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Abstract- Recently more aware people had more concern on the quality of power supply. One of the reasons is due to the 

increasing demand of nonlinear loads. One of the major power quality (PQ) problems that causing malfunction of sensitive 

electronic equipment is harmonics. The Instantaneous Reactive Power (IRP) theory is the method that is used to calculate the 

harmonic compensation current for three-phase system. This technique is commonly used in the shunt active power filter 

(APF) for reducing the harmonics and providing a good harmonic compensation for unbalanced and nonlinear load conditions. 

This control theory will treat the three-phase system as three single-phase system. Therefore, it also can be implemented in the 

single-phase system. Implementation of IRP theory for single-phase system can be done by using two methods, which are 

Clarke’s transformation method and Phase-shift method. The aim of this paper is to discuss the performance shunt APF based 

on IRP theory for single-phase power system based on Clarke’s transformation method and Phase-shift method to compensate 

current harmonics generated by nonlinear loads in MATLAB/Simulink to show the effectiveness of the tested control methods. 

Results show, that Clarke’s transformation method has better harmonics compensation ability compared to Phase-shift method, 

it able to compensate odds and even harmonics. 

Keywords Active filter, control system, load modelling, harmonic, nonlinear load. 

 

1. Introduction 

The increasing of harmonics in power system (PS) is 

caused by the connected nonlinear loads and usage of power 

converter at the end-user. Many of harmonic sources are 

single-phase loads such as computer, fluorescent lamp, LED 

lamps, charger, printer and other home electronic equipments 

[1, 2]. Mostly, the home electronic appliances implement 

rectifier circuit for providing DC supply to the loads. The 

rectification will drag the current to non-linearity from the 

power supply and causes harmonic injection in the power 

supply [3]. Moreover, the power converters are used in 

industry to control the manufacturing processes and 

machines or the renewable energy like solar PV and wind 

that connected with the grid also are the source of harmonics 

[4-6].  

The usage of nonlinear loads is unavoidable in the PS, 

but the harmonics in the PS can be mitigated by two 

techniques. Firstly, by be including the harmonic mitigation 

design precautions during the early stage of the project like 

segregation of harmonic producing loads from sensitive 
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loads, using an isolation transformer (star/delta) and selection 

of the variable frequency drives [7]. However, to mitigate the 

harmonic for existing facilities can be done by using AC line 

reactors, DC reactors, K-factor transformers, multi-pulse 

drives or power filter like passive, active, and hybrid power 

filter [7, 8]. But, AC line reactors and DC line reactors are 

less effective in reducing the harmonic current to meet the 

harmonic standards (i.e THD < 5 %). Moreover, using        

K-factor transformer it can withstand some percentage of 

connected nonlinear loads at the secondary winding but it is 

not able to reduce the system harmonics [9]. Therefore, 

power filter became a better solution to implement for the 

harmonics reduction in PS. 

Initially passive filter was invented to mitigate the 

harmonic distortion problem. Since, the passive filter is 

designed to solve certain order of harmonics so it will be less 

effective when the system load is variable. Moreover, if the 

PS connect several passive filter for mitigate different order 

of harmonics, it may causes the resonance [10, 11]. 

Therefore, the APF is designed to overcome such drawback 

[12, 13]. For reducing current harmonic shunt APF topology 

is implemented [14-16]. The shunt APF is connected in 

parallel with the nonlinear load. The connection of shunt 

APF in PS is as shown in Fig. 1.  

 
Fig. 1. Connection of shunt APF in PS. 

The voltage source inverter (VSC) is implemented in the 

shunt APF and connected with a DC-link capacitor (CDC). 

