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Abstract 

This paper presents a Shunt Hybrid Active Power Filter application mainly for current harmonic 

elimination and fixed reactive power compensation. Synchronous Reference Frame method is used to 

calculate the harmonic components of the mains current. A control strategy has been proposed that combines 

a feedback and a feedforward loop. The feedback grid current control loop is aimed at mitigation of all diode 

rectifier current harmonics whereas the feedforward load current loop is tuned only on the dominant fifth 

harmonic to improve filtering characteristics of the APF. The proposed system consists of a Voltage Source 

Active Power Filter and a series of LC passive filter connected to each phase. Besides, no additional switching 

filter is required for the current ripples since the LC filter also operates as a switching ripple filter at high 

frequencies. Simulation results have shown the effectiveness of the Hybrid Active power Filter with Feedback 

& Feedforward control methods which are also easy to implement are discusse. 

______________________________________________________________________________
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INTRODUCTION 

Power system normally operates at 50 Hz. However, saturated devices such as transformers, arching loads 

such as florescent lamp and power electronic devices will produce current and voltage components with higher 

frequencies into the power line. These higher frequencies of current and voltage components are known as the 

power harmonics. The harmonics disturbances in the power supply are caused by the nonlinearity characteristic of 

the loads. Due to the advantages in efficiency and controllability of power electronic devices, their applications can 

be found in almost all power levels. The ac power system harmonic problems are mainly due to the substantial 

increase of non-linear loads due to technological advances, such as the use of power electronics circuits and devices, 
in ac/dc transmission links, or loads in the control of power systems using power electronic or microprocessor 

controllers. Such equipment creates load-generated harmonics throughout the system.  

SYNCHRONOUS REFERENCE FRAME 

 

The synchronous reference frame corresponds to a rotating reference frame moving at synchronous speed, 

denoted by ωe. 

 
Fig.1 Synchronous reference frame Phasor Diagram 
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Projection of a vector expressed in the stationary reference frame qs-ds into the synchronous reference frame qe-de 

is obtained via 

------(1) 

The inverse transformation from the synchronous reference frame qe-de to the stationary reference frame 

qs-ds is given by 

------(2) 

FEEDBACK AND FEEDFORWARD CONTROLSTRATEGIES  
 

The combined feedback and feedforward control strategy of the PHF is presented, which features a small 

sensitivity against a disturbed supply voltage system. In the upper part of the figure the block diagram of the 

feedback control of the PHF is presented, while in the lower part the feed forward control algorithm is shown. 

 

Fig2 Block diagram of feedback and feedforward controller 

The scheme of the feed forward control is presented in the lower part of Fig.2 Three load phase currents are 

transformed in their two orthogonal components in the reference frame rotating by the synchronous angular speed 

ω
5 

of the fifth harmonic. By using a low pass filter (LPF) of the first order with the cut-off frequency f
c 

= 16 Hz 

average DC dq
5 
components of the load current are obtained. These components should be delivered by the APF into 

the PCC instead of withdrawing them from the grid. The reference voltage for the APF, which should be generated 

by the feedforward control loop, is then calculated as follows 

 

-----(3) 
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The reference dq
5 

voltage components are then transformed back into the phase reference quantities. The final 

reference phase voltages for the APF are determined by summing the references coming from the feedback and feed 

forward loops. 

 

VOLTAG REFERENCE GENERATION 

 

Synchronous Reference Frame method is used to calculate the harmonic components of the mains current. 

Three phase supply voltage and current vectors are transformed into d (direct) and q (quadrature) frames rotating at 

the fundamental frequency w1 by applying Clarke & Park transformations. For this reason the fundamental 

component of the mains current turns out to be a DC signal and the harmonic components which are still AC signals 
are rotating with respect to the reference frame.  

 

Fig.3 Voltage Reference Generation in Synchronous Reference Frame 

Harmonic current components are extracted by a second order high pass filter with 20 Hz cut off frequency. 

Applying inverse Clarke & Park transformations reproduces the supply harmonic current components in ABC 

frames. Each harmonic component is amplified by a gain of K to obtain a voltage reference for each phase. DC 

voltage control is maintained by a PI regulator and the current reference obtained in the proposed control method is 

added to the reactive current component Id.  

Moreover, since the feedback gain K is limited to the certain values due to the stability problems of the 
system, additional feedforward control loop is presented for the elimination of 5th harmonic current component. The 

reference voltages in the proposed feedforward control are generated by using 250 Hz components of the load 

currents as indicated in below equations (4). 

Vd5 * = Rf * ild5 + (-w5*Lf + 1/ (w5*Cf)) * ilq5 

Vq5 * = (w5*Lf - 1/ (w5*Cf)) * ild5 + Rf * ilq5 
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w5 = -5w1    -------------(4)  

PASSIVE FILTER CONFIGURATION AND 

FILTERING CHARACTERISTICS 

 

In the proposed system, conventional APF is connected in series with a passive LC filter.  

 

Fig.4 Power Circuit with Hybrid Power Filter 

 

LC passive filter is tuned to a dominant harmonic component and the active filter acts as a damping resistor 

which also improves the filtering characteristics of the overall system. Since the passive filter tuned at 350 Hz shows 

lower impedance at 550Hz and 650 Hz than a passive filter tuned at 250 Hz, it has better filtering characteristics 

when 11th and 13th harmonics are taken into account. 

LC passive filter tuned at 350 Hz amplifies the 5th harmonic current components at the mains side; 

however, it is suppressed by the active power filter with the applied feedback and feedforward control explained 

above illustrates the single phase equivalent circuit of the system and the harmonic equivalent circuit of the system. 

 

when the feedback control loop is applied 

Fig.5  (a) Single phase equivalent circuit 

(b)Harmonic equivalent circuit 

 

The load is shown as an ideal current source and the APF is considered as a voltage source. When active 

filter is not connected (K=0) the following relation takes place between the supply and the load harmonic current 
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  --------- (5) 

As the APF is connected to the system with the proposed feedback control, the feedback gain K acts as a damping 

resistor which suppress the resonance between the supply and the passive filter. The mains harmonic current is now 

as indicated in    Eqn.3: 

         -------- (6) 

SYSTEM IMPLEMENTATION 

Passive filters (PF) are intended preferably for the compensation of the lagging power factor of a load 

and/or selected harmonics of its current. Active power filters (APF) may substitute the passive ones in some cases or 

serve as an additional tool, together with PF, for improving the harmonic spectra of the load current and supply 

voltage. In such a case we call that configuration a Hybrid filter (HF).The DC link capacitor voltage is required to be 
higher than the peak value of the utility voltage; otherwise, the generated compensation currents can not be injected 

to the mains So, for high power applications, the required high DC link voltage restricts the active power filter 

implementations due to the increase in the losses, rating and the total cost of the APF. As a result, various hybrid 

filter topologies have been developed which combine the advantages of both the passive and the active filters. 

Within these topologies, shunt hybrid filters formed with the use of a three phase voltage source PWM inverter and 

a series connected LC passive filter are superior to the conventional shunt APFs due to the reduced DC link voltage 

and the converter rating. 

  The series connected LC filter absorbs the current harmonics arising from the non-linear load; however, the 

filtering characteristic of just the passive filter itself is not satisfactory. Hence, active filter is used to improve the 

filtering performance of the overall system. In this paper, a hybrid filter formed by a low-rated APF and a LC 

passive filter tuned to 350 Hz is presented. A control strategy has been proposed that combines a feedback and a 

feedforward loop. The feedback grid current control loop is aimed at mitigation of all diode rectifier current 

harmonics whereas the feedforward load current loop is tuned only on the dominant fifth harmonic to improve 

filtering characteristics of the Parallel Hybrid Filter. The proposed filter ensures a low DC link voltage and a 

superior filtering performance by the applied feedback and feed forward control methods. In addition, no switching 

ripple filter is used since the LC filter also operates as a switching ripple filter at high frequencies.  

When DC link capacitor voltage reference is set to 60V and APF starts to operate with the feedback 

control. The mains current becomes nearly a pure sinusoidal, DC link voltage is kept stable at 60V and filter current 

is ripple free. The nonlinear Diode rectifier load introduces considerable amount of higher order harmonics. 

Nevertheless, the control system proposed in cannot guarantee that the fundamental grid current will be in the phase 

with the fundamental supply voltage. The presence of the fifth harmonic voltage at the point of the PHF coupling 

has strong unsuitable influence on the proper function of the feedforward loop as well. 

Sinusoidal Pulse Width Modulation (SPWM) is used as the modulation method. The voltage references 
(Va*, Vb*, Vc*) formed by the feedforward, feedback and the DC link voltage control are compared with a 12.5 

kHz carrier wave to obtain the gate signals of the semiconductors. 

This paper has analyzed a shunt hybrid active power filter consisting of a voltage source active power filter 

and a series 7th tuned LC passive filter. Although no additional switching filter is used, high frequency current 

ripples are also minimized with the applied system. Moreover, the feedback and feed forward control methods 

which are also easy to implement.  

In this paper the combined feedback and feedforward control strategy of the PHF is presented, which 

features a small sensitivity against a disturbed supply voltage system. This Active Power Filter with the Feedforward 
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& Feedback Controllers was able perform during fault period on the system and restrained to normal state after the 

fault period occurred on the mains.   

SIMULATION PARAMETERS 

 The top layer of the simulink model of the system used for implementing the Feedforward and Feedback 

Controlled Hybrid Active Power Filter and the simulink model of two main subsystems used for implementing the 

control are shown. The solver used is ode45 and simulated in discrete-time domain with system sampling time at 
50μs. The system Parameters are shown in Table1 

Table 1: Parameters used for the simulation 

Line voltage 300 V-rms 

Line frequency 50 Hz 

Supply inductance 343 uH 

Rectifier inductance 1.5 mH 

Filter Capacitor 120 uF 

Filter Inductor 1.8 mH 

Tuned freq. of series filter 342 Hz 

DC link capacitor 1.3 mF 

 

SIMULATION RESULTS 

 

This paper has analyzed a shunt hybrid active power filter consisting of a voltage source active power filter 

and a series 7th tuned LC passive filter. Although no additional switching filter is used, high frequency current 

ripples are also minimized with the applied system. Moreover, the effectiveness of the feedback and feed forward 

control methods are discussