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INTRODUCTION

 
The applications of flexible ac transmission 

systems (FACTS) controllers, such
power filter (SHAPF), is increasing in power systems 
due to their ability to stabilize the transmission 
systems and to improve power quality(PQ) in 
distribution systems (Alexander kusko and Marc.T.
Thompson, 2007). SHAPF is used for reacti
compensation and harmonic current extraction with 
the recent advances in semiconductor technology and 
availability of switching devices at higher levels of 
ratings,they are increasingly used in various high 
power applications using multilevel inve
linear characteristics and fast switching of switching 
devices are the major sources of harmonics in the 
power systems. If the harmonic currents are not 
mitigated, it can severely effect of power system 
equipments, malfunctioning of processin
harmonic sensible loads, protection devices, derating, 
and pulsating torque etc. International electrical 
committees like IEEE and ANSI have proposed 
certain recommendations like IEC
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A B S T R A C T  

 Recent advances in power electronics have stirred the interest in active power filter 
(APF) for harmonic distortion mitigation in power systems. The objective of active 
power filter is to compensate the harmonic currents produced by the non
ensure the sinusoidal currents and voltages to improve power quality. Particularly, in 
control of Shunt active filter good extraction of harmonic currents and injection to the 
grid decides the quality of active filtering. Among, the existing extraction methods time 
domain approaches draws significant importance because of features such as faster 
response, less computational effort, less calculations, and memory use. Recently, 
researchers have proposed a novel multilevel inverter topology by cascading 
conventional two level inverters for reactive power compensation in STATCOM. 
Hence, In this paper, a simple static var compensating scheme using cascaded two
inverter topology is proposed for SHAPF and the two prominent time domain 
approaches such as instantaneous reactive power theory and synchronous reference d
theory are used to generate reference compensating currents for cascaded two
inverter based SHAPF to minimize %THD to comply with IEEE 519
guidelines.  MATLAB Simulink environment has been used to develop the proposed 
techniques and comparative analysis has been carried out. Finally an effective 
technique time domain approach to control cascaded two
filter with less %THD to comply with IEEE harmonic guidelines have been proposed.
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INTRODUCTION  

The applications of flexible ac transmission 
systems (FACTS) controllers, such as shunt active 

APF), is increasing in power systems 
due to their ability to stabilize the transmission 
systems and to improve power quality(PQ) in 

Alexander kusko and Marc.T. 
APF is used for reactive power 

compensation and harmonic current extraction with 
the recent advances in semiconductor technology and 
availability of switching devices at higher levels of 
ratings,they are increasingly used in various high 
power applications using multilevel inverter. The non 
linear characteristics and fast switching of switching 
devices are the major sources of harmonics in the 
power systems. If the harmonic currents are not 
mitigated, it can severely effect of power system 
equipments, malfunctioning of processing units, 
harmonic sensible loads, protection devices, derating, 
and pulsating torque etc. International electrical 
committees like IEEE and ANSI have proposed 
certain recommendations like IEC-61000 & IEEE 

Std. 519-1992 to regulate harmonics
In addition to harmonics, industrial and domestic 
loads consume reactive power which is an 
importance issue in discussion of power quality.

The basic approaches for minimising harmonic 
mitigation methods in power distribution system can 
be broadly as passive filters, active filters and hybrid 
filters are proposed by BattacharyaS.
Researchers were encouraged by the devel
power electronics in digital signal processing 
increasing demand for efficient solutions of power 
quality problems including 
harmonics mitigation. 

One promising technology to address the 
problem of harmonics mitigation are active 
compensators or active power filters
principle of APF is to cancel the harmonics 
caused by the nonlinear load. The basic block 
diagram of shunt active power filter is shown in
1. 

 
The information about the harmonic currents 

which are generated by non linear loads are passed to 

0-407 

 

Guntur, India. 

