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Abstract. The paper presents a compensating system for the harmonics and the reactive power using active 

power filter in three-phase and four-wire systems. The conventional active power filters have been designed 

based on the p-q theory. However, these types of the filter can only compensate for the reactive power for the 

load and the detection result is not accurate if the three-phase voltage is distorted. To overcome this deficiency, a 

novel ip-iq algorithm based on the p-q theory is proposed for the control strategy of the active filter. The obtained 

simulation results show that by using the proposed control strategy, the total harmonics distortion in Matlab/ 

Simulink can be minimized.  
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Inteligentni nadzor za tri-fazni, štiri-žični aktivni 

močnostni filter 

 

V članku je predstavljen kompenzacijski sistem za višje 

harmonske komponente in jalovo energijo z uporabo 

aktivnega močnostnega filtra v tri-faznem in štiri-žičnem 

sistemu. Klasični aktivni močnostni filtri so zasnovani na 

osnovi teorije p-q. Takšna sita lahko kompenzirajo jalovo 

energijo le na bremenu in tudi kakovost kompenzacije je 

slabša v primeru popačenja zaradi višjeharmonskih 

komponent. V članku predlagamo algoritem ip-iq za nadzor 

aktivnega močnostnega filtra. Rezultati, dobljeni v 

simulacijskem okolju Matlab/Simulink, potrjujejo, da je s 

predlagano metodo nadzora možno zmanjšati popačenje zaradi 

višjeharmonskih komponent. 

 

1 INTRODUCTION 

The harmonic problem and power quality have become 

serious concerns due to the increasing of nonlinear loads 

in many power electronic equipments. The conventional 

approach for reactive and harmonic current 

compensation in power systems is to install shunt-

connected switched capacitor banks. Passive LC 

branches tuned at harmonic frequencies can be added 

for additional harmonic compensation [1]. The 

problems associated with the application of switched 

capacitors are: they act slowly, taking many cycles to 

react; the mechanical action makes them prone to 

mechanical failure; and the switching action can cause 

over voltage transients in the system [2]. 

 Using active power filter (APF) in place of the 

switched capacitors and LC filters can address these 

problems. APF is considered to be an effective and 

practical solution. Its dynamical characteristics 

overcome the previous drawbacks of the passive filters. 

When being connected in parallel with a power system, 

APF acts as a controlled harmonic current source, 

injecting simultaneously suitable currents into the power 

system to eliminate the harmonic content caused by 

nonlinear loads and to obtain a unity input power factor. 

 Fig.1 depicts an active power filter that implements 

PWM voltage-source converter connected in parallel 

with three-phase and four-wire nonlinear loads using a 

control method that based on instantaneous 

representative active power equality [3]. This active 

power filter will inject undesired currents to make the 

source currents nearly sinusoidal [4]. Application of this 

active power filter in three-phase and four-wire system 

will reduce the neutral current.  

 Most of active power filters control methods are 

based on extraction of harmonic components by using 

the imaginary p-q theory proposed by Akagi due to its 

advantages and superiority [5]. The p-q theory has been 

used very successfully to design and control of the APF 

for three-phase systems. This theory was extended by 

Aredes [6], for applications in three-phase and four-wire 

systems. The p-q theory was mostly applied to calculate 

the compensating currents assuming ideal mains 

voltages. However, the drawbacks of the theory are: It 

can not compensate the harmonic current component 

when the mains voltages are distorted [7-8]. In order to 

solve the problems of conventional p-q theory, a new ip-

iq (current of instantaneous real power and current of 

instantaneous imaginary power) algorithm is proposed 

for active power filter. 

 
Received 29 October 2013 

Accepted 3 December 2013 



272 JIAO 

lo
ad

sai

sb
i

sc
i

N
i

La
i

Lb
i

Lc
i

LN
i

1
C

1C
V

2
C

2C
V

C
V

CN
i

ca
i

cb
i

cc
i

aL

au

bu

cu

Non-Linear Load

APF 

Control 

Circuit

Li

cL

bL

SR
SL

SR
SL

SR SL

 
 

Figure 1. The basic compensation principle of the APF 

 

 

 

 This paper is organized as follows. Section 2 

introducers the instantaneous reactive power theory. 

