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Abstract— This paper presents a study on UPQC for power 

quality improvement. The development in various power 

electronics based devices has a significant impact on the 

quality of the power supply. So problems arise like 

harmonics, voltage sag, swell due to this reason should be 

solved for good power quality. The UPQC (Unified Power 

Quality Conditioner) is able to compensate voltage and 

currently based distortion simultaneously at a time and also 

independently. UPQC is a combination of series and shunt 

APF. The control strategy is based on UVT generation 

method for series APF and PQ theory is used for controlling 

Shunt APF. Simulation has been carried out in MATLAB 

and the results are quite satisfactory as per IEEE 519-1992 

harmonic standard. 
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I. INTRODUCTION 

An electric power system is the network of electrical 

components used to supply, transmit and use electric power. 

The present power distribution system is generally 

configured as per three-phase three-wire structure featuring 

a power-limit for voltage source with significant source 

impedance, and various types of loads. Generally, the 

system should provide balanced and pure sinusoidal three-

phase voltage with constant amplitude for the loads; and the 

loads should draw a current from the line with unity power 

factor, no harmonics, and the balanced phases, but 

practically this is not possible.However, with the fast 

increasing number power electronics devices and its 

applications in industry connected to the distribution 

systems which includes nonlinear, switching, reactive, 

single-phase and unbalanced three-phase loads, devices like 

SMPS, arc welding machine, converters, rectifiers, 

computers and many other devices which are based on 

power electronics creates the  complex problem of power 

quality evolved characterized by the voltage and current 

harmonics, unbalances, voltage sag, voltage swell. So for 

the improvement of the power quality is needed to solve this 

problem, 

In recent years the more attractive methods for the 

power quality controls are the use of active devices rather 

than passive because of their fast response and smaller in 

size and with efficient and higher performance. The active 

power filters have the ability of the suppression of the 

harmonics of current as well as voltage. In general, some 

circuits were developed for compensation of current as well 

as voltage like parallel connected converter can be used for 

the improvement of current quality while the series 

connected converters have the ability to improve the voltage 

quality. Now for current and voltage control, both series and 

shunt converters are necessary, so the combination of both 

these converters is the UPQC and have been analyzed in this 

paper. The first UPQC was presented in 1998. 

II. BASIC CONFIGURATION OF UPQC 

A unique combination of series and shunt APF is known as 

Unified Power Quality Conditioner. UPQC has the ability of 

both series and shunt compensation. UPQC is capable of 

compensating harmonics, reactive power, voltage 

disturbances like voltage sag and swell and also power flow 

control. Generally, a UPQC is consist of two voltage source 

inverters with common DC link and it is available in various 

configurations like single phase, three phase three wire and 

three phase four wire. Here one inverter is controlled as 

variable voltage source is series APF and another which is 

controlled as the current variable source called shunt APF. 

The series APF eliminates the voltage related distortions 

like sag, swell, harmonics, flickers and imbalance. The 

shunt APF eliminates the current related distortion like 

harmonics, imbalance and also it compensate reactive 

power, and maintain DC link voltage. 

 
Fig. 1: Basic configuration of UPQC 

III. OPERATION OF UPQC 

Here in this section, a discussion of the mathematical 

operation of UPQC is given. As discussed in earlier section 

the basic configuration. As shown in the figure various 

block are connected with different notations now let us 

understand them. As shown in the figure vs is a supply 

voltage, VC series compensation voltage, ic shunt 

compensation current, and VL is the load voltages 

respectively. Now at the point,S, as shown the utility voltage 

can be expressed in mathematical form, as 

𝑣𝑠 = 𝑣1𝑝(𝑡) + 𝑣1𝑛(𝑡) + ∑ 𝑣𝑘(𝑡)
∞
𝑘=2  (1) 

This equation can also write as: 

𝑣𝑠 = 𝑣1𝑝 sin(𝜔𝑡 + 𝜃1𝑝) + 𝑣1𝑛𝑠𝑖𝑛(𝜔𝑡 + 𝜃1𝑛) +

∑ 𝑣𝑘(𝑘𝜔𝑡 + 𝜃𝑘)
∞
𝑘=2    (2) 

Where v1n is negative sequence component of the 

fundamental frequency and v1p is the positive sequence 

component for the same frequency. ϴ1p, ϴ1n, ϴkare the 

corresponding voltage phase angles. The last term of his 

equation shows the harmonics components. 

