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Abstract— The rapid growth of nonlinear and sensitive 

electrical loads has resulted in significant deterioration of 

power quality in modern distribution systems. Disturbances in 

voltage-i.e., sag, swell, and harmonics-along with current-

related issues like distortion and reactive power demand, are 

affecting the performance of the system and the life 

expectancy of equipment. This paper deals with an analysis 

and implementation approach for a Unified Power Quality 

Conditioner (UPQC) that integrates series and shunt active 

filters through a common DC-link for simultaneous voltage 

and current disturbance mitigation. A synchronous reference 

frame theory-based control strategy is adopted for effective 

compensation under varying load and supply conditions. 

Simulation results obtained show the capability of the 

proposed UPQC system to maintain sinusoidal load voltage, 

reduce source current harmonics, and improve overall power 

quality in compliance with IEEE standards. 

Keywords- Power quality, Active power filter, Unified Power 

Quality Conditioner. 

I.  INTRODUCTION  

Poor power quality can be caused by many sources in 

electrical power transmission or distribution, which can 

include voltage sag effect, voltage swelling, interruptions in 

power, overcorrection in power factor correction, as well as 

unacceptable harmonic distortion in both current and voltage 

signals. An innovative and efficient method to cure these 

problems is the utilization of advanced technologies in power 

electronics [1]. However, after the deregulation in the 

electricity power market, high power quality is now an 

essential aspect to be considered in both the suppliers as well 

as in users. Many methods like filters, active power filters, 

hybrid filters, and the so-called custom power devices have 

been considered to improve power quality. 

The Unified Power Quality Conditioner (UPQC) is a 

combination of series and Shunt Active Power Filters arranged 

in a back-to-back configuration on the DC-side using a DC-

link capacitor. Series Converters are used for compensating 

both voltage sag/swells, flicker, voltage imbalanced, and 

voltage harmonic distortions in supply sides by injecting 

respective compensating voltages across the load. Shunt 

Converters are used for compensating load sides for Current 

power quality distortions like low power factor, harmonic 

currents, and load imbalanced problems. Shunt Converters 

inject compensating currents into the system in order for the 

source currents to be in balance, sinusoidal, and in phase with 

the supply voltages [4-5]. This paper presents an analysis on 

the performance assessment of an intelligent power quality 

compensating system, specifically the Unified Power Quality 

Conditioner (UPQC), when applied for nonlinear and voltage 

sensitive loads [13].  

                 II.POWER QUALITY PROBLEMS  

Degradation in supply power quality may begin or worsen at 

various points in the electrical system. Nevertheless, sources 

causing distortion to power quality can be generally 

categorized based on significant contributors to such 

distortion: 

A. Power Electronic converters and devices, 

(B) Information Technology and Office Equipment:<!--_NET 

(C) Arising loads 

"(D) Frequent load switching operations, " 

(E) Starting large capacity motors, 

(F) Embedded and distributed generation sources, 

(G) Electromagnetic interference and related cable 

connections, and 

(H) Environmental and weather-related conditions. 

http://www.neuroquantology.com/
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Even though power disturbances occur in every current 

network, it has been observed that the widespread use of 

modern electronic devices has made current networks more 

sensitive to the variations of power quality. Power 

disturbances for even shorter durations lead to losses of 

critical electronic data and system shutdowns. In addition to 

that, higher voltage transients could cause permanent damage 

to critical electronic components because of higher current 

network fuse ratings [18-19]. 

III.CLASSIFICATION POWER SYSTEM DISTURBANCES 

Electric Power Quality (EPQ) basically means the capability 

of the electric power system to sustain voltage and current 

waveforms that are close to sinusoidal, at their rated values 

and frequency at the distribution buses. This concept, namely 

EPQ, has been used to differentiate the various aspects of 

voltage quality, current quality, supply reliability, and electric 

power system performance. There are two broad categories of 

origin for reduced electric power quality: the end-use loads, 

equipment, and components, on the one hand, and the 

transmission, distribution network subsystems, on the other. 

Reduced electric power quality is mainly due to disturbances 

on the power lines, such as impulses, notching, voltage sag & 

swell, voltage & current unbalances, momentary interruptions, 

& harmonics. These are classified, tolerated, & measured 

based on global standards & guidelines, especially those 

provided by the IEC & IEEE standards manuals for electric 

power quality.  

1. Transients: Transients are dealing with undesirable 

disturbances that have short durations in power systems 

and express abrupt changes in regular working conditions. 