The function of CDC in APF is to provide the reactive power 

that is need to compensate harmonics. The basic operation of 

shunt APF required current and voltage sensors for sensing 

AC current and voltage flow on the line and DC-link voltage 

at the inverter. The control system will calculate the error 

(harmonic current) based on the control theory which 

depends on the measured AC current, voltage and DC-link 

voltage at the inverter. The switching device in VSC provide 

switching pulse according to the harmonic compensation that 

is calculated by the IRP theory controller. A series inductor 

(Lripple) is connected with the shunt APF to reduce the ripple 

in harmonic compensate reactive current. 

This paper presents the modeling of a single-phase shunt 

APF with the control scheme based on the IRP theory for 

single-phase power system in MATLAB/Simulink. The 

simulation was carried out by using different types of loads 

to observe the performance of an APF. 

 

2. Instantaneous Active and Reactive Power Theory 

The IRP theory was introduced by Hirofumi Akagi in the 

year 1983 for three-phase circuits for define a set of 

instantaneous power in the time domain[17, 18]. This control 

theory has been widely used for harmonic compensation 

generated by nonlinear loads in APF for three-phase system. 

Most of the previous researchers [19-22] had implemented 

the IRP theory for single-phase systems by using Clarke’s 

transformation and given a good harmonic compensation. 

Since Clarke’s transformation required three-phase signals, 

so for implementing this method for single-phase system, the  

voltage and load current signals needed to be transformed 

into three-phase by signal shifting at ±120º [23]. However, 

another method named Phase-shift method can be used for 

IRP theory for single-phase system [24, 25]. The main 

advantage of Phase shift method is that there is no need of 

transforming the single-phase voltage and load current into 

three-phase form, therefore the control system is much more 

simplified. While, Clark’s transformation provides more 

accuracy to get harmonic compensation current (HCC). 

In the next part, we will discuss the mathematic model 

that has been implemented with IRP theory in single-phase 

system by using two methods: Method 1 (M1) Clarke’s 

transformation and Method 2 (M2) Phase-shift method. The 

phase locked loop (PLL) and hysteresis current controller 

will also implement in both methods 1 & 2 control system. 

The PLL is used in the control system to make sure that the 

collected source voltage is at the correct phase angle. The 

output of PLL is unity and contains synchronizing signal sin 

(ωt) and cos (ωt). For IRP theory, only sin (ωt) signal will be 

implemented in M1 and M2 control system. The hysteresis 

current controller is used to make sure the switches of the 

inverter are follows the calculated reference current [26-28].  

2.1. Method 1 – Clarke’s Transformation 

Before applying IRP theory with Clarke’s transformation 

method for single-phase system, firstly it need to transform 

single-phase supply voltage and load current from V and IL 

to three-phase Vabc and ILabc form respectively. The measured 

single-phase voltage is represented in (1): 

 
m

V= V sin ωt                                                                        (1) 

Eq. (1) will be fed into PLL block to obtain stable 

sinusoidal signal with amplitude of unity [29, 30]. The output 

of PLL sin (ωt) signal will be used for generating the Vabc 

signals. Eq. (2), Eq. (3) and Eq. (4) show the setting for 

phases abc delay for the output signal: 

 a
 V =sin ωt                                                                          (2) 

 o

b
V =sin ωt-120                                                        (3) 

 o

c
  V =sin ωt-240                                                                 (4) 

Multiplying the peak amplitude of fundamental input 

voltage magnitude with Vabc signal from Eq. (2), Eq. (3) and 

Eq. (4) will give the stable voltage signals V*
a,b,c as shown in 

Eq. (5): 
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*

a,b,c m a,b,c
V = V * V                                                                      (5) 

Then the system voltage became: 
*

a m
sv =V in(ωt)                                                       (6) 

* °

b m
v =V in(ωt-120 )s                                                  (7) 

* °

c m
v =V in(ωt-240 )s                                                      (8) 

In case of nonlinear load, the load current can be 

represented as: 

La n n

n=1

= i I sin(nωt+θ )


                                                           (9) 

Assuming that this current from “iLa” is the phase “ a ” 

current. Similarly, the corresponding phase “b” and “c” 

currents can be obtain by delay ±120º, which are represented 

as: 

