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Abstract -There are today many techniques for controlling active filters on three-phase networks in order to 

correct the power factor and limit the harmonics consumed at the source. Almost all of these methods are designed 

for a perfect sinusoidal source and don’t perform sinusoidal current when voltages are perturbed. The work 

developed here concerns the active filtering on a perturbed network, that is to say the presence of voltage 

harmonics at the connection point in addition to an unbalanced voltages system. A proposed method is described 

and their results are compared to those obtained by the p-q theory, modified p-q theory and p-q-r method for an 

application on a three wire power distribution network under perturbed voltage and non-linear load. The 

assessment concerns the system of currents in the source side after filtering and a comparative evaluation for 

unbalance factor and  𝑇𝐻𝐷𝑖 for all methods. 

Keywords – Active Filter, Distribution of electrical energy, power three-phase network, 

correction techniques, Instantaneous active power 

1. INTRODUCTION 

The increase of the non-linear loads connected on the 

distribution networks of the electric energy leads to 

an excessive injection of harmonics and the 

circulation of reactive power on the distribution lines. 

These periodic but non-sinusoidal currents circulate 

through the impedances of the networks and give rise 

to non-sinusoidal voltages which are added to the 

initial voltage [1]. We are faced with a degradation of 

the quality [2] of power which has detrimental 

consequences on the proper functioning of electrical 

appliances and which incurs an additional cost for the 

installations. This causes known damage that must be 

fought forcefully [3]. The ability of shunt active 

filters to remove these problems has given rise to a 

great deal of work in recent years and many solutions 

have emerged. Very often they are based on the 

concept of instantaneous reactive power and on the 

theory p-q. This approach is particularly effective but 

is based on the existence of a sinusoidal voltage 

source. If the source has harmonics of voltage the 

efficiency is reduced especially for the power factor. 

We propose here to develop a method based on the 

notion of instantaneous active power and based on the 

effective value of the fundamental of the voltage. 

This method explicitly takes into account voltage 

harmonics and is part of a general methodology 

applicable in multiphase systems particularly in three 

phase 3-wire, three-phase 4-wire and in single phase 

networks. The general approach has been the subject 

of a patent application [4]. 

This work is conducted as follow: In section 2, a 

presentation on the Active Power Filter APF and its 

control law is made. In section 3, control strategies 

are presented for the p-q theory, modified p-q theory, 

p-q-r method in addition to these of the proposed 

method called DCAP (Direct Control for Active 

Power). In section 4 the procedure that lead to a 

perturbed voltage (THD=25%) and the results for 

numerical experiment are discussed. This work 

finally ends with some conclusions. 

2. SHUNT ACTIVE POWER FILTER 

SOLUTION 

The parallel active filter (PAF) is the most 

common solution for the cancellation of harmonic 

currents. The conventional structure of the two-

level inverter (fig 1) is very widespread for Low 

Voltage applications. 

Non 
linear 
load

CCP cbLai ,,

cbfai ,,

3,2,1v

cbsai ,,

cbfaL ,,

cbav ,,

Active Power Filter

cbaQ ,,
cV

Fig.1. Three-wire Active Power Filter connected 

on the grid 

Figure 2 shows the structure of the control law for 

a one phase only e.g. phase (a). It reveals 3 

essential functions, first a block to extract the 

harmonics and reactive current 𝑖𝑟,ℎ to be 

compensated, a current loop and finally a voltage 

loop. 
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Fig. 2. Structure of control law 

In this work we are particularly interested in the 

harmonic extraction block. This block in its simplest 

version uses only the current of the load but it is 

possible to use the power like as in the proposed 

method. 

3. CONTROL STRATEGIES FOR APF 

3.1.  P-Q THEORY IN THREE PHASE  

The p-q theory initially developed for the three-phase 

systems by Akagi and al., [5], is one of the theories 

more appropriate to generate references of current. 

