UPQC system may be divided into four 

primary types, including UPQC-Q, UPQC-P, UPQC-S, and 

UPQC-VAmin, based on the voltage compensating technique. 

This paper is divided into eight sections. The basics of 

UPQC arrangement are covered in Section 2. The control 

objectives are provided in Section 3. The UPQC classifications 
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are shown in Section 4. Techniques for series APF voltage 

compensation are provided in Section 5. Various UPQC 

control methods were covered in Section 6. The optimum 

location of UPQC for the distribution system was discussed in 

Section 7. Section 8 provides the study's conclusions.  

 

 

2. BASIC UPQC CONFIGURATION 

 

FACTS devices have been popular as a PQ issue solution in 

recent years [12]. A new generation of compensating devices 

has been created as a consequence of the FACTS concepts 

being used in distribution systems [13]. A UPQC's primary 

purpose is to compensate the PQ issues of source voltage like 

sags, swells, imbalance, harmonics, and flickers, as well as 

load current PQ issues like harmonics, reactive current, 

unbalance and neutral current. The UPQC can enhance PQ at 

the PCC in power distribution and industrial power systems 

[14]. Both series and shunt APFs make up a UPQC. Thus, it 

can compensate for voltage and current in a synchronized 

manner. A UPQC's series APF manages voltage-related 

problems across the load such as to the DVR, while the 

UPQC's shunt APF compensates load-related current issues, 

like to the D-STATCOM. The UPQC has many advantages for 

enhancing PQ. It can handle voltage and current-related PQ 

issues and filter harmonics, reducing the need for multiple 

devices in the distribution network. The UPQC offers active 

compensation for current distortion and correction of power 

factor, which decreases load supply-voltage fluctuations. The 

voltage can be controlled by UPQC for both grid and load 

sides. The UPQC mitigates voltage and current distortions 

simultaneously and independently, resulting in sinusoidal 

source current and load voltage at the desired voltage level [15]. 

Figure 1 illustrates a simplified version of the UPQC system 

configuration. The primary parts of UPQC are as follows [10]: 

1. Series and shunt voltage source inverters (VSIs). The VSI 

structure in the series acts as a voltage source by 

connecting in series with the line. The shunt VSI structure, 

on the other hand, is used to act as a source current by 

connecting it in parallel with the load. 

2. Shunt coupling inductor Lsh serves as the network 

connection for the shunt inverter. 

3. A capacitor or an inductor could be used to create a 

common dc link. The two inverters are connected by a 

capacitor, which also keeps the dc bus voltage across them 

steady and self-supporting.  

4.  An LC filter, essentially a low-pass passive filter, is 

employed to reduce ripples with the output voltage of an 

inverter caused by high-frequency switching. 

 

 
 

Figure 1. UPQC schematic 

 

The series injection transformer links the series converter 

across the network. 

 

 

3. THE MAIN FUNCTIONS OF THE SHUNT AND 

SERIES APFs 

 

UPQC combines two converters shunt and series working 

as APFs with common dc capacitor. A shunt APF can inject 

reactive current to correct the power factor, inject harmonic 

current to address load current harmonics and balance supply 

currents via injecting negative and zero-sequence components 

as required by the load. It can also control the DC bus voltage. 

A series APF regulates the voltages at the load bus by injecting 

negative and zero sequence voltages to compensate for those 

in the source, controls the magnitude of the load voltage by 

injecting the active power components that are necessary, and 

isolates the load bus from harmonics in the source voltages by 

injecting harmonic voltages [16]. 

 

 

4. THE UPQC CLASSIFICATIONS BASED ON 

PHYSICAL STRUCTURE 

 

The UPQC is suitable for both low and medium voltage 

applications. According to its physical structure, this UPQC is 

typically divided into three assemblies as follows [17]: 

• Classification based on the supply system. 

• Classification based on converter. 

• UPQC categorization based on configuration. 

Below is an explanation of the UPQC classifications that 

were above mentioned. 

