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ABSTRACT 
The shunt active power filter (APF) has proved to be a practical device to eliminate harmonic 
currents and to compensate reactive power for nonlinear loads. This paper evaluates three different 
control methods of determining the reference compensating current for a shunt active filter that is 
working under balanced, unbalanced and distorted source voltages. The methods compared are the 
instantaneous reactive power theory (p-q), the synchronous reference frame method (d-q) and the 
proposed method. The simulation results are obtained by with Matlab-Simulink. The shunt (APF) 
and its control methods have been implemented as a prototype and tested through Digital Signal 
processor (DSP) showing the good performance of the developed active filter. In balanced 
sinusoidal source voltages, the differences between the results obtained by the three methods are 
of minimum importance. For unbalanced and distortion source voltage conditions, the results 
obtained by the methods referenced are quite different. The proposed control strategy has shown 
the best choice for all situations studied in this paper. 

يعتبر مرشح التوازى الفعال وسيلة عملية لحذف توافقيات التيار المتول�دة م�ن ا�حم�ال الغي�ر خطي�ة وتح�سين معام�ل 
ي�تم اس�تخدام ث�-ث ط�رق تحك�م مختلف�ة للح�صول عل�ى التي�ارات . القدرة عن طريق حقن قدرة غير فعالة الى الشبكة

ي�تم . ع�دم ات�زان وت�شوية موج�ة جھ�د الم�صدر،د ات�زانالتعويضية المرجعية لمرشح التوازى الفعال و الذى يعمل عن�
 (d-q)  النم�وذج التزامن�ى ال�دوارطريق�ة، p-q)(المقارنة بين ھذه الط�رق وھ�ى نظري�ة الق�درة الغي�ر فعال�ة اللحظي�ة 

 وق�د ت�م .) (Matlab-Simulink وقد ت�م اخ�ذ النت�ائج النظري�ة باس�تخدم برن�امج الم�ات-ب .وطريقة التحكم المقترحة
.  مرش�ح الت�وازى الفع�ال اوض�ح كف�اءة وال�ذى(DSP)ً عمليا باستخدام معالج ا=شارات الرقمي�ة  واختبارهنظامالبناء 

أما عند عدم اتزان وتشوية جھد . عندما يكون جھد المصدر مثالى تكون المقارنة بين طرق التحكم المختلفة أقل اھمية
ھذا البحث أن طريق�ة ال�تحكم المقترح�ة أعط�ت نت�ائج جي�دة أوضح . المصدر تكون النتائج لطرق التحكم مختلفة تماما

  .عند كل انواع اضطرابات جھد المصدر
Keywords: Active power filter; (p-q) theory; d-q method; proposed method; reference current 

extraction; DSP 
 
1. INTRODUCTION  
In recent years, modern loads typically contain power 
electronic devices; the current drawn by these 
modern devices is non-sinusoidal and therefore 
contains harmonics. Shunt active power filters (APF) 
were proposed as a means of removing current 
harmonics. In an active filter, a controller determines 
the harmonics that are to be eliminated [1]. The 
output of this controller is the reference of a three-
phase current control inverter. Fig.1 illustrates the 
principle of a shunt active power filter.  

The nonlinear load is connected to the power system 
and is supplied by the non-sinusoidal 

connected in parallel to the mains, on the point of 
common coupling PCC, and supplies the current 
harmonics ic  needed to maintain the source current 
sinusoidal. The control strategy for a shunt active 
power filter (Fig.2) generates the reference current ic

* 
that must be provided by the power filter to 

compensate reactive power and harmonic currents 
demanded by the load. This involves a set of currents 
in the phase domain, which will be tracked 
generating the switching signals applied to the 
electronic converter by means of the appropriate 
closed-loop switching control technique such as 
hysteresis current controller. Traditionally active 
power filters are studied under sinusoidal and 
symmetrically voltage conditions. This paper 
compares three control methods Instantaneous 
Reactive Power (p-q) Theory, Synchronous 
Reference Frame (d-q) method and proposed method 
to obtain the reference compensating currents under 
unbalanced and distortion mains voltage conditions 
[4]. 
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Fig. 1 Principle of a Shunt active filter 

 

2. ACTIVE POWER FILTER CONTROL METHODS  
Shunt active power filters inject harmonic currents on 
the network. An outer controller determines the 
reference harmonic currents that should be injected 
and thus compensated [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Basic control of three-phase Shunt active filter 

 
A three phase voltage inverter with current regulation 
is then used to inject the compensating current into 
the power line. There are some different methods for 
implementing the detection of harmonic currents [3], 
these methods were studied in symmetrical 
conditions in the literature. The aim of this paper is to 
qualitatively determine the differences between three 
of those methods under different conditions of mains 
voltage. 