The p-q theory translates into a high dynamic 

response and stable steady state. It is based on a 

transformation of currents and voltages vectors from 

the 𝑎, 𝑏, 𝑐 to the 𝛼, 𝛽 frame in (1) and (2) whose an 

instantaneous active power p(t) and an instantaneous 

reactive power q(t) are defined that are given by (4) 

[
𝑖𝛼
𝑖𝛽
] = 𝑪23. [

𝑖𝑎
𝑖𝑏
𝑖𝑐

]     (1) 

[
𝑣𝛼
𝑣𝛽
] = 𝑪23. [

𝑣𝑎
𝑣𝑏
𝑣𝑐
]      (2) 

With 𝑪23 is the Concordia matrix in (3): 

𝑪23 = √
2

3
 . [
1 −1/2 −1/2

0 √3/2 −√3/2
]  (3) 

[
𝑝
𝑞] = [

𝑣𝛼 𝑣𝛽
−𝑣𝛽 𝑣𝛼

] . [
𝑖𝛼
𝑖𝛽
]   (4) 

The currents to be generated by the APF are given in 

(5) and obtained by the inversion of (4).  

[
𝑖𝑟𝛼
𝑖𝑟𝛽
] =

1

𝑣𝛼
2+𝑣𝛽

2 [
𝑣𝛼 −𝑣𝛽
𝑣𝛽 𝑣𝛼

] . [
𝑝𝐶
𝑞𝐶
]  (5) 

To perform compensation without using energy 

storage component it is good enough to eliminate the 

instantaneous reactive power without altering the 

active power like as (6). 

{
𝑞𝐶 = 𝑞̅ + 𝑞̃
𝑝𝐶 = 0

    (6) 

To eliminate harmonics and reactive power, the 

undesirable powers to be compensated are expressed 

in (7). 

{
𝑞𝐶 = 𝑞̅ + 𝑞̃
𝑝𝐶 = 𝑝

    (7) 

And finally, the reference currents obtained in 𝛼, 𝛽 

frame, with taken into account the losses in the 

filter, then the power 𝑝𝑓 to be absorbed by the 

source and needed to regulate the DC bus voltage, 

are formulated in (8). 

[
𝑖𝑟𝛼
𝑖𝑟𝛽
] =

1

𝑣𝛼
2+𝑣𝛽

2 [
𝑣𝛼 −𝑣𝛽
𝑣𝛽 𝑣𝛼

] . [
𝑝 − 𝑝𝑓
𝑞̅ + 𝑞̃

]  (8) 

The bloc diagram in figure 3 shows the steps to 

extract the reference currents on the 𝑎, 𝑏, 𝑐 frame. 

 

Fig. 3. Bloc diagram to extract the reference 

currents based on the p-q theory 

3.2. MODIFED P-Q THEORY IN THREE PHASE  

The modified p-q theory [6] is based on the 

definition of three reactive powers and an active 

power and it is dedicated in priority for 4 wire and 

formulated as (9). 

[

𝑝
𝑞0
𝑞𝛼
𝑞𝛽

] =

[
 
 
 
𝑣0    𝑣𝛼  𝑣𝛽
0 −𝑣𝛽 𝑣𝛼
𝑣𝛽 0 −𝑣0
−𝑣𝛼 𝑣0 0 ]

 
 
 
. [

𝑖0
𝑖𝛼
𝑖𝛽

]  (9) 

Its application in 3 wires is a particular case from 

(9) for 𝑖0 = 0. In this paper the application aims 

the active filtering on a perturbed 3 wire network, 

then 𝑣0 ≠ 0 and 𝑖0 = 0. 

The reference currents are obtained by the 

inversion of (9) and are formulated in (10).  

[
𝑖𝑟𝛼
𝑖𝑟𝛽
] =

1

𝑣0𝛼𝛽
2 . [

𝑣𝛼 −𝑣𝛽 0
𝑣𝛽 𝑣𝛼 −𝑣0

  
𝑣0
0
] . [

𝑝𝐶
𝑞0𝐶
𝑞𝛼𝐶
𝑞𝛽𝐶

] (10) 

With, 𝑣0𝛼𝛽 = √𝑣0
2 + 𝑣𝛼

2 + 𝑣𝛽
2   (10.a) 

To compensate harmonics and reactive power, the 

reference compensation powers are in (11). 