Now at the point of common coupling the voltage 

is expected to be sinusoidal and so VL can be expressed as: 
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𝑣𝐿 = 𝑉𝐿 sin(𝜔𝑡 + 𝜃1𝑝)    (3) 

So the series converter will need to compensate for 

the given voltage components: 

𝑣𝑐 = (𝑉𝐿 − 𝑉1𝑝) sin(𝜔𝑡 + 𝜃1𝑝) − 𝑣1𝑛(𝑡) − ∑ 𝑣𝑘(𝑡)
∞
𝑘=2   (4) 

In the further sections, it is shown that how series 

APF will operate as per expressions showed above. 

Now for the compensation of the load harmonics 

and to provide reactive power to the load shunt APF will 

operate as a current source. The output of series APF 

contains negative sequence as well as required harmonic 

component to compensate given quantities. So, in that case, 

the distorted load current can be expressed as: 

𝑖𝐿 = 𝐼1𝑝 sin(𝜔𝑡 + 𝛿1𝑝) + 𝑖𝑛(𝑡) + ∑ 𝑖𝑘(𝑡)
∞
𝑘=2      (5) 

During this operation at the load terminal there is a 

phase displacement between positive sequence voltage and 

current that can be expressed as: 

∅𝐿 = 𝛿1𝑝 − 𝜃1𝑝   (6) 

Substitute equation 3.6 into 3.5 the simplification 

will be: 

𝑖𝐿 = 𝐼1𝑝 sin(𝜔𝑡 + 𝛿1𝑝) cos(∅𝐿) + 𝐼1𝑝 cos(𝜔𝑡 +

𝜃1𝑝) sin(∅𝐿) + 𝑖𝑛(𝑡) + ∑ 𝑖𝑘(𝑡)
∞
𝑘=2   (7) 

For compensation of harmonics current and 

provide required reactive power the shunt active filter 

should produce the given current: 

𝑖𝑐 = 𝐼1𝑝 cos(𝜔𝑡 + 𝛿1𝑝) sin(∅𝐿) + 𝑖1𝑛 + ∑ 𝑖𝑘
∞
𝑘=2   (8) 

Hence the source terminal current will be:  

𝑖𝑠 = 𝑖𝐿 − 𝑖𝑐 = 𝐼1𝑝 sin(𝜔𝑡 + 𝛿1𝑝) cos(∅𝐿)  (9) 

So the total current supplied by the source can be 

expressed as: 

𝑖𝑠 = 𝑖𝑠 + 𝑖𝑠𝑙    (10) 

Where 𝑖𝑠𝑙  is current of switching loss. 

Therefor instantaneous and precise compensation 

of reactive power as well as harmonics it is required to get 

an estimation of the harmonic component for the load 

current for shunt APF. Generally, two types of configuration 

are available for connecting the entity at the point of 

common coupling. One is left shunt UPQC another one is 

right shunt UPQC. In the firstone, the shunt APF is placed at 

the left side of series APF where as in the second one the 

shunt APF is placed the right side of series APF. Here in this 

project right shunt, UPQC is used.  