2.1 Instantaneous Reactive Power Theory (IRPT) 

Instantaneous Reactive Power Theory (IRPT), also 
known as the p-q theory [2], [4], [14]. Instantaneous 
Reactive Power Theory (IRPT) uses the Park 
Transform, given in Eq.(1), to generate two 

orthogonal rotating vectors (α and β) from the three 
phase vectors (a, b and c). This transform is applied 
to the voltage and current and so the symbol x is used 
to represent v or i ,when assuming balanced three 
phase loads the x0 term does not use. 

 

    (1) 

 

Fig.3 shows the block diagram for an active power 
filter based on Instantaneous Reactive Power Theory 
(IRPT). The supply voltages and load currents are 
transformed into α-β quantities (Eq.1). The 
instantaneous power of the load consists of a DC 
(average) component (-) and an oscillating (AC) 
component (~). The instantaneous active and reactive 
powers p and q are calculated from the transformed 
voltage and current as given in Eq.(2). 

                  (2) 
 

The compensating reference currents are calculated 
to compensate the two terms: 

1. The oscillating component of the 

instantaneous active power   

2. The instantaneous reactive power (q) 

So, the instantaneous active power (p) is filtered by 

H.P.F to pass only the AC components  as shown 
in Fig.3. Then the compensating reference currents 
are determined by taking the inverse of  Eq.(2) as 
given in Eq.(3). 

          (3) 

 

The inverse Park transform is applied to icα
* and icβ

* 
and this gives the reference compensating currents in 
standard three-phase form,  as shown in Eq.(4). 

                       (4) 

 

2.2 Synchronous Reference Frame  
In this method [9],[10] as shown in Fig.4, the load 
currents are converted to synchronous d-q 
coordinates according to park transformation  as 
given below in Eq.(5) 
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Fig. 3 Block diagram for an active power filter controller using Instantaneous Reactive Power (p-q) Theory 

 

 
Fig. 4 Principle Synchronous Reference Frame (d-q) 

method 

 

  (5) 

Where  is angular position of Synchronous 
Reference Frame, which is determined by the PLL 
circuit (Fig.4). Each current component id,iq that 
produced from Eq. (5) has an average value or DC 
component (-) and an oscillating value or AC 
component as given in Eq.(6) 

      

                      (6) 

To get the reference compensating current of shunt 
APF, the High Pass Filter (HPF) is used to remove 

the DC component , from id,iq. So that, the 

shunt APF compensate only oscillating value  
to cancel harmonics and reactive power 
compensation. Then, the three reference 
compensating current of shunt APF can be obtained 
with an inverse transformation that given in Eq. (5). 

2.3 Shunt Active Filter with Proposed Control Method 

The conventional instantaneous reactive power (p-q) 
theory is inadequate under non-ideal mains voltage 
cases [6],[7]. In case unbalanced and distortion mains 

voltages, the sum of components    will not 
be constant [8] and oscillating value of instantaneous 
real power and instantaneous imaginary power are 
unwanted components of the power system. 
Consequently, the shunt APF does not generate 
compensation current equal to current harmonics, and 
gives to mains more than load harmonics than 
required. In order to eliminate this drawback and to 
decrease the total harmonic distortion (THD) to 
desired level, the new control algorithm is developed. 
In the proposed method, the fundamental positive 
sequence detector is added to modify the p-q theory 
for improving the compensation performance under 
all voltage conditions. In this new strategy, the shunt 
active power filter is controlled as it gives the full 
compensation of harmonics even the mains voltage 
are distorted and/or unbalanced. In this criteria, the 
non-ideal mains voltage are converted to ideal case 
by converted to ideal sinusoidal shape by using the 
low-pass filter in d-q coordinates. Figure 5 gives a 
general overview of proposed control strategy to 
calculate full compensation of shunt active power 
filter. The principal difference between this  
proposed control algorithm and the conventional 
instantaneous reactive power (p-q) theory is the 
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addition of the positive-sequence of mains voltage 
detector as shown in Fig.5.The signal ploss is used as 
an average real power and is obtained from the 
voltage regulator DC-link capacitor voltage is 
compared by a reference value and the error is 
processed in a PI controller which is employed for 
the voltage control loop since it acts in order to zero 
the steady-state error of the DC-link voltage. 

