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Abstract 
 
The Shunt Active Power Filter has proved to be a useful device to eliminate harmonic currents and to compensate 
reactive power for nonlinear loads. The basic principle of operation of a Shunt Active Power Filter is to inject a suitable 
non-sinusoidal current (compensating current) into the system at the point of common coupling. An current control 
algorithm based on the time-domain approach for three-phase Shunt Active Power Filters is analyzed in this paper. A 
basic overview and evaluation of the performance of existing algorithms for active power filters are presented. 
According to different complicated power quality issues and various compensation purposes, a current control scheme 
based on time domain approach is proposed. Comparing with existing algorithms; this algorithm has shorter response 
time delay. Different compensating current references can thus, be accurately and easily obtained by adopting the 
proposed algorithm. Simulation results using MATLAB / Simulink have proven excellent performance of the proposed 
system and it is more effective than the available approaches.  

 
 Keywords: Shunt active power filter, Synchronous reference frame, Instantaneous reactive power theory, Point of common coupling.
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1. Introduction  
 

Electric power generated by the utilities is distributed to 
the consumer in the form of 50 Hz ac voltage. The utilities 
have a tight control on the design and operation of the 
equipment used for transmission and distribution, and can 
therefore keep frequency and voltage delivered to their 
customers within close limits. Unfortunately, increasing 
portions of loads connected to the power system are 
comprised of power electronic converters. These loads are 
nonlinear and inject distorted currents in the network and 
consequently generate harmonic voltage waveforms. With 
the proliferation of nonlinear loads such as diode/thyristor 
rectifiers, non-Sinusoidal currents degrade power quality in 
power transmission/distribution systems. Notably, voltage 
harmonics in power systems are becoming a serious problem 
for both utilities and customers. The distortion, whether it is 
produced by a large single source or by the cumulative effect 
of many small loads, often propagates for miles along 
distribution feeders. As the use of non-linear power 
equipment is spreading, the degradation of the power quality 
in the utility networks is increasing and is becoming a major 
problem. Limiting the voltage distortion is therefore a 
concern for both utilities and consumers. 

The simple block diagram of Fig. 1 illustrates the 
distortion problem due to harmonic at low and medium 
power levels. Here, the utility is represented by an ideal ac 
voltage source in series with lumped impedance representing 
lines and transformers. The voltage waveform at the point of 
common coupling is distorted due to harmonic current 
generated by the non-linear load.  

This results in the following effects on the power system 
components  

 
1. Malfunction of harmonic sensitive loads 
2. Increased losses in parallel connected capacitor, 

transformers and motors 
3. Improper operation of protection relays and circuit 

breakers 
 
 

 
Fig. 1. Harmonic distortion at PCC 
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2. Active Filtering Technology 
 
The first attempt to reduce harmonics without the use of 
conventional passive filters was made by B. Bird. This 
design is based on changing the waveform of the current 
drawn by the load by injecting a third harmonic current, 
displaced in phase, into the converter itself. With this 
method however it is impossible to fully eliminate more than 
one harmonic. 

The next attempt was made by Ametani, which is based 
on expanding the current injection method by proposing a 
technique to eliminate multiple harmonics. According to this 
theory, an active control circuit could be used to precisely 
shape the injected current. Ideally, this current would 
contain harmonic components of opposing phase, thus the 
harmonics would be neutralized, and only the fundamental 
component would remain. Despite the promising theoretical 
concept, Ametani was not successful in producing a practical 
circuit capable of creating a precise current. The total 
harmonic distortion was reduced, but single harmonics were 
not completely eliminated. On the other hand, Sasaki and 
Machida theorized that harmonics could be eliminated by 
using the principle of magnetic flux compensation. This in 
principle is the use of current to produce a flux to counteract 
the flux produced by the harmonics. Once again, 
theoretically, any number of harmonics could be directly 
eliminated. The current that would be required to eliminate 
waveform distortion caused by harmonics was calculated 
mathematically, but again, a practical control circuit was not 
realized. 

