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Abstract—There are a variety of reference current identification 

methods, for the shunt active power filter (SAPF), such as the 
instantaneous active and reactive power, the instantaneous active and 
reactive current and the synchronous detection method are evaluated 
and compared under ideal, non sinusoidal and unbalanced voltage 
conditions. The SAPF performances, for the investigated 
identification methods, are tested for a non linear load. The 
simulation results, using Matlab Power System Blockset Toolbox 
from a complete structure, are presented and discussed. 
 

Keywords—Shunt active power filter, Current perturbation, Non 
sinusoidal and unbalanced voltage conditions. 

I. INTRODUCTION 

HE wide use of high-power switching devices increased 
the deterioration of electric power quality. These last 

years, the Shunt Active Power Filter (SAPF) is recognized as a 
valid solution to improve the power electric quality. The SAPF 
state of the art is well described and documented in the 
literature; hundreds of works are reviewed in [1], [2]. 

The time domain methods are most widely used to generate 
the reference current for SAPF. The principals time domain 
current identification methods used in the literature are the 
instantaneous active and reactive power (pq) [4]-[6] and [12], 
the synchronous detection method (SD) [3] and [7], [8], and 
the instantaneous active and reactive current (dq) [7], [8]. This 
three methods assume that the three phase voltage source is 
balanced and do not contain harmonic components. However, 
the voltage source may be perturbed. Consequently, the 
evoked methods may lose their generality. A combination of 
these methods with the positive sequence voltage detection [4] 
and [13] is an efficient solution to generate the reference 
current for all voltage conditions.  

In this paper, the pq, dq and SD methods are evaluated and 
compared under ideal, non sinusoidal and unbalanced voltage 
conditions. The SAPF performances, for the investigated 
identification methods, are tested for a non linear load (three-
phase diode rectifier). The simulation results, using Matlab 
Power System Blockset Toolbox from a complete structure, 
are presented and qualitatively discussed. 
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This paper is organized as following: after the introduction 
and short description of general structure, we present in the 
third section a brief mathematical recall of the suggested 
current identification methods. The fourth section gives a 
description of the block diagram of the positive sequence 
voltage detector. The fifth section shows a brief exposition of 
the Average Current Mode Control (ACMC) method. In the 
sixth section, the simulation results are presented. Finally, 
these results are discussed and commented in seventh section.  

II. GENERAL STRUCTURE 

The SAPF generate and inject the compensation current at 
the Point of Common Connection (PCC). The injected current 
is equivalent to the load current perturbations. Thus, the 
resulting total current drawn from the ac mains is sinusoidal. 

The main circuit is given in Fig. 1 and the simulation 
parameters are: 
 Three wires of the power network (Rs Ls, Vrms)= (0.25m, 

19.4mH, 220V) ; 
 The Non linear load: three-phase diode rectifier feeding 

RL load at its dc side: (R, L)= (150, 1mH); 
 The Voltage source inverter (VSI) with a capacitor in its 

dc side, (Vdc, C)= (740V, 5.10-3 F); 
 The Output filter (L, r)= (3.10-3 H, 1). 

 

 

Fig. 1 General structure of the SAPF control 
 
The passive output filter is used to connect the inverter to 

the PCC and to reduce the harmonic current caused by 
switching operation of the power transistors. The first order 
passive filter design is given in [11]. 

III. DISTURBING CURRENT IDENTIFICATION METHODS 

The mathematical recall of the pq, SD and dq methods are 
given below. 
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A. Instantaneous Active and Reactive Power (pq) 

The pq method, described in [4]-[6] and [12], is used to 
calculate instantaneously the reference current. This method is 
based on the instantaneous voltage and current on the load 
side expressed in a stationary reference - as given by (1) 
and (2) respectively. For simplicity a null value for zero 
sequences voltage and current are considered. 

 

   abcvCv    32         (1) 

   abciCi    32         (2) 

 

32C : Concordia transformation. 

The instantaneous real power given by (3) in three phase 
circuit is defined in [6]. 