{

𝑝𝐶 = 𝑝
𝑞𝐶0 = 𝑞0
𝑞𝐶𝛼 = 𝑞𝛼
𝑞𝐶𝛽 = 𝑞𝛽

    (11) 

Then, the system of reference currents obtained in 

𝛼, 𝛽 frame, is formulated in (12). 
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[
𝑖𝑟𝛼
𝑖𝑟𝛽
] =

1

𝑣0𝛼𝛽
2 [

𝑣𝛼 −𝑣𝛽 0
𝑣𝛽 𝑣𝛼 −𝑣0

  
𝑣0
0
] [

𝑝 − 𝑝𝑓
𝑞0
𝑞𝛼
𝑞𝛽

](12) 

The bloc diagram in figure 4 shows the extraction of 

reference currents on the 𝑎, 𝑏, 𝑐 frame.  

 

Fig. 4. Bloc diagram to extract the refrence currents 

based on the modified p-q theory 

3.3. P-Q-R THEORY IN THREE PHASE  

For this method [7,8], two transformations are 

required. Once currents calculated in the α, β, 0 

frame, an another transformation to the p, q, r frame 

is necessary (12). The pqr-coordinate is developed as 

well as space-vector transformation by using Euler 

angle rotation. By using the Euler angles methods of 

twice rotation the available mapping matrices model 

is resulted in (12): 

[

𝑖𝑝
𝑖𝑞
𝑖𝑟

] = 𝑻𝑝𝑞𝑟 [

𝑖0
𝑖𝛼
𝑖𝛽

]    (12) 

With,  

𝑻𝑝𝑞𝑟 =
1

𝑣0𝛼𝛽
.

[
 
 
 
 
𝑣0 𝑣𝛼 𝑣𝛽

0 −
𝑣0𝛼𝛽.𝑣𝛽

𝑣𝛼𝛽

𝑣0𝛼𝛽.𝑣𝛼

𝑣𝛼𝛽

𝑣𝛼𝛽 −
𝑣0.𝑣𝛼

𝑣𝛼𝛽
−
𝑣0.𝑣𝛽

𝑣𝛼𝛽 ]
 
 
 
 

 (13) 

And, 𝑣𝛼𝛽 = √𝑣𝛼
2 + 𝑣𝛽

2    (13.a) 

Note that, in the case of 3 wire the homopolaire 

component of current is nul 𝑖0 = 0 but all equations 

remain valide and it is not necessary to reduce their 

expression. Automaticly, the components that 

depends on 𝑖0 become nul. 

 This methode is based on the difinition of an active 

power and tow reactive powers in (14) 

[

𝑝
𝑞𝑞
𝑞𝑟
] = [

𝑣𝑝 . 𝑖𝑝
−𝑣𝑝. 𝑖𝑟
𝑣𝑝. 𝑖𝑞

] = 𝑣𝑝 . [

𝑖𝑝
−𝑖𝑟
. 𝑖𝑞

]  (14) 

In the pqr-coordinate transformation two consecutive 

transformations are made and the purpose of which is 

to cancel the voltage components on the q-axis and r-

axis. So only one voltage is calculated in p-axis and 

that gives. 

 𝑣𝑝 = 𝑣0𝛼𝛽     (14.a) 

They are two ways for the compensation in this 

method. The first is based on power compensation 

and these results are similar to those of the p-q and 

p-q modified methods. The second is based on the 

current compensation presented in following.  

