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Abstract 

Power Quality Conditioner plays a vital role in the 

three phase power transmission.  This paper 

discusses the study, analysis, and practical 

implementation of a multipurpose Unified Power 

Quality Conditioner (UPQC), which can be 

connected in both three-phase three-wire (3P3W) 

and/or three-phase four-wire (3P4W) distribution 

systems for accomplishing the series–parallel 

power-line conditioning.   The UPQC is able to 

perform power line compensation even if the 

neutral wire is not available in a plant.  This UPQC 

executes a dual compensation strategy in contrast 

with the control strategies used in the other UPQC 

applications.  The control quantities in the existing 

UPQC are non-sinusoidal whereas the dual 

compensation strategy discussed here employs 

sinusoidal controlled quantities.  Thus the series 

converter is structured to perform as a sinusoidal 

current source, whereas the parallel converter 

operates as sinusoidal voltage source. Thus, the 

series converter is controlled to act as a sinusoidal 

current source, whereas the parallel converter 

operates as a sinusoidal voltage source. Since the 

controlled quantities are sinusoidal, the complexity 

of the algorithms used to calculate the 

compensation references can be reduced. The 

control references of the voltage and current 

controllers are continues, since they are 

implemented into the synchronous reference frame, 

and the steady state errors are decreased when 

traditional proportional–integral controllers are 

employed. The effectiveness, Static and dynamic 

performances of the dual UPQC are assessed by 

means of experimental results. 
Key words: Active filter, dual control strategy, 

power con-ditioning, three-phase distribution 

systems, unified power quality conditioner (UPQC). 

1 Introduction 
In recent years the demand for power quality (PQ) 

improvement are increasing because of the rise of 

nonlinear loads connected to the electrical power 

system causing distortions in the utility voltages at 

the common coupling points.  Other PQ problems, 

like voltage sags or swells and voltage fluctuations 

cause malfunctioning of the sensitive equipment.  

In order to overcome the PQ problems associated 

with the harmonic currents created by the nonlinear 

loads, load unbalances, some additional practices 

have to be considered. 

 

A numerous techniques  have been implemented to 

lessen the PQ problems, which can be executed by 

means of active power-line conditioners, such as 

unified PQ conditioners (UPQCs)– [1] shunt, series 

and hybrid active power filters (APFs), and 

dynamic voltage restorers. In single-phase [2], [3] 

or three-phase [4]–[5] topologies, shunt APFs are 

connected in parallel with non-linear loads, and 

controlled to operate as a nonsinusoidal current 

source.   In three-phase systems, they can be used 

only for compensating harmonic currents [4] and 

load reactive power compensation or load 

unbalances [7], [5].  Operating as nonsinusoidal 

voltage sources [8] or sinusoidal current sources [9], 

series APF filters, which are placed between the 

utility grid and the load, can compensate harmonic 

currents, load unbalances, and reactive power of 

the load, when the load voltages are regulated [9].   

On the other hand, UPQC systems can perform, 

simultaneously, the series–parallel active power-

line compensation by using both series and parallel 

APFs. Thus, for overcoming utility PQ problems, 

UPQCs have been implemented based on different 

concepts and solutions[10], [11], [12], comprising 

single-phase systems [13] or in three-phase 
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applications, considering three-phase three-wire 

(3P3W) systems  or three-phase four-wire (3P4W) 

systems. Accordingly, in many of the UPQC-based 

applications, the series and parallel APFs are 

managed as nonsinusoidal sources by using 

nonsinusoidal references to control voltage and 

current quantities. 

 

In order to achieve good performance in APF or 

UPQC applications, nonsinusoidal references 

require an additional effort and difficult to be 

synthesized by pulse width modulated (PWM) 

converters.  On the other hand, in uninterruptible 

power supply (UPS) systems, sinusoidal control 

references have been used in the standby operation 

mode.  The UPS system acts similarly to a UPQC 

performing the series–parallel power compensation.   

In this application, the series converter is controlled 

to operate as a sinusoidal current source rather than 

a nonsinusoidal voltage source, while in the 

parallel conditioning the parallel converter is 

controlled to operate as a sinusoidal voltage source 

rather than a nonsinusoidal current source. 

 

Moreover, this dual compensation strategy is also 

tested in UPQC applications. Thus the dual 

compensating strategy uses only sinusoidal 

references used to control the PWM converters 

whereas the conventional conditioning strategy 

uses nonsinusoidal control references. Hence, the 

creation of the control references is easier to find, 

using simple algorithms.  