2. Impulsive Transients: An impulsive transient has an 

abrupt, non-power frequency change in voltage, current, or 

both, which has a unidirectional polarity, predominantly 

positive or negative. 

3. Oscillatory Transient: An oscillatory transient is a sudden 

disturbance in voltage, current, or both. This disturbance is 

of nonpower frequency and involves a fast alternation of 

the polarity between positive and negative. Short-Duration 

Voltage Variations Actually, long duration voltage 

variations are described as root mean square voltage 

variations at the power frequency, exceeding one minute in 

duration. This type of variation results when voltage levels 

exceed the specified limits and could be in the form of 

overvoltage or undervoltage conditions. 

4. interruption : An interruption is said to happen when the 

supply voltage or load current is reduced to less than 0.1 

pu for a time period no longer than one minute, as it 

creates a temporary loss of power to the load, which is 

shown in the fig 1(a). 

Voltage Sags (Dips): A voltage sag is also known as a dip. A 

voltage sag is a reduction in the RMS voltage or current to a 

value between 0.1 pu and 0.9 pu of the declared nominal 

voltage at the fundamental frequency. The duration of such 

events ranges from half a cycle up to one minute. The fig 1 (b) 

illustrates this.  

 

Voltage Swells: Voltage swell is an increase in the RMS 

voltage or current temporarily at power frequency to values 

between 1.1 pu and 1.8 pu, and its duration can be from half a 

cycle to one minute, as shown in fig 1(c). 

  
Fig a: Voltage Interruption Fig b: Voltage Sag 

 

  
Fig c: Voltage Swell Fig d: Wave form distortion 

Fig 1: Voltage Waveforms 

 

Distortion due to waveform: Waveform distortion: A steady-

state deviation of voltage or current from an ideal sinusoidal 

waveform at the fundamental power frequency. The deviation 

is mainly characterized by the signal's frequency spectrum, as 

shown in fig 1 (d). 

Waveform distortion can be categorized into five types: 

a. DC Offset 

b. Harmonic Distortion 

c. Interharmonics 

d. Notching 

e. Electrical Noise 

   IV.SOLUTIONS TO POWER QUALITY PROBLEMS 

Mitigation options in power quality exist in two distinct ways. 

The two ways include either corrective action taken at the 

customer’s end or the action taken from the utility point of 

view. The first method is termed load conditioning, where the 

objective is to make the equipment less sensitive to power 

disturbances. The aim is to allow the equipment to work even 

in the presence of a distorted voltage waveform. The other 

method makes use of a line conditioning device. 

Active power filters offer a versatile and efficient method to 

counter problems related to current quality as well as 

interference affecting the voltage. An active power filter is a 

pulse-width modulation (PWM) converter-based device that is 

connected to a low- or medium-voltage power mains. When it 

comes to series-active power filters, there is a need to integrate 

these systems with passive shunt power filters to target current 

harmonics. On the other hand, shunt-active power filters can 

be viewed as current-controlled sources, whereas series power 

filters can be regarded as voltage-controlled sources. Both of 

these can be achieved with the use of voltage-source PWM 

inverters with a DC-link that incorporates a reactive energy 

storage component, typically a capacitor. Active filters have 

the capability to accomplish more than one task in the aspect 

http://www.neuroquantology.com/
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of compensating, which depends mainly on its power rating as 

well as response speed [23]. 

 

            V.ACTIVE POWER FILTERS 

 

A wide variety of active filter topologies has been reported in 

the technical literature, and their classification can be 

performed based on different perspectives and application 

requirements. In broad terms, the active filters are classified 

into AC and DC active filters. DC active filters are mainly 

devoted to mitigate voltage and/or current harmonics on the 

DC side of thyristor-based converters used in HVDC systems, 

as well as on the DC-link of PWM rectifier–inverter systems 

used in traction applications. 

The active filters used at the consumer side were intended to 

be mainly for current harmonics and current imbalance 

compensation due to nonlinear loads. Utility active filters 

would focus on voltage harmonic mitigation and voltage 

imbalance within the utility distribution. The multi functional 

power-conditioning active filters are now able to realize 

reactive power compensation, harmonic mitigation, reduction 

of flicker and imbalance, and voltage regulation. 

In the near future, active filters' area and capability are going 

to increase significantly. Active filtering solutions are going 

beyond compensation of harmonics generated by nonlinear 

loads towards utilities-consumer harmonic isolation and even 

harmonic damping in power distribution systems [15]. 