 

4.1 Classification based on the supply system 

 

Depending on the type of supply system, UPQC 

categorization into two groups: single-phase and 3-phase. 

There are three subtypes of a 3-phase system and single-phase 

systems: three-phase three-wire (3ph3w), three-phase four-

wire (3ph4w), and single-phase two-wire (1ph2w). The issues 

with voltage harmonics in power quality are the same in 3-

phase and single-phase systems. However, a system with three 

phases must address voltage unbalance. In the 3ph3w system, 

the current imbalance is taken into account. Additionally, 

neutral current compensation is required [18]. The single-

phase system has problems with reactive current of the load 

and current harmonics. The 1ph2w supply is made up of two 

H-bridge inverters, and the UPQC system's architecture is 

designed to compensate for PQ issues (total eight switches) 

[19]. Utilizing transformers in single-phase UPQCs increases 

system size compared to conventional configurations since 

these transformers are normally bigger to accommodate the 

whole load current. As a result, the single-phase UPQC that 

uses a transformer is more complicated, expensive, loses more 

power, and may limit the power density of the inverter [20].  

The 1ph2w UPQC architecture based on VSI was 

introduced in the study [21]. In Figure 2, a 3ph3w VSI-based 

UPQC is shown. It is the most studied UPQC system 

configuration [22]. Several factories use a 3-phase, four-wire 

power source to supply power to a wide range of single-phase 

and 3-phase equipment. The neutral conductor, which is the 

fourth wire, produces an excessive flow of neutral current and 

needs further compensation. The two split capacitor depicted 
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in Figure 3 is only one of many alternative shunt APF designs 

[23]. 

 

 
 

Figure 2. 3Ph3W UPQC architecture 

 

 
 

Figure 3. 3Ph4W UPQC based on two capacitor shunt 

converter architecture 

 

4.2 Classification based on converter 

 

 
 

Figure 4. The UPQC based on CSI 

 

A UPQC uses the same DC link for its series and shunt 

converters. The shunt inverter's main function is maintaining 

a constant reference voltage for the self-supporting DC 

connection. Inverter topologies can consist of either a voltage 

source inverter (VSI) or a current source inverter (CSI). The 

VSI is regulated using PWM and employs a shared energy 

storage capacitor (Cdc) to create the DC-link. Figure 1 

illustrates the UPQC using VSI and associated devices. VSI 

topology offers many advantages compared to CSI, including 

lower weight, flexible overall control, reduced cost, and the 

ability to operate at multiple levels [24]. 

The second UPQC topology consists of PWM CSI that 

shares an inductor (Ldc). Figure 4 illustrates the UPQC based 

on the current source inverter. The UPQC controls the DC 

current so that the power losses are zero and the average output 

power is equal to the average input power [25]. The main 

reason the CSI topology is not popular in UPQC is the higher 

conduction losses of the inductors used as energy storage 

devices [18]. The advantages of VSI include reduced cost, 

smaller size, less weight, the capacity to perform multilayer 

operations, and flexible overall control [26]. 

 

4.3 UPQC categorization based on configuration 

 

This section provides explanations of the various UPQC 

configurations. One of the configuration-based categories for 

UPQC is left and right shunt UPQC. The two converters in 

UPQC are linked in a back-to-back configuration. It may be 

categorized depending on where the shunt inverter is located 

in relation to the series inverter. The left shunt UPQC (UPQC-

L) is the name of the shunt inverter on the left side of the 

UPQC, while the right shunt UPQC (UPQC-R) is the name of 

the shunt inverter on the right side [27]. Figure 5 illustrates the 

configuration of UPQC-L [28]. Whatever the kind of load 

current, sinusoidal currents comprise the bulk of currents 

passing through the series transformer in UPQC-R. With this 

arrangement, the shunt inverter reduces the current harmonics 

[9]. The UPQC-R arrangement can operate in a state where it 

absorbs zero power and maintains a power factor of unity at 

the load end. UPQC-R provided improved compensation by 

minimizing the THD of the load voltage and source current 

compared to UPQC-L. Both the UPQC topologies exhibited 

equivalent performance in minimizing oscillating reactive 

power components [27]. The UPQC-R system's configuration 

is shown in Figures (1 through 3) consequently; UPQC-R 

provides an optimum overall UPQC performance than UPQC-

L. 