The reference currents of the 𝑝, 𝑞, 𝑟 frame are then 

in (15) and recalculated in the 𝛼, 𝛽, 0 frame in (16) 

{

𝑖𝑟 𝑝 = 𝑖̃𝑝
𝑖𝑟𝑞 = 𝑖𝑞

𝑖𝑟𝑟 = 𝑖𝑟 +
𝑖𝑝.𝑣0

𝑣𝛼𝛽

   (15) 

[

𝑖𝑟 0
𝑖𝑟𝛼
𝑖𝑟𝛽

] = 𝑻𝑝𝑞𝑟
−1 [

𝑖𝑟𝑝
𝑖𝑟𝑞
𝑖𝑟𝑟

]   (16) 

𝑻𝑝𝑞𝑟
−1  is the  inverse of  𝑻𝑝𝑞𝑟 expressed in (17). 

𝑻𝑝𝑞𝑟
−1 =

1

𝑣0𝛼𝛽
.

[
 
 
 
 
𝑣0 0 𝑣𝛼𝛽

𝑣𝛼 −
𝑣0𝛼𝛽.𝑣𝛽

𝑣𝛼𝛽
−
𝑣0.𝑣𝛼

𝑣𝛼𝛽

𝑣𝛽
𝑣0𝛼𝛽.𝑣𝛼

𝑣𝛼𝛽
−
𝑣0.𝑣𝛽

𝑣𝛼𝛽 ]
 
 
 
 

. [

𝑖𝑟𝑝
𝑖𝑟𝑞
𝑖𝑟𝑟

](17) 

The bloc diagram in figure 5 shows the extraction 

of reference currents on the 𝑎, 𝑏, 𝑐 frame. 

Fig.5. Bloc diagram to extract the reference 

currents based on the modified p-q-r theory 

3.4. DCAP THEORY IN THREE PHASE  

The proposed DCAP method is based on the 

repartion of sinusoidal and equilibrate currents in 

the source side and not on the repartition of equal 

powers in the lines of the source. It is developped 

for a polyphase system and it has been 

demonstrated that the fundamental conductance of 

eache phase, for a perturbed polyphase system,  is 

then expressed in (17). In a futur work, more 

details  are given for the DCAP method. 

{
 
 
 
 

 
 
 
 𝐺𝑓1 =

𝑃𝑠

𝑉𝑓1.(∑ 𝑉𝑓𝑗
𝑘
𝑗=1 )

𝐺𝑓2 =
𝑃𝑠

𝑉𝑓2.(∑ 𝑉𝑓𝑗
𝑘
𝑗=1 )

.

.

.

𝐺𝑓𝑘 =
𝑃𝑠

𝑉𝑓𝑘.(∑ 𝑉𝑓𝑗
𝑘
𝑗=1 )

   (17) 

The three phase system is a particular case of (17) 

for k=3 and the desired currents in the soure side 
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𝑖𝑠𝑑 𝑎,𝑏,𝑐 for a 3 phase system are formulated like as 

(18) 

{
 
 

 
 𝑖𝑠𝑑𝑎 =

𝑃𝑠

𝑉𝑓𝑎.(𝑉𝑓𝑎+𝑉𝑓𝑏+𝑉𝑓𝑐)
. 𝑣𝑓𝑎

𝑖𝑠𝑑𝑏 =
𝑃𝑠

𝑉𝑓𝑏.(𝑉𝑓𝑎+𝑉𝑓𝑏+𝑉𝑓𝑐)
. 𝑣𝑓𝑏

𝑖𝑠𝑑𝑐 =
𝑃𝑠

𝑉𝑓𝑐.(𝑉𝑓𝑎+𝑉𝑓𝑏+𝑉𝑓𝑐)
. 𝑣𝑓𝑐

  (18) 

𝑃𝑠 is the active power to be feeded by the source and 

deduced from (19) 

𝑃𝑠 = 𝑃𝐿 + 𝑃𝑓     (19) 

𝑃𝐿  is the active power needed by the load and 

obtained at the output of a Low Pass Filter after the 

calculation of the instantaneous power in (20) 

𝑝𝐿(𝑡) = 𝑣𝑎 . 𝑖𝐿𝑎 + 𝑣𝑏 . 𝑖𝐿𝑏 + 𝑣𝑐 . 𝑖𝐿𝑐  (20) 