                 VI.SYSTEM CONFIGURATION 

Fig.2 shows the Configuration of the UPQC. The voltage at 

the common coupling point may be distorted in relation to the 

presence and performance characteristics of other non-linear 

loads that are connected at the common coupling point. There 

are instances where the switching action of the non-linear 

loads causes voltage sag/swell conditions during turn-ons and 

turn-offs. The aims of using the UPQC are to ensure that the 

sensitive loads are not affected by power quality disturbances.  

 
Fig 2: UPQC representation 

The UPQC consists of two voltage-source inverters connected 

in a back-to-back configuration and sharing a common DC-

link capacitor. Each inverter is implemented using six IGBT 

switches. One inverter is connected in parallel with the load 

and thus acts as a shunt active power filter, compensating for 

harmonic currents drawn by the load from the mains supply 

and its reactive power demand as well, while maintaining the 

DC-link voltage at a predetermined value. Another inverter is 

connected in series with the supply line through series 

transformers and acts as a controlled voltage source to ensure 

that the load voltage is sinusoidal and regulated at the desired 

magnitude. 

The key function of UPQC is to alleviate power quality 

disturbances at the point of common coupling in both supply 

and load sides. It mitigates voltage-related problems such as 

sag, swell, imbalance, flicker, and harmonics in the supply 

side, while it mitigates current-related problems such as 

harmonics, imbalance, reactive current, and neutral current in 

the load side. Fig. 1 shows a single-line diagram for UPQC 

system configuration, and the major components in UPQC 

system are described hereafter. 

1). Voltage Source Invert: In the UPQC, two voltage-

source inverters are used: the first one is connected 

with the load in parallel to provide the function of the 

shunt active power filter, while the second one, 

connected in series with the power supply, acts as the 

series active power filter. 

2). Shunt Coupling Inductor: The shunt coupling 

inductor serves to connect the shunt inverter to the 

power system. The role of the inductor also includes 

smoothing the waveform of the injected current. In 

some practical implementations, an isolation 

transformer is also needed to achieve electrical 

isolation between the inverter and the utility power 

grid. 

 

3). DC-Link Common Both inverters have a common 

DC-link, which can be established either by means of 

a capacitor or an inductor. For the configuration 

represented in Fig. 1, the DC-link capacitor is used to 

connect the inverters together, as well as to sustain 

the stable DC bus voltage. 

4). LC Filter: The circuit consists of an LC filter, whose 

function is to provide a passive low-pass filter to 

suppress high-frequency components caused by 

switching in the inverter voltage. 

5). Series Injection Transformer: The series injection 

transformer serves as the means by which the series 

inverter is coupled to the distribution network. The 

turns ratio designed in the turns ratio transformer 

ensures that the series inverter does not require high 

voltage or current ratings, hence improving the 

efficiency of the system design [27]. 

                            VII. UPQC CLASSIFICATION 

The Unified Power Quality Conditioner (UPQC) may 

be classified based on different parameters such as the type of 

power converter that has been utilized, topology, type of 

power supply, and compensation strategy. Generally, UPQC 

topologies can be conveniently grouped into two main systems 

http://www.neuroquantology.com/
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based on their physical configuration as well as compensation 

strategy applied when dealing with sagging voltages. 

 

A. Physical Structure: The classification based on 

physical structure relies on important parameters such as the 

kind of energy storage component used, the number of phases, 

and the physical configuration of the shunt and series 

inverters. 

Classification Based on Converter: According to the kind of 

power electronic converter, UPQC systems can be classified 

as: 

a) Voltage Source Inverter-based UPQC 

b) CSI-based UPQC 

 

Supply System-Based Classification: According to the nature 

of supply system, following are the configurations of UPQC: 

i) Single-Phase Systems: 

c) Two H-bridge configuration with a total of 

eight power switches 

d) Three-leg topology with six power switches 

e) Half-bridge topology using four power 

switches 

ii) Three-Phase Systems 

f) Three-wire configuration 

g) Four-wire configuration 

h) Four-leg topology 

i) Split-capacitor topology 

j) Three H-bridge configuration 

Classification Based on UPQC Configuration: Based on the 

arrangement and functional integration of converters, UPQC 

systems are further classified into : 

k) UPQC-R configuration: Right-Shunt 

configuration 

l) UPQC-L (Left-Shunt configuration) 

m) UPQC-I (Interline configuration) 

n) UPQC-MC stands for Multi-Converter 

configuration 

o) Modular configuration UPQC-MD 

p) UPQC-ML (Multilevel configuration) 

q) Distributed configuration UPQC-D h) 

Distributed Generator–integrated UPQC 

(UPQC-DG) 

Voltage Sag Compensation: In the area of UPQC-based 

systems, many compensation techniques have been proposed 

to counter the effects of voltage sag. These techniques may be 

classified into four main categories: 

 

UPQC-P (Active Power Control): The compensation is 

attained by the transfer of active power. 