 

 
 

Figure 5. The configuration of UPQC-L 

 

The UPQC Interlined (UPQC-I) arrangement is shown in 

Figure 6. Jindal et al. [29] proposed this arrangement in (2007). 

This configuration consists of shunt and series inverters 

positioned between two distribution feeds. One inverter is 

connected to one feeder in series, while another is linked to 

another feeder in shunt. The UPQC-I can regulate and control 

the real power flow between two feeders. Ravi and Sathish 

Kumar [30] proposed using the PQ theory to control 

voltage/current fluctuations and harmonic distortions in multi-

feeders Interlined UPQC (MF-IUPQC). Researchers 
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suggested controlling the shunt VSI using the pq theory and 

the series VSI using the SRF theory. Compared to PI and fuzzy, 

the MF-IUPQC system performed better after implementing 

ANFIS. This approach effectively compensates for harmonics 

and DC-link voltage, ensuring smooth operation, while also 

providing exact control over the load voltage. 

 

 
 

Figure 6. The UPQC-I arrangement 

 

Researchers have investigated whether a UPQC system's 

performance might be improved using a third converter 

module for DC bus support that named Multi Converter UPQC 

(MC-UPQC). Both storage batteries and supercapacitors, 

which are discussed in the study [31], may be employed to 

further improve the overall system performance. There are 

many ways to connect the third inverter, either in parallel with 

the same feeder or in series with another feeder [32]. Figure 7 

depicts the MC-UPQC arrangement. Mohammadi et al. [13] 

examined an updated MC-UPQC arrangement for a multi-

feeder system. The suggested control topologies can 

completely safeguard essential and sensitive loads in two-

feeder distribution systems against abrupt changes in load, 

voltage sags/swells, and fault interruption. Different control 

approaches for the MC-UPQC configuration to improve PQ 

have been discussed in the studies [33, 34]. Figure 8 illustrates 

the configuration of MC-UPQC for multi feeder system [32]. 

Muñoz et al. [35] proposed a novel structure known as 

UPQC Modular (UPQC-MD). This configuration is achieved 

by linking numerous of H-bridges, i.e., many single-phase 

UPQCs in cascade. It could be beneficial for increasing power 

levels. Figure 9 illustrates the UPQC-MD structure. The H-

bridges from several series inverters are linked in parallel and 

fed into the power grid via series transformers, as depicted in 

the study [35]. Xiao et al. [36] proposed a configuration 

architecture for medium-voltage systems (10kV 4MVA) that 

integrates the modular multilevel converter (5 levels) with 

UPQC. For applications involving medium voltage and large 

capacity, instead of using a conventional two- or three-level 

converter, a modular multilevel converter with UPQC can be 

used to efficiently deal with the varying demands of voltage 

and current compensations. Long et al. [37] discussed the 

concept of using the Modular Multilevel Converter on UPQC 

(13-level MMC-UPQC), which is based on the dq0 

transformation for its operation principle and control strategy. 

Parida and Das [38] used the same design of MMC-UPQC 

with different control approaches. The fuzzy logical 

modulation method was proposed by Kenjrawy et al. [39] as a 

means to enhance the functionality of multilevel parallel-series 

UPQCs. The higher level (nine-level) is to blame for the lower 

rate of variation (dv/dt) compared to the lower levels (five-

level and seven-level). 

