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Abstract 
 
The power quality in three phase system could not be good as the desired 

performance due to the excessive usage of PED in the distribution system, 

which causes harmonic that is injected by different devices, such as computer 

power supplies, arc furnace, and variable frequency drive (VFD). In this 

article, the power quality in three phase system is maintained with a good 

performance by eliminating the harmonics in the utility power supply by 

using SAF. The SAF is acting as a current source that injects equal harmonic 

components but opposite at the PCC. The MATLAB-Simulink toolbox is 

used to implement SAF with different control techniques, which are the 

modified instantaneous current components ( method, and the 

instantaneous active and reactive power (PQ) method for controlling the 

harmonics. The compensation is conducted by using PI based controller. The 

results of these two methods are obtained and compared to show which one 

can provide the best power quality. 
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1 Introduction 
 

The non-direct burden in the appropriation framework causes a force 

quality issue. Because of the improvement of the semiconductor innovation, 

that has made the force electronic gadgets to be coordinated toward the end 

client sides. The utilization of intensity electronic gadgets would cause more 

issues, for example, poor force factor, aggravation in the receptive force, 

consonant age, low framework effectiveness, gadgets warming, and 

unsettling influence to other purchaser. Consequently, it is imperative to 

moderate these issues. For the most part, they are two techniques for 

alleviating the issues of intensity quality. The primary procedure is load 

molding, which infers that the heap is resistant to the music. Where, the gear 

is structure such that is less delicate to the symphonious, nonetheless, this is 

all things considered and basically unrealistic. The subsequent method is by 

molding the electrical cable. Where in this methodology, the state of line 

framework is associated with the framework at a point called PCC, and the 

molding framework would check the unfriendly impact of the music that is 

created by the nonlinear burdens. [1] [2] [3] 

Inactive channel could be utilized as an answer for the symphonious 

moderation and the issues of receptive force unsettling influence, it has 

numerous weaknesses, for example, its enormous size, reverberation, fixed 

remuneration qualities, the friendship of source impedance on the framework 

boundaries; in this manner, the uninvolved channel arrangement has drawn 

little consideration. The possibility of dynamic force channel has been 

presented by Sasaki and Machida, where the dynamic channel gives the 

handy answer for the issues of receptive force and music brought about by 

the joining of intensity gadgets at the terminal of shopper side. [2] This paper 

will be arranged as follows; an introduction for power system power quality 

control and the reasons of appearing harmonics in the power system would 

be introduced, then an explanation for the two types of active power filter 

(shunt and series) is presented. After that, the synchronous reference 

approach with the required transformation is explained. In addition, the 

component of instantaneous current and active and reactive power control 

techniques is explained and the details for implementation are given. Then, 

the obtained results from the two methods are compared. The simulation 

results are listed and discussed after that. 
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2 Active Power Filter 
 

The commitment of the dynamic force channel is the age for the music, 

which is the equivalent for the sounds created by the heap, yet it is moved by 

180^°. Where, the consonant from the Active Power Filter (APF) is infused 

to the gracefully line at the PCC, in this way the heap music are killed 

accordingly, the force provided from the utility gets sinusoidal. 

Fundamentally, the dynamic force channel is characterized into two sorts, 

Shunt Active Power Filter and Series Active Power Filter. [4] The design of 

the SAF is appeared in Fig. 1. Where, it clarifies the remuneration 

symphonious current which is infused by the SAF to the line at the PCC. 

 
Fig 1: Layout of the Shunt Active Power Filter 

 

The Series Active Filter is acting as a regulator for the voltage and 

harmonic isolator between the utility supply and the nonlinear loads as shows 

in Fig. 2. 

 
Fig 2: Series Active Power Filter 
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The Series Active Filter is considered as a controlled voltage source, 

where the arrangement filer would bolster the flexibly voltage by a particular 

voltage segment. Hence, the voltage given to the heap is liberated from the 

sounds. Likewise, the voltage droops and swells at the heap side is repaid by 

the nearness of the Series Active Filter. Because of the way that most 

nonlinear burdens are delivering consonant flows, subsequently the SAF 

being more productive and less expensive than the Series Active Filter, since 

it infuses symphonious current. Moreover, the Series Active Filter requests 

insurance framework since it is connected in arrangement with the flexibly. 