4. HYSTERESIS BAND CURRENT CONTROLLER  
The actual active power filter line currents are 
monitored instantaneously, and then compared to the 
reference currents generated by the control algorithm. 
In order to get precise instantaneous current control, 
the current control method must supply quick current 
controllability, thus quick response. For this reason, 
hysteresis band current control for active power filter 
line currents can be implemented to generate the 
switching pattern the inverter. There are various 
current control methods proposed for such active 
power filter [5] but in terms of quick current 
controllability and easy implementation hysteresis 

band current control method has the highest rate 
among other current control methods such as 
sinusoidal PWM. Hysteresis band current control is 
the fastest control with minimum hardware and 
software. But even switching frequency is its main 
drawback [12]. The hysteresis band current control 
scheme, used for the control of active power filter 
line current, is shown in Fig.6,composed of a 
hysteresis around the reference line current. The 
reference line current of the active power filter is 
referred to as ic* and actual line current of the active 
power filter is referred to as ic. The hysteresis band 
current controller decides the switching pattern of 
active power filter. The switching logic is formulated 
as follows: If ica < (i∗ca −HB) upper switch is OFF 
and lower switch is ON for leg “a” (SA= 1). If ica > 
(i∗ca +HB) upper switch is ON and lower switch is 
OFF for leg “a” (SA= 0). The switching functions SB 
and SC for phases “b” and “c” are determined 
similarly, using corresponding reference and 
measured currents and hysteresis bandwidth (HB). 

 
 

Fig.5 General overview of proposed control strategy 
 

 

 

 

 

 

 
Fig.6 Hysteresis band current controller 
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5. SIMULATION RESULTS 
The purpose of the simulation is to show the 
effectiveness of the different control strategies for 
shunt active power filter and in reducing the 
harmonic pollution produced on the load side under 
different mains voltage cases, including ideal mains, 
unbalanced, and distorted voltage. The presented 
simulation results were obtained by using Matlab-
Simulink for a 3-phase 3-wire power distribution 
system with a 3-leg shunt APF and three phase diode 
bridge rectifier is connected as a nonlinear load. The 
parameters of this simulated system are reported in 
appendix (A). 

5.1 Case1: Ideal mains voltage  
Fig.7 shows the simulation results of line current and 
its spectrum before compensating in case (1) for ideal 
mains voltage. Figures 8,9 and 10 shows the 
simulation results with the p-q method, d-q theory 
and proposed method respectively for the shunt APF 
under this case of ideal mains voltage. The figures 
show source current is after compensating with the 
supply voltage vs and compensating current ic 

composed to its reference current ic* . Also The 
spectrum of source current is after compensating has 
been cleared. As can be seen from waveforms  the 
source current after compensation became sinusoidal 
and in phase with three-phase mains voltages. The 
results in case of balanced main voltages condition 
using three methods are feasible. Table (1) illustrates 
the total harmonic distortion (THD) of source current 
after compensation with shunt APF and power factor 
value (PF) of each method under ideal main voltages 
condition. From the figures and table (1) it is 
observed that, with ideal mains voltage, all the 
strategies approximately equivalent and able to 
satisfy the IEEE-519 Standard harmonic current 
limits [17]. 
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Table 1, harmonic content and power factor under 
ideal mains voltage 

 iL is  p-q is  d-q is  pro. 
THD% 20.88 1.825 1.527 1.013 

PF 0.7871 0.9574 0.965 0.978 
 

5.2 Case(2): Unbalanced mains voltage 

In this case, the three phase voltages source are 
unbalanced, where the phase voltages vsa is less than 
the another phases (vsa = 200 r, vsb = 220 r.m.s, vsc 
=220 r.m.s) as shown in fig. 11-a. Figures 11-b,c,d 
show the line current and its spectrum before applied 
the shunt APF. It can be noted  that, the levels of 
triplens harmonic  of source currents spectrum are 
added before compensation (Fig.11-d) under 
unbalanced voltages conditions. Figures 12,13,14 
show the simulation results with the p-q method, d-q 
theory and proposed method respectively for the 
shunt APF under this case of unbalanced mains 
voltage. where the waveforms depicts the source 
current is and its spectrum after compensating, also 
the  compensating current ic with its reference ic*   
and  the error between them are shown in Fig.12-c,d 
respectively. 
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The harmonic contents reparation, before and after 
compensation using p-q theory, d-q method and 
proposed method under unbalanced voltages 
conditions is resumed in Table (2). It is shown 
clearly that with comparing the frequency spectra, 
only the proposed method cancels most of harmonics 
in the source current but in another  methods  the 
source current after compensating is still contain 
harmonics. 

Table 2, harmonic content and power factor under 
unbalanced mains voltage 
 iL is  p-q is  d-q is  prop 
THD% 24.45 7.8724 7.813 1.3 

PF 0.727 0.8234 0.831 0.938 
 

5.3 Case(3): Distorted balanced mains voltage  

To investigate the system performance under worst 
conditions of harmonic content, three phase distorted 
voltages are used in the simulation. Consider the 
mains voltage have dominant the 5th and 7th harmonic 
components. For this case, the distorted three-phase 
main voltages are expressed as Eq.(7) 

 

 

 

 

