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Abstract—Traditionally, passive shunt filters are installed near nonlinear loads to mitigate harmonic currents. 
However, the passive filters have drawbacks such as fixed compensation, large size, and resonance. These 
limitations can be overcome by power electronics solution – active power filters. Compared with conventional 
passive filters, modern active power filters are superior in filtering performance, smaller in physical size and 
more flexible in application [1]. The active power filter detects harmonic information in non-linear load currents 
and actively injects counter harmonic currents to the grid so that the currents at Point of Common Coupling 
(PCC) approximate sinusoidal waveforms. Therefore, in this paper various time domain methods for harmonic 
detection are discussed and also the results are obtained. Further active filter current harmonics has been 
proposed. 
 
Index Terms —APF, Harmonics Time domain, MATLAB 
 
I. INTRODUCTION 
 
There are two types of converters used in the 
development of APF’s. viz Current fed converter and 
Voltage fed converter. 
 
i) Current fed converter: Figure 1.1 shows the 
current-fed pulse width modulation (PWM) inverter 
bridge structure. It behaves as a non-sinusoidal 
current source to meet the harmonic current 
requirement of the nonlinear load. A diode is used in 
series with the self commutating device (IGBT) for 
reverse voltage blocking. However, GTO-based 
configurations do not need the series diode, but they 
have restricted frequency of switching. They are 
considered sufficiently reliable [9], but have higher 
losses and require higher values of parallel ac power 
capacitors. Moreover, they cannot be used in 
multilevel or multistep modes to improve 
performance in higher ratings. 
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Fig. 1.1-Current-fed-type APF 

 
ii) Voltage fed converter: The voltage-fed PWM 
inverter structure, as shown in Fig. 1.2.It has a self-
supporting dc voltage bus with a large dc capacitor. It 
has become more dominant, since it is lighter, 
cheaper, and expandable to multilevel and multistep 
versions, to enhance the performance with lower  

 
switching frequencies. It is more popular in UPS 
based applications, because in the presence of mains, 
the same inverter bridge can be used as an APF to 
eliminate harmonics of critical nonlinear loads.  
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Fig. 1.2-Voltage-fed-type APF 

 
II. CONTROL STRATEGIES FOR ACTIVE 
POWER FILTER 
 
Control strategy is the heart of the APF and is 
implemented in three stages. In the first stage, the 
essential voltage and current signals are sensed using 
power transformers (PT’s), CT’s, Hall-effect sensors, 
and isolation amplifiers to gather accurate system 
information. In the second stage, compensating 
commands in terms of current or voltage levels are 
derived based on control methods and APF 
configurations. In the third stage of control, the gating 
signals for the solid-state devices of the APF are 
generated using PWM, hysteresis, sliding-mode, or 
fuzzy-logic-based control techniques. The control of 
the APF’s is realized using discrete analog and digital 
devices or advanced microelectronic devices, such as 
single-chip microcomputers, DSP’s, etc. 
 
2.1 Selection Criteria of APF 
Selection of the APF for a particular application is an 
important task for end users and application 
engineers. There are widely varying application 
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requirements, such as single-phase or three-phase, 
three-wire and four wire systems, requiring current- 
or voltage-based compensation. Moreover, there is a 
number of APF configurations which may cater to the 
needs of individual users. A brief list of criteria for 
selection of an appropriate APF for a specific 
application is shown in Table 2.1. 
 

Table 2.1-Selection criteria of APF 
Sr. 
no. 

Problem Type of active filters to 
be used. 

1. Current 
harmonics 

Hybrid filters, active 
shunt. 

2. Reactive power Active shunt, hybrid 
filters. 

3. Load balancing Active shunt. 

4. Neutral current. Active shunt, hybrid 
shunt. 

5. Voltage 
harmonics. 

Active series, hybrid 
filters. 

6. Voltage 
regulation. 

Active series, hybrid 
filters. 

7. Voltage 
balancing. 

Active series, hybrid 
filters. 

8. Voltage flicker. Active series, Active 
shunt 

9. Voltage sags and 
dips. 

Active series, Active 
shunt, hybrid. 