Lb n n

n=1

= i I sin(nωt+θ -120°)


                                                (10) 

Lc n n

n=1

= i I sin(nωt+θ +120°)


                                               (11) 

These v*
a,b,c  voltage signal and iLabc load current signal 

will be send to Clarke’s transformation to transform the          

three-phase voltages and load currents from abc plane into 

αβ0 coordinates as follows: 

*
v

v a1/ 2 1/ 2 1/ 20
*

v  = 2/3 1 -1/2 -1/2 v
α b

0 3/2 - 3 /2v *
vβ

c

  
   
   
   
          

                            (12) 

0 La

α Lb

β Lc

i 1/ 2 1/ 2 1/ 2 i

i  = 2/3 1 -1/2 -1/2 i

i i0 3 /2 - 3 /2

    
    
    

         

                             (13) 

The transformation of three-phase voltage and load current 

from Eq. (12) and Eq. (13) will used to calculate the 

instantaneous zero sequence power (p0), real (p) and 

instantaneous reactive power (q) as given as in Eq. (14): 

0 0 0

α β α

β α β

p v 0 0 i

p = 0 v v i

q 0 -v v i

 

    
    
    
         

                                     (14) 

The calculated p from (14) is the total active power of the 

system included the power used by the average value of the 

instantaneous real power (p) and is transferred from the 

power source to the load ( p ), the oscillating power ( p ) in 

the system. Therefore, it can be write as: 

p = p + p                                                                            (15) 

The p value can be obtained by a Low Pass Filter (LPF) 

on the p  signal. Then, the p  signal can be represented as   

Eq. (16): 

p = p - p                                                                             (16) 

The power loss in the power inverter in APF is also refer 

as the regulation power (preg). The preg can be obtain by using 

Proportional Integral (PI) controller as a result of the error 

between the reference voltage (vref) and the measured       

DC-link voltage (vdc) Eq. (17): 

p ref dc I rer g f dcep = k (v -v ) + k (v -v )dt                                  (17) 

Thus, the compensation real power (pcomp) for the APF is 

given by Eq. (18): 

comp reg regp p - p) - p p - p= ( =                                              (18) 

The reactive power compensation (qcomp) is same as the 

calculated q. So, the αβ current references of the 

compensator for harmonic elimination are given as: 

α β comCα p

2 2
Cβ β α compα β

i v v p1
=

i v -v qv +v
 
     
     
     

                                    (19) 

The compensation currents from (19) can be transformed 

in abc quantities with inverse Clarke’s transformation in    

Eq. (20):  

*

Ca 0

*

Cb Cα

*

Cc Cβ

1/ 2 1 0i -i

i = 2/3 1/ 2 -1/2 3/2 i

i i1/ 2 -1/2 - 3 /2

 

  
  
  
      

 
 
 







                               (20) 

For single-phase system, only the i*
Ca is used to 

compensate the harmonic distortion. The i*
Ca represent as: 

α comp*

Ca 0 C

β comp

2 2

α β

α 0

pv * +v *q1 1
= - + = - +

v +v3 3
i i i i                 (21) 

For single-phase system, only the i*
Ca signal Eq. (21) will 

used to generate the switching pulse for the APF inverter. 

This i*
Ca signal will be sent to hysteresis current controller 

for generating the proper switching pulse for the APF power 

inverter. The block diagram of this M1 controller as shown 

in Fig. 2. 