Prominent Time Domain Harmonic Current Extraction 
HAPF 

Recent advances in power electronics have stirred the interest in active power filter 
(APF) for harmonic distortion mitigation in power systems. The objective of active 

onic currents produced by the non-linear loads to 
ensure the sinusoidal currents and voltages to improve power quality. Particularly, in 
control of Shunt active filter good extraction of harmonic currents and injection to the 

tive filtering. Among, the existing extraction methods time 
domain approaches draws significant importance because of features such as faster 
response, less computational effort, less calculations, and memory use. Recently, 

l multilevel inverter topology by cascading 
conventional two level inverters for reactive power compensation in STATCOM. 
Hence, In this paper, a simple static var compensating scheme using cascaded two-level 

two prominent time domain 
approaches such as instantaneous reactive power theory and synchronous reference d-q 
theory are used to generate reference compensating currents for cascaded two-level 
inverter based SHAPF to minimize %THD to comply with IEEE 519-1992 harmonic 
guidelines.  MATLAB Simulink environment has been used to develop the proposed 
techniques and comparative analysis has been carried out. Finally an effective 
technique time domain approach to control cascaded two-level  inverter shunt active 
filter with less %THD to comply with IEEE harmonic guidelines have been proposed. 

© 2015 AENSI Publisher All rights reserved. 
Comparative Analysis of Two Prominent Time Domain Harmonic Current Extraction 

): 400-407, 2015 

1992 to regulate harmonics (Bin Wu, 2006). 
In addition to harmonics, industrial and domestic 
loads consume reactive power which is an 
importance issue in discussion of power quality. 

The basic approaches for minimising harmonic 
mitigation methods in power distribution system can 

ive filters, active filters and hybrid 
filters are proposed by BattacharyaS. et al (1995). 

esearchers were encouraged by the development of 
al signal processing and the 

increasing demand for efficient solutions of power 
roblems including reactive power and 

One promising technology to address the 
problem of harmonics mitigation are active 
compensators or active power filters. The basic 

to cancel the harmonics currents 
nonlinear load. The basic block 

diagram of shunt active power filter is shown inFig. 

The information about the harmonic currents 
which are generated by non linear loads are passed to 



401                                                                     P.Jyothi and V.Joshimanohar, 2015 
Australian Journal of Basic and Applied Sciences, 9(36) December 2015, Pages: 400-407 

the compensation current/voltage reference signal 
estimator which  in turn provides the control for the 
gating signal generator for harmonic current 
cancellation. The advantages of active power filters 
over passive filters are: they can suppress not only 
the current harmonics but also the reactive currents 
produced by non linear loads, small in size and also 

less in cost. Another  important feature is they do not 
cause harmful resonances with  power distribution 
systems. In addition to the advantages mentioned 
above, APF produces electromagnetic interference 
particularly at high switching frequency operation to 
mitigate harmonic currents. 

. 
 

 
Fig. 1: Generalized block diagram for Active power filter 

 
Akagi, H (1996)., has proposed the classification 

of APFs based on their system configuration, power 
circuits, objectives and control strategy. The broad 
classification of APF can be namely series APF, 
shunt APF and hybrid APF. Among all 
configurations shunt active power filter (SHAPF) is 
one of the widely used active power filter 
applications for current harmonic distortion, reactive 
current compensation and power factor improvement 
(Gopakumar, K. Marcelo,). The shunt active power 
filter is implemented in two ways: first step is 
estimation of reference compensating signal and the 
second step is generation of firing signals for 
switching devices of voltage source inverter.  

The reference compensating signal is based on 
two approaches one is frequency domain approach 
and time domain approach. Among these, time 
domain approaches such as instantaneous reactive 
power (p-q) theory and synchronous reference (d-q) 
theory are widely used because of features such as 
less computational effort, less calculations, faster 
response. Hence, these techniques have been 
considered for the estimation of reference 
compensating current (Akagi, H., et al., 1984). 

In this paper, a novel topology of four level 
operation of cascaded two-level inverter based 
SHAPF is controlled by using d-q and p-q theory to 
minimize lower order harmonics, reactive power 
compensation and balancing the DC link voltages of 
the inverter. The novel topology uses two standard 
two-level inverters to achieve multilevel operation. 
The dc link voltages of the inverters are regulated at 
asymmetrical to obtain 4-level operation. To verify 
the effectiveness of the proposed control techniques, 
the simulation study is carried out for %THD at non-
linear load conditions.      

This paper is divided as follows: Section II 
discusses about control strategies of cascaded 2-level 
inverter based SHAPF, in Section III Time domain 
Extraction techniques like synchronous reference (d-
q) theory and  instantaneous reactive power (p-q) 
theory, in section IV Simulation results of 
synchronous reference (d-q) theory and  
instantaneous reactive power(p-q) theory and 
conclusions are presented in Section V. 