Over the last ten to twelve years the remarkable progress 
in capacity and switching performance of devices such as 
Bipolar Junction Transistors (BJT), Gate Turn-Off thyristors 
(GTO) and Insulated Gate Bipolar Transistors (IGBT), has 
spurred in the study of active power filters for harmonic 
compensation. In addition, advances in topologies and 
control schemes for static PWM converters have enabled 
active power Filter using these converters to generate 
specified harmonic currents, such as created by non-linear 
loads. As active power filters are powerful tools for the 
compensation not only of current harmonics produced by 
distorting loads but also of reactive power and unbalance of 
nonlinear and fluctuating loads. They can be smaller, more 
versatile, better damped, more selective, and less prone to 
failure for component drift than its passive counterpart. 

 
2.1 Shunt Active Filters 
 

The shunt active filter approach is based on the principle 
of injection of harmonic currents into the ac system, of the 
same amplitude but opposite in phase to that of the load 
harmonic currents. Fig. 2 shows the active power filter 
compensation principle, which is controlled in a closed loop 
manner to actively shape the source current into sinusoid.   

 
2.2 Series Active Filters 
 

In series active filter configuration, a voltage source, is 
constructed in such a way that when its voltage is added to 
the load voltage, the distorted voltage is canceled, thus 
resulting of a sinusoidal voltage at the Point of Common 
Coupling (PCC). For harmonic compensation, both shunt 
and series active filters have smaller ratings than the 
apparent power of the load. The shunt active filter is rated 
for supply voltage, but a reduced current. In the case of 
series dynamic filters, the rated load current passes through 

the filter but the rated voltage is again lower. Therefore, 
harmonic minimization can be implemented with converters 
having a reduced power rating. 

 
2.3. Hybrid Active Filters 
 
Hybrid structures were proposed for harmonic compensation 
of large rated loads in high voltage networks. Hybrid active 
filters configurations, combines passive and active filters. 
These filters improve the compensation characteristics of the 
passive filters and thus realize a reduction in the rating of the 
active filter. They are particularly suited in installations 
where L-C tuned passive filters already exist. In the hybrid 
series configuration, the series voltage injection is to be 
regarded as an isolator, either determining the harmonic 
currents to be supplied to the non-linear load or the 
harmonic currents that will be absorbed by the tuned LC-
filters., series and shunt. In the first case, the injected voltage 
is in series, and in the second case it is in series with the 
shunt passive filter. 

 
 

3. Control Methodology 
 
Compensation of harmonies can be accomplished in time-
domain or frequency domain. First approach is based upon 
"on line” computation of an instantaneous error function, 
while the second case uses the principle of Fourier analysis 
and periodicity of the distorted waveform to be corrected. 
The error-function in time-domain could be computed in the 
following ways:  
1. Extraction of the fundamental component from the 

distorted waveform through a notch filter 
2. Instantaneous reactive power compensation, which uses 

an instantaneous orthogonal power transformation on 
both the actual and the fundamental components of 
voltage and current to produce a power function. The 
difference between these two transformations is the 
error. 

3. Synchronous reference frame approach. Many PWM 
strategies exist (for compensation in the time-domain) to 
generate the gating signals to the switches and thereby to 
reconstruct the distorted current. The shunt APFs are 
used most widely used to cancel the current distortion. 
The performance of SAPF strictly depends on the 
features of the improved algorithms and controllers. 
However, usually one algorithm is only more appropriate 
to some situation but not to all situation. An improved 
algorithm of SAPF for harmonic elimination, power 
factor correction, and balancing of nonlinear loads is 
proposed in this paper. 

 
 

 
Fig. 2. Basic Principle of SAPF System. 
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4. Simulink Model of The Overall System 
 
The simulation of power electronic systems provides 
advantages in the design process by allowing various 
options. To validate the feasibility of the proposed approach, 
a virtual implementation of the SAPF is done using 
Simulink. The main components are the reference 
compensation current detector, a phase loop lock, a current 
controller, and dc voltage controller. The reference 
compensation currents are determined and are given as input 
to a current controller to produce signals of the PWM 
inverter. In addition, since the capacitor voltage at the 
inverter terminal must be maintained at a constant level, the 
loss caused by switching and capacitor voltage variations is 
supplied by the source. Simulations show that the 
compensation current calculator yields negligible time delay 
in steady state for the SAPF operation. 