 
III. CONTROL SCHEME 
 
Following are the different technologies, which are 
used for harmonic detection in active power filter 
applications 
1. Frequency domain method 

1.1. Discrete Fourier Transform (DFT) 
1.2. Recursive Discrete Fourier Transform 

(RDFT) 
1.3. Fast Fourier Transform 

2. Time domain method 
2.1. Synchronous fundamental dq frame 
2.2. Synchronous harmonic dq frame 
2.3. Instantaneous power theory (pq theory) 

Out of the above mentioned strategies we will be 
dealing with the four of them and apply these to a 
simulated active shunt voltage fed power filter with 
same non linear load. Hence we will be able to 
compare the different control strategies of active 
power filters. 
 
3.1 Synchronous fundamental “dq-frame” 
The concept of dq-frame method is based on the fact 
that harmonics are transformed into oscillations in the 
synchronous reference dq-frame. In the dq-frame, if 
the voltage is sinusoidal with only the nominal 
frequency, this voltage appears as a dc voltage. 

The measured three phase load current is transformed 
by using Park transform, from abc to d-q-o frame:  

=P  

P=  

Θ= +  
iLa ,iLb and iLc are load currents and w is the 
angular frequency. According to the mentioned above 
the id and iq have DC and AC terms (illustration of 
the main frequency and harmonic distortion), as: 
id= +  

iq= +   
 
3.2 Synchronous Harmonic “dq-frame”: 
The principle of this technique is similar to the 
fundamental dq-frame method. In this method the 
harmonic dq-frame rotates now with a frequency 
equal to selected harmonics. Thus in the harmonic 
dq-frame only selected harmonic and dc components 
are presents. The detection of respective harmonics 
can be extracted by removing the other ac signal with 
Low Pass Filters (LPF) as shown in Fig.3.1  This 
method requires respective harmonics angular 
position careful implementation if the voltages are 
not balanced and sinusoidal 
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Fig:  3.1- Principle algorithm of the Synchronous 
Harmonic “dq-frame” 
 
However, the dq-theory is extensively used in active 
filters because of well-covered literatures and 
individual control of harmonics.The dq-frame theory 
is extensively used in active  filters because of 
individual control of harmonics is possible.  
 
3.3 Instantaneous Reactive Power Theory 
Instantaneous power compensation 
theory[2],[3],[4],[5] is recognized as one of the best 
methods.    Instantaneous real and imaginary powers 
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have first been defined in the time domain by p-q 
theory, and their concept has been successfully 
applied to harmonic/reactive current control in three-
phase three-wire systems . In – theory, voltages and 
currents in a three-phase three wire system are 
transformed into two-phase current/voltage 
components on orthogonal α-β coordinates, and then 
the instantaneous real and imaginary powers can be 
calculated without any time delay from the two-phase 
components .  
 

 
Fig. 3.2- α-  coordinate’s transformation 

 
In a-b-c coordinates, the a, b, and c axes are fixed on 
the same plane, apart from each other by 2π/3, as 
shown in Fig. 3.2.The instantaneous space vectors, ea 
and ia are set on the a axis, and their amplitude and 
(±,-) direction vary with the passage of time. In the 
same way, eb and ib are on the b axis, and ec and ic are 
on the c axis. These space vectors are easily 
transformed into a-3 coordinates as follows: 

=√2/3                                     

(3.1) 

=√2/3                                                    

(3.2)                                   
Where the α and β, axes are the orthogonal 
coordinates. Necessarily,eα, and iα are on the α axis, 
and eβ and iβ are on the β axis. Their amplitude and 
(+,-) direction vary with the passage of time. The 
conventional instantaneous power on the threephase 
circuit can be defined as follows; 
p=eα.iα+ eβ.iβ                                 (3.3) 
where p is equal to the conventional equation: 
p=eaia+ebib+ecic 
In order to define the instantaneous reactive power 
,the instantaneous imaginary power space vector 
defined by: 
q=eα*iβ+eβ*iα                                     (3.4) 
1) The instantaneous reactive power compensator 
eliminates both the third and fourth terms. For this 

reason, the displacement factor is unity not only in 
steady states but also in transient states.  
2) The harmonic currents represented by the fourth 
term can be eliminated by the compensator 
comprising switching devices without energy storage 
components. 
 
