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Abstract 
The active power filter controller is based on the instantaneous power theory. And it can be classified in two groups. The first one is 

based on the transformation from abc phase to three-orthogonal axes, and other is based on directly from abc. In first method abc 

phases are converted into αβ0 transformation and is called as p-q theory. In second method it deals with directly abc phase, so it is 

called as abc theory. In second theory current minimization method is used to apply in real time application. The second method is 

proposed as control strategy in this paper because it has some advantages over p-q theory. The shunt active power filter (APF) is used 

for current compensation and series active power filter is used for voltage compensation. The combination of both series and shunt 

active power is used to make Unified Power Quality Conditioner (UPQC). This has ability to eliminate voltage as well as current 

harmonics simultaneously. The matlab based simulation is done in this paper.  

 

Keywords: Active filters, Instantaneous active and reactive power, Instantaneous power theory, generalized fryze theory, 
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-----------------------------------------------------------------------***-----------------------------------------------------------------------

1. INTRODUCTION 

After many efforts, power quality conditioner was developed, 

which can solved the problem related to power quality. 

Nowadays more number of electronic devices is used by 

industries and residences in electrical system. For proper 

working of these devices, we have to provide high quality of 

power supply. But these devices inject harmonics in 

distribution system. This is one of the major problems in 

electrical system. The various power quality disturbances are 

transients, interruptions, voltage sag, voltage swell, voltage 

collapse, harmonics etc. It has been identified that power 

quality can be degraded both due to utility side abnormalities 

as well as the customer side abnormalities. The active filter 

which have ability to compensate nonlinear load current and 

unbalance supply voltage and they are used as shunt active 

filter and series active filter respectively. If we use both active 

filters integration then it is called as Unified Power Quality 

Conditioner (UPQC), which has ability to solved problem 

related to current and voltage harmonics simultaneously [5].  

The most popular control theory, the instantaneous power 

theories are used. These are mainly two types. One of them is 

instantaneous p-q theory. And second is instantaneous abc 

theory. Almost all active filter developed are based on the 

instantaneous p-q theory. It works effectively for controlling 

the active filter and robust control system. On other side the 

instantaneous abc theory is also very effective for developing 

active filter and is called as generalized fryze theory, which is 

used the current minimization technique to implement in real 

time application. It has some advantage over the p-q theory. 

Because controller based on p-q theory is used the Clark 

transformation to calculate real and imaginary power by the 

use of those power it can possible to generate compensating 

quantities [1]. 

 

In this paper instantaneous abc theory is proposed for UPQC. 

Its fundamental is based on the p-q theory but not used Clark 

transformation. The minimization method based on Lagrange 

Multiplier method is used. And it is called as generalized fryze 

theory. 

 

2. UNIFIED POWER QUALITY CONDITIONER 

 
 

Fig -1: Combine series and shunt compensation 
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The UPQC is the combination of shunt and series active filter 

for simultaneous compensation of current and voltage 

harmonics. It is used at the distribution side and connected 

near the loads which are generating the harmonics and supply 

to the connected bus. It is not only compensating the current, 

voltage harmonics and unbalances but also improves power 

quality at distribution side. In practice, it is the combination of 

two pulse width modulating converter, one for shunt and 

another is for series and both are connected with common dc 

link. Fig -1 shows the combine series and shunt compensation 

with supply side voltage distortion, load side distorted current 

and compensated current and voltage wave form [6]. 

 

 
 

Fig -2: Basic block diagram of UPQC 

 

Fig -2 shows the basic configuration of UPQC. In that shunt 

converter is connected as close as nonlinear load and series 

converter is connected close to source. Series converter of 

UPQC behaves as a controlled voltage source and shunt 

converter of UPQC behaves as a controlled current source. 

And both are connected with common dc link which is a small 

storage element like capacitor or battery. The UPQC controller 

generated the reference voltage v*C and reference current i*C. 

The detail description of shunt and series APF of UPQC is 

given below. They are described with proposed generalized 

fryze theory [1]. 