Where V5=V1/5 and V7=V1/7 

Figures: 15, 16, 17 and 18 depict simulation results in 
case distorted mains voltage. It can be seen from 
these figures that The performance of the p-q 
algorithm for this case that shown in Fig.16 is not 
qualified because the supply current after 
compensating has 17% THD level. This current after 
compensation has sinusoidal waveform and improved 
to 2.3% THD level for d-q method as shown in 
Fig.17. In the proposed method (Fig.18), there is 
more reduction in harmonic distortion level, the 
supply current after compensating (Fig.18-c) is in 
phase with positive sequence component of supply 
voltage (vsa

+) therefore, the performance of the 
proposed method is better than that of the 
conventional p-q theory and d-q method. Table 3 
present summary of simulation results for this case. 
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Fig.14  proposed method simulation results in 
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Table 3, harmonic content and power factor under 
distortion mains voltage 

 iL is  p-q is  d-q is  prop 
THD% 26.32 17.8 2.3 1.4 

PF 0.727 0.7914 0.891 0.946 
 

 

 

 

 

 

 

 

 

 

 

Fig.15 Case (3) distortion mains  
voltage condition 
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Fig.15-c Spectrum of load current ( iLa) 
before compensating  
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( isa) after compensating  
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Fig.16  p-q theory simulation results in 
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6. EXPERIMENTAL TESTS 
The experimental arrangement has been set up and 
tested in the laboratory as shown in Fig.19. The 
three-phase shunt active power filter is achieved with 
a voltage source inverter (VSI) which contains three-
phase IGBT. The nonlinear load was a three-phase 
bridge rectifier with resistive load.  The  proposed 
control strategy  is implemented using digital signal 
processor DSP (DS1104) manufactured by DSPACE 
company and developed under the integrated 
development environment of  MATLAB-SIMULINK 
provided by the MATHWORK. The supply voltages 
(vsa,vsb), the load currents (iLa,iLb), the 
compensating currents of active filter (ica,icb) and dc 
capacitor voltage of active filter (Vc) are input signal 
to the DSP board through its ADC interface. The 
outputs of DSP are gating pulses for the IGBT’s of 
the shunt active power filter through its DAC 
interface.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 depicts the experimental test results of the 
prototype for proposed method under a three-phase  
rectifier load in case of unbalanced and distorted 
mains voltage. The various waveforms show the 
positive sequence component of mains voltage  in 
case distortion mains voltage condition (Fig.20-a). 
Fig.20.b shows the three-phase supply current before 
applied the shunt active power filter. The supply 
current after compensating of phase (a) superimposed 
with fundamental positive-sequence component of 
the  supply voltage is shown in Fig.20-c. The reactive 
power (Q) before and after compensating  is 
presented in Fig. 20-d where the supply current was 
found nearly sinusoidal and synchronous with the 
mains voltage after compensation. It indicates the 
feasibility of the implemented prototype under this 
condition. Through experimental results, it is 
revealed that the supply currents after compensating 
were found to be sinusoidal and in phase with the 
fundamental positive-sequence component of the  
supply voltage, which was consistent with the 
simulation shown above. For this test, the outcome 
indicates that the proposed method is useful for the 
active filter studies and it indicates the effectiveness 
of the proposed controller for shunt APF under this 
condition. 
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7. CONCLUSION 
A comparative analysis of three control strategies for 
three-phase shunt APFs has been presented. The 
comparison has been studied under three cases, 
including ideal mains voltage, unbalanced three-
phase mains voltage,  and distorted mains voltage 
conditions. An experimental shunt APF has been 
carried out on DSP to explore the advantages and 
practical implementation with the proposed control 
strategy. The simulations and experimental results 
have proven good performances and verify the 
feasibility of the proposed algorithm, and it is most 
effective for all source voltages conditions. Active 
power filter, based on the proposed theory, gives 
satisfactory operation in the harmonic compensation 
and improving the input power factor even when the 
system phase voltages are unsymmetrical and 
distorted. 
 

8. Appendix A 

The parameters of the SAF  
 
Input voltages                               vs    = 380 volt 
Rectifier load resistance               Rdc  = 25 Ω 
Rectifier load current                   iL       = 20 Amp. 
SAF inductor                                Lf    = 4 mH 
SAF DC link capacitor                 C    = 250 µF 
SAF DC link voltage                    Vc    = 750 volt 
 

 

Fig.20-e Experimental result; reactive power (Q) 
before and after compensating 

Q before compensating 

Q after compensating 

Fig.20-c  Experimental result; Three-phase 
source currents after compensating 

Fig.20-d  Experimental result; source currents after 
compensating and phase voltage 

vsa+ 

isa 

Fig.20-f  Experimental result; Three-phase 
compensating currents 

Fig.20-g Compensating current (ica) and 
its reference Fig.20-b  Experimental result; Three-phase 

load currents (source currents) before 
compensating 

Fig.20-a  Experimental result; positive 
sequence component of mains voltage  in case 

distortion mains voltage condition 
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