 

 ivivivivivp ccbbaa       (3) 

 
The conventional instantaneous reactive power in the three 

phase system introduces the instantaneous imaginary power 
space vector expressed by (4) which is defined in [6]. 

 

 ivivq           (4) 

 
Both powers are decomposed into oscillatory component 

(perturbation power) and average component (fundamental 
active and reactive power). The conventional instantaneous 
active and reactive powers are then expressed by: 
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To reach a sinusoidal current with unity power factor the 

oscillating term of p and all terms of q have to be removed. In 

our case, only harmonics compensation is considered. 
Consequently, the powers to be compensated are: 

 

qqpp cc
~           ,~          (6) 

 
For the harmonic compensation, the filters introduces some 

harmonics that are not present in the load current [5]. To 
prevent this phenomenon the gains of the low-pass filters 
given in Fig. 2 used to eliminate the average component of 
real and reactive power must be the same. 

The dc-link capacitor voltage can be controlled by trimming 

the instantaneous real power avp . The compensation current in 

- quantities is given by: 
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By performing the inverse transformation, the three phase 

compensation current is obtained by: 
 

   *
32

*   c
T

abcc iCi            (8) 

 

Under non-ideal voltage conditions v2
+v2

 is not constant. 
Therefore, the calculation of reference current is affected and 
undesirable harmonic components will appear in the line 
current after compensation. 

The diagram of the modified pq method (Mpq), 
corresponding to a combination of a standard pq with a PSVD 
is given in Fig. 2. 

 

 

Fig. 2 Block diagram of the instantaneous active and reactive power 

B. Synchronous Detection Method (SD) 

For the SD [3] and [7], [8], the three phase main current is 
assumed to be balanced after compensation. Thus: 

 

mcmbma III            (9) 

 

where maI , mbI  and mcI  are the amplitudes of the three phase 

main current after compensation. The real power consumed by 
the load can be represented as: 
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kv and cki , where k=(a, b, c) are the voltage source and load 

current respectively. The modified SD diagram (MSD), is 
given in Fig. 3. 

 

 

Fig. 3 MSD Current identification block diagram 
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the instantaneous real power avp . The low-pass filter is used 

to extract the average value P of the real power P , which is 

added to the avp . The real power is then split into three 

phases of the mains supply: 
 

Tkavk VVPPP /)(        (11) 

 

where kV  is the amplitude of each main voltage and 


K

KT VV . The desired main current can be calculated as: 
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The reference current is given by: 
 

mkckck iii *           (13) 

C. Instantaneous Active and Reactive Current idiq (dq) 

This method [7], [8], is based on a synchronous rotating 
frame derived from the voltage without using a Phase Looked 
Loop (PLL) circuit. In this theory, the active filter current is 
obtained from the instantaneous active and reactive current 
components (icd and icq) of nonlinear load. 

The load current in the a-b-c reference frame is transformed 
to the - reference frame according to (2). In the second step, 
these stationary reference frame quantities are then 
transformed into synchronous reference frame quantities based 
on the Park transformation given by (15). 

The direct and quadratic current components can be written 
in complex form, as: 

 

     cqcdcdq jiii         (14) 

 
which may also be written in matrix form as : 
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Using the simple geometry, (15) is written in terms of the 

stationary reference frame load voltage vectors as: 
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In the nonlinear load case, the instantaneous active and 

reactive load current can also be decomposed into oscillatory 

and average terms. Since the d and q axes rotate at the angular 
frequency =2f fundamental in the - plane, the first 
harmonic positive sequence current is transformed to dc 
quantity, and other current components constitute the 
oscillatory parts. After removal of the dc-component of icdq a 
using low-pass filter, the compensation current in - 
reference is obtained by (17). 

A PI with anti-windup performs the voltage regulation on 
the VSI dc side. Its input is the capacitor voltage error (Vref-
Vdc). Through regulation of the first harmonic direct current of 
positive sequence idch1

+, it is possible to control the active 
power flow in the VSI and thus the dc-link capacitor voltage 
Vdc. The reactive power may be controlled by the first 
harmonic quadratic current of positive sequence iqch1

+. 
However, considering that the primary end of the active filter 
is simply the elimination of current harmonics caused by 
nonlinear loads, the current iqch1

+ is set to zero.  
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The three-phase compensation current is obtained by (8). 