 

 
 

Figure 7. The MC-UPQC arrangement 

 

 
 

Figure 8. The configuration of MC-UPQC for multi feeder 

system 

 

 
 

Figure 9. The UPQC-MD structure 

 

The use of UPQC in integrating renewable resources like 

solar and wind with the utility system is another expanding 

area of study in this field [40]. The name of this overall 

structure is UPQC Distributed Generator (UPQC-DG). The 

DG sources in this arrangement are linked into a DC 

connection [41]. The primary advantage of connecting the 

UPQC-DG's backup power and stored energy batteries to the 
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dc bus is that it eliminates voltage interruptions [42]. 

Furthermore, there are two modes for distributing the energy 

produced through the DG. One is the interconnected mode, 

which powers both the load and the grid. The other is the island 

mode, which provides power to various loads [43]. Figure 10 

displays the structure of the UPQC-DG system [44].  

 

 
 

Figure 10. The configuration of the UPQC-DG 

 

Campanhol et al. [45] performed exhaustive assessments of 

the size, stability, and power flow of the system by employing 

series and shunt power converters along with a one-stage PV 

system that was connected to UPQC. The UPQC served as a 

bidirectional interface when a dispersed generating system 

was placed between the grid and either general loads or an AC 

microgrid. The PV-UPQC system has presented power flow 

examinations, and many mathematical formulas have been 

developed to characterize the real power of both two inverters 

[45]. Through employing a PV-B-UPQC combination of a 

solar photovoltaic array and batteries, Devassy et al. [46] have 

established a technique for implementing an automatic 

transition between the autonomous and grid linked operating 

modes. Moreover, smooth power generation is facilitated by 

the system, which reduces power fluctuations caused on by 

weather-related PV power generation. 

Jayanti et al. [47] conducted research on the use of UPQC 

to improve fault ride-through support and VAR assistance for 

wind-driven FSIG in response to Irish grid requirements. The 

APF series can provide the required voltage to prevent the 

FSIG from across the limit of speed in the case of a voltage 

reduction caused by a grid-side breakdown. Furthermore, the 

UPQC shunt APF has the capability to provide any necessary 

extra VAR assistance during the fault [47]. To improve the 

power quality in distribution networks, Sundarabalan et al. [48] 

proposed a fuel cell integrated (3ph-4w) Unified Power 

Quality Conditioner (FCI-UPQC). The fuel cells can provide 

significant power backing in the event of supply interruptions 

on the grid side. Their incorporation in this work enhances the 

effectiveness of the system. In the study [49], an ultracapacitor 

(UC) and UPQC were suggested for integration with 

distribution renewable energy generating systems to preserve 

the MG's power quality. The ultracapacitors' functionality and 

design were included in the system that was suggested, along 

with a bidirectional converter that could charge and discharge 

the UC and the UPQC. The UPQC has performed dynamic 

voltage restorer (DVR) and APF functions on the MG and load 

sides, respectively. 

The development and design of the wind energy fed UPQC 

system were presented by Samal and Hota [50]. Enhancing 

wind energy production and using it to supply the DC link 

capacitor of the UPQC is the primary objective of the study 

that is being suggested. This will operate the UPQC for PQ 

testing and keep the voltage across the capacitor constant. In 

various balanced and unbalanced load circumstances, the 

UPQC was employed to mitigate voltage sag and swell. Zanib 

et al. [51] performed research on the study of power flow and 

PQ improvement of a system of wind PV power production 

integrated with UPQC, which are wholly based on the 

presumed double compensation scheme and different modes 

of operation. This research is essential for designing inverters 

properly by taking into account the nonlinear features of the 

load, the impact of certain current disturbances on grid 

voltages, and the maximum power generated by the PV and 

wind power systems. Researchers have suggested many 

techniques to enhance voltage profiles and mitigate PQ issues 

in the distribution networks via the use of the UPQC-DG. 

These methods include using solar arrays and/or wind energy 

as the basis for the UPQC-DG, as detailed in the studies [52-

55]. 