 

UPQC-Q (Reactive Power Control): Compensation of voltage 

sags by reactive power injection or absorption. 

 

UPQC-VA_min (Minimum VA Loading): Its intention is the 

reduction of the VA rating of the UPQC while dealing with 

the voltage sag. 

 

UPQC-S (Active & Reactive Power Control): This method 

uses both active and reactive power with the intention of 

improving the sag correction of the voltage. 

 

                  VIII. CONTROL STRATEGY OF UPQC 

Control strategy also remains an important part of determining 

the effectiveness of the UPQC system. The UPQC control 

system implementation process can be viewed as consisting of 

three broad stages. In the first stage, the system voltage and 

current signals are measured, and the necessary volt- and/or 

current-compensating reference commands are produced in 

accordance with the measured system voltages and currents. 

The second stage also requires the use of control techniques 

like pulse-width modulation, hysteresis control, or intelligent 

control techniques like fuzzy logic, in which the appropriate 

switching signals for the power switches of the UPQC system 

are obtained. While acquiring the signal, voltage measurement 

is done through the use of voltage sensors and potential 

transformers, and current measurement through the use of 

current sensors and current transformers to accurately measure 

the system conditions. 

In the second stage of the control process, the generation 

of the reference compensation signals involves mainly the use 

of two types of analytical methods: (1) Frequency Domain 

Analysis methods and (2) Time Domain Analysis methods. 

Frequency Domain Analysis methods involve the use of the 

Fast Fourier Transform (FFT) algorithm to transform the 

distorted voltage or current signals to extract the required 

compensation signals. However, methods that involve the use 

of the FFT algorithm are less favored in real-time applications 

because of the high computational requirements and delays in 

the control process. 

        Time-domain control methods of UPFC can be described 

as the instantaneous compensation of reference signals in 

terms of either voltage commands or current commands. 

There are several time-domain methods. Among them, two 

control methods are mostly used,  the instantaneous active 

and reactive power theory (p-q theory), and the synchronous 

reference frame method, also known as d-q theory. In the p-q 

control method, the active and reactive power components of 

the instantaneous active and reactive powers are determined 

for compensation, while in d-q theory, the compensation is 

based on the components of the currents, which are 

independent of the supply voltages. In the d-q theory and the 

p-q theory, three-phase voltages and currents are transformed 

from the abc reference system to the stationary reference 

system in the former, and synchronous reference system in 

the latter theory. Thus, the final process stage of control 

involves the generation of the gating signals to the power 

semiconductor switches of the UPQC-based power converters 

using the calculated voltage or current compensation 

references. These voltage and current references are then used 

to control the corresponding power converters using 

techniques such as pulse width modulation. 

http://www.neuroquantology.com/
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VIII. TECHNICAL AND ECONOMICAL 

CONSIDERATION 

The technical research on APFs has been documented from 

the early 1970s, while the application of UPQC for enhancing 

the performance of the power system has been reported from 

the mid-1990s and onwards. Among these power quality 

enhancers, technologies like STATCOM and similar 

compensators have commercially matured and are available in 

the market today. However, during the period relevant to this 

research, no commercially standardized product was 

introduced for UPQCs. One of the most important reported 

applications is a 250-kVA prototype of UPQC developed at C-

DAC, Thiruvananthapuram, India [1–4]. 

 

Although the technological capability of developing a 

commercial UPQC system is available today, high system 

cost, design complexity, and implementation challenges 

restrict its wide usage. The capacity of small- and large-scale 

renewable energy resources, like wind and solar power, at the 

distribution and transmission level, is growing remarkably. 

The convergence and interconnected operation of these new 

types of DG resources pose a new challenge to the power 

sector, specifically in interfacing them without violating the 

defined standards, namely IEEE-1547 and IEEE-519. 

