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Abstract - The simulation study of hysteresis controlled three phase unified power quality conditioner (UPQC) to improve power 

quality by compensating harmonics and reactive power required by a non-linear load is presented. UPQC consists of back to back 

connected Series And Shunt Active Filters, and is modeled with reference to a synchronously rotating d-q-o reference axes. The shunt 

active power filter compensates the source current harmonics and also it maintains the dc link voltage unchanged in steady state, while 

the series active power filter compensates the load voltage harmonics. This paper has proposed auto tuned UPQC maintains the THD 

well within the IEEE-519 standards. The results are found to be quite satisfactory to mitigate harmonics distortion, reactive power 

compensation and power factor improvement. 
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1 INTRODUCTION  

Harmonics contamination is a serious and a harmful problem in 

electric power system. Active power filtering constitutes one of 

the most effective proposed solutions. A UPQC that achieves 

low source current harmonics, low load voltage total harmonic 

distortion (THD), reactive power compensation and power factor 

correction is presented. Hence, it is necessary to reduce the 

dominant harmonics below 5% as specified in IEEE-519-1992 

harmonic standard [9]. 

Harmonic Amplification is one the most serious problem. It is 

caused by harmonic resonance between line inductance and 

power factor correction (PFC) capacitors installed by consumers. 
Active filters for damping out harmonic resonance in industrial 

and utility power distribution systems have been researched [9]-

[7].  

Traditionally based, passive L-C filters were used to eliminate 

line harmonics in [1]-[13]. However, the passive filters have the 

demerits of fixed compensation, bulkiness and occurrence of 

resonance with other elements. The recent advances in power 

semiconductor devices have resulted in the development of 

active power filters (APF) for harmonic suppression.     
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There are two major approaches that have emerged for the 

harmonic detection [1], namely, time domain and the 

frequency domain methods. The frequency domain methods 

include, Discrete Fourier Transform (DFT), Fast Fourier 

Transform (FFT), and Recursive Discrete Fourier Transform 

(RDFT) based methods. The frequency domain methods 

require large memory, computation power and the results 

provided during the transient condition may be imprecise [13]. 

There are several current control strategies proposed in the 

literature [7]-[2], [12]-[3], namely, PI control, Average 

Current Mode Control (ACMC), Sliding Mode Control (SMC) 

and hysteresis control. Among the various current control 

techniques, hysteresis control is the most popular one for 

active power filter applications. Hysteresis current control is a 

method of controlling a voltage source inverter so that the 

output current is generated which follows a reference current 
waveform in this paper[10]. 

In this paper, the proposed control algorithm for UPQC is 

applicable to harmonic voltage source loads as well as to 

harmonic current source loads. This control algorithm is 

applied under the basic concept of the generalized d-q-o 

theory. However, this generalized d-q-o theory is valid for 

compensating for the harmonics and reactive power using the 

parallel active power filter in the three-phase power system. 

To overcome such limits, a revised d-q-o theory is proposed. 

This revised algorithm may be effective not only for the three-

phase three-wire UPQC with harmonic current, voltage loads, 
but also for the combined system of parallel passive filters and 

active filter[5]. 

This chapter basically deals with the modeling and design of 

UPQC for compensation of harmonics and reactive power. 

Designs of different parameters like power circuit, thyristor 

controlled capacitor banks, series active filter and shunt active 

filter are discussed. 

 

2 SERIES-SHUNT ACTIVE FILTER 

 

As the name suggests, the series-shunt active filter is a 
combination of series active filter and shunt active filter. The 

topology is shown in Fig 1.The shunt-active filter is located at 
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the load side and can be used to compensate for the load 

harmonics. On the other hand, the series portion is at the source 

side and can act as a harmonic blocking filter. This topology is 
called as Unified Power Quality Conditioner. The series portion 

compensates for supply voltage harmonics and voltage 

unbalances, acts as a harmonic blocking filter and damps power 

system oscillations. The shunt portion compensates load current 

harmonics, reactive power and load current unbalances. In 

addition, it regulates the dc link capacitor voltage. The power 

supplied or absorbed by the shunt portion is the power required 

by the series compensator and the power required to cover 

losses[11]. 
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Fig 1 Unified power quality conditioner topology 

3. UNIFIED POWER QUALITY CONDITIONER 

 

The UPQC has the capability of improving power quality at the 

point of installation on power distribution systems or industrial 

power systems. The UPQC, therefore, is expected to be one of 

the most powerful solutions to large capacity loads sensitive to 

supply voltage flicker/imbalance[4]-[3]. 
Elimination of supply voltage flicker, however, is 

accompanied by low frequency fluctuation of active power 

flowing into or out of series active filter. The shunt active 

filter performs dc link voltage regulation, thus leading to a 

significant reduction of capacity of dc link capacitor. 