Brenna et al. [56] created an open Unified Power Quality 

Conditioner (UPQC-O) system with physically isolated series 

and shunt inverters and no DC connection. To link the supply 

and the PCC, transformers were used for the series inverter 

(VSI 1). A smoothing inductance was employed to connect the 

shunt inverter (VSI 2) in parallel with the PCC [57]. Figure 11 

depicted a radial distribution network consisting of 5 buses, 

with a structure of UPQC-O. Bus 4 contains the UPQC-O's 

shunt inverter, while the series inverter is close to bus 2 [58]. 

In the study [59], in response to dynamic load changes in a 

distribution systems (33-bus and 69-bus), for the purpose of 

identifying the optimum reactive power set points for UPQC-

O, the research suggested an online optimization of the 

operating technique. A new architecture for a PV fed open-

UPQC has been presented by Dash et al. [60], concentrating 

on the needs of voltage-sensitive loads. The series and shunt 

inverters of UPQC include adaptive controllers, which have 

improved the system's ability to withstand various kinds of 

voltage and current distortions. 

 

 
 

Figure 11. An exemplary configuration for a UPQC-O in a 

5-bus network 

 

 

5. TECHNIQUES FOR SERIES APF VOLTAGE 

COMPENSATION 

 

UPQC systems can be classified according to the control 

strategy used for compensating voltage sags and swells, with 

each method named depending on its main purpose. The 

UPQC systems are divided into four types: UPQC-P, UPQC-

Q, UPQC-S, and UPQC-VAmin [61]. A comparison of 

UPQC-P, UPQC-Q, and UPQC-S is shown in Table 1. 

1. Active power control (UPQC-P): The UPQC-P is regarded 

as a traditional UPQC, where the active power is either 
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injected or absorbed via the series inverter of the UPQC to 

compensate for voltage sags or swells. The shunt converter 

provides the necessary support for the reactive power of 

the load, the active power needed by the series converter, 

and the losses in the system [62]. The phase difference 

between the load voltage and the source voltage is either 0° 

or 180°; hence, the series APF just compensates for active 

power. Figure 12(a) shows a phasor diagram of UPQC-P 

[4].  

2. Reactive power control (UPQC-Q): The voltage supplied 

by the series APF in this controller is 90 degrees out of 

phase with the source current, and the series APF does not 

use any active power through this process. The UPQC-Q 

method can only compensate voltage sags and is unable to 

address voltage swells [63], as shown in Figure 12(b).  

The UPQC-S is a system that utilizes both active and 

reactive power simultaneously. The series inverter can 

compensate for both active and reactive power simultaneously, 

while the shunt APF is utilized for all current-based 

recompense. Figure 12(c) shows the simultaneous 

compensating of voltage sag and swell using a series inverter. 

The compensation is carried out at a predetermined phase 

angle. This feature of the series inverter improves its 

efficiency and decreases the VA load on the shunt inverter [41]. 

Minimum the VA Loading (UPQC-VAmin): for voltage sag 

compensation, it is needed to reduce the load on the VA. The 

process involves injecting a series voltage at an appropriate 

angle in regard to the supply current. When determining the 

minimum VA loading of UPQC, it is important to consider the 

current used by the shunt Active Power Filter to ensure the 

stability of the DC bus and maintain the overall power balance, 

in addition to the injection of series voltage [61]. 

 

 

Figure 12. Pharos image for voltage sag compensation of (a) UPQC-P, (b) UPQC-Q, (c) UPQC-S [4] 

 

Table 1. A study comparing UPQC-P, UPQC-Q, and UPQC-S 

 
UPQC-P UPQC-Q UPQC-S 

Active power is injected or absorbed via a 

series APF of UPQC to compensate the 

voltage sag/swell. 

The injection of reactive power is done by 

a series APF to compensate for voltage 

sag. 

Active and reactive power are injected or absorbed 

via a series APF of UPQC to compensate the 

voltage sag/swell. 

The operation of UPQC-P at δ=0. The UPQC-Q operates at 𝜑𝑠𝑟=90. The UPQC-S operates at 0<δ<90°. 

The shunt inverter only compensates the 

reactive power. 

The shunt and series inverters provide 

compensation for reactive power. 