𝑃𝑓 is the power to be absorbed by the filter and 

needed to the regulation of the DC bus voltage. The 

system of sinusoidal currents required for this action 

is in (21)  

{
 
 

 
 𝑖𝑙𝑜𝑠𝑠𝑒 𝑎 =

𝑃𝑓

𝑉𝑓𝑎.(𝑉𝑓𝑎+𝑉𝑓𝑏+𝑉𝑓𝑐)
. 𝑣𝑓𝑎

𝑖𝑙𝑜𝑠𝑠𝑒 𝑏 =
𝑃𝑓

𝑉𝑓𝑏.(𝑉𝑓𝑎+𝑉𝑓𝑏+𝑉𝑓𝑐)
. 𝑣𝑓𝑏

𝑖𝑙𝑜𝑠𝑠𝑒 𝑐 =
𝑃𝑓

𝑉𝑓𝑐.(𝑉𝑓𝑎+𝑉𝑓𝑏+𝑉𝑓𝑐)
. 𝑣𝑓𝑐

 (21) 

The RMS value for equal currents is in (22) 

𝐼𝑠𝑑𝑎 = 𝐼𝑠𝑑𝑏 = 𝐼𝑠𝑑𝑐 =
𝑃𝑠

(𝑉𝑓𝑎+𝑉𝑓𝑏+𝑉𝑓𝑐)
   (22) 

Once the sinusoidal actif currents desired in the 

source 𝑖𝑠𝑑 𝑎,𝑏,𝑐  are calculated, the refrence currents 

are deduced by (23) 

𝑖𝑟 𝑖 = 𝑖𝐿 𝑖 − 𝑖𝑠𝑑 𝑖  𝑖 = 𝑎, 𝑏, 𝑐.  (23) 

4. SIMULATION AND RESULTS 

DISCUSSION 

The schema of the power circuit is shown on fig. 6. 

𝑣1, 𝑣2, and 𝑣3 represent the voltages at the source. 

Three unequal impedances 𝑍𝑎,𝑏,𝑐 are connected 

between the source and the 𝑃𝐶𝐶 , (𝑅𝑎=44.4 Ω, 𝑅𝑏= 35 

Ω et 𝑅𝑐=38.3 Ω)  in series with (𝐿𝑎= 45 µH, 𝐿𝑏 = 20 

µH et 𝐿𝑐 = 21 µH). The load is constituted by a three 

phase diode bridge that feed a resistance 𝑅𝑐ℎ=40.4Ω 

and an inductance 𝐿𝑐ℎ=27.67mH. three identical 

impedances are connected at the input of the bridge 

L= 6,7 mH, R=0.5 Ω  to simulate cables and 

connection impedance. The APF connected to the 

grid via three inductances  (𝐿𝑓𝑎=12.81mH, 

𝐿𝑓𝑏=13.72 mH and 𝐿𝑓𝑐=10.6mH) in series with their 

internal resistances (𝑅𝑓𝑎= 0.5Ω, 𝑅𝑓𝑏=0.6Ω et 

𝑅𝑓𝑐=0.3Ω). The DC bus voltage is 650V. The 

maximum voltage for each capacitor is 400V, for it 

they are two capacitors in series. 𝐶ℎ=𝐶𝑏=0.6mF. The 

switching frequency is equal to 10 kHz. 

4.1. VOLTAGE PERTURBATION PROCEDURE 

Harmonic model for voltages source  𝑣1, 𝑣2, and 

𝑣3  is given in (24). They are slightly perturbed 

and unbalanced on no load operation. When 

currents before filtering, in fig.7, pass through the 

impedances 𝑍𝑎,𝑏,𝑐 having different values, it lead to 

 

Fig. 7. Simulation of source currents and va voltage 

before filtering (50V-5A-5ms/div) 

a large unequal voltages drop that induce 

unbalance on the voltages 𝑣𝑎,𝑏,𝑐 at the 𝑃𝐶𝐶  in fig.8. 