 

3.1 Mathematical Modeling of UPQC 

 

In this study, the power supply is assumed to be a three-phase, 

three-wire system. The two active filters are composed of two 

3-leg voltage source inverters (VSI). Functionally, the series 
filter is used to compensate for the voltage distortions while 

the shunt filter is needed to provide reactive power and 

counteract the harmonic current injected by the load. Also, the 

voltage of the DC link capacitor is controlled to a desired 

value by the shunt active filter. There can be negative and zero 

sequence components in the supply when a voltage 

disturbance occurs. The DC link capacitor bank is divided into 

two groups connected in series. The neutrals of the secondary 

of both transformers are directly connected to the dc link 
midpoint [4]-[6]-[5]. 

The power system model considered can be divided into 

following units: the power supply system, series active filter 

and shunt active filter. These constituent members of the 

UPQC are modeled separately in this section. First consider 

the power supply system.     By Kirchhoff’s law: 

 vif = ei - Ls

   

  
 - Rsiis - vih              (1)                        

is iL ihi = i - i                                               (2)                      
 

Where, subscript i refers to a, b and c phases in the power 

system; Ls and Rs are the inductance and resistance of the 

transmission line; vif  is fundamental source voltage, ei is 

source voltage; vih is the output voltage (harmonic voltage) of 

the series active filter; iis is the line current; iiL is the load 
current and iis is the output current of the shunt of the shunt 

active filter respectively[2].  

For the series active filter,  

is
ih 1 1 is 1i c1 1i c2

di
v = L + R i + d v + (1-d )v

dt
          (3) 

Where, Ll and Rl are the leakage inductance and resistance of 

the series transformer, vc1 and vc2 are the voltages of dc link 

capacitors; dli is the switch duty ratio of the series active filter. 

Without loss of generality, the turn’s ratio of the transformer is 

assumed to be unity. 

For shunt active filter: 

ih
2
di

L
dt

= R2iih -viF + d2ivcl + (1 - d2i) vc1                        (4)                                                                                  

Where L2 and R2 are the leakage inductance and resistance of 

the shunt-connected transformer, d2i is the switch duty ratio of 

the shunt active filter. The turn’s ratio of this transformer is 

also assumed to be unity. 

The two dc bus capacitor voltages can be described by the 

equations (5) and (6): 

 
1 1c c

1i is 2i ih

1 1 i=a,b,c i=a,b,c

dv i 1
= = ( d i - d i )

dt c c
               (5)     

                           

2 2c c
1i is 2i ih

2 2 i=a,b,c i=a,b,c

dv i 1
= = [ (1-d )i - (1-d )i ]

dt c c
  (6) 

3.2  UPQC Operating Principle 

 

Distorted voltages in a 3-phase system may contain negative 

phase sequence, zero phase sequence as well as harmonic 

components. The voltage of phase "a" can be expressed as, in 

general[15]: 

 

va = v1pa + v1na + v1oa+ ka kaV sin(kwt + )  (7)                                                
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 Where, v1pa is the fundamental frequency’s positive sequence 

component while v1na and v1oa  is the negative and zero 

sequence components. The last term of equation (7),

ka kaV sin(kwt + )  represents the harmonics in the 

voltage. In order for the voltage at the load terminal to be 

perfectly sinusoidal and balanced, the output voltages of the 

series active filter should be: 

 

 vah = v1na + v1oa+ ka kaV sin(kwt + )           (8)   

                                                            

It will be shown how the series active filter can be designed to 

operate as a controlled voltage source whose output voltage 

would be automatically controlled according to equation (8).  