 
Cascaded Two Level Inverter Based Shapf And 
Control Strategies: 

Recently, B.G.Fernades., et al (2014, 
Emimanothaya, A. and Dr. R. Suresh Babu., 2015) 
have proposed a novel multilevel inverter topology 
for reactive power compensation for high power 
applications. Among all existing multilevel inverter 
topologies such as neutral point clamped, cascaded 
H-bridge (CHB) and flying capacitor topology, CHB 
topology is most popular for static var compensation 
in high power applications. However, CHB topology 
requires a large number of capacitors which results in 
difficulty in control of dc-link voltage capacitors. 
The novel topology consists of standard two-
level/multilevel inverters connected in cascade 
through open end windings of three phase 
transformer as shown in Fig. 2. The main advantage 
of this topology is that by maintaining the 
asymmetric voltages at the dc link of inverters to 
increase the number of levels in the output voltages 
to decreases %THD and improve the power quality. 

In this topology, the inverters are connected on 
low-voltage side of the transformer and high-voltage 
side to the grid. Hence, aforementioned  IGBT of 
VSI based topology has been considered for SHAPF, 
it compensate the harmonic current  which injects an 
anti phase but equal magnitude of load phase shifted 
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by 1800 produced by the non-linear  to ensure the 
sinusoidal form of grid voltages and currents to 
improve power quality. Two prominent time domain 
harmonic current extraction techniques such as 
synchronous reactive power theory and instantaneous 

reactive power theory are used to generate reference 
compensating currents for cascaded two-level 
inverter based SHAPF to minimize %THD to comply 
with IEEE 519-1992 harmonic guidelines. 

 

 
 

Fig. 2: Cascaded Two Level inverter based SHAPF 
 
The control of cascaded two-level inverter based 

SHAPF is based on the difference between real 
current and reference current generated by the 
different extraction methods. From the reference 
currents, gate signals are generated using the 
sinusoidal pulse-width modulation (SPWM) to 

control the VSI based SHAPF. According to 
Singh.B., et al (1999), SHAPF is suitable for 
harmonic current extraction  based compensation 
such as harmonic current, reactive current, neutral 
current compensation and a voltage flicker 
compensation.

 

 
Fig. 3: Principle configuration of VSI based SHAPF 
 
Time Domain Harmonic Extraction Techniques: 

The aim of shunt active power filter is to 
compensate the harmonic currents produced by the 
non-linear loads, and to ensure the sinusoidal form of 
grid currents and voltages to improve power quality. 
The principle configuration of VSI based SHAPF is 
shown in Fig. 3. The main objective of  active power 
filter is toinjectthe harmonic current extractions into 
the grid. Many extraction methods were proposed 
based on compensation reference signal in terms of 
voltage/current is estimated in frequency-domain or 
in time-domain approach. Among these two 
approaches, Frequency domain uses theFourier 
analysis inwhich Fourier Transform (either 

conventional orFast Fourier Transform (FFT)is 
appliedto extract the current harmonics. The main 
disadvantages of this method isheavy amount of 
calculations, bad results in transient and delay in the 
extraction of harmonics. 

The timedomain approachesbased on, 
instantaneous active and reactive power to the 
extraction of harmonics. Recently,neural networks 
and the adaptive linear neural networks have been 
used in the extraction of harmonics of currents and 
voltage.The advantage of time domain approach is to 
allow a faster response and less amount of 
calculation and memory use. 
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A) Synchronous Reference d-q Method: 
The synchronous reference frame theory or d-q 

theory isbased on time domain approach to estimate 
reference signal to perform the operation in steady 
state or transient state. In this approach the load 
currents are transformed from three phase frame 
reference abc into synchronous reference d-q theory 

in order to separate the harmonic contents from the 
non linear loads (Chen, C.L., et al., 1994). Fig. 
4represents the block diagram of this extraction 
method. The advantage of this theory is simple 
calculation which involves algebraic calculations 
which allows the APF in real time applications. 

   

 
Fig. 4: Principle of synchronous Reference theory 

 
The transform is defined by (Amaia Lopez de Heredia Bermeo, 2006): 
 

�������� = �	
 ���
�� ��� cos �� − 	�
 � cos �� + 	�
 �−���� − sin �� − 	�
 � − sin �� + 	�
 ��√	 �√	 �√	 ���

��  �!�"�# $                                                                                  (1) 

Where,θis the transformation angular position of 
the voltages or currents decides the unbalanced loads 
under non linear conditions. The extraction currents 
can be decomposed into two terms as: �� = &�̅ + &�̃                                                            (2) 
      �� = +&̃�                                                             (3) 

 
The alternating terms representsthe harmonic 

currents at the output of the extraction system will be 
used as compensation reference on the d axes and q 
axes component to compensatethe reactive power 
consumed by the load . The APF reference currents 
will be then: )�*�∗�*�∗ , = -&�̃&�̃.              (4) 

 
The inverse Park transform can be used to find 

the APF currents in three phase system as 
 

/�*!∗�*"∗�*#∗ 0 = �	
 1 ��� −����cos (� − 	�
 ) −sin (� − 	�
 )cos (� + 	�
 ) sin (� + 	�
 ) 4         (5) 

 
B) Instantaneous Active and Reactive Power 
Theory: 

Initially, APFs was developed only for three-
phase systems without neutral wire have been 
designed on the basis of instantaneous active and 
reactive power theory (p-q) proposed by Akagi et al 
in 1983 (2010). Later it was worked by Watanabe 

and Aredes for three-phase four wires power systems 
(Emílio, F., et al., 2013; Subash Chandra Bose, J., et 
al., 2015). Clarke transformation uses the 
transformation of three-phase supply voltages (va, 
vb,vc) and currents (ia, ib, ic)into bi-phase stationary 
two-axis frame based on a set of instantaneous 
powers defined in the time domain approach.The 
Clarke transformation for the voltage variables is 
given by (AlaaEddin Alali, M., 2002): 

5V�VαVβ7 = �	
 ���
�8 �√	 �√	 �√	1 − �	 − �	0 √
	 √
	 ���

�; �V<V=V>�          (6) 

Similarly, this transform can be applied on the 
distorted load currents to give: 

5?�?@?A7 = �	
 ���
�8 �√	 �√	 �√	1 − �	 − �	0 √
	 √
	 ���

�; �?!?"?# �                             (7) 

he instantaneous active power p(t) is defined 
by:  p(t) = v<i< + vi= + v>i>                                         (8) 

 
The instantaneous reactive power can be given 

by: q(t) = − �√
 [(V< − V=)i> + (V= − V>)i< +(V> − V<)i= = Vαiβ − Vβiα                                             (9) 
It is important to notice that the instantaneous 

reactive power q(t) signify more than the simple 
reactive power. The instantaneous reactive power 
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take in consideration all the current and voltage 
harmonics, where as the habitual reactive power 
consider just the fundamentals of current and 
voltage. 

From Eq.(8) and Eq.(9) the instantaneous active 
and reactive power can be given in matrix form by: 
 GHIJ = - ?@ ?A−?A ?@ . K�@�AL                                          (10) 

 
A Low Pass Filter (LPF) is used to separate the 

direct component from the alternating component to 
separate the harmonics from the fundamentals of the 
load currents.The direct component representsthe 
fundamentals of current and voltage and the 
alternating term is the power of the harmonics of 
currents and voltages. 

The harmonic current components of the load 
currents can be given after the separation of direct 
and alternating terms of instantaneous power, using 
the inverse of Eq. (10) which gives: 

 -�@�A. = �MNO P MQO -?@ −?A?A ?@ . -ȞIS.                            (11) 

 
Where, the ˜ sign points to the alternating term 

and the ¯  sign points to the direct component of each 
active and reactive power. The APF reference current 
can be then given by: 

5�*!�*"�*# 7 = �	
 ���
8 1 0T�	 √
	− �	 − √
	 ���

; U�@�AV                                  (12) 

Fig. 5.represents the principle of active and 
reactive instantaneous power having the advantage of 
harmonic compensation or reactive power 
compensation. The reactive power q(t) is directly 
send to the reference current calculation block 
without the use of any extraction filter (Dr. J. Subash 
Chandra Bose and Greeshma Gopinath, 2015).

 

 
Fig. 5: Principle of instantaneous active and reactive power theory 

 
Simulation Results: 

The proposed techniques are applied on four-
level inverter based SHAPF for harmonic mitigation 
and reactive power compensation and comparative 
analysis have been carried out. The simulation study 
is carried out using MATLAB/SIMULINK 
environment and following results are extracted. 

 
A) Instantaneous reactive power theory (p-q 
theory): 

A three-phase 60 kVA four-wire (3 phases and 
neutral wire), 230V(phase-to-neutral), 50 Hz 
electrical system, with line impedance of 0.2 pu is 
considered. This electrical system feeds a non linear 
load. The proposed SHAPF is controlled by p-q 
theory and the obtained results are shown in Fig. 6-8. 
From Fig. 6,it is observed that a non linear load is 
connected to electrical system at 0.1 sec and the 
proposed SHAPF which is controlled by p-q theory  
is connected during the period of 0.05 sec to 0.09 
sec.  

 
FFT analysis before connecting the SHAPF is 

shown in Fig. 7. It is seen that %THD present due to 
the non linear load is 28.29% and lower order 
harmonics such as 5th, 7th, 11th and 13th are present in 
higher in magnitude with the values of 22%, 12%, 
8% and 7% respectively. The filter design to 
eliminate all the lower order harmonic is expensive 
and complicated. The developed SHAPF is 
connected to the electrical system at 0.05sec and FFT 
analysis at 0.06 sec is represented inFig 8. 

The results proved that developed SHAPF 
successfully eliminated all the lower order harmonics 
say 5th, 7th, 11th and 13th to a greater extent and 
%THD is found to be 6.31%. The magnitudes of 5th, 
7th, 11th and 13th are below 5% only. The value of 
%THD is very near to IEEE 519-1992 
harmonicguidelines too (Dhivya, S. and M.E. Mrs. 
Alice (Ph.D)., 2015). 
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Fig. 6: Output waveforms of four-level inverter based SHAPF 

 

 
Fig. 7: FFT Analysis of load current without SHAPF at t=0.02s 

 
Fig. 8: FFT Analysis ofload current with SHAPF for p-q theory at t=0.06s  
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Fig. 9: FFT Analysis of load current with SHAPF for d-q theory at   t=0.06s 
 
B) Synchronous Reference( d-q ) theory: 

The same electrical system which is used for 
testing p-q theory is used for synchronous reference 
(d-q) method too.The %THD value when connected 
to non linear load is  28.29% and from FFT analysis 
as shown in Fig.7.The  lower order harmonics such 
as 5th, 7th, 11th and 13th are present in higher in 
magnitude with the values of 22%, 12%, 8% and 7% 
respectively. The developed SHAPF which is 
controlled by d-q method is connected to the 
electrical system at 0.05sec and FFT analysis at 0.06 
sec is represented in Fig.9.   

The results proved that developed SHAPF 
successfully eliminated all the lower order harmonics 

say 5th, 7th, 11th and 13th to a greater extent and 
%THD is 3.39%. The magnitudes of 5th, 7th, 11th and 
13th arebelow 2% only. The value of %THD obtained 
in this method completely complies with IEEE 519-
1992 harmonic guidelines too.   

Comparative analysis of two methods is 
presented in Table I. Obtained results proved that 
though both the techniques have successfully 
eliminated all the targeted order of harmonics by 
using cascading of two level SHAPF, d-q theory is 
effectively eliminated lower order of harmonics with  
%THD of value 3.39%. 

 
Table 1: Comparative analysis of  time domain approaches in control of four level shapf 

S.No 
Time domain 
Approach 

%THD without SHAPF 
%THD with 
SHAPF 

1 p-q theory 28.29% 6.31% 
2 d-q theory 28.29% 3.39% 

 
Conclusions: 

This paper presents a comparative analysis of 
two prominent time domain approaches such as 
instantaneous reactive power theory and synchronous 
reference theory in control of novel four-level 
inverter(cascading of two-level inverters). The 
proposed techniques are simulated in MATLAB and 
comparative analysishas been carried out. Though 
both the techniques are effectively minimised lower 
order harmonics with %THDs of value 6.31% and 
3.39% respectively. Synchronous reference theory(d-
q) has given better performance by producing the 
%THD of 3.39% by minimising the magnitudes of 
all lower order harmonics to below 5.0%. Hence, 
aforementioned topology with synchronous reference 
theory controlled SHAPF may be used for harmonic 
minimisation for high power applications. 
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