The diagram of the modified dq method, given in Fig. 4, 
shows the control circuit of the compensator. 

 

 

Fig. 4 Control circuit block diagram of the modified dq 

IV. POSITIVE SEQUENCE VOLTAGE DETECTION 

The positive sequence voltage detection uses a PLL circuit 
locked to the fundamental frequency of the system voltage [4] 
and [13]. The output of the PLL circuit corresponds to the - 
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' ti    and )cos( 1
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some auxiliary fundamental positive sequence current, 
considering only the fundamental positive sequence 
components. There are used in the main circuit of the positive 

sequence voltage detector as auxiliary current source '
i  and 

'
i . The voltage source transformed into the - axis, given 

by (1), are used together with auxiliary current source '
i and 

'
i  to calculate the auxiliary powers 'p  and 'q (5). The 

influence of the fundamental negative sequence and the 
harmonics will appear only in the high frequency components 

of the 'p and 'q . Two 5th order Butterworth low-pass filters 
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are used to obtain the average values or the real 
'p  and 

imaginary 'q  powers. According to the (18) '
v and '

v  are 

calculated, which correspond to the fundamental positive 
sequence components of the system voltage transformed into 
the - axis. 
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Finally, the three phase voltage source '
av , '

bv  and '
cv  can 

be calculated applying the inverse transformation given by (8). 
The diagram of the positive sequence voltage detection is 
represented in Fig. 5. 

 

 

Fig. 5 Positive sequence voltage detector diagram (PSVD) 

V. CURRENT CONTROL LOOP 

The output current of the converter must track the reference 
current produced by the identification method. Thereupon, a 
regulation block is required and must be designed. The 
reference current is often regulated by a PI regulator. But, the 
output current can track the reference current with an 
amplitude error or phase delay [12]. In this paper, we propose 
the Average Current Mode Control (ACMC) [10] instead of 
classical regulator. In fact, the ACMC is a current control 
technique that has an almost switching frequency and 
produces a user-defined current waveform. It has a fast 
response time and is capable of supporting a wide range of 
power circuit topologies. ACMC uses an integrating filter to 
produce an average current error that is compared to a 
triangular waveform to produce the required Pulse Width 
Modulation (PWM) signal (fs=10KHz) [9]. The control circuit 
topology is shown in Fig. 6. 

 

 

Fig. 6 ACMC circuit block 
 

The Current control transfer function is given by: 
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VI. SIMULATION RESULTS  

The purpose of the simulation is to show the effectiveness 
of the shunt active filter with proposed identification methods 
to maintain the current source sinusoidal when the source 
supplying a nonlinear load under ideal, unbalanced and non 
sinusoidal voltage conditions. 

A. Ideal Voltage Source Conditions (IVC) 

The three phase voltage source are balanced and do not 
contain harmonic components (Fig. 7 (a)). Fig. 7 (b) shows the 
line current and its spectrum before compensation. The line 
current and its spectrum after compensation using pq, SD and 
dq method are represented in Fig. 7 (c). 

 

 

(a)        (b) 
 

 

(c) 

Fig. 7 (a) ideal voltage source, (b) line current and its spectrum 
before compensation (c) line current and its spectrum after 

compensation using respectivly pq, SD and dq methods 
 

Table I illustrates the individual amplitude of low-order 
harmonics, in the supply current, to individual harmonics 
given by the IEC 1000-3-4 standard. 