IV. CONTROL STARTAGY FOR SERIES APF 

A simple control technique is developed here for the series 

active power filter. The technique is based on Unit Vector 

Template theory (UVT). The series APF is injected such 

voltages in line so that it cancel out the distortion from the 

line and makes the voltage perfectly sinusoidal at PCC. The 

series APF injects the voltages are (𝑣𝑐𝑎 , 𝑣𝑐𝑏 , 𝑣𝑐𝑐) which will 

compensate the system voltage (𝑣𝑠𝑎 , 𝑣𝑠𝑏 , 𝑣𝑠𝑐) and make 

sinusoidal voltage at load terminal(𝑣𝐿𝑎 , 𝑣𝐿𝑏 , 𝑣𝐿𝑐). The 

control technique for series APF controlling is shown in 

below. Here supply voltage is unbalanced so for that 

achieving synchronization with supply PLL (phase locked 

loop) is used. When three phase unbalanced supply is given 

to PLL it will generate and angle of(𝜔𝑡) which will varies 

between 0 to 2 ∗ 𝜋 radian, that will synchronize on zero 

crossing with fundamental of phase A which is positive 

sequence. This supply voltage value will be multiplies by 

suitable gain before given to PLL. The angle 𝜔𝑡 will be used 

to calculate three unit vectors (𝑈𝑎 , 𝑈𝑏 , 𝑈𝑐)with the 120° 
phase displacement with supply. 

This three unit vector can be calculated as given in 

below: 

𝑈𝑎 = 𝑠𝑖𝑛𝜔𝑡; 𝑈𝑏 = sin(𝜔𝑡 − 120°) ; 𝑈𝑐 = sin (𝜔𝑡 + 120°) 

(11) 

This three unit vectors will be multiplied by desired 

peak value of phase voltage(𝑣𝑙𝑚
∗ ). So from that 3phase 

reference voltage are  

[

𝑣𝐿𝑎
∗

𝑣𝐿𝑏
∗

𝑣𝐿𝑐
∗

] = [𝑣𝑙𝑚
∗ ] [

𝑈𝑎

𝑈𝑏

𝑈𝑐

]  (12) 

 
Fig. 2: UVT generation method for controlling series APF 

For generating required voltage to inject in line.The 

supply voltages are compared to the reference signals and 

then these signals are passed to the hysteresis controller. 

This controller will generate switching signals such that 

voltages at the load terminal become sinusoidal. The ripples 

generated from the switching will cancel out by filter along 

with series transformer. 

V. CONTROL TECHNIQUE OF SHUNT ACTIVE POWER FILTER 

The control technique used for series APF is known as PQ 

theory or Instantaneous reactive power theory. This theory is 

based on the three phase transformation of voltage and 

current into 𝛼 − 𝛽 − 0 coordinates. Three phase 

transformation of voltages and current into 𝛼, 𝛽, 0 

coordinates is given in below. 

[

𝑣0

𝑣𝛼

𝑣𝛽

] = √
2

3

[
 
 
 
 

1

√2

1

√2

1

√2

1 −
1

√2
−

1

2

0
√3

2
−

√3

2 ]
 
 
 
 

[
𝑣𝑠𝑎

𝑣𝑠𝑏
𝑣𝑠𝑐

]   (13) 

[

𝑖0
𝑖𝛼
𝑖𝛽

] = √
2

3

[
 
 
 
 

1

√2

1

√2

1

√2

1 −
1

√2
−

1

2

0
√3

2
−

√3

2 ]
 
 
 
 

[

𝑖𝐿𝑎

𝑖𝐿𝑏

𝑖𝐿𝑐

]   (14) 

[

𝑝0

𝑝
𝑞

] = [

𝑣0 0 0
0 𝑣𝛼 𝑣𝛽

0 𝑣𝛽 𝑣𝛼

] [

𝑖0
𝑖𝛼
𝑖𝛽

]   (15) 

Where,          𝑝 = �̅� + 𝑝   ;     𝑞 = �̅� + �̃�(16) 

Here in this equation 3.16 the sign ¯ suggest a 

direct component of active and reactive power whereas ~ 

shows alternating terms for the same. In short, every 

instantaneous power comprises alternating as well as direct 

component. The alternating term in equation shows 

harmonics component and direct component shows the 

fundamental voltage and current. 
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For compensation of harmonics and reactive 

power, the compensation current can be calculated as given 

in below. 

[
𝑖𝑐𝛼
∗

𝑖𝑐𝛽
∗ ] =

1

𝑣𝛼
2+𝑣𝛽

2 [
𝑣𝛼 −𝑣𝛽

𝑣𝛽 𝑣𝛼
] [

−𝑝 + �̅�𝑙𝑜𝑎𝑠𝑠

−�̃�
]  (18) 

Here signal �̅�𝑙𝑜𝑎𝑠𝑠 is obtained from the voltage 

regulator and used as average real power. The DC link 

voltage regulator has excellent transient response as well as 

good compensation ability. The actual DC link voltage is 

compared with reference voltage and its error processing is 

done by PI controller, also PI controller reduces steady state 

error of DC link voltage. 