 
 

5. Mathematical Modelling of the Proposed Method 
 
In the three-phase three-wire system, the instantaneous load 
currents of phase “a,” “b,” “c” (ia,ib, and ic) can be 
disassembled into positive-sequence and negative-sequence 
components according to the symmetrical weigh law, which 
was proposed by Fortes cue separately 
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Commonly, only the positive-sequence, negative-

sequence, active power, and reactive power of the 
fundamental current are cared, and it is not necessary to 
decompose the harmonic. Then, the fundamental current 
component is expressed as follows 
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where, the first item of (2) corresponds to the positive-
sequence component in phase with the phase voltage, which 
is called the active power component of the positive- 
sequence fundamental current; the second item of (2) 
corresponds to the positive-sequence component orthogonal 
with the line voltage, which is called the reactive power 
component of the positive-sequence fundamental current; 
the third item of (2) corresponds to the negative-sequence 
component in phase with the line voltage, which is called the 
active power component of the negative-sequence 
fundamental current; the forth item of (2) corresponds to the 
negative-sequence component orthogonal with the line 
voltage, which is called the reactive power component of the 
negative sequence fundamental current.  

Fig. 4 shows the block diagram of the proposed current-
detection algorithm, where ‘ Sin n

N
π2 ’ is synchronous with 

the positive-sequence fundamental voltage of phase “a,” 
which determines the calculation precision of active and 

reactive power components. The low-pass filter used 
determines the performance of the system. According to 
different compensation purposes, the segregator will obtain 
different components expediently, which is superior to the 
algorithm based on the instantaneous reactive power theory. 
 
 
6. Gain Selection  
 
With the above configuration, the control problem reduces to 
picking the correct gains for the model of Fig. 4.4 for 
various operating conditions. Taking the sampling delay into 
account, the plant is a simple lag along with an integrating 
element 
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where T, is the sampling time. The open-loop transfer 
function H0l with the controller then becomes 
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where Kpll, Tpll are the gains associated with the PI regulator. 
This is a standard control problem very similar to a current 
controlled speed loop of a drive system where the integral 
term in the plant mimics the mechanical inertia and the lag 
element emulates the current control loop. Several methods 
can be used to select the gains based on the desired 
performance criteria. Here, the method of symmetrical 
optimum was used to calculate the regulator gains. 
According to this method, the regulator gains Kpll and Tpll are 
selected such that the amplitude and the phase plot of H01 are 
symmetrical about the crossover frequency ωc, which is at 
the geometric mean of the two corner frequencies of H0l. 
Given a normalizing factor α the frequency ωc, Kpll, Tpll are 
related as following 
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Substituting (4) into (5) it can be shown that the factor α and 
the damping factor ξ are related by the relationship 
 

1
2

αξ −=  

 
By changing α, the system bandwidth and damping can be 
controlled. 

A three-phase PLL system was developed which is 
suitable for time domain analysis under distorted utility 
conditions and it was tuned the control effects such as loss of 
gain, line harmonics, and frequency disturbances. The PLL 
was completely implemented in software without the use of 
any hardware filters. When the reference ude

* is set to zero, 
the θ* calculated is synchronous with the positive-sequence 
component of fundamental voltage. When ude

* is not set to 
zero, a fixed phase difference is between the θ* and the 
positive-sequence component of fundamental voltage, which 
make the control of the displacement factor easy. Moreover, 
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this phase difference will not affect the validity of the 
selected harmonics detection. The corresponding simulation 
diagram of the PLL is shown in Fig. 5. 