The shunt active filter performs the following functions:  
a) To provide compensation of the load harmonic       currents 

to reduce voltage distortions. 

b)  To provide load reactive power demand. 

c) To maintain the DC-link voltage to a desired level. 

To perform the first two functions, the shunt active filter acts 

as a controlled current source and its output current should 

include harmonic, reactive and negative phase sequence 

components in order to compensate these quantities in the load 

current. In other words, if the load current of phase "a" is 

expressed as: 

 iaL = I1pm cos(ωt-θ1) +IaLn + ∑IaLk 

  = I1pm cosωt cosθ1+I1pmsinωt sin θ1+ IaLn + ∑IaLk     (9)     
                             

It is clear that the current output of the shunt active filter 

should be: 

 iah = I1pm sinωt sin θ1+ IaLn + ∑IaLk                        (10)                                           

 

Hence, the current from the source terminal will be: 

 ias = iaL – iah = I1pm cosωt cosθ1                            (11)  

                                                         

This is a perfect, harmonic-free sinusoid and has the same 

phase angle as the phase "a" voltage at the load terminal. The 

power factor is unity. It means that the reactive power of load 
is not provided by the source. 

 

3.3 UPQC Control Scheme 

 

It is clear from the above discussion that UPQC should first 

separate out the fundamental frequency positive sequence 

from the other components. Then it is necessary to control the 

outputs of the two active filters in the way shown in equations 

(8) and (10) in order to improve overall power quality at the 

load terminal. 

To solve the first problem, a synchronous d-q-0 reference 

frame is used. If the 3-phase voltages are unbalanced and 
contain harmonics, the transformation to the d-q-0 axes results 

in 

0 0
d a

0 0
q b

0 c

v cos(ωt) cos(ωt -120 ) cos(ωt +120 ) v
2

v = -sin(ωt) -sin(ωt -120 ) -sin(ωt +120 ) v
3

v 1 1 1 v

2 2 2

 
    
    
    
        
  

 

dp dn dk

qp qn qk

00

v v 0 v

v + v + 0 + v

0 0 v 0

       
       

 
       
              

   (12) 

Equation (12) shows that the fundamental positive sequence 

components of voltages are represented by dc values in the d-

q-0 frame. Here, p  is the phase difference between the 

positive sequence component and the reference voltage (phase 
"a”). For the proper functioning of a power supply system, it is 

desirable that the voltages at .the load terminal should be 

perfect sinusoids with constant amplitude. Even under a 

voltage disturbance, the load still requires a constant voltage. 

This means that when transformed to the d-q-0 axis, the load 

voltage become: 
*

*

*

dF m

qF

0F

v V
3

v 0
2

v 0

   
   


   
     

                                   (13) 

Where, Vm is the rated or desired voltage at the load terminal. 

Only one value, Vm, in the d-axis would be sufficient to 

represent the balanced, perfect sinusoidal, 3-phase voltages in 

the abc frame. Therefore vdp should be maintained at, 

m3 2V  while all the other components should be 

eliminated by the series active filter. 

Similar expression can be obtained for the current

0 0

0 0

0

cos( ) cos( 120 ) cos( 120 )
2

sin( ) sin( 120 ) sin( 120 )
3

1 1 1

2 2 2

d a

q b

c

i t t t i

i t t t i

i i
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3
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2

0 0 0

  

  

     
     
     
           




                                                                              

(14) 

Unlike load voltage, load current can change according to the 

connected loads. Therefore, it is not possible to assign it’s  
reference value. Instead, a new "moving time window" 

method is applied here to capture the active quantity of the 

fundamental positive sequence component which is expressed 

as a dc value in the d-axis. Furthermore, from equation (14), it 

is evident that the average of the other components, apart from

1pm 1I cos , in the d-axis is zero in one fundamental cycle 

period because all of them are harmonics of the fundamental. 

Therefore a time window with a width of 0.02 seconds (for 50 

Hz system) maybe selected to calculate the dc value. The 
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calculation for the first fundamental cycle is
T

d 1pm 1

0

1
i  dt = I cos

T
 . After this, the window is moved 

forward. If the moving frequency is also 50 Hz, the delay 

caused by the calculation is 0.02s. However if the moving 

frequency is n times of 50 Hz, the delay will be 0.02/n 
seconds. As the window moving frequency increases, 

calculation delay becomes shorter but the frequency at which 

the data moving into and out of the window is higher. 