 
Fig. 3: Control technique of shunt APF 

This theory is appropriate generally for 3 phase 

system. Under the non-ideal voltage, conditions shunt AP 

cannot generate perfect compensation current or harmonic 

of current. So to solve this problem this method is used.  

The harmonic filter diagram is shown in below in 

this method the instantaneous voltages are firstly converted 

to Synchronous reference or DQ coordinates which are 

known as park’s transformation. 

[
𝑣𝑑

𝑣𝑞
] =

2

3
[
sin(𝜔𝑡) sin (𝜔𝑡 −

2𝜋

3
) sin (𝜔𝑡 +

2𝜋

3
)

cos(𝜔𝑡) cos (𝜔𝑡 −
2𝜋

3
) cos (𝜔𝑡 +

2𝜋

3
)
] [

𝑣𝑎

𝑣𝑏

𝑣𝑐

] (19) 

The generated DQ components of voltages are 

filtered by a low pass filter then these DQ components are 

converted to 𝛼 − 𝛽 coordinates as shown in equation 3.20. 

So that’s how the noni deal voltages are converted to ideal 

sinusoidal voltage. 

[
𝑣𝛼

𝑣𝛽
] = [

sin (𝜔𝑡) cos (𝜔𝑡)
−cos (𝜔𝑡) sin (𝜔𝑡)

] [
𝑣𝑑

𝑣𝑞
]  (20) 

 
Fig. 4: V oltage harmonic filter block 

So the reference currents are calculated as given 

control algorithm. This control switching action is done by 

IGBT inverters. The PWM method is used to generate 

switching pattern for VSI. 

VI. HYSTERESIS CONTROLLER 

The elementary idea of hysteresis control is based on 

deriving the switching signals from the comparison of 

current and voltage errors with a fixed tolerance band. This 

controlling is based on a comparison of the actual phase 

current and voltage with a tolerance band around the 

reference current and voltage associated with that phase. 

Here in this section, a discussion is given for different 

voltage and current hysteresis control. 

VII. SIMULATION RESULTS 

The simulation results are given here. These simulation 

results are based on the techniques discussed above and 

developed model. The simulation results are regarding with 

this parameter given below. 

Parameters Value 

Supply 
380V,  

50Hz 

DC link 
Vdc= 700V, 

C= 1100𝜇𝐹 

Transformer 
1 MVA, 

240V/120V 

Load 

3 phase AC line inductance 2 mH 

3 phase DC line inductance, 

resistance 

10 mH,  

30 Ohm. 

Shunt 

APF 

AC line inductance 3.5 mH 

Filter resistance, Capacitance 
5 Ohm,  

10 𝜇𝐹 

Series 

APF 

AC line inductance 1.5 mH 

Filter resistance, Capacitance 
5 Ohm,  

20 𝜇𝐹 

Table 1: System parameters 

A. Results 

 
Fig. 5: Load current, source current injected current and 

capacitor voltage 

 
Fig. 6: THD analysis for source current 
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Fig. 7: THD analysis after compensation 

 

 
Fig. 8: Distorted source voltage, Injected voltage, load 

voltage, Load current, Injected current, Source current, dc 

link voltage 

 
Fig. 9: THD Analysis Source Voltage 

 
Fig. 10: THD analysis loads voltage 

 

 
Fig. 11: Source voltage, injected series voltage, Load 

voltage, Load current, Injected current, Source current, DC 

link voltage 

VIII. CONCLUSION 

This paper presents the simulation of UPQC for a nonideal 

load with a 3 phase four wired system. The simulation 

results show that UPQC is a device that is able to 

compensate harmonic as well as voltage sag with series and 

shunt compensation technique. The results obtained are 

quite satisfactory and as per the IEEE 519-1992 harmonics 

standards. The strategy used here can be modified for the 

other system also. A prototype or model can be developed. 
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