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Abstract 
 In this paper, a novel control technique 

based on improved FFT (Fast Fourier 
Transform) algorithm is proposed to overcome 
the drawbacks of Unified Power Quality 
Conditioner (UPQC) control technique based 
on Fourier analysis. Because of the inherent 
time delay of FFT algorithm based control 
technique, UPQC (with this control technique) 
can not be used for compensating variable 
load current perturbations, whereas, the 
proposed control technique compensate 
perturbations of load current in various 
conditions. By using this novel control 
technique, DC link voltage variation is not 
considerable, because the time delay for 
extracting the fundamental component of load 
current (which have great effect on DC link 
capacitor voltages) decreases significantly. 
Analysis and modeling of the UPQC with FFT 
control technique and proposed control 
scheme as well as simulation results are 
presented. Results show that the accuracy of 
proposed method is better than FFT control 

technique and unsymmetrical, dynamic and 
variable load current can be compensated 
without any considerable time delay. 

 
1. Introduction 
Power quality phenomenon such as voltage 

sag, swell, harmonics, flickers and transients 
had been known since many years ago. But in 
recent years, increasing of the nonlinear loads 
in power networks has made them more 
important [1]. After 1980s, extreme efforts for 
overcoming these problems and improving the 
power quality specifications of power network 
have been carried out and many different 
devices have been invented in order to achieve 
to these aims. These new power devices 
include static shunt compensators and static 
series compensators. The static shunt 
compensators, such as DSTATCOM and APF, 
are mainly intended for conditioning the 
current flowing from a load into the network. 
The static series load compensators, such as 
DVR, are used to improve the quality of the 
voltage supplied by the network to the load [1].  
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Static shunt compensators suffer from 
source voltage oscillations, while, static series 
compensators can not operate in nonlinear 
load condition correctly [1]. 

Based on these two compensator device 
specifications, unified power quality 
conditioner (UPQC) was invented in 1998 [3]. 
It can operate in both nonlinear load condition 
and source voltage oscillations to improve 
current and voltage specifications [2]. In 
recent years, most of the attempts which were 
done to improve the performance of this 
device were about advancing a new control 
technique to overcome to previous control 
schemes drawbacks. The control strategies 
which have been introduced are divided into 
two main categories: Time domain techniques 
and frequency domain techniques. Time 
domain techniques such as Instantaneous 
Power Theory (P-Q Theory) [4]-[5], Constant 
Source Instantaneous Power Technique [6] 
and Sinusoidal Source Current Technique [6] 
have been introduced to control active power 
filters. Nevertheless, whereas a low pass filter 
is used in their algorithms, time delay in their 
performance makes their response inaccurate 
and disrupted for compensating high order 
harmonic components [7]. Moreover, these 
algorithms assume that the harmonic 
components of each phase are identical to the 
harmonics of other phases, so these 
algorithms can't be used to compensate any 
disturbances in distribution systems because 
in practice, the harmonics of three phase 
currents are not identical. Some other 
methods such as sliding mode [8] and dead 
beat control techniques [9] have been 
proposed, but their algorithms is very 

complicated and implementing them for 
controlling active power filters needs 
powerful microprocessors. 

 Frequency domain techniques are based on 
FFT algorithm to extract the components 
which should be compensated by active 
power filter [10]. This algorithm is very 
simple from operation point of view and it is 
free from drawbacks which were mentioned 
for time domain techniques. If the harmonic 
components of each phase are not identical to 
the harmonic of other phases, this algorithm 
can operate correctly.    

In this paper, a novel control technique 
based on FFT algorithm is introduced to 
overcome the drawbacks of usual FFT control 
technique to make this control technique more 
useful and effective. 

UPQC basic construction and operation are 
discussed in section 2. FFT algorithm and its 
application for harmonic compensation are 
introduced in section 3, and implementation 
of this algorithm for UPQC control system is 
described in section 4. Computer simulation 
results using MATLAB/Simulink are 
presented in section 5 and section 6 conclude 
this paper. 