IV. RESULTS 
 
4.1   Synchronous fundamental “dq-frame”:   
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Fig:4.1-Simulation model of synchronous 
fundamental “dq-frame” 
 
4.2 Response of synchronous fundamental “dq-
frame” : 
 

Fig 4.2- Dynamic response obtained by 
synchronous fundamental “dq-frame” 
 

4.3 Synchronous harmonic “dq-
frame”: 
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Fig:4.3- Simulation model of synchronous 

harmonic “dq-frame” 
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4.4 Response of synchronous 
harmonic “dq-frame”: 

 
Fig 4.4- Dynamic response obtained by 

synchronous harmonic “dq-frame” 
 

4.5 Instantaneous Power Theory : 
 

 
Fig: 4.5-Simulation model of Instantaneous Power 

Theory 
 

 4.6-Response of Instantaneous Power Theory 

 
Fig. 4.6 Dynamic response obtained by 
Instantaneous Power Theory 
 
CONCLUSION 
 
In the case of the DFT methods(Fig . 4.1), the settling 
time is limited to at least the windowing time (1 
fundamental period in this case) and the requirement 
is that the harmonic should be constant during the 
windowing interval.  
The fundamental dq-frame (Fig. 4.2) has a faster 
response and a good overshoot but suffers from a 
large phase error due to the phase shift created by the 
HPF. Therefore, the compensation currents are not in 

phase with the disturbance, which is an impediment 
for an exact harmonic cancellation. 
             The harmonic dq-frame (Fig.4.4) does not 
have the issue with the phase shift because the 5th 
harmonic becomes dc-component filtered by a LPF, 
but here due to a low cutting frequency, the response 
time being degraded. Another issue is with the large 
existing ripple because the fundamental frequency 
(bigger in amplitude) appears in the harmonic dq-
frame as an ac-signal, which must be removed by the 
LPF, and therefore, a good selectivity or a low cutting 
frequency must be selected in order to reduce it. 
However, increasing the filter order or decreasing the 
cutting frequency will degrade the response time . 
For the pq-theory ( Fig.4.6) the output has a 
characteristic given by the HPF used. In this case the 
overshoot suffers, while the response time is 
relatively fast. The phase error of the HPF may be 
improved also by selecting a (1-LPF) implementation 
otherwise. 
 
REFRENCES 
 

[1] H. Akagi, “New trends in active filters for power 
conditioning,” IEEE Transactions on Industrial 
Applications, vol. 32, issue. 6, pp.1312-1322, Nov-Dec. 
1996. 

[2] H. Akagi, Y. Kanazawa, and A. Nabae, “Instantaneous 
reactive power compensators comprising switching 
devices without energy storage components”, IEEE 
Trans. on Industry Applications, vol. IA-20, no.3, 
pp.625-630, May/June 198 

[3] S. Rechka, T. Ngandui, X. Jianhong, P. Sicard,“A 
comparative study of harmonic detection algorithms for 
active filters and hybrid active filters”, Proc. of 
PESC’02, Vol. 1, 2002, pp. 357 – 363. 

[4] K. Tsuboi, F. Harashima, and H. Inaba, "Reduction of 
reactive power and balancing of supply currents for 
three-phase converter systems, " in IEEE/IAS ISPCC, 
1977, p. 365. 

[5] H. Achenbach, W. Hanke, and W. Hochstetter, 
"Controllable static power compensators in electric 
supply system," in Proc. IFAC, 1977, p. 917. 

[6] L. Gyugyi and E. C. Strycula, "Active ac power filters," 
in Proc. IEEE/lASAnnu. Meeting, 1976, p. 529. 

[7] P. M. Espelage and B. K. Bose, "High-frequency link 
power conversion," IEEE Trans. Ind. Appl., vol. IA-13, 
p. 387, 1977 

[8] G. van Schoor and J. van Wyk, “A study of a system of 
a current fed converters as an active three-phase filter,” 
in Proc. 1987 IEEE/PELS Power Elertronirs Specialist 
C o f , 1987, pp. 482490. 

 
 