Fig. 2. Block diagram of the M1 controller. 
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2.2. Method 1 – Phase-shift 

The PLL is also use in phase shift method to keep the 

source voltage synchronous with the grid voltage. Since the 

output signal of the PLL is unity, so it will be multiplying 

with the peak amplitude of fundamental input voltage 

magnitude (Vm) thus by given the source voltage represented 

as Eq. (22): 

 
msV = V sin ωt                                                                      (22) 

The vαβ frame is same as the system voltage while vβ 

frame is phase shifted at 90º of vα. Thus, the vα and vβ are 

represented as Eq. (23) and Eq. (24): 

 
mα = V sin ωt v                                                               (23) 

β α

-j90°
 v = v e                                                                      (24) 

The load current in iαβ frame also can be determined by 

using phase shift method same as the voltage. The iα and iβ 

are represented in Eq. (25) and Eq. (26): 

n=1

α La n ni I = sin  I (nωt= )+θ


                                                    (25) 

β α

-j90°
  i = I e                                                                          (26) 

Hence, the p and q of the system can be calculated by 

using Eq. (27) and Eq. (28): 

α βα β  p = v vi + i                                                                  (27) 

α ββ α  q = v vi - i                                                                   (28) 

The calculated p from Eq. (26) also contains the average 

instantaneous real power ( p ), the oscillating power ( p ) and 

the regulation power (preg) as same as in M1. Thus, the 

compensation real power (pcomp) for the APF is alike the    

Eq. (18). The reactive power compensation (qcomp) is similar 

to the calculated q. So, the compensation current (icomp) can 

be determine by Eq. (29): 

comp

comp

α β comp

2 2

α β

p
i

v * -v *q
=

v +v
                                                    (29) 

This icomp will added to the hysteresis current controller 

for generating switching pulse for the APF power inverter to 

compensate the system harmonics. The block diagram of the 

M2 controller as shown in Fig. 3.  

3. Design Parameters of Shunt APF and Nonlinear 

Loads 

The supply voltage and frequency of a single-phase power 

system is 240 V and 50 Hz respectively. However, the APF 

DC bus reference voltage, VDC,ref can be determined by using 

the equation below [31, 32]: 

L

DC,min

V
V

2 m
                                                                      (30) 

L

DC,max

2 2 V
V

3 m
                                                                  (31) 

Where 

VL   single-phase voltage; 

 m   amplitude modulation index. 

The m is considered as 1, assume that the inverter DC-link 

voltage had the same amplitude with the system peak 

voltage. By using (30) and (31), the calculated VDC,min and 

VDC,max value are set as 170 V and 400 V respectively. The 

DC link capacitor can be calculated by using the expression 

[33]: 

   DC DC,max DC,min

2 2

L

1
C V - V = V (a I) t

2
 
                                       (32) 

Where 
a    overloading factor; 

 I   phase current supply by the source to the load; 

 t   time in which DC bus voltage is recovered. 

The a  is selected from its range of 120-180 % of      

steady-state current during transient condition, it is selected 

the maximum value is 1.8. Therefore, the calculated CDC 

value will 329 μF for 5 A current rating at 10 ms. So, the 

chosen CDC value is 330 μF. The selection of the coupling 

inductance Lripple can be determine by [34, 35]: 

min

max

Δ V
L

ω * I
                                                                      (33) 

Where 

      ΔV = VS – VDC,min;    

      ω = 2πfs; 

      Imax  maximum current.  

For 5 A current rating APF, the calculated minimum 

inductance value is 45 mH, so 50 mH is selected. The PI 

Phase Shift 

to 

Generated

Αβ Signal

340

Power 

Calculations

Reference 
Currents 

Calculation 
in Αβ0 
Frame

Hysteresis 

Current 

Controller

DC-Voltage 
Regulator

LPF

Source 

Voltage

Load

Current

Instantaneous

Real Power

Instantaneous

Reactive Power

APF Neutral

Current

Switching

 Pulse of the 

Inverter

pv

i

SV

LI

p

q

regp

compI

apfnI

1 2,S S

 
Fig. 3. Block diagram of the M2 controller. 
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controller is function to control the stability of capacitor on 

DC side, so the value of kp and ki value is adjusted to obtain 

the stability of capacitor voltage [36]. The circuit parameters 

for both M1 and M2 have same setting as shown in Table 1. 