 
TABLE I 

HARMONIC CONTENTS IN THE SUPPLY CURRENT (IVC) 

h 
Ih/I1 (%) 
Before 

Compensation (BC)

Ih/I1 (%) After compensation (AC) IEC 
1000-3-4 
Ih/I1 (%) Pq SD dq 

5 22.6 0.4 0.3 0.4 9.5 

7 11.3 0.4 0.3 0.4 6.5 

11 9.0 0.4 0.3 0.3 3.1 

13 6.5 0.3 0.3 0.3 2.0 

17 5.7 0.4 0.4 0.4 1.2 

19 4..5 0.3 0.3 0.3 1.1 

 
The line current THDi is 29.6% before compensation. It is 

reduced after compensation to 1.2% using pq method, to 1.0% 
using SD method and to 1.1% using dq method. Then the time 
domain current identification methods and modified methods 
give the same and good results. 
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B. Unbalanced Voltage Source Conditions (UVC) 

The three phase voltage source is unbalanced, but do not 
contain harmonic components Fig. 8 (a). Its expression is 
given in (20). 
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        (20) 
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 VVtvb   where 220.21 V  

 
Figs. 8 (b)-(h) show the line current and its spectrum before 

compensation and after compensation using pq, Mpq, SD, 
MSD, dq and Mdq. 

 

 

(a)        (b) 
 

 

(c)        (d) 
 

 

(e)        (f) 
 

 

(g)       (h) 

Fig. 8 (a) unbalanced voltage source, (b) line current and its spectrum 
before compensation. (c), (d), (e), (f), (g) and (h) line current and its 
spectrum after compensation using respectively, pq, Mpq, SD, MSD, 

dq and Mdq 
 

The harmonic current contents repartition before and after 
compensation using all these methods, under unbalanced 
voltage conditions are resumed in Table II. 

 
 
 
 

TABLE II 
HARMONIC CONTENTS IN THE SUPPLY CURRENT (UVC) 

h 
Ih/I1 (%) 
Before 

Compensation (BC)

Ih/I1 (%) After compensation (AC) 

pq Mpq SD MSD dq Mdq 

3 6.8 12.5 0.5 0.8 0.5 5.9 0.3 

5 13.4 2.2 0.5 0.5 0.5 1.0 0.5 

7 11.5 0.3 0.4 0.3 0.4 0.3 0.4 

9 7.9 0.3 0.3 0.3 0.3 0.3 0.3 

11 0.1 0.4 0.4 0.4 0.4 0.4 0.4 

13 4.3 0.2 0.2 0.2 0.2 0.2 0.2 

15 5.9 0.4 0.4 0.4 0.4 0.4 0.4 

17 3.2 0.4 0.4 0.3 0.4 0.4 0.4 

19 0.3 0.1 0.2 0.1 0.1 0.1 0.1 

 

Table II shows that significant levels of triplens harmonic 
current appeared before compensation, under UVC’s, and 
illustrates also the individual amplitude of low-order 
harmonics in the supply current as a percentage of the 
fundamental component. 

We can note that the 3rd harmonic is amplified in the case of 
pq method and is less reduced for dq method. The line current 
THDi is 23.2% before compensation. It is reduced after 
compensation to 12.8% using pq and to 1.6% using Mpq, to 
1.6% using SD and MSD, and to 6.2% using dq and to 1.5% 
using Mdq. 

C.  Distorted Voltage Source Conditions (DVC)  

The three phase voltage source is balanced, but contains the 
5th and 7th harmonic components Fig. 9 (a). Its expression is 
given in (21): 
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where 5/15 VV  and 7/17 VV   

Figs. 9 (b)-(h) show the line current and its spectrum before 
compensation and after compensation using pq, Mpq, SD, 
MSD, dq and Mdq 

The voltage Total Harmonic Distortion (THDv) in the PCC 
is 24.6%. 
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(c)       (d) 
 

 

(e)        (f) 
 

 

(g)        (h) 

Fig. 9 (a) distorted voltage source, (b) line current and its spectrum 
before compensation. (c), (d), (e), (f), (g) and (h) line current and its 
spectrum after compensation using respectively pq, Mpq, SD, MSD, 

dq and Mdq 
 

The harmonic contents repartition before and after 
compensation under DVC’s, are resumed in Table III. 