 
2. UPQC Structure  
Fig. 1 shows a typical structure of Unified 

Power Quality Conditioner, which is 
comprised two main parts, power circuit and 
control system [2], [11]. Power circuit of 
UPQC consist of common DC link, shunt and 
series converters, passive filters and shunt and 
series transformers for connecting UPQC to 
power network. 

 

 
Fig. 1. General configuration of Unified Power Quality Conditioner (UPQC)  
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Shunt converter of UPQC is used for 
compensating unsymmetrical, harmonic 
components and other disturbances of load 
current to prevent the effect of these 
disturbances to the network [12], [13]. 
Sometimes this converter is used for 
compensating reactive current of load. 
However, great amount of load reactive power 
is compensated by some other compensators 
such as passive capacitors which are located in 
parallel with load [14]. Also shunt converter 
usually is used for absorbing enough amount 
of active power to maintain constant voltage 
of DC link [15]. Fig. 2 shows the basic 
concept of the shunt active power filter 
operation. 

 
Fig. 2. Basic concept of shunt active power filter 

operation 
 
Series converter is used for compensating 

unsymmetrical, harmonic, flicker, sag, swell 
and dip of source voltage to have a pure 
sinusoidal voltage on the load side. Moreover, 
by using this part of UPQC, resonance 
currents which are flown between load and 
system are suppressed [6]. Fig. 3 shows the 
basic concept of the series active power filter 
operation.  

DC link constructed from two series 
capacitor and the midpoint of them is 
connected to earth and they are used as 
voltage sources [13]. 

The output current of shunt converter is 
controlled by hysteresis method and the output 
voltage of series converter is controlled by 
SPWM (Sinusoidal Pulse Width Modulation) 
method.  

Two passive filters are placed in the outputs 
of shunt and series converter to eliminate the 
high frequency oscillations which are caused 
by switching phenomena [4], [12]. Two series 
and shunt transformers are used at the output 
of series and shunt converter respectively, for 
connecting these two converters to the power 
network and retain isolation between power 
network and UPQC system. 

 

 
Fig. 3.  Concept of series active power filter 

operation 
 
 

3. Control Technique 
One of the control strategies used for UPQC 

control is based on Fourier analysis.  
Let xI  and yI be real and imaginary parts, 

respectively, of the phasor that represents the 
fundamental component of the distorted 
current )(ti . If the time under consideration is 

0t  , then xI  and yI  can be explained as [16]: 

 ∑
=

≅
N

j
jx N

ji
N

I
1

)2cos(2 π                                  (1) 

Similarly we can write:  

 ∑
=

≅
N

j
jy N

ji
N

I
1

)2sin(2 π                                  (2) 

where N  is the number of samples per cycle 
of the fundamental component. These 
equations define the basic concept of DFT 
(Discrete Fourier Transform) and FFT (Fast 
Fourier Transform) by using the similarity 
many elements. Real and imaginary parts of 
current phasor by sampling the current 
waveform are obtained and then the 
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amplitude and phase angle of  )(ti can be 
found as: 

)(tan 122
xyyx IIIIII −=∠+=               (3) 

                                                                                       
 
 
 
 
 
 
 
 
 
 

        Fig. 4. Variable amplitude load current 
 
 
 
 
 
 
 
 
 
 
 

   Fig. 5. Estimated amplitude by FFT algorithm 
 
The observation window of FFT algorithm 

should contain one cycle of current or voltage 
waveform to extract its fundamental 
component. This is the important problems 
which make FFT algorithm ineffective for 
algorithms which its speed play very 
important role in the control system operation 
[10], [16].  

Fig. 4 shows a sine waveform which the 
amplitude of fundamental component 
increases sharply (at 0.06sec) and the 
amplitude which is calculated by FFT 
transform, is shown in Fig. 5. The amplitude 
of   fundamental component which is 
calculated by FFT algorithm, increases slowly 
by following up an incremental curve (which 
can be calculated by FFT algorithm, but its 
function becomes very complicated).  

In the proposed control technique, this 
curve will be estimated as an incremental 

line, so the output of FFT algorithm (at the 
end of this curve) can be predicted. We define 
the estimated line as: 

   btay +′=                                               (4) 

Where t′  is the time difference between 
actual time and the time which amplitude of 
the waveform increases sharply. 

Then we define the following goal function: 

 2))(ˆ()( tibtatG −+′∆′                                 (5) 

Where )(ˆ ti  is the estimated curve obtained 
by FFT algorithm. If the amount of recent 
defined function becomes minimized, the 
estimated line will be the best estimation of 
FFT transform output function. Parameters 
a and b  can be found from equation (5) by 
derivation. So equation (5) would be 
minimized, if: 

∑ ∑
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i
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)(ˆ)(                                   (6) 

Where n is the sampling number of load 
current. In this case, if we consider two 
different sampling time, a  and b  can be 
found through equation (9). So the following 
equation can be written: 
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Therefore, by solving these equations, a  
and b  will be obtained as: 
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 So the estimated line can be defined by 
obtaining the amount of a  and b and then the 
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amplitude of new waveform will be calculated 
so rapidly. Thereby, the new fundamental 
component of load current can be estimated 
by replacing t′ in equation (7) equal 0.02 and 
adding this value to previous obtained 
fundamental component of load current. If the 
function of estimated curve is considered with 
higher order functions, the results of this 
proposed algorithm become more accurate, 
but complication of the algorithm makes it 
useless. 

Fig. 6 shows the estimated amplitude 
component of load current (same as Fig. 4) 
which is obtained by proposed method. In this 
case, the estimation of load current is the 
positive sequence amplitude of three-phase 
load current which are calculated by FFT 
algorithm, so in balanced condition, the 
oscillation of output results will be omitted. 
We can found that the estimation which is 
obtained from proposed method is faster and 
the time delay which is imposed on by FFT 
algorithm becomes very short. 

 
 
 
 
 
 
 
 
 
 
Fig. 6. Proposed algorithm estimation and FFT 

algorithm estimation comparison 

 
4. UPQC Control System 
As mentioned before, the speed of load 

current amplitude estimation can increase by 
using proposed control technique. This 
method can be used for UPQC control system 
for estimating the amplitude of fundamental 
component of current waveform. In other 
word, proposed control technique can be used 
for shunt active power filter control. 

 
4.1 Shunt Active Power Filter Control 
The fundamental component of the load 

current can be found by FFT algorithm. 
Therefore perturbations and harmonics of 
load current can be obtained by subtracting 

the amount of load current from the 
fundamental component of load current and 
then, they are injected trough shunt converter 
with opposite sign to keep source current pure 
sinusoidal. 

Three main phenomenon cause active 
power losses in UPQC system [6]: 
1- Switching power losses 
2- Active power losses due to transformer 

losses and other element resistance losses 
3- Active power injected by series active 

power filter 
If these power losses are fed from DC link 

capacitors, the voltage of these capacitors 
reduce, so some active power equal to the amount 
of power losses in circuit should be absorbed 
from power network to keep capacitor 
voltages constant at their reference values. It 
should be done by shunt active filter [6].     

For this purpose, the total voltage of the 
capacitors subtracted from the reference total 
voltage of capacitors and then the active 
power which should be absorbed from power 
network by shunt active power filter is 
obtained from this value through a PI module 
(Fig. 7). The compensator currents which 
must be injected by the converters are 
obtained by summing these currents and FFT 
Transform.   

Moreover, if some zero-sequence 
components exist in compensator currents 
which are yield by shunt active filter, the 
difference between voltages of DC link 
voltage increases [4].  

 

 
Fig. 7. Block diagram of shunt active power filter 

control system 
 

 
Fig. 8. DC capacitor voltages difference control 

system  
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For solving this problem, some equivalent 
zero-sequence currents must be absorbed by 
shunt active power filter from the power 
system. So DC voltage control system 
calculates parameter ε  and adds this 
parameter to the upper and lower hysteresis 
band to compensate the difference between 
DC link capacitor voltages. Fig. 8 shows the 
block diagram of DC capacitor voltage 
control system operation to compensate the 
difference between DC capacitor voltages [6].      

Therefore, two various kind of current 
should be injected through shunt active power 
filter, first one for eliminating the harmonics 
and other perturbations of load current and the 
other one for keeping total capacitor voltages 
constant. 

The main problem of control system of 
shunt active power is to obtain the first 
current which was mentioned above. Some 
algorithms which extract these components of 
load current presented at the first part of the 
paper.  

In the case of FFT algorithm control 
system, the injected current can be extracted 
easily in normal and steady state condition by 
subtracting the load current from the 
fundamental component of load current which 
is calculated by FFT algorithm [17]. But if the 
fundamental component of load current 
increases (or decreases) rapidly (for example 
when a new load connect to the system 
circuit), FFT algorithm extract the 
fundamental component of load current after 
one cycle. By using proposed algorithm 

(which is discussed in previous section) this 
interval can be significantly decreased. 

As shown in previous chapter, time delay of 
fundamental component extraction may 
decrease up to 10 times than FFT algorithm 
results. Fig. 9 shows the block diagram of this 
proposed algorithm. FFT block extracts the 
amplitude and phase angle of fundamental 
component of three-phase load currents. For 
compensating three-phase unbalanced load 
current, the positive sequence of estimation 
currents used as the fundamental components 
of load current for each phase. Then, 
equations (8) and (9) are used for obtaining 
parameters a and b .  

So the amplitude of incremental load 
current component can be found through 
equation (4) and then the fundamental 
component of load current can be obtained by 
adding this extracted component to previous 
amount of load current amplitude.  

A PLL (phase locked loop) module is used 
to extract the frequency of fundamental 
component load current to adjust the control 
technique with frequency oscillation [6]. 

 Whereas, by using proposed algorithm the 
time delay for extracting the fundamental 
component of load current is reduced, so this 
control scheme can be used for eliminating 
most disturbances of load current in load 
current variation condition without any 
considerable stress on the shunt converter 
elements and DC link voltage reduction.  

 
 

 

 
Fig. 9. Proposed control algorithm block diagram 
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Fig. 10. Series active power filter control technique 

 
One of the advantageous of this proposed 

control technique is that the harmonic 
components of each phase can be different 
from other phases; moreover, any filter (with 
inherent time delay) is not used in this 
proposed control scheme and implementation 
of this control technique is very simple. 

 
 
4.2 Series active power filter control 
The source voltage may be perturbed and 

some disturbances may exist in system 
voltage, however, the load voltage must be 
free from these disturbances and it should be 
kept pure sinusoidal [18]. Therefore, source 
voltage components which must be 
compensated are: 

1- Source voltage harmonics  
2- The difference between fundamental 

component of source voltage and the 
reference value of load voltage. 

These two components can be extracted in 
one step by subtracting the source voltages 
from the reference values of load voltages.  

For eliminating the unsymmetrical 
components of the source voltage, the 
positive sequence of the fundamental 
component must be obtained. In this case, a 
synthetic waveform is constructed by 
composing the phase angle of the positive 
sequence and amplitude of reference load 
voltage as the reference voltage of the load. 
Fig. 10 shows the block diagram of series 
active power filter control technique. Indeed, 
the positive sequence detector block in Fig. 
10, extract this synthetic waveform by using 
FFT algorithm. 

5. Simulation Results 
A typical UPQC system is simulated by 

MATLAB/SIMULINK with two mentioned 
control technique and FFT algorithm control 
and proposed control technique are 
investigated in this section. 

 Table I, shows the rated values of power 
network specifications. It is assumed that the 
power network is three-phase four-wires, 
therefore, zero-sequence may be flown 
through the forth wire. 

 
Table I. specifications of power network 

L=0.6 mH Source 
impedance R=0.1 ohm 

380V phase to phase 
Source voltage Frequency =50Hz 

 
Table II: Specifications of shunt and series active 

power filter 
 

Passive 
filter 

Ω= 6.0shR  
mHLsh 2=  

FCsh µ10=  

 
 

Shunt 
active 
power 
filter 

Shunt 
transformer 

Trans. Ratio =127/380v 
puXpuR TT 02.0,01.0 ==  

 
Passive 

filter 

Ω= 2shR  
mHLsh 5=  

FCsh µ1000=  

 
 

Series 
active 
power 
filter 

Series 
transformer 

Trans. Ratio =550/110v 
puXpuR TT 05.0,02.0 ==  

 
 

The nonlinear load which is used in this 
simulation is a twelve-pulse thyristor rectifier 
[2].  