Concerning power quality, matters regarding the overvoltage 

in the feeder in reverse power flow, in addition to the stability 

of the whole power system, rank top in the list. The Moreover, 

interfacing devices for injecting generated power into the grid 

in most DG systems are power electronic converters. High-

frequency switching operation in these converters results in 

increased harmonic distortion in grid voltages and currents 

[13–31]. The above power quality issues identify the potential 

application of UPQC in renewable-energy-based power 

systems. In this paper, different UPQC topologies and 

configurations will be discussed. Among them, the UPQC-DG 

configuration has been found to be the most attractive 

configuration for use in renewable energy applications. This 

configuration offers many advantages, which include the 

ability to supply active power from the DG system to the grid, 

voltage and current-related power quality issues for the UPQC 

system, and the uninterruptible power supply function. 

Moreover, there has been the emergence of commercial 

products in the market with the aim of improving the 

integration of renewable energy sources by addressing the 

aforementioned issues. The increasing penetration of the DG 

system into the current power network is also expected to lead 

to an increased use of active compensation techniques, which 

may involve the use of FACTS devices and active power 

filters [31–35].  

  

IX. Simulation Results of UPQC 

 
This article introduces the simulation analysis of the Unified 

Power Quality Conditioner (UPQC). A description of the 

UPQC structure includes two filters, namely the shunt active 

power filter and the series active power filter. An illustration 

of the simulation design of the proposed UPQC topology 

using the MATLAB/Simulink environment is shown in Fig. 3. 

A representation of the source voltage waveform is shown in 

the figure below. There are three subplots of voltage shown 

in the fig 4. The second subplot shows the steady-state 

response of the source voltage waveform after t = 0.15 s, 

whereas the third subplot shows the distorted waveform of 

the source voltage before t = 0.15 s. 

The waveform of the source current is depicted in the  fig 5, 

showing the general trend of the source current both before 

and after compensation. The second subplot reveals the 

variation of the source current before the start of the 

compensation process, from 0 s to 0.1 s. 

The graphical representation of the voltage change of the dc-

link capacitor is shown in fig 6. From the waveform, the 

capacitor starts to charge from t=0.1s when the shunt active 

power factor correction is applied and the voltage stabilizes at 

700V, which is the dc-link reference voltage. 

 
Fig 3. Simulation circuit of UPQC 

 
Fig 4. Source voltage waveform 

http://www.neuroquantology.com/
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Fig 5.source current waveform 

 

The FFT analysis of source current and source voltage, both 

without and with compensation, when loaded nonlinearly, will 

be presented in the fig 7 in order to assess the Total Harmonic 

Distortion (THD). The fig 8 explains the THD spectrum, 

which is analyzed from the FFT analysis of the load current 

waveform. Fig 9 and Fig 10 shows the FFT analysis of source 

voltage without and with compensation respectively. 

 
Fig 6: DC link capacitor voltage 

 

 
Fig 7: FFT analysis of source current without compensation 

 

 
Fig 8:.FFT analysis of source current with compensation 

 
Fig 9:FFT analysis of source voltage waveform without 

compensation 

 

 
 

Fig 10: FFT analysis of source voltage waveform with 

compensation 

X. CONCLUSION 

The modeling of the Unified Power Quality Conditioner 

(UPQC) is performed. A simple control algorithm using the 

unit vector template extraction is used for the control of the 

series active power filter (APF). This algorithm makes use of 

the supply frequency and the hysteresis band controller to 

obtain the reference signals of the series APF. This algorithm 

is also used to obtain the reference signals of the shunt active 

power filter. By using the instantaneous power theory, the 

voltage of the dc-link capacitor is compared to the reference 

dc voltage and the difference is used to calculate the 

magnitude of the reference current. This paper will submit a 

http://www.neuroquantology.com/


Neuroquantology | Mar 2021 | Volume 19 | Issue 3 | Page 1302-1309 | Doi: 10.48047/nq.2021.19.3.NQ21050 
Ashish Srivastava, Unified Power Quality Conditioner with Enhanced Control Technique for Nonlinear and Voltage 
Sensitive Loads 

 

eISSN:1303-5150                                                                                                                                                                                                    

www.neuroquantology.com 

       1308 

 

study review of the applications of UPQC in improving the 

quality of the electric power at the distribution level. The 

UPQC has the ability to compensate for the effects of voltage 

and current harmonics. Additionally, the device is capable of 

handling the compensation of voltage disturbances such as 

sag, swell, and flicker. With respect to the UPQC circuit 

structure, one of the inversion configurations functions as a 

voltage source to form the series Active Power Filter (APF), 

while the other inversion device functions as a current source 

to form the Shunt Active Power Filter (APF). The series 

Active Power Filter is used to supply effective compensation 

of disturbances in the supply voltage. This compensation 

includes the effects of voltage sag, swell, and flicker.  
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