Section 3 presents ip-iq algorithm. Section 4 

demonstrates and discusses the results, and Section 5 

draws conclusions. 
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Figure 2. α-β Coordinates vector 

 

2 CONVENTIONAL p-q THEORY 

In Fig.2, the p-q theory is based on the α-β 

transformation, also is called Concord transformation, 

where three-phase mains voltages and load currents can 

be transformed into two-axis representations as below: 

It consists in a real matrix, to the α-β stationary 

reference frame measuring three-phase power supply 

voltage (usa, usb, usc) and load current (iLa, iLb, iLc). It can 

be shown in Eq.1 and Eq.2 [9]. 
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In the p-q theory, instantaneous real power (p) and 

instantaneous imaginary power (q) are illustrated as 

[10]: 
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 The method based on control algorithm with load 

current measurement both p and q contain a DC term 

and an AC term [11]. They can be calculated as: 

 

p p p   (4) 

 

 q q q     (5) 

  

 The single DC component of the real and imaginary 

power is therefore selected as compensation power 

reference for harmonic and reactive power 

compensation. The compensation current references in 

α-β coordinates are calculated by Eq.6. 
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 The compensation current references in the α-β 

coordinates are then transformed back into the a-b-c 

coordinates through the inverse simplified Clarke 

Transformation. 
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3  ip-iq ALGORITHM 

 When the three-phase voltage is distorted, according to 

p-q method, the detection result is not accurate. Because 

the measures of the p-q must satisfy that ua, ub, uc 

participate harmonic current detection operation, the 

desired ua, ub, uc voltage which it should be no 

distortion of the sine wave, which will bring the error 

detection for the harmonic distortion of the current 

waveform. The compensated phase current value must 

contain harmonic voltage distortion components. 

 

 

 

 

 

 In the detection circuit of three-phase harmonic 

current, assuming instantaneous current of each phase: 
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where n indicates the harmonic order; I+n is the virtual 

value of positive-sequence; I-n is the virtual value 

negative sequence.  

 Applying the Clarke transformation yields the 

following currents: 
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where sin t        -cos t
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The DC component of instantaneous reactive and active 

current can be obtained through a low pass filter (LPF). 
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 I+1 is the virtual value of fundamental wave current. 

pi  and qi  is fundamental positive sequence component 

of ia, ib, ic. So, it can get three-phase current 

fundamental positive sequence component. 
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Figure 3. Control circuit using p-q theory 
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 The three-phase current signals minus fundamental 

positive sequence current component. We can get the 

harmonics and negative sequence current signal of iah, 

ibh, ich. In three-phase four-wire circuit, ia, ib and ic 

contain zero-sequence component and they contain zero 

sequence component is equal value. 

0
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 Current signal (
ai , 

bi , 
ci ) which contains only 

positive and negative sequence components will be 

achieved if zero-sequence component in each phase 

current can be removed. It can still be applied ip-iq 

method for testing three-phase and four-wire circuit. 
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 Fig.3 shows a block diagram of the proposed control 

circuit capable of improving the system stability. The 

control circuit extracts the fundamental components 

from detected supply currents by using the p-q method 

and inverse transformations as follows. The DC 

components of ip and iq, are extracted from ip and iq by 

two first-order and low-pass filters (LPF).  

 The phase-locked-loop (PLL) circuit generates 

together with the “sin and cos generator” two signals 

equal to sin(ωt) and cos(ωt), where ω is the line angular 

frequency and Φ is a generic phase angle guaranteeing 

that the generated sin(ωt+Φ) is in phase with the a phase 

voltage.  

 

4 SIMULATION RESULTS  

 To verify the analysis, Simulation is conducted using 

Matlab/Simulink to evaluate the load harmonic 

cancellation performance of the proposed active power 

filter based on Fig.1 and Fig.3. The simulations use 

main currents which contain distortion to show the 

capability of the ip-iq based the control method in doing 

compensation. Parameters used in the simulation are 

shown in Table 1. 

 
Table 1. Main parameters of the simulation system 

 

 

source 

voltage=220V 

Rs=0.08Ohm 

Ls=0.2mH 

APF La=Lb=Lc=5mH 

f=10kHz 

load R=0.06Ohm 

L=0.3mH 

 

 Simulation of without compensation and with 

compensation under proposed control topologies are 

carried out. As an example of current for phase ‘a’, 

Fig.4 to Fig.5, represent simulation results of currents 

without APF. 

 Fig.4 shows that the waveform is observed to be non-

sinusoidal. It represents the behavior of the three-phase 

and four-wire system source currents, which are highly 

distorted. Fig.5 shows the harmonic order of current for 

Phase ‘a’ and the THD (total harmonic distortion) is 

observed to be equal to 37.26 %. 
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Figure 4. Current before the active power filter 
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Figure 5. Harmonic spectrum before the active power filter 

 

 In Fig.6 and Fig.7, it is observed that the current are 

very close to sinusoidal as compared to the results 

obtained before the active power filter. THD decreases 

from 37.26% to 4.12%. It is proved to be less than the 

IEEE-519 standards, which also shows that the ip-iq 

control technique is successfully compensated. 
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Figure 6. Current after the active power filter 
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Figure 7. Harmonic spectrum after the active power filter 

 

5 CONCLUSION  

 The performance of a control strategy based on the ip-iq 

theory has been studied and this control method be 

implemented in three-phase and four-wire system. It is 

capable to operate under non-ideal main voltages with 

keeping force the source phase currents be sinusoidal 

without using source voltage sensing. It is clear from the 

simulation results that the compensation process for the 

control strategy has a better transient response. 
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