The phase voltage is expressed by per-unit; the base 
quantities for per-unit value are the peak value of positive-
sequence fundamental phase voltage. Then, three phase 
voltages can be expressed as, respectively. The 
instantaneous power of the fundamental current can be 
obtained by multiplying current by phase voltage 
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    (6) 

 
where the first item of the equation corresponds to the 
instantaneous active power component of the positive-
sequence fundamental (the sum of three phases is constant, 
which contributes to the total power delivered from source to 
load). The second item of the equation corresponds to the 
instantaneous reactive power component of the positive-
sequence fundamental (the sum of three phases is zero, 
which circulates between the phases and can be 
compensated by a compensator without an energy storage 
element). The third item corresponds to the instantaneous 
active power component of the negative-sequence 
fundamental (the three-phase sum of the previous part of this 
item is zero, which circulates between the phases and can 
also be compensated by a compensator without an energy-
storage element). The three-phase sum of the rest (including 
the posterior part of the third and fourth items, which is 

equal to 
21 21

4Cos n
NI π ϕ⎛ ⎞− −⎜ ⎟⎝ ⎠

 and the same for each 

phase) is not zero, and its frequency is twice the 
fundamental, which can be compensated by a compensator 
with an energy-storage element). Therefore, the negative-
sequence fundamental currents do not contribute to the 
power delivered to the load. Similarly, the instantaneous 
power of harmonics can be obtained by multiplying current 
by 
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It can be seen that either the negative-sequence or 

positive-sequence component has one part of which the 
three-phase sum up to zero, which can be compensated by a 
compensator without energy storage, and the rest can be 
compensated by a compensator with energy storage. 

 
Fig. 3. Simulation diagram of the current control algorithm. 
 
 

In (7) and (8), the lowest frequency component is twice 
the fundamental frequency; the dc component can be 
obtained by a low-pass filter with a cutoff frequency lower 
than twice the Fundamental frequency or by a sliding-
window with N/2 samples. Then, multiplying by 2, the 
following equation can be obtained:  
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Using the same method, the following equations can also be 
obtained 
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where 
11A  and 

11B  are the peak values of the reactive 
power component and active power component of positive-
sequence fundamental current, respectively. 

21A  and 
21B  

are the peak values of the reactive power component and 
active power component of negative-sequence fundamental 
current of phase “a,” respectively. According to phase “b” 
and “c,” the peak values are ( )21 21

2 3SinI πϕ − , 

( )21 21
2 3CosI πϕ −  and ( )21 21

2 3SinI πϕ + , 

( )21 21
2 3CosI πϕ + . Respectively, similarly, multiplying  
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, respectively, 

and going through the low-pass filter, 
xkA  and 

xkB  can be 
obtained:  
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Equations (11)–(16) compose the separator shown in 

Fig. 4, by which various results can be achieved according to 
different compensation purposes. If the SAPF is used to 
compensate harmonics and the negative-sequence 
component of the fundamental current, the positive-sequence 
component of the fundamental current 

11xi  can be obtained 
from (14), and the current reference can be obtained as 
* *

11
( ) ( ) ( )cx x xn n ni i i= −  by subtracting 

11xi  from the load 
current. If the line current after compensation is expected to 
be a symmetrical three-phase fundamental current, and the 
power factor is 1, the active power component of the 
positive-sequence fundamental current 

11pxi  can be obtained 

by assuming 
11 0A =  in (4.14), and the current reference 

can be obtained as *

11
( ) ( ) ( )cx x pxn n ni i i= −  by subtracting 

11pxi  from the load current. Similarly, by setting 
11B  to 

zero, the reactive power component of the positive-sequence 
fundamental current can be obtained. The negative-sequence 
component of the fundamental current can be obtained by 
(15). If the APF is used to compensate the selected order 
harmonics, the compensating reference can be obtained by 
(17). In fact, the “active power” component and “reactive 
power” component of harmonics do not need to be divided, 

so the factors 2 2
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separately. Then, the programming can be greatly simplified. 
Based on the detection methods, different compensation 
aims can be achieved by using specific combinations.  
 
 
7. Simulink Model of the Improved Algorithm 
 
The main components of the current detection algorithm 
include a Phase Loop Lock, a sine wave generator and the 

separator. The current detection algorithm is implemented 
according to the proposed strategy to determine the 
reference compensating current. Fig. 3 depicts the Simulink 
model of the current control algorithm. 
It can be seen from the above analysis that the delay 
resulting from the proposed algorithm is less than half of the 
main cycle, which is half of that of DFT and the same as that 
of the algorithm based on IRPT. Besides, the algorithm 
proposed could detect the positive/negative-sequence 
fundamental current, active/reactive power component of 
positive-sequence fundamental current, and selective 
harmonics expediently, which is more flexible than the 
algorithm based on IRPT and DFT.  
 