 

3. SHUNT ACTIVE FILTER OF UPQC 

Fig -3 shows the basic configuration of shunt active filter. The 

shunt active filter is used to generate reference current i*ref that 

will be generated by PWM converter. The compensating 

current iC compensates the load current iL to develop 

sinusoidal, balanced, and minimized compensated current is 

drawn from the network. The inputs of shunt active filter are 

load voltage and load current [2]. 

 

3.1 Generalized Fryze Current Compensation 

Fig -4 shows the generalized fryze current control strategy for 

shunt active filter. This block diagram is used to calculate the 

compensating current. The first block is used to calculate the 

instantaneous fryze conductance by the use of load current and 

load voltage. This conductance is passed through the low pass 

filter and average value will be calculated, which is used to 

calculate the active current. In that calculation load voltage is 

also used. Now at last these active currents will be subtracted 

from the load current to calculate the compensating current 

[1]. 

 

 
 

Fig -3: Shunt active filter 

 

 
 

Fig -4: Generalized fryze current control strategy 
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4. SERIES ACTIVE FILTER OF UPQC 

Fig -5 shows the basic configuration of series active filter. The 

series active filter is used to generate reference voltage v*ref 

that will be generated by PWM converter. The compensating 

voltage vc compensates the load voltage vL to develop 

sinusoidal, balanced, and minimized compensated voltage vS 

drawn from the network. The inputs of series active filter are 

load voltage and load current [3]. 

 

4.1 Generalized Fryze Voltage Compensation 

Fig -6 shows the generalized fryze voltage control strategy for 

series active filter. This block diagram is used to calculate the 

compensating voltage. The first block is used to calculate the 

instantaneous fryze resistance by the use of load current and 

load voltage. This resistance is passed through the low pass 

filter and average value will be calculated, which is used to 

calculate the active voltage. In that calculation load current is 

also used. Now at last this active voltage will be subtracted 

from the load voltage to calculate the compensating voltage 

[1]. 

 

 
 

Fig -5: Series active filter 

 

 

 
 

Fig -6: Generalized fryze voltage control strategy 

 

5. SIMULATION RESULTS 

5.1 Simulation Parameters of UPQC 

Source (3-Phase) 

-Voltage=400V (Ph-Ph) 

-Frequency=50Hz 

Series Impedance 

-Resistance=0.001 ohm 

-Inductance=10-8 H 

Load 

 

Rectifier with 1000 ohm resistive load as non-linear load is 

taken from starting of simulation. 

 

Unbalanced load (Ra=200ohm, Rb=400ohm, Rc=600ohm) is 

taken in simulation at 0.03 second. 

 

Also ground fault is occurred at 0.06 second. 

 

Coupling Inductor=1.2 mH  

 

Series Active Power Filter of UPQC injected at 0.09 second 

 

Shunt Active Power Filter of UPQC injected at 0.12 second 
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Fig -7: Compensated and Compensating Voltage  

 

 
 

Fig -8: Compensated and Compensating Current 

 

 
 

Fig -9: Active fryze Conductance and Resistance  

 

 
 

Fig -10: FFT analysis of load voltage without series APF 

 

 
 

Fig -11: FFT analysis of load voltage with series APF 

 

 
 

Fig -12: FFT analysis of load current without shunt APF 

 

 
 

Fig -13: FFT analysis of load current with shunt APF 
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5.2 Simulation Result Table 

Table -1: Result Table 

 

Active Power 

Filter (APF) 

Shunt APF Series APF 

THD (%) 

without APF 

THDI = 11.76 % THDV = 10.42 % 

THD (%) with 

APF 

THDI = 3.55 % THDV = 0.17 % 

 

6. CONCLUSIONS 

By the use of generalized fryze theory in shunt and series 

active filter, it gave effective result of compensation. It took 

less computation time than p-q theory. Its fundamental is 

based on the p-q theory but it is not used the Clark 

transformation to calculate instantaneous active and reactive 

power for calculation of compensating current. But it used the 

current minimization technique to calculate compensating 

current. So, it takes less time than p-q theory. 
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