The RMS value of the fundamental of each voltage 

decreases then the THD increases and voltages 

become highly perturbed, e.g. 𝑇𝐻𝐷𝑣𝑎 = 25%, 

fig.8 

 

Fig.8. Perturbed voltages source and 𝑖sa source 

current before filtering (50V-5A-5ms/div) 

Fig 9 shows the simulation results using Psim tools 

for the four methods after filtering. For the DCAP, 

the currents system is sinusoidal and balanced 

fig.9.b despite the perturbation on voltages at the  

𝑃𝑐𝑐  in fig.9.a. For the p-q and modified p-q 

methods, currents system, fig.9.d and fig.9.f, is not 

sinusoidal after filtering. For the p-q-r theory in 

fig.9.h, currents are better than those provided by 

the p-q and modified p-q. Visually, the currents 

given by p-q-r method and those given by the 

DCAP are similar but in reality their performance 

in terms of distortion and imbalance are not the 

same. In fact, in fig.10 a comparison of 

performances on terms of unbalance factor 𝑈𝐹% =
𝑋𝑖

𝑋𝑑
 based on the European standard EN50160 and 

THD is performed. 

𝑋𝑑 and 𝑋𝑖 are the direct and inverse components of 

voltages or currents. Note that these values are 

measured by Fluke 438B device after experimental 

work. It is shown that only the DCAP meet with 

standards recommendation with an 𝑈𝐹 < 2%, and 

assumes the minimal 𝑇𝐻𝐷𝑖 . 

gaugerenques
Rectangle



        ELECTRIMACS 2017, 4th -6th July 2017, Toulouse, France 

 

 

5. CONCLUSION 

In this work the proposed DCAP method, object of 

patent application, is presented and compared to 

three known methods. It is seen that under perturbed 

network only the DCAP can provides sunisoidal 

currents on the source side and an 𝑈𝐹 < 2%. that 

meet with the standard recomandations. Its 

supperiority is evident. 
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𝑣1 = 335.4 sin(𝜔𝑡) + 1.27 sin(3𝜔𝑡 + 43) + 7.77 sin(5𝜔𝑡 − 171) + 3.39 sin(7𝜔𝑡 + 24)
+ 0.84 sin(9𝜔𝑡 − 130) + 0.42 sin(11𝜔𝑡 − 120) 

𝑣2 = 337.4 sin(𝜔𝑡 − 120) + 1.27 sin(3𝜔𝑡 + 2) + 7.9 sin(5𝜔𝑡 − 53) + 2.54 sin(7𝜔𝑡 − 104)
+ 1.41 sin(9𝜔𝑡 − 138) + 0.42 sin(11𝜔𝑡 + 5) 

𝑣3 = 333.4 sin(𝜔𝑡 − 240) + 0.3 sin(3𝜔𝑡 − 278) + 8 sin(5𝜔𝑡 − 291) + 2.82 sin(7𝜔𝑡 + 216)
+ 0.84 sin(9𝜔𝑡 − 158) + 0.14 sin(11𝜔𝑡 − 212) 

(24) 

 

Fig. 6. Schema of the power circuit 
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Results 
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100V-10A-5ms/div                              fig.9. a 

 

50V-5A-5ms/div                                 fig.9. b 
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100V-10A-5ms/div                               fig.9. c                                               

 

50V-5A-5ms/div                               fig.9. d 

 

Results 

for 

modified 

p-q 

method 

after 

filtering  

100V-10A-5ms/div                                  fig.9. e 

 

50V-5A-5ms/div                           fig.9. f 

 

Results 

for p-q-r 

method 

after 

filtering 

 

50V-5A-5ms/div                                fig.9. g 

 

50V-5A-5ms/div                                  fig.9. h 

 voltages source after filtering Source currents after filtering 

Fig. 9. Wave forms for voltages and currents after filtering 

 

 

a) Comparison on the Unbalance Factor                       b) Comparison on the THD 

Fig.10. Comparison of performances 
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