The shunt converter is used with the series 

converter to compensate the reactive power. 

 

 

6. METHODS 

 

Many different control methods, algorithms, and 

approaches that have been successfully applied to UPQC 

system can be found in the current literature. Methods using 

frequency domain analysis, such as those employing the fast 

Fourier transform (FFT), are characterized by their 

sluggishness and inefficiency, requiring a significant 

computational burden. As a result, time-domain control 

algorithms are more favored than frequency-domain control 

algorithms for real-time control of compensators [64]. 

Controlling UPQC in the time domain requires immediately 

generating compensating commands as signals of voltage or 

current. The dq theory [41] and the pq theory [65] are the most 

famous time-domain methods. The pq theory is responsible for 

computing the instantaneous active and reactive powers, while 

the dq theory deals with current that is independent of source 

voltage. The DC values include the fundamental component in 

distorted voltage or distorted current (dq theory), as well as 

actual and reactive powers connected to the basic components 

(pq theory) [66]. In both approaches, the current and voltage 

signals are transferred from the (abc) frame to a reference 

frame that is either stationary (pq theory) or synchronous (dq 

theory) to separate the fundamental and harmonic values [67]. 

The 3-phase pq foundation of the UPQC controller is 

described in the studies [68, 69], while the UPQC controllers 

that are grounded on dq theory are covered in the study [70]. 

Unit vector templates generation (UVTG) is the basis of a 

simple control method that has been presented in the studies 

[71, 72]. The technique creates UVTs for single-/three-phase 

systems using a phase-locked loop, where it’s utilized for 

extract the fundamental frequency pure sinusoidal signal. This 

control method creates UPQC's reference signals for both the 

series and shunt APFs [14]. 
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The power angle control (PAC) of UPQC is an approach 

that has been suggested to improve the operation of series 

inverters [73]. The UPQC's PAC shows that the series and 

shunt inverters can share the reactive power required by the 

load without raising the UPQC's total rating. This happens by 

changing the power angle (δ) between the voltages of the load 

and the supply. As a result, the UPQC shunt inverter's overall 

rating is decreased [74]. Depending on the method of power 

angle control, two control strategies may be employed: fixed 

and variable PAC approaches [75]. The fundamental objective 

of researchers has been to evaluate the efficacy of PAC control 

and the whole UPQC system via simulation and experimental 

approaches [76, 77]. 

The UPQC was created as a capacitor voltage regulator 

based on integral plus sliding mode control (SMC) to maintain 

a constant dc-link voltage with little settling time and no 

overshoot [78]. The proposed controller enables the capacitor 

voltage to quickly follow reference values. The series APF of 

the UPQC was controlled using an SMC approach with a 

constant frequency scheme [79]. Patjoshi and Mahapatra [80] 

introduced a method for controlling switching dynamics and a 

non-linear SMC technique for UPQC. Using SMC and 

instantaneous active and reactive power. Yavari et al. [81] 

proposed a method for the UPQC controller. The developed 

controller had the feature of being stable in the distribution 

network, despite the loud distortion that was present. Jiang and 

Zhang [82] created a Modular Multilevel Converter (MMC-

UPQC) system to address grid unbalance via a Passive SMC 

approach. Unbalanced electrical power networks were 

represented by a mathematical model that was similar to the 

MMC-UPQC. 

The UPQC controller has also been developed using the 

particle swarm optimization (PSO) approach [83]. To enhance 

the UPQC's efficiency, a Fractional Order Proportional 

Integrator (FO-PI) controller is used rather than a traditional 

PI controller [84]. The integrator's order is fractional, allowing 

for a further degree of flexibility. For both series and parallel 

APFs, the controller settings were fine-tuned using Particle 

Swarm Optimization (PSO). 