 
8. Simulation setup 
 
Purpose of the simulation is to show the usefulness of the 
proposed SAPF control strategy. Two test cases are taken 
into consideration with different source voltages and load 
conditions. In case 1, the source voltages are sinusoidal and 
balanced with a magnitude of 230 V and a frequency of 
ω=100π and the source supplies an imbalanced nonlinear 
load. In case 2, imbalanced / distorted source voltages 
supply an imbalanced nonlinear load in parallel with an 
imbalanced load. 
 
8.1. Simulation Results for Sinusoidal, Balanced Source 
Voltages 
 
The balanced and sinusoidal three phase voltages considered 
are, Va =230 sin (ωt), Vb=230 sin (ωt-120o), Vc=250 sin 
(ωt+120o). 

The load used is a bridge rectifier which acts as a 
nonlinear imbalanced load .The simulation results have been 
plotted separately for a clear study. 

Fig.4, Fig 5, Fig 6, exhibit the source voltage, line 
current, reference compensation current and source current 
after compensation for the three phases respectively. 

Fig 6 depicts the source voltage, load current and the 
source current after compensation. Simulation results of 
compensation current generated by the controller are shown 
in Fig. 7 

 
 

 
Fig. 4. After compensation phase A. 
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Fig 5. After compensation phase B. 

 
 

 
Fig. 6. After compensation phase C. 

 
 

 
Fig. 7. Source voltage, load current and source current after 
compensation. 
 
 

 
 
Fig. 8. Compensation current. 
 

8.2Analysis of Simulation Results 
 
The simulation results are available for two cases 
considered. From Fig. 8 it is clear that the SAPF injects 
harmonic currents into the line thereby making the input 
supply sinusoidal. 

The comparison of THD is given in Table 1 for the three 
reviewed and available methods namely Generalized 
Instantaneous Reactive Power Theory based methods, 
Synchronous Reference Frame method and the Synchronous 
Current Detection methods. From the results Fig. 9 it 
observed that for balanced source voltages the THD for the 
proposed method is less than the available methods and also 
the delay resulting from the proposed algorithm is less than 
half of the main cycle, which is half of that of DFT and the 
same as that of the algorithm based on IRPT. 
 
 

 
Fig. 9. THD Plot 

 
 
Table 1. The comparison of THD. 

Reference compensation 
current calculation 

% THD of source 
current balanced supply 

voltage 

GIRPT method 1.87 
SRF method 3.60 
SCD Method 0.98 
Proposed method 0.59 
 
 
9.Conclusion 
 
This paper has outlined the mathematical modeling and 
design of the reference compensation current controllers for 
shunt active power filters based on time domain approach in 
detail. The simulation results of the proposed method are 
compared with that of the available results of Generalized 
Instantaneous Reactive Power Theory based method, 
Synchronous Reference Frame method and the Synchronous 
Current Detection methods. From the results it can be 
concluded that the delay resulting from the proposed 
algorithm is less than half of the main cycle, which is half of 
that of DFT and the same as that of the algorithm based on 
IRPT. From the analysis and simulation it is found that the 
algorithm presented in this thesis has the advantages of 
flexibility, accuracy and easy implementation. Since the 
reference compensation currents are determined in the ‘a-b-
c’ reference frame, there is no reference frame 
transformation is required. Therefore, it results in less 
complexity in realizing the control circuit of SAPF and still 
maintains good filter performance. After SAPF injects the 
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compensation currents, it is found that the source currents 
become ideal and remain in phase with the positive-
sequence fundamental source voltages. Therefore, the utility 
source power factor at the positive sequence fundamental 
frequency is achieved and the harmonic currents are well 
controlled. The Total Harmonic Distortion (THD) study 
reveals that the proposed method has a source current THD 

less than the available methods. The proposed compensation 
strategy of the SAPF is verified through MATLAB/Simulink 
which yields good agreement with the expected SAPF goals.  
 
 
 

______________________________ 
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