Three types of non-linear loads are simulated with M1 

and M2 of the single-phase IRP theory as shown in Fig. 4. 

Load 1 (L1), Load 2 (L2) and Load 3 (L3) are circuit model 

of LED lamps [37], computer model [1] and battery charger 

[38] respectively. L1 and L2 are supplied by a full-wave 

rectifier circuit and L3 is supplied by a diode. These 

nonlinear loads possess difference current ratings and 

different current total harmonic distortion (THDI).  

Table 1. Circuit parameters of the simulation model 

Parameters Values 

Supply voltage,VS  240 V 

Supply frequency, fs 50 Hz 

DC bus reference voltage, VDC,ref  400 V 

APF inductance, Lripple 50 mH 

APF DC-link capacitor, CDC 330 μF 

APF PI controller kp=0.1, ki=0.01  

Figure 5, Fig. 6 and Fig. 7 show the current and 

harmonics spectrum of the nonlinear loads. The L1 and L2 

had high value of odd harmonics (3rd, 5th, 7th and 9th). 

However, only L3 only used half-wave rectification so have 

high value of even harmonics (2nd, 4th and 6th). This outcome 

will enable to visualize the performance of the designed 

shunt APF in different loads conditions. 

 

 
Fig. 5. L1 current and harmonics spectrum.  

 

Fig. 6. L2 current and harmonics spectrum.  

Fig. 4. Circuit model of nonlinear loads. 
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Fig. 7. L3 current and harmonics spectrum.  

4. Simulation Results 

Figure8 below shows the simulation circuit of the shunt 

APF with the nonlinear load. Table 2 shows the comparison 

of simulated results of the L1 and L2 in for without and with 

shunt APF condition apply in M1 and M2. Table 3 shows the 

comparison simulation results of the L3 in without and with 

shunt APF applied in M1 and M2. 

 
Fig. 8. Simulation model of shunt APF with non-linear load. 

According to Table 2, it can observed that the M1 IRP 

theory gives better harmonic compensation compared to M2 

for L1 and L2. Fig. 9 and Fig. 10 shows the simulation 

results of the collected line current waveforms with and 

without shunt APF for M1 and M2. By using M1, the THDI 

of L1 and L2 have been reduce from 114.57 % and 98.67 % 

to 8.41 % and 7.17 % respectively. Still the THDI is higher 

than the permissible value (i.e. THDI ≤ 5 %) as 

recommended in   IEEE-519 and IEC 61000-3-2 harmonic 

standards [39, 40]. This condition is due to the current 

ratings of L1 and L2 are very low, while the IRP control 

theory of APF is designed for higher current rating of load. 

So, the ripple contained in the line current degrades the 

performance of APF causing the increase in THDI value even 

if the current waveform remain sinusoidal.  

 

Table 2. Simulation results for L1 and L2 without and with 

shunt APF Applied in M1 and M2 

                    L1                                                      L2 

 
Before 

After 

Before 

After 

M1 M2 M1 M2 

Ifund, A 0.134 0.139 0.183 0.529 0.555 0.579 

Irms, A 0.095 0.099 0.129 0.374 0.392 0.409 

THDI, 

% 
114.57 8.41 34.45 98.63 7.17 18.82 

3rd, % 82.69 1.73 18.07 79.60 5.02 12.78 

5th, % 64.74 4.99 19.23 48.62 1.48 10.16 

7th, % 41.32 2.87 2.78 21.90 1.41 2.48 

9th, % 18.04 2.29 3.26 14.09 0.61 1.64 

11th, % 5.39 1.57 8.19 13.53 1.08 1.37 

13th, % 2.94 1.50 2.16 8.63 0.79 1.08 

15th, % 4.67 0.59 0.54 5.82 1.18 2.75 

17th, % 2.12 2.11 2.40 6.13 0.46 4.16 

19th, % 0.65 1.16 3.01 4.45 1.23 3.99 
 

For M2 the THDI for L1 and L2 merely reduces to      

34.45 % and 18.82 % respectively. This is due to the high 

ripple in the compensating harmonic current. Similarly M2 is 

not suitable for low current rating of nonlinear loads. From 

Fig. 9 and Fig. 10 it is evident that M1 produces less ripple 

than M2. 