More recently, a controller based on artificial neural 

networks (ANNs) has been employed to provide UPQC with 

its reference signals [85]. Control circuits for PQ devices can 

benefit from the use of neural networks because of the stability 

they bring to the converter system and their ability to respond 

quickly to changing conditions [86]. Multiple inputs multiple 

outputs systems can be supported by the ANN approach quite 

well, thus, to address voltage and current issues, the UPQC 

controller was developed in the studies [87, 88] utilizing the 

ANN technique.  

In current times, the design of controllers employing fuzzy 

logic is popular. In the studies [89, 90], PI controllers were 

suggested to address power quality (PQ) issues by using fuzzy 

controllers with the UPQC. The main objective of the fuzzy 

controllers is to maintain a consistent voltage in the dc 

connection. A hybrid UPQC with Distributed Generation has 

been proposed to mitigate voltage sag and swell. In this regard, 

a controller based on fuzzy logic control has been developed 

for the series converter [91]. The installations of the 

microgrid-based UPQC and Neuro-fuzzy controller have been 

developed in the study [92]. Two PI and Neuro-Fuzzy 

controllers were used to physically implement the system. To 

enhance the PQ of UPQC devices, R. Manivasagam developed 

four intelligent control strategies. Adaptive neuro-fuzzy 

interference systems (ANFIS), neuro-fuzzy controllers, fuzzy 

logic controllers, and ANN controllers were all used to test the 

performance of the methods [93].  

To address the issues of voltage and current harmonics, S. 

Bharathi et al. proposed the use of a UPQC with a PI controller 

that is based on Modified Grey Wolf Optimization (MGWO). 

Additionally, they included renewable energy sources such as 

a wind turbine squirrel cage induction generator [94]. Nicola 

et al. [95] developed an efficiency metric for UPQCs and 

evaluated three different types of controllers: PI-type 

controllers optimized with Grey Wolf Optimization (GWO), 

fractional order (FO)-type controllers using integral and 

differential calculus for fractions, and PI-type controllers used 

with an RL-TD3 agent. 

An appropriate control mechanism is also necessary to 

produce the pulses the inverter needs. These control methods 

include hysteresis current control and pulse width modulation 

(PWM) [74]. 

 

 

7. THE LOCATION UPQC FOR THE DISTRIBUTION 

SYSTEM 

 

Several researchers have investigated UPQC as a method to 

improve PQ in electrical distribution systems. However, the 

placement of UPQC in the distribution system must be 

properly determined because of the significant costs involved. 

The optimization of UPQC placement can enhance the 

efficiency of optimal reactive power compensation and 

involves minimizing power losses, reducing the THD, 

improving the voltage profile, and reducing imbalance under 

normal and voltage sag situations. Based on the UPQC size, 

the optimal location in the radial distribution system can be 

determined using the differential evolution method [96, 97].  

Ganguly [15] proposed integrating the UPQC-PAC model 

into the forward-backwards sweep load flow algorithm. This 

integration was used to investigate the effects of UPQC 

allocation in distribution systems. This analysis used both a 

33-bus and a 69-bus test distribution network. Under varying 

loads and with consideration for static battery charge loads, 

Saicharan suggested an effective distribution of Distributed 

Generation (DG) and UPQC in a distribution system, namely 

the IEEE 33 bus system. The UPQC was put at each bus 

individually, and various parameters were located and 

analyzed. The Power Loss Index, the Loss Sensitivity Factor, 

and the Voltage Stability Index were used to determine which 

bus was the best choice [7]. Ganguly [98] suggested a multi-

objective planning approach based on PSO to address the issue 

of compensating for reactive power in radial distribution 

networks using UPQC allocation. This suggested method 

determines the ideal place to install a UPQC and the optimum 

amount of reactive power compensation.  