 

Since the parallel converter is controlled to manage 

only sinusoidal voltages, the utility voltage 

components that vary from the positive-sequence 

components will appear across the series coupling 

transformers in order to indirectly compensate 

without the need to calculate any nonsinusoidal 

compensation reference voltages. Furthermore the 

use of a phase-locked loop (PLL) system operating 

with constant amplitude is necessary to generate 

the sinusoidal output voltage references since the 

output voltages are controlled to be in phase with 

the utility voltages, 

 

In this paper we have implemented the 

Synchronous reference frame (SRF) based 

controllers (dq0 axes) to control the input currents 

and the output voltages of the UPQC.  Since the 

voltage and current references are sinusoidal, the 

use of continuous control references into the SRF-

based controllers is permissible, leading to a 

decrease in steady-state errors when conventional 

proportional–integral (PI) controllers are selected 

to be implemented in this same reference frame, 

representing another important benefit when the 

dual compensation strategy is compared to the 

conventional one. 

2 UPQC Physiography 
 

Input currents for the UPQC are controlled to be in 

phase with the utility voltages. Thereby, the 

assessed utility phase angle (θ) obtained from the 

PLL is also used to generate the sinusoidal input 

current references.  Moreover, θ is used for finding 

the coordinates of the unit vector (sin θ and cos θ) 

of the SRF-based controllers.  In this paper, we 

have used a three-phase power-based PLL (3pPLL) 

[14], [15].  Once the conventional 3pPLL suffers 

from the utility voltage conflicts, like harmonics 

and unbalances, a self-tuning filter (STF) can be 

utilized in combination with the 3pPLL scheme. 

The STF is located between the utility voltages and 

the 3pPLL scheme, where the angular frequency 

expected from the 3pPLL is used to regulate the 

STF cutoff frequency, avoiding those differences in 

utility frequency can interfere or affect its 

performance. 

 

The key contribution of this paper is to propose the 

practical implementation of a 3P4W distribution 

system based on UPQC physiography.  This 

multipurpose UPQC physiography can be 

connected either in 3P3W or in 3P4W distribution 

power systems, to perform active power-line 

conditioning.   However, its main application is 

indicated for 3P3W systems. Thus, in a plant if 

only a 3P3W power supply system is available, the 

implemented UPQC is capable of performing the 

power-line compensation even if the installed 

single-phase loads need the neutral connection to 

operate. 

 

The effectiveness of the UPQC-based 3P4W 

distribution system was estimated only by means of 

simulation results, in which the p-q theory [16] 

based strategy was used to get the compensation 

references of voltages and currents. In addition the 

experimental results used to estimate the static and 

dynamic performance, as well as the efficiency of 

the UPQC physiography; this paper focuses to 

utilize the services of the dual compensating 

strategy implementation, with its inherent 

advantages, to achieve the following purposes: 

 

 

i. Defeat load harmonic currents; 

 

ii. Reimburse load reactive power; 

 

iii. Reimburse load unbalances; 

 

iv. Compensate utility voltage unbalances; 

 

v. Defeat utility harmonic voltages; 

 

vi. Regulate the output voltages. 

 

3 Description Of Upqc 

Physiography  
 

The UPQC physiography employed to implement 

the dual compensation strategy presented in this 

paper is shown in figure 1.  It includes both three-

International Journal of Pure and Applied Mathematics Special Issue

2684



leg (3-Leg) and four-leg (4-Leg) PWM converters 

connected with the same dc-link.  The UPQC is 

connected between a 3P3W power supply 

distribution system and a 3P4W plant site with 

different types of single-phase and three-phase 

loads.  It is supposed that the single-phase loads are 

operating by connected with a neutral conductor.    

In this situation, a 3P4W distribution system is 

essential, which includes three phase conductors 

and a neutral conductor to feed the loads. Thus, it 

can be noted here that in the UPQC-based 3P4W 

distribution system shown in Figure 1, the neutral 

line is connected across the wire conductor 

connected to the fourth leg of the shunt 4-Leg 

PWM converter.  The 4-Leg PWM converter [17], 

[18], [19] was chosen to act as the shunt APF, as it 

is capable to function with lower DC-link voltage 

amplitude when compared to the 3-Leg PWM split-

capacitor topology [20], [12].  Furthermore, the 3-

Leg split capacitor topology needs an additional 

control loop to compensate its intrinsic dc-link 

capacitor voltage disturbs. Even though the 4-Leg 

converter has a larger number of switches, the 

power rating of the devices that compose its fourth 

leg is reduced, because in most of the cases the 

current flows through the neutral conductor is low. 

 

 

Fig 1: 3P4W distribution system based on 

UPQC physiography connected to 3P3W power 

system. 

 

4 Dual Compensation Principle 
 

In the dual compensating plan, to make the input 

currents sinusoidal, balanced and in phase with the 

utility voltages, the series PWM converter is 

controlled to function as a sinusoidal current source. 

In this case, its impedance must be high enough to 

separate the harmonic currents generated by the 

nonlinear loads.  On the other hand, the output 

voltage is also made as sinusoidal, balanced, 

regulated and in phase with the utility voltages by 

the parallel PWM converter.  In other words, it is 

controlled to operate as a sinusoidal voltage source, 

such that its impedance must be suitably low to 

absorb the load harmonic currents [15].  Since the 

series and parallel converters have high and low 

impedances, respectively, the load harmonic 

currents flow naturally across the parallel converter.  

Furthermore, reimbursement for load unbalances is 

guaranteed by controlling the series converter to 

follow sinusoidal and balanced references so that 

the negative and zero sequence components are 

compensated.  Finally, the fundamental reactive 

power compensation is ensured by controlling the 

series converter current references to be in phase 

with the utility voltages.  On the other hand, the 

utility harmonic voltages and unbalances are 

compensated confirming that the controlled output 

voltages follow sinusoidal and balanced references 

such that the amplitude differences between the 

input and output voltages will appear across the 

series coupling transformers.  It means that any 

utility voltage disturbances are naturally 

compensated.  This makes the dual compensating 

policy more attractive than the conventional 

strategy, which considers the load is less affected 

by the occurrence of grid voltage disturbances, like 

voltage sags.  This is possible because, in the dual 

compensating strategy this task is entirely assumed 

by the parallel converter different from the 

conventional strategy in which the series converter 

controls the output voltages. 

 

5 Control References Of The 

Series And Parallel Converters 
 

In this section, we present the strategies used to 

generate the sinusoidal reference quantities used to 

control the series and the parallel converters.  As 

mentioned earlier, both the voltage and the current 

control references are controlled to be in phase 

with the utility voltages. Since the controlled 

voltages and currents are sinusoidal quantities, a 

significant advantage is attained.  

 

Series Converter Reference Currents 

The current-control loop of the series converter is 

shown in the signal flow graph Fig. 2(a). The 

continuous reference current in the SRF direct axis 

d is defined by i∗ sd , which is able to make the 

serial converter synthesize the sinusoidal input 

currents (isa, isb, isc). 

 

Parallel Converter Reference Voltages 

The voltage control loop of the parallel converter is 

shown in the signal flow graph of Fig. 2(b). The 

reference voltage in the SRF direct axis d is defined 

by v∗ Ld. Its constant and continuous value 

represents the ac voltages (vLa, vLb, vLc) provided 

to the load. The reference voltages of the 

quadrature axis q v∗ Lq_ and v∗ L0 are set to zero 

since sinusoidal and balanced voltages are 

desirable.   As can be noted, the 3-D-SVM 

technique is employed in the parallel converter. 
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Figure 2 Signal flow graphs of the reference 

generation and control scheme of both series 

and parallel PWM converters:  

(a) Reference current generation and the input 

current controllers; 

(b) Output voltage controllers. 

 

6 Simulation 
 

The performance of the implemented UPQC is 

evaluated by means of experimental tests based.  

Figure 3 shows the PIC microcontroller based 

experimental setup and figure 4 shows the 

simulation circuit.  The prototype is made up of the 

PIC microcontroller PIC16F877A and the driver 

chip IR2110.    The simulation setup is executed 

with the help of Matlab 2016. 

Fig 3: PIC microcontroller based experimental 

setup 

 

 

 

 

 

Fig 4:  Simulation Circuit 

 

 

Fig 5: Output waveform 

 

7 Conclusion 
 

In this paper we have presented a practical and 

multipurpose application based on UPQC, which 

can be used in 3P3W, as well as 3P4W power 

distribution systems.   We have conducted several 

experiments using a microcontroller based 

prototype, and demonstrated that the UPQC 

installed at a 3P3W system plant site is capable of 

performing  universal active filtering even when 

the connected loads required a neutral conductor 

for connecting one or more single-phase loads.  

The series–parallel active filtering allowed 

balanced and sinusoidal input currents, as well as 

sinusoidal, balanced and regulated output voltages.  

By using a dual control compensating approach, 

the controlled voltage and current quantities are 

always sinusoidal. Therefore, it is always possible 

to lessen the complexity of the algorithms used to 

compute the compensation references. Moreover, 

since voltage and current SRF-based controllers are 

utilized, the control references become continuous, 

dropping the steady state errors when conventional 

PI controllers are used. 
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