Specification of UPQC components are 
shown in table II. The filter which is used in 
DC voltage control system for eliminating 
DC link voltage oscillations (as mentioned 
before) is Butterworth of order 1. The 
proportional gain of PI module is 80 and the 
integrator gain of this module is 800.  

Fig. 11a shows three-phase load currents of 
a nonlinear load and the three-phase source 
currents are shown in Fig. 11b. Fig. 12a 
shows source voltages within harmonic 
components of a typical power network and 
the load voltages which are compensated by 
series active power filter are shown in Fig. 
12b.  
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 (a) 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

(b) 
Fig. 11. Simulation results of shunt active power 

filter of UPQC compensation with FFT algorithm 
control system, a) three-phase load currents, b) 

three-phase source currents 
 

 
In this simulation, load currents contain 15 

percent of 5th harmonic and 10 percent of 7th 
harmonic component with different phase 
angle in each phase. Source voltages contain 
10 percent of 5th harmonic and 5 percent of 7th 

harmonic with different phase angle in each 
phase.  

In this condition, the control technique of 
shunt active power filter is based on FFT 
algorithm and both control technique response 
similarly. Note that UPQC compensation 
starts at 0.04 sec and before this time, active 
power filter control has extracted the 
reference compensation currents. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
Fig. 12. Simulation results of series active power 

filter of UPQC compensation a) three-phase source 
voltages, b) three-phase load voltages 

 
 
Fig. 13 shows the source currents which the 

fundamental components of them increase 50 
percent at 0.06 sec and the results of two 
mentioned control methods is shown in Fig. 
13a and 13b for FFT transform control 
technique and proposed control technique 
respectively. In this case, the load currents 
have some unsymmetrical harmonic 
components as per previous section. Note that 
compensation task starts at 0.04 sec.   

The variations of total DC link capacitor 
voltages from their reference values are 
shown in Fig. 14 for FFT transform control 
technique and proposed control technique. 
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(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) 
Fig. 13. Source currents, 5th  and 7th  harmonic at 

levels of 15% and 10% in load currents with 
increasing the fundamental component of load 

currents at 0.06s, a) FFT transform b) proposed 
algorithm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14. Variations of total DC link capacitor 
voltages for FFT transform control technique and 

proposed control algorithm 
 

It can be found that if the current amplitude 
is variable and the control system of UPQC is 
based on FFT transform, the voltage of 
capacitors oscillate greatly, therefore, the 
compensation task may be done improperly. 
Whereas, by using proposed control 
technique, these variations become smaller 
than FFT transform control system. 

 
 
6. Conclusion 
UPQC is one of the best devices which are 

used for power quality improvement in power 
networks. Most of the attempts which are 
carried out to improve UPQC compensation 
performance are based on its control 
technique improvement. For this purpose, 
many control techniques have been proposed, 
but they have some drawbacks. So they can't 
be used effectively for compensating every 
disturbance in power system. 

FFT control technique can't extract the 
fundamental component of load current under 
variable load current condition properly 
because of the inherent time delay of this 
algorithm. Nevertheless, proposed control 
technique can extract the fundamental 
component of load current very fast.  

The basic concept of this novel method is 
that the output of FFT algorithm 
approximately following up a line. Therefore 
the amplitude of fundamental component of 
load current can be predicted. 

Simulation results show that if the load 
current amplitude increases 50 percent, the 
proposed method can respond after 
approximately 1ms, so the imposed stress on 
shunt converter and DC link voltage 
oscillation decrease. This control technique 
can be used for compensating disturbances of 
load current in variable, unsymmetrical and 
transient load current conditions. Moreover, 
implementation this control technique is 
simple.  
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