Fortunately, in practical power systems, load current changes 

slowly. The two voltage-source inverters (VSIs) are used as 

the series and shunt active filters. The series active filter 

should behave as a controlled voltage source and its output 

voltage should follow the pattern of voltage given in equation 

(8). This compensating voltage signal can be obtained by 

comparing the actual load terminal voltage with the desired 

value vF*.Since the desired vF* is already defined, it is easy to 
calculate vh (= vF* - vs ) as vs is a known quantity. After 

obtaining the voltage signal vh, the switching duty ratio of the 

series active filter is obtained by giving this signal to the 

hysteresis controller. The shunt active filter acts as a 

controlled current source. It means that the inverter operates in 

the current-regulated modulation mode[3]-[6]-[14]. 

 

4 Simulation and Performance Investigation of   UPQC 

 

In this section the simulation analysis of UPQC is described 

for R-L load and the FFT analysis has been carried out 

simultaneously. In this two filters are used i.e. shunt active 
power filter and series active power filter.The shunt active 

power filter compensates for the source current harmonics and 

also it maintains the dc link voltage unchanged in steady state, 

while the series active power filter compensates for the load 

voltage harmonics. 

 

4.1 Operation of Simulation Model 

 

The operation of the simulation model shown below is 

described as – first the reference voltages and the reference 

currents are generated and then the reference voltages are 
compared with the actual load voltages and the reference 

currents are compared with the actual source currents and then 

the error signals are given to the hysteresis controllers for 

generating the switching signals for the switches of series 

active power filter and the shunt active power filter. And the 

generated pulses are then given to the series and shunt APF’s 

and accordingly the switches are turned on and off to 

compensate for the voltage and current harmonics. 

 
 
Fig.2 MATLAB model for Unified power quality conditioner (UPQC) 

 

 

4.2 Simulation and Result Discussion 

 

 
 

Fig.3 Load voltage before and after compensation 
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Fig.4 Compensating voltage for phase ‘A’ 

 

 
 

Fig.5 Load current 

  
Fig.6  Source current before and after compensation 

 

 
 

Fig.7 Compensating current for phase ‘A’ 

 

 
 

Fig.8 Capacitor voltage 
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Fig.9  FFT analysis for source voltage 

 

 
 

Fig.10  FFT analysis for load voltage 

 
 

Fig.11 FFT analysis for load current 

 

 

 
                       

Fig.12  FFT analysis for source current 
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4.2.1 Result 

Load 

Type 

THD (%) 

Load Current 

THD (%) 

Source Current 

R – L 

Load 

14.91 0.93 

 

Table 1 THD analysis of Load and Source Current for R-L Load of UPQC 

The table1shows that the THD analysis for the load current 

and the source current. It is clear from the table that the 

performance of the system improves and the THD is reduced 

up to very large extent. 

Load 

Type 

THD (%) 

Source Voltage 

THD (%) 

Load Voltage 

R – L 

Load 

15 3.47 

 

Table 2 THD analysis of Source and Load Voltage for R-L Load of UPQC 

The table2 shows that the THD analysis for the source voltage 

and the load voltage. It is clear from the table that the 

performance of the system improves and the THD is reduced 

up to very large extent.  

5 CONCLUSION 

A MATLAB based model for the UPQC has been simulated 

for R-L load using hysteresis control technique. The 

simulation results show that the input voltage harmonics and 

the current harmonics caused by non-linear load are 

compensated very effectively by using the UPQC. 
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APPENDIX                                                             

The values of different parameters used for UPQC have been 

given below. 

 Source voltage: 3-phase, 100V, 50Hz. 

 Harmonics in the supply voltage: 5th, 0.2pu and 7th, 0.15pu. 

 Proportional gain Kp: 0.5 and Integral gain Ki:10 

 Capacitor  reference voltage: 300V 

 Series transformer rating: 1kVA, 50Hz, 240/240V 

 RL load parameters :10 Ω, 100mH 

 Line parameters : 0.2 Ω, 1.5mH 

 RC filter parameters : 16 Ω, 199.04μF 

 Hysteresis band gap : -0.01 to 0.01 