Along these lines, if the arrangement and shunt dynamic channels are utilized 

as a blend, this would call Unified Power Quality Conditioner (UPQC) [5]. 

 

3 Synchronous Reference Frame Methods (SRF) 
 
The Voltage Source Converter (VSC) that is shunt attached to the AC 

system at the PCC performs three distinct purposes. These are: 

 Regulate voltage and reactive power compensation. 

 Power factor correction. 

    Current harmonics Elimination. 

 

The SRF is one of the most widely recognized methodology that can be 

utilized to drive that converter, which is VSC. The heap flows are changed to 

a casing called Rotating Reference Frame (d-q). Prior to that, the abc pivot is 

changed into αβ fixed reference by a change called Clark Transformation. 

This is clarified in condition (1). 

    (1) 

The transformation of  stationary reference frame to  synchronous 

frame is given by equation (2). 

,                                               (2) 

It has assumed a balanced- 3 phase system with  

         (3) 

                                  (4) 

The transformation from  to  is given by following equations: 

                                                                                (5a) 

                                                         (5b) 
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                                                        (5c) 

On the other hand, the transformation from  to  is given by the 

following two equations: 

 

                                (6-a) 

                               (6-b) 

Where  is the transformation angle. Fig. 3 below shows the basic layout of 

the SRF. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 3: General scheme for the Synchronous Reference Frame. [11] 

 

In this casing, θ is the rakish situation of the SRF, which is turning in a 

speed that is simultaneous with the three stage AC voltage. So as to actualize 

this casing, synchronizing framework is required to recognize the situation of 

the three stage AC voltages, along these lines Phase Locked Loop (PLL) is 

utilized. Since the speed of the SRF is the same as the speed of the mains 

voltages, therefore its speed is constant. The obtained d-q fundamental 

current component is considered as a dc values, and for that case the 

harmonic would be like a ripple. Therefore, if it is required to remove the  
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harmonics or the ripple form the transformed d-q current, a Butterworth Low 

Pass Filter (LPF) is used to remove that DC offset [6] [7]. 

 

3.1 Instantaneous Current Components (  
 

The SRF is altered and it is called immediate current part (i_d-i_q). The 

contrast between the SRF and the adjusted SRF is that the speed of the 

reference outline isn't steady because of the lopsidedness and sounds of the 

AC voltages. The momentary dynamic and responsive flows of a nonlinear 

burden are utilized to produce the pay current for the converter. Where, the  

three stage AC voltages and the heap flows are changed to αβ segments by 

utilizing Clarke Transformation. However, the load currents are obtained 

from the SRF according to the Park Transformation, which transform from 

 axis to  frame, as shown in figs. 4 and 5 and based on equations 7 

and 8. 

 

 

 

 

 

 

Fig 4: Park or (123-dq) Transformation and circuit of Generation Harmonic Current 

 

The angle  would increase uniformly as a function of time, if the AC 

voltages are balanced and sinusoidal, and this angle is quite sensitive to the 

imbalance and harmonics, therefore it would not be constant over the main 

period. [8-13] 

 

                                                          (7-a) 

                                                          (7-b) 
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                                                                    (8) 
 

 

 

 

 

 

 

Fig 5:Active Filter Control system based on id – iq approach 

 

3.2 Control Circuit Design Based on  Approach 
 

Voltage Source Inverter (VSI) IGBT based has been used for injecting 

compensating current to the harmonics. The utilization of VSI would make 

effortlessness in the structure, offers powerful to the control framework and 

has great unique reaction. The current controller is framed by three free Two-

level hysteresis comparators that would turn-on the three legs of VSI. The 

Control circuit contains two units, which are Harmonic Current Generator 

and DC Voltage control. Fig.6 , the Harmonic Current Generator would 

supply the harmonic current that would be injected to the line 

at the PCC, as shown in Fig. 6. 
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Fig 6 : abc-dq Transformation and layout of Harmonic Current Generation 

 

 

4 Generation of Harmonic Currents 
 

The park transformation, harmonic current injection circuit, and the DC 

voltage controller would provide the compensated currents ( . 