In 3-phase unbalanced distribution network, Sarker and 

Goswami [96] introduced Cuckoo Optimization Algorithm 

(COA) based (UPQC) allocation. A study evaluated the 

implementation of UPQC in several scenarios, including a 25-

bus radial distribution network and the IEEE 123-node test 

feeder system. In order to address the issues of (UPQC) 

placement in radial distribution networks, Ramanaiah and 

Reddy [99] proposed a new algorithm known as Ant Lion 

Optimization (ALO). Reducing real power losses and 

improving the voltage profile are the two main goals of UPQC 

placement. Standard distribution system (IEEE 69 bus) is used 

to test the proposed technique. To place open UPQC-O ideally, 

Lakshmi and Ganguly [100] presented a multi-objective 
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planning technique. Using this method, distribution networks' 

energy loss can be reduced concurrently with their PV hosting 

capacity (PVHC). In the suggested technique, the optimized 

locations to put UPQC-O converters were determined. The 

suggested PQ improvement approach is based on a hybrid 

method that combines Grey Wolf Optimization (GWO) and 

Cuckoo Search Algorithm (CSA). Additionally, the presented 

approach determines the optimal location of the UPQC device 

based on the power losses, the cost of UPQC, and Voltage 

Stability Index. This method is implemented in IEEE (33 and 

69 bus), test bus networks [101]. 

 

 

8. CONCLUSION 

 

This study is a review on a complete evaluation of the 

UPQC-based architectures, compensating, control theories, 

and optimal placement for improving PQ at the distribution 

networks. The UPQC is a highly efficient device used to 

address PQ issues related to voltage and current. It effectively 

resolves problems such as voltage sags and swells, harmonics 

in voltage and current, voltage and current imbalances, flickers, 

and reactive power demand. UPQC can be used in several 

power circuit configurations, each designed to address unique 

scenarios. In this work, various UPQC configurations are 

briefly discussed. It is evident from a thorough examination of 

several control theories that the UPQC's performance is tied to 

its control techniques; yet, the complexity of the control 

approach poses a major challenge. The integration of DG with 

UPQC is the key focus after a comprehensive review of UPQC. 

By keeping PQ at manageable levels, renewable energy 

sources like as sun and wind can be used. The optimization 

approach must be used to select the optimal UPQC placement 

for a distribution network's bus, taking into account the UPQC 

rating, voltage stability, and the loss of power of the whole 

system. This work will be valuable for future researchers that 

are interested in enhancing power quality using UPQC at the 

distribution level will find this study to be a useful reference. 
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NOMENCLATURE 

 

UPQC Unified Power Quality Conditioner 

UPQC-L Left Shunt UPQC 

UPQC-ML Multilevel UPQC 

UPQC-R Right Shunt UPQC 

UPQC-Q UPQC Reactive Power Control 

UPQC-P UPQC Active Power Control 

UPQC-S UPQC Active and Reactive Power Control 

MMC-UPQC Modular Multilevel Converter on UPQC 

PV-UPQC Photovoltaic UPQC 

UPQC-VAmin UPQC Minimum Volt-Ampere 

UPQC-O Open UPQC 

FCI-UPQC Fuel Cell Integrated UPQC 

UPQC-DG Distributed Generation UPQC 

MF-IUPQC Multi-Feeders Interlined UPQC  

THD Total Harmonic Distortion 

PLL The Phased Locked Loop 

PCC The Point of Common Coupling 

APF Active Power Filter 

VSI  Voltage Source Inverter 

PQ Power Quality 

UVTG  Unit Vector Template Generation 

SRF Synchronous Reference Frame 

CSI Current Source Inverter 

PAC Power Angle Control 

ANN  Artificial Neural Network 

3Ph4W  Three-Phase Four-Wires 

D-FACTS Distribution Flexible AC Transmission 

System 

DVR Dynamic Voltage Restorer 

ALO Ant Lion Optimization 

COA Cuckoo Optimization Algorithm 

GWO Grey Wolf Optimizer 

LPF Low Pass Filter 

PSO Particle Swarm Optimization 

FFT Fast Fourier transformer 

SMC Sliding Mode Control 

GWO Grey Wolf Optimization 

CSA Cuckoo Search Algorithm 

PVHC PV Hosting Capacity 

DSTATCOM Distribution Static Compensator 

ANFIS Adaptive-Neuro-Fuzzy-Interference-

System 
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