Table 3. Simulation results for L3 without and with shunt 

APF Applied in M1 and M2 

                      L3 

 

Before 

After 

 M1 M2 

Ifund, A 4.435 4.500 4.518 

Irms, A 3.136 3.182 3.194 

THDI, % 45.62 0.88 36.13 

2nd, % 44.46 0.20 35.38 

3rd, % 1.67 0.29 0.11 

4th, % 8.81 0.26 1.84 

5th, % 1.00 0.23 0.35 

6th, % 3.72 0.44 0.83 

7th, % 0.71 0.03 0.21 

8th, % 2.02 0.21 0.25 

9th, % 0.55 0.06 0.13 

10th, % 1.25 0.05 0.30 
 

From Table 3, it can be concluded that M1 provide 

acceptable harmonic compensate for higher power rating of 

L3, where it is reduced from 45.62 % to 0.88 %. Moreover, 

the HCC ripple is also reduce as shown in Fig. 11. Therefore, 

it can concluded that the designed shunt APF control system 

is more appreciable for high power rating of loads and can be 

used for three-phase system load. Additionally, the result 

shown in Table 3 depicts that M2 is not effective while 

dealing with the even harmonics. From the collected results, 

it is clear that the M2 is not able to reduce 2nd order 

harmonic. It causes distort the current waveform to be     

non-sinusoidal. 
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Fig. 9. L1 line current simulation waveforms. 

5. Performance of Shunt APF on M1 and M2 

The performance of shunt APF based on M1 and M2 

shows different harmonic compensation abilities. This is due 

to the generated load current and the value of p and q 

obtained through Eq. (14). Where p0 is omitted because of 

zero sequence power and is not used. Table 4 shows the 

collected THDI without and with shunt APF for M1 & M2.  

 
Fig. 10. L2 line current simulation waveforms. 

From Table 4, the collected simulation results show that 

M1 is giving better harmonic compensation compared to M2 

in all level of current ratings of nonlinear loads. Moreover it 

provides attractive compensation for both odd & even 

harmonics. This is due to the generated ILαβ of M2, causing 

the calculated p and q value (with less accuracy) when 

needed to compensate a high THD and the load generating 

even harmonics. 

 

 
Fig. 11. L3 line current simulation waveforms. 

Table 4. Line current THD without and with shunt APF in 

M1 and M2 

% THD of 

supply current 

Without 

shunt 

APF 

With Shunt 

APF M1 

With Shunt  

APF M2 

L1 114.57 8.41 34.45 

L2 98.63 7.17 18.82 

L3 45.62 0.88 36.13 

For M1, the single phase VS and IL are initially converted 

to three-phase Vabc and ILabc respectively by shifting the VS 

and IL by ±120º. Later on Vabc and ILabc are converted into 

Vαβ0 and ILαβ0 respectively by using conventional Clarke’s 

transformation. Such transformation for L1 load current is 

shown in Fig. 12 and Fig. 13. 

 
Fig. 12. M1 ILabc waveforms before using Clarke’s 

transformation for L1. 

 
Fig. 13. M1 ILαβ0 waveforms after using Clarke’s 

transformation for L1. 
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For M2, the IL is shifted at 90º transforming it into the ILαβ 

as shown in Fig. 14. 

 
Fig. 14. M2 ILαβ waveforms after using phase shift for L1. 

Even though both methods use same p and q calculation 

method, but the ILαβ for both M1 and M2 of L1 provided 

totally different waveform magnitudes, as shown in Fig. 15 

and 16.  

 
Fig. 15. M1 calculated p and q waveforms for L1. 

 
Fig. 16.  M2 calculated p and q waveforms for L1. 

The values of p and q
 
play a main role for calculating the 

compensation current. For M1, in Fig. 15 the p and q
 
signals 

are not touching the reference line therefore it does not 

possess zero crossing error. This is due to the Clarke’s 

transformation, thus by converting distorted region in to the 

less distorted sinusoidal waveform. It is evident from Fig. 12 

and Fig 13. However, for M2 it possesses the zero-crossing 

error. This condition occurs only for high harmonics 

distortion load for M2 because the ILαβ is exactly same as the 

load current. The distortion region between the ILα and ILβ 

caused the zero-crossing error at the signal p and q. This 

error is the main reason causing the error in the calculated 

HCC as shown in Fig. 17.  The zero-crossing error tend to 

downgrade the performance of shunt APF. 

 

Fig. 17. The calculated HCC waveforms of M1 and M2 for 

L1. 

Both L1 and L2 possess higher order harmonic. 

Therefore, the analysis for L2 will remain same. However, 

L3 is distinct by the even fashion of its harmonics. Since L3 

only uses one diode for rectification so only half cycle of 

load current possessing high value of even harmonics is 

used. Fig. 18 and Fig. 19 show the ILabc waveforms before 

Clarke’s transformation and the ILαβ0 waveforms after 

Clarke’s transformation for M1 L3. However, Fig. 20 shows 

the ILαβ waveforms after phase shift for M2 L3. 

 

Fig.18. M1 ILabc waveforms before Clarke’s transformation 

for L3. 

 
Fig. 19. M1 ILαβ0 waveforms after Clarke’s transformation for 

L3. 

 
Fig. 20. M2 ILαβ waveforms after phase shift method for L3. 

Figure 21 and Fig. 22 show the calculated p and q 

waveforms for M1 and M2 for L3. In M1 the p and q signal 

do not have the zero crossing error on the reference axis like 

M2. This condition occurs due to shifting the IL to the ILαβ, so 
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the ILαβ is exactly same as the load current. In Fig. 20, the 

distortion between ILα and ILβ is the main reason causing the 

zero crossing error at the p and q signal. Fig. 23 shows the 

calculated HCC waveforms of M1 and M2 for L3. This error 

causes the shunt APF not to compensate even harmonics and 

therefore tend to downgrade the performance of shunt APF. 

 
Fig. 21. M1 calculated p and q waveforms for L3. 

 
Fig. 22.  M2 calculated p and q waveforms for L3. 

 
Fig. 23. The calculated HCC waveforms of M1 and M2 for 

L3. 

6. Conclusion 

In this paper, the performance of shunt APF based on 

two methods of IRP theory: Clarke’s transformation and 

Phase-shift method for single-phase system are investigated. 

Simulation results show the capability of both control 

methods for dealing with the current distortion under 

application of three different kinds of nonlinear loads. The 

shunt APF by using M1 Clarke’s transformation is able to 

reduce the distortion current from 114.67 % (L1), 98.63 % 

(L2) and 45.62 % (L3) to 8.41 %, 7.17 % and 0.88 % 

respectively. The overall performance of M1 show the good 

harmonic compensation compared to M2 phase-shift method. 

M2 reduces the current THD of L1, L2 and L3 to 34.45 %, 

18.82 % and 36.13 % respectively. This prove that the M2 is 

less effective for high distorted capacitive load like L1 and 

L2. It also unable to compensate even harmonics cause by 

L3. This situation is due to the distortion between the 

generated ILα and ILβ signals, causing the error in the 

calculated p and q values. Therefore, from the simulation 

results it can be concluded that M1 using Clarke’s 

transformation given better harmonic compensate compared 

to M2 using phase shift method. Further analysis can carry 

out by constructing a prototype to testing both control 

methods with nonlinear loads to verify the simulation results. 
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