Firstly, park transformation would perform the (  to ) axis 

conversion, then the load current in  reference frame would be obtained 

(  , . After that, the positive sequence of first harmonic load currents 

( ) would be changed to a DC amounts while the negative 

arrangement of first consonant burden flows ( ) and the various 

sounds would be changed over to a non-DC amounts and would be exposed 

to a recurrence move in the range. Consequently, just the main consonant 

burden current in the positive grouping would be obtained (  , ). 

[14-16] 

Then the signal would pass through 4th order Butterworth low pass filter, 

that would give the positive sequence of the first harmonic load currents ( 

 , ). Then, this signal would be subtracted from the input signal  
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to obtain the higher order of harmonic load currents components in  

frame (  , ), as shown in Fig 4. 

 

5 DC Voltage Controller 
 

The DC side of the Voltage Source Inverter (VSI) can be controlled with 

the assistance of DC voltage controller. The controller utilized for this object 

is PI controller. At the point when the positive grouping of the primary 

consonant d-hub part is directed, at that point the responsive force that stream 

in the VSI is controlled, and thusly the DC interface voltage is controlled too. 

By deducted the higher request d-part flows from the yield of the DC voltage 

controller, the d-hub reference current is acquired as clarified in conditions 

(9). In like manner, the q-hub reference current is acquired. 

                                                                            (9-a) 

                                                                               (9-b) 

It should be mentioned that at the primary side of the Active Filter there 

would be . 

In LPF of 4
th
 order has been used. The d-axis voltage components can be 

evaluated from the supply voltage by taking into account balanced sinusoidal 

voltage conditions as it is derived by the equation (10): 

                                                                   (10) 

The inductances and switching devices losses have been neglected, where it 

has assumed that the active power flowing to the VSI from the mains is equal 

to the active power in the DC side, as in equation 11. [17][18] 

 

                                                                                 (11) 

Where  is the charging current of the capacitor C. 

 

6 Instantaneous Active and Reactive Power (P-Q) Control 
 

The instantaneous active and reactive power ( ) control approach in 

the shunt active power filter,  the voltage and current from ( to ) 

coordinates and then back from ( )  which are known as Clark 

transformation, in order to generate the compensating signals. The control 

layout of this approach is shown in Figure (7). [19] [20] 

This control approach is based on converting the supply voltages and 

load currents into - stationary reference frame, as expressed in equation 

12. 
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         (12) 

From this transformation, it can be calculated the instantaneous active 

and reactive power of the load, and this would have the average and 

oscillating component, and this is expressed in equation 13. 

                                (13) 

Since the fundamental is only responsible about the active and reactive 

power, therefore the active and reactive power of the load is expressed as: 

                                                                            (14) 

These powers have average and oscillatory components. It has assumed 

balanced and sinusoidal supply voltage. Hence, the function of the Shunt 

Active power filter is to compensate the oscillatory power components, while 

the average power would be the same in the mains, as in equation 15. [3][4] 

[19] 

                                                                 (15) 

 

 

Fig.7 shows the high pass filter is used to extract the oscillatory 

components. The compensating reference signal that could be either voltage 

or current could be acquired by inverse  transformation, as in equation 16. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig 7: Layout of the PQ control scheme 
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                                                                  (16) 

 

7 Hysteresis Current Controller 
 

If it is required to control the current in an application such as, controlled 

voltage inverter of the active power filters and grid connected system via 

power electronic converter, the hysteresis band control approach is the most 

convenient method can be used. The feature of hysteresis current control 

Pulse Width Modulation ( ) are there is no need for ideal tracking for 

the phase or amplitude over a wide range of output frequency, where it can 

offer highly dynamic response for the system, less harmonic contents and it 

allows to use semiconductor devices because this technique offers limited or 

constant switching frequencies. [5][6] 