 
TABLE III 

HARMONIC CONTENTS IN THE SUPPLY CURRENT (DVC) 

h 
Ih/I1 (%) 
Before 

Compensation (BC) 

Ih/I1 (%) After compensation (AC) 

pq Mpq SD MSD dq Mdq 

5 37.1 14.6 0.7 20.9 0.4 2.2 0.4 

7 6.3 20.4 0.7 15.6 0.3 2.4 0.4 

11 4.5 2.3 0.3 0.4 0.2 0.1 0.3 

13 3.5 4.4 0.4 0.8 0.3 0.7 0.4 

17 3.4 0.3 0.5 0.1 0.2 0.2 0.2 

19 2.7 0.8 0.5 0.1 0.1 0.1 0.2 

 

Table III illustrates the individual amplitude of low-order 
harmonics in the supply current as a percentage of the 
fundamental component under DVC’s. 

We can note that only the 7th harmonic current is amplified 
after compensation using pq and SD methods. The value of the 
line current THDi is 38.6% before compensation. It is reduced 
after compensation to 25.6% using pq and to 1.6% using Mpq, 
to 26.1% using SD and to 1.0% using MSD, to 3.3% using dq 
and to 1.0% using Mdq. 

The synthesis of all these results is resumed in Table IV. 
 
 
 
 
 
 
 

TABLE IV 
SUMMARY OF THE HARMONIC ISOLATION METHODS 

Identification methods pq Mpq SD MSD dq Mdq 

THDi(%) 

IVC 
BC 29.6 

AC 1.2 1.0 1.1 

UVC 
BC 23.2 

AC 12.8 1.6 1.6 1.6 6.2 1.5 

DVC 
BC 38.6 

AC 25.6 1.6 26.1 1.0 3.3 1.0 

Harmonic current 
orders 

3th 
UVC 

++ --- --- --- - --- 

5th -- --- --- --- --- --- 

5th 

DVC 

- --- - --- -- --- 

7th ++ --- ++ --- -- --- 

11th - --- --- ---- --- --- 

13th + --- --- --- --- --- 

Number of filter stages 2 4 1 3 2 4 

+: With higher number of the “+”, the harmonic order is more amplified  
-: With higher number of the “–”, the harmonic order is more reduced. 
 
All the compared methods are effective under ideal voltage 

conditions and the three modified methods are effective under 
all voltage conditions. 

Using pq method, under unbalanced voltage conditions the 
3rd harmonic order is amplified, the 5th harmonic order is 
slightly reduced. Under distorted voltage conditions, the 5th 
and 11th harmonic orders slightly reduced, and 7th and 13th 
harmonic orders are amplified. 

The SD method is an acceptable solution under unbalanced 
voltage conditions. However it is worse under distorted 
voltage conditions, because the 5th harmonic order slightly 
reduced, and 7th harmonic order is amplified. 

Using dq method, the harmonic perturbations are reduced 
under distorted and unbalanced voltage conditions, with 
lowest reduction of the 3rd harmonic order under unbalanced 
voltage conditions. 

VII. CONCLUSION 

This paper has described the control of shunt active power 
filter using an ACMC regulation current technique and 
different reference current detection methods. A positive 
sequence voltage detector block has been introduced to 
overcome the limitation of the time domain reference current 
detection methods under ideal, non sinusoidal and unbalanced 
voltage conditions. 

Compared to IEC 1000-3-4 standard and basis of the 
synthesis of all results in Table IV, the presented results have 
proven good performances and verify the feasibility of the 
modified detection methods and are most effective for all 
voltage conditions. These results highlight also the major 
problem of the pq method under non ideal voltage conditions 
and the SD under distorted voltage conditions. The dq method 
provides acceptable results without the need of PSVD under 
all voltage conditions.  

Then we can conclude that the dq method is one of the most 
effective and optimal methods, and the SD is more effective 
than pq under unbalanced voltage conditions. 

In the future work, we will study the same problem with the 
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neutral conductor in unbalanced load and reactive power 
compensation, and will try to validate the simulation results 
using the experimental results. 
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