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Abstract:-The term power quality is most important 
aspect in any power delivery system. The main 
causes of poor power quality are supply voltage 
variations i.e. voltage sag/swell, harmonics in load 
current and poor power factor. In order to deal with 
this problem, UPQC is the most effective power 
device preferred to address the power quality 
problems. This paper deals with Unified Power 
Quality Conditioner (UPQC) which is the 
combination of series and shunt active power filter to 
compensate simultaneously load current harmonics, 
supply voltage fluctuations and to improve power 
factor. In other words, the UPQC has the capability of 
improving power quality at the point of common 
coupling in power distribution system. This paper 
presents, a simplified synchronous reference frame 
(SRF) or d-q theory based control method applied to 
series active filter and instantaneous reactive power 
or p-q theory based control techniques applied to 
shunt active filter to compensate power quality (PQ) 
problems by using UPQC. The performance of UPQC 
is evaluated by using MATLAB/SIMULINK 
software. 
 
Index Terms-Active power filter (APF), harmonics, 
power quality (PQ), synchronous reference frame 
(SRF), unified power quality conditioner (UPQC). 
 
I.INTRODUCTION 

 
             Power quality problems have received a great 
attention nowadays because of their bad economical 
impacts on both utilities and customers. Low power 
quality affects electricity consumer in many ways. 
The lack of power quality can cause loss of 
production, damage of equipment or appliances 
[1].From the customer perspective, a power quality 
problem is defined as any power problem manifested 
in voltage, current, or frequency deviations that result 
in power failure or disoperation of customer of 
equipment [2]. The quality of the Electrical power is 
affected by many factors like harmonic 
contamination, due to non-linear loads, such as  
large thyristor power converters, rectifiers, voltage 
and current flickering due to arc in arc furnaces, sag 
and swell due to the switching of the loads etc.[3].  
             One modern and very promising solution that 
deals with both load current and supply voltage 
imperfections is the Unified Power Quality 
Conditioner (UPQC). The UPQC is able to 

compensate supply voltage power quality issues such 
as, sags, swells, unbalance, flicker, harmonics, and 
for load current power quality problems such as, 
harmonics, unbalance, reactive current [4]. This 
device combines a shunt active filter together with a 
series active filter in a back to back configuration, to 
simultaneously compensate the supply voltage and 
the load current or to mitigate any type of voltage and 
current fluctuations and power factor correction in a 
power distribution network [3]. In other words, the 
UPQC has the capability of improving power quality 
at the point of common coupling in power 
distribution system[5]. Controlling methods has the 
most significant role in any power electronics based 
system. It is the control strategy which decides the 
efficiency of a particular system. The efficiency of a 
good UPQC system solely depends upon its various 
used controlling method.[2] 
                     In this paper, the proposed control 
method for the UPQC is optimized so that system 
performance is improved. This paper presents, a 
simplified synchronous reference frame (SRF) or d-q 
theory based control method applied to series active 
filter and instantaneous reactive power or p-q theory 
based control techniques applied to shunt active filter 
to compensate power quality (PQ) problems by using 
UPQC. The proposed control technique has been 
evaluated & tested using MATLAB/SIMULINK 
software with and without UPQC. 
              
 II. POWER QUALITY PROBLEMS 
 
               Power quality is very important term that 
embraces all aspects associated with amplitude, phase 
and frequency of the voltage and current waveform 
existing in a power circuit. The increasing number of 
power electronics based equipment has produced a 
significant impact on the quality of electric power 
supply. Therefore, it is obvious to maintain high 
standards of power quality [4].The major types of 
power quality problems are: Interruption, Voltage-
sag, Voltage-swell, Distortion, and Harmonics.  
 
(a)Interruption   
 

 
Fig.1. Interruption 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Special Issue, June-2015 

Improvement Of Power Quality By Using Unified Power Quality Conditioner 
 
2 

 
         An interruption is defined (Fig 1) as complete 
loss of supply voltage or load current. Interruptions 
can be the result of power system faults, equipment 
failures, and control malfunction. There are three 
types of interruptions which are characterized by their 
duration:  
 1. The momentary interruption is defined as the 
complete loss of supply voltage or load current 
having a duration between 0.5 cycles & 3 sec.  
2. The temporary interruption is the complete loss 
lasting between 3 seconds and 1 minute, 
3. The long term interruption is an interruption which 
has a duration of more than 1 minute.  
 
(b) Voltage Sags 
 

 
 

Fig. 2. Voltage Sags 
 
          Voltage sags (dips) are short-duration 
reductions in rms voltage caused by short-duration 
increases of the current. The most common causes of 
the overcurrent leading to voltage sags are motor 
starting, transformer energizing and faults. A sag is 
decrease in voltage at the power frequency for 
duration from 0.5 cycle to 1min. Voltage sags are 
usually associated with system faults but can also 
caused by energisation of heavy loads at starting of 
large motors (Fig 2).   
 
(c) Voltage Swells  
 

 
Fig. 3. Voltage Swells 

            Voltage swell is an rms increase in the ac 
voltage, at the power frequency, for duration from a 
half cycle to a few seconds. As shown in Fig 3., 
Voltage can rise above normal level for several cycles 
to seconds. Voltage swells     will normally cause 
damage to lighting, motor and electronic loads and 
will also cause shutdown to equipment. The severity 

of voltage swell during a fault condition is a function 
of fault location, system impedance and grounding.   
 
(d) Waveform Distortion 
 
          Voltage or current waveforms assume non-
sinusoidal shape called distorted wave as shown in 
Fig 4. When a waveform is identical from one cycle 
to the next, it can be represented as a sum of pure sine 
waves in which the frequency of each sinusoid is an 
integer multiple of the fundamental frequency of the 
distorted wave.  
 
 

 
Fig. 4. Distorted Waveform 

             
           It is defined as the steady state deviation from 
an ideal sine wave, due to harmonics, which are 
sinusoidal voltages or currents having frequencies 
that are whole multiples of frequency at which supply 
system is designed to operate (50 HZ).   
 
(e) Harmonics   
 

 
Fig. 5. Waveform with 3rd Harmonic 

                     
          Harmonics are sinusoidal voltages or current 
having frequency that are integer multiples of the 
fundamental frequency. Here, 3rd harmonics is seen 
in the figure 5.   
III .Generalized Diagram of Unified Power 
Quality Conditioner 
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Fig. 6.Generalised Diagram of UPQC system 

 
           At distribution level UPQC is the most 
attractive solution to compensating many power 
Quality problems. The term active power filter (APF) 
is a widely used in the area of electric power quality 
improvement. APF have the ability to mitigate some 
of the major power quality problems effectively. The 
UPQC is one of the APF family members where 
shunt and series APF functionalities are integrated 
together to achieve superior control over several 
power quality problems simultaneously. The 
generalized diagram of UPQC is shown in Fig.6   
The UPQC is a combination of a series active power 
filters and shunt active power filter in cascade via a 
common DC link capacitor. Series active filter and 
shunt active filter compensate the power quality 
problems of the source voltages and load currents, 
respectively. The series component of the UPQC is 
responsible for mitigation of supply side disturbances 
such as voltage sag/swells, flicker, voltage unbalance 
and harmonics. The shunt component is responsible 
for mitigating the current quality problem such as 
poor power factor, harmonics in the load current and 
load unbalance. 

  
IV. Control Diagram of Unified Power Quality 

Conditioner System 
 
 

Fig. 7.Control Diagram of UPQC system 
 
            Figure 7. shows control diagram of UPQC 
system. UPQCs consist of combined series and shunt 
APFs for simultaneous compensation of voltage and 
current. The series APF inserts a voltage, which is 
added at the point of common coupling (PCC) such 
that the load end voltage 

remains unaffected by any voltage disturbance, 
whereas, the shunt APF is most suitable to 
compensate for load reactive power demand and 
unbalance, to eliminate the harmonics from supply 
current, and to regulate the common DC link voltage. 
 
The UPQC has two distinct parts: 
 • Power circuit formed by series and shunt converters  
• UPQC controller  
            The series converter of the UPQC behaves as 
a controlled voltage source, that is, it behaves as a 
series APF, whereas the shunt converter behaves as a 
controlled current source, as a shunt APF. No power 
supply is connected at the DC link. It contains only a 
relatively small DC capacitor as a small energy 
storage element. 
           The integrated controller of the series and 
shunt APF of the UPQC to provide the compensating 
voltage reference VC* and compensating current 
reference IC* to be synthesized by converters. The 
current iL represents all nonlinear loads that should be 
compensated. The shunt active power filter of UPQC 
can compensate all undesirable current components 
including harmonics imbalances due to negative and 
zero sequence components at the fundamental 
frequency and the load reactive power as well. The 
same kind of compensation can be performed by 
series active power filter for the supply voltage as 
listed below. 
 
                         Unified Power Quality Conditioner 
Series Active Power 
Filter 

Shunt Active Power 
Filter 

Compensate source 
voltage harmonics 
including negative and 
zero sequence 
components at the 
fundamental frequency. 

Compensate load current   
harmonics including 
negative and zero 
sequence components at 
the fundamental 
frequency. 
 

Block harmonic current 
flowing to the source. 

Compensates reactive 
power of the load. 

Improves the system 
stability. 

Regulates the capacitor 
voltage of the dc link. 

 
Table1.Comparison between series and shunt active 

power filter. 
 

          Hence the simultaneous compensation 
performed by the UPQC guarantees that both 
compensated voltage vL at load terminal and the 
compensated current iS that is drawn from the power 
system become balanced so that they contain no 
unbalance from the negative and zero sequence 
components a the fundamental frequency. Moreover, 
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they are sinusoidal and in phase if the load reactive 
power is also compensated. Additionally, the shunt 
active power filter has to provide the dc link voltage 
regulation absorbing or injecting energy from or into 
the power distribution system to cover losses in the 
converter and correct eventual transient compensation 
error that lead to undesirable power flow into the 
UPQC. 
 
 

V. Control Strategies of UPQC 
 

          Control strategy play very important role in 
system’s performance. The control strategy of UPQC 
may be implemented in three stages:  
i. Voltage and current signals are sensed  
ii. Compensating commands in terms of voltage and 
current levels are derived  
iii. The gating signals for semiconductor switches of 
UPQC are generated using PWM, hysteresis or fuzzy 
logic based control techniques. 
In the first stage voltage signals are sensed using 
power transformer or voltage sensor and current 
signals are sensed using current transformer or 
current sensor [4].  
In second stage derivation of compensating 
commands are mainly based on two types of domain 
methods: (1) Frequency domain methods, and (2) 
Time domain method. Frequency domain methods, 
which, is based on the Fast Fourier Transform (FFT) 
of distorted voltage or current signals to extract 
compensating commands. This FFT are not popular 
because of large computation, time and delay.  
Control methods of UPQC in time-domain are based 
on instantaneous derivation of compensating 
commands in form of either voltage or current 
signals. There are mainly two widely used time 
domain control techniques of UPQC are:  
• The instantaneous active and reactive power or p-q 
theory, and 
• Synchronous reference frame method or d-q theory. 
In p-q theory instantaneous active and reactive 
powers are computed, while, the d-q theory deals 
with the current independent of the supply voltage. 
Both methods transforms voltages and currents from 
abc frame to stationary reference frame (p-q theory) 
or synchronously rotating frame (d-q theory) to 
separate the fundamental and harmonic quantities [4].   
In third stage the gating signals for semiconductor 
switches of UPQC based on derive compensating 
commands in terms of voltage or current. Then, these 
compensating commands are given to PWM, 
hysteresis or fuzzy logic based control techniques.   
 

VI. The Proposed UPQC Control Algorithm 
 

A. Series active power filter control algorithm 

 

Fig. 8.Control block diagram of  series active power 
filter 

          The proposed series active power filter control 
block diagram is shown in Figure 8.The synchronous 
reference frame (SRF) or d-q theory is used to control 
series active power filter.The series APF control 
algorithm calculates the reference value to be injected 
by the series APF transformers, comparing the 
positive-sequence component with the load side line 
voltages. In equation (1), supply voltages vSabc are 
transformed from a-b-c to d-q-o coordinates. In 
addition,PLL conversion is used for reference voltage 
calculation. The voltage templates (sine and 
cosine)are generated using phase locked loop (PLL). 
 

     ----------
(1) 

The voltage in d axes (vd) given in equation (2) is 
composed from DC and AC components ( dv and dv~

). The average dv voltage is calculated by using LPF 

(low pass filter). 

              dv = dv + dv~                                    ----------
(2) 

The load side reference voltage v*Sabc are calculated 
as given in equation (3). The switching signals are 
assessed reference voltages (v*Sabc) and load voltages 
(vLabc) and via hysteresis band voltage control.                                                                   
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----------
(3) 

B. Shunt active power filter control algorithm 

 

Fig. 9.Control block diagram of shunt active power 
filter 

            The proposed shunt active power filter control 
block diagram is shown in Figure 9.The shunt active 
power filter compensates the current harmonics and 
reactive power generated by the nonlinear load. The 
instantaneous reactive power or p-q theory is used to 
control of shunt active power filter. In this theory, 
instantaneous three-phase current and voltages are 
transformed to α-β-0 from a-b-c coordinates as shown 
in equation (4) &(5) 
 

 

----(4) 

-------(5) 

Load side instantaneous real and imaginary power 
components are calculated by using load currents and 
phase-neutral voltages as given in equation (6). 

   ------(6) 

          Instantaneous real and imaginary powers 
include AC and DC components as shown in (7). DC 

components of p and q composed from positive 
sequence components ( p and q  ) of load current. 
AC components ( p~ and q~  ) of p and q include 
harmonic and  negative sequence components of load 
currents [6].    
In order to reduce neutral current, p0 was calculated 
by using DC and AC components of imaginary power 
and AC component of real power; as given in (8) if 
both harmonic and reactive power compensation is 
required. 

-----------
(7) 

        -------
(8) 

i*Sα  and i*Sβ  are reference currents of shunt active 
power filter in α-β coordinates. These currents are 
transformed to three-phase system as shown in 
equation(9). 
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          The reference currents in three-phase system 
(i*Sa, i*Sb and i*Sc) are calculated in order to 
compensate neutral, harmonic and reactive currents in 
the load. The switching signals used in shunt active 
power filter control algorithm are generated by 
comparing reference currents and actual line currents 
and using hysteresis band current control algorithm 
[6].   

VII. Simulation Diagram and Results 

 

Fig.10. Simulink diagram of proposed UPQC system 
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Fig. 11.Simulink diagram of series active power filter 

Figure 12.Simulink diagram of shunt active power 
filter 

         In this study, a new simplified control algorithm 
for UPQC is evaluated by using simulation results 
given in MATLAB/Simulink software. The proposed 
and simulated UPQC system parameters are given in 
Table II.  In simulation studies, the result are 
specified before and after UPQC system is operated. 
The proposed control algorithm has considerably 
good simulation results as compared the conventional 
control algorithms. 

Control Parameter 
 Parameter Value 
Source Voltage Vsabc 380 Vrms 
 Frequency f 50 Hz 
Load   
3-Phase ac Line 
Inductance 

LLabc 3 mH 

Shunt APF   
Ac Line 
Inductance 

LCabc 4 mH 

Filter Resistance  RCabc 6 ohm 
Filter Capacitor Ccabc 10 microfarad 
Switching 
Frequency 

fpwm 10 kHz 

Series APF   
Ac Line 
Inductance 

LTabc 2 mH 

Filter Resistor RTabc 6 ohm 
Filter Capacitor CTabc 20 microfarad 
Switching 
Frequency 

fpwm 15 kHz 

Table II. UPQC Simulation Control Parameter 

Simulation Waveforms 

 

Fig.13.Three phase source voltage before 
compensation (UPQC) 

 

 

Fig.14.Three phase source voltage after compensation 
(UPQC) 

 

Fig.15. Three phase source current before 
compensation (UPQC) 

 

Fig.16. Three phase source current after 
compensation (UPQC) 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Special Issue, June-2015 

Improvement Of Power Quality By Using Unified Power Quality Conditioner 
 
7 

 

Fig.17. Three phase load current 

 

Fig. 18.Three phase compensating current 

 

Fig. 19.THD of source current before UPQC 

 

Fig. 20.THD of source current after UPQC 

 

Fig.21. THD of source voltage before UPQC 

 

Fig. 22.THD of source voltage after UPQC 

 

Fig. 23.THD of load voltage before UPQC 

 

Fig.24.THD of load voltage after UPQC 

 

Fig.25.Capacitor Voltage 

         The source voltages (vSabc),source currents 
(iSabc)and load voltages (vLabc) waveforms are shown 
above, before and after UPQC system is operated. 
The proposed UPQC control algorithm has ability to 
compensate unbalance in source voltage, source 
current and load voltage and improves power factor 
also. The % THD content in source current ,source 
voltage and load voltage before and after UPQC  is as 
shown in Table III. The obtained results shows that 
the proposed control technique allows mitigation of 
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all harmonic components  of source current and 
source voltage are maintained  below 5% as per 
IEEE-519 standard under all load conditions. It is 
observed  from fig. 24s that dc voltage across 
capacitor is maintained to its reference value.   

                     Total Harmonic Distortion %(THD) 

 Before UPQC After UPQC 

Source current  26.09% 2.90% 

Source voltage 13.07% 3.45% 

Load voltage 13.08% 7.03% 

TABLE III: % THD content in source current ,source 
voltage and load voltage  before ansd after UPQC 
 
          It is observed from the Table III that the source 
current THD in phases are improved from 26.09 % to 
2.90 % , the source voltage THD in phases are 
improved from 13.07% to 3.45 % and load voltage 
THD from 13.08 % to 7.03 %.  
 

CONCLUSION 
 
          In this paper, a Unified Power Quality 
Conditioner (UPQC) has been investigated for power 
quality enhancement. UPQC is installed to 
compensate the different power quality problem 
which may play important role in future UPQC-based 
distribution system. The modeling of series APF, 
shunt APF and UPQC has been carried out. The 
proposed control method synchronous reference 
frame (SRF) theory has been used to model series 
APF and instantaneous reactive power (p-q) theory 
has been used to model shunt APF. The performance 
of the proposed control method for UPQC system 
was verified through simulations with 
MATLAB/Simulink software. 
         The conventional control algorithm requires 
measurement of load, filter and main current and 

voltages. In proposed control algorithm, the number 
of measurement is decreased. 
         The proposed UPQC control system has ability 
to compensate unbalance in source voltage, source 
current and load voltage and improves power factor 
also. The % THD content in the source voltage, 
source current is maintained below the harmonic limit 
imposed by IEEE standard 519-1992. 
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