This procedure has unconditioned strength, great reaction and high 

exactness. In this current control procedure, if the current mistake e(t) is 

surpassed the furthest reaches of the hysteresis band, at that point the 

switches of the upper inverter legs would be OFF, while the lower one 

becomes ON. Thus, the current would diminish. Nonetheless, if the current 

mistake has diminished beneath the lower furthest reaches of the band, the 

switches of the lower inverter legs is killed, while the upper switches would 

be ON, and that would constrain the current to be inside the band of the 

hysteresis current controller. The wave voltage of the voltage source inverter 

is controlled straightforwardly by the scope of the mistake signal. 

Accordingly, the music produced by the activity of the semiconductor 

exchanging activity in the dynamic force channel are disposed of  fig 8. [7] 

[16] 
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Fig 8: Hysteresis Band of Current Controller 

 

 

 

8 Simulation Results 
 

The framework has been running by utilizing MATLAB/SIMULINK 

with the PQ current control strategy. The source and repaid flows have been 

acquired and the source current has dissected. The recurrence range has 

gotten by utilizing Fast Fourier Transform (FFT) to decide the Total 

Harmonic Distortion (THD) and contrast it and THD without utilizing this 

control procedure, this is appeared in figs. 9, 10 and 11. The consequences of 

the DQ current control are appeared in figs. 12, 13 and 14. The boundaries 

which are utilized in the recreation, is appeared in Table (1). 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 

Performance of DQ and PQ Current Control Techniques in Shunt Active Power 

Filter for Harmonic Reduction in Three-Phase System with Non-Linear Loads 2401 

 

Table 1: Simulation parameters 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 9: Source and Compensated Currents responses under PQ control scheme 

 

 

 

 

 

 

 

 

 

 

 
 

 

          Fig 10: DC link Capacitor Voltage with PQ current Control 
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Fig 11: THD of the supply current under PQ Shunt Active Power Filter 

 

 
Fig 12: Supply and Compensated Currents responses under DQ control scheme 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 13: DC link Capacitor Voltage with DQ current Control method 
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Fig 14: THD of the source current under DQ Shunt Active Power Filter 

 

From the acquired reactions, it has seen that the drawn current source 

under the DQ current control is far superior to the current source under the 

PQ current control. Furthermore, the recurrence range examination for the 

source current has uncovered that the THD for the source current under DQ 

control has improved contrasted with the THD of the source current with the 

PQ current control. Besides, the overshoot of the transient reaction of the 

current source has improved by introduce the capacitor of the DC interface, 

where this would improve the transient reaction of the current source.  

 

9 Comparison between the Used Control Techniques 
 

 Control strategy is considered as the most method used for 

conditioner control, but it is most vulnerable to the harmonics and the 

imbalance of the main voltages. Where in three-phase three-wire power 

system, it would give poor power factor and not highly effective 

compensation for the reactive power. However, this method would be 

effective in four-wire three-phase power system. Thus based on the flaws of 

this technique, the  technique has been the alternative approach to 

overcome these drawbacks. [8][9][10] 

In the  technique, the control structure is based on the currents; 

and it offers compensated reactive power required by the loads. It should be 

mentioned that, in the case of unbalance main voltages, this control strategy 

cannot work efficiently. [2] 
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10 Conclusion 
 

The control procedure for the Shunt dynamic force channel has been 

proposed dependent on two methodologies, PQ strategy and DQ reference 

outline. The DQ technique is actualized dependent on the coordinated 

pivoting reference outline that is acquired from the principle voltage, along 

these lines there is no requirement for the Phase Locked Loop (PLL). Hence, 

it would be considered as effective in terms of harmonic elimination. From 

the obtained results, it has found that the power quality has been improved in 

both approaches. Where the THD in the PQ-theory has been reduced from 

30.75% to 5.53%. While in the DQ-control technique, the THD has reduced 

from 30.76% to 4.66%. In addition, it has observed that the THD of the DQ 

control method is better than that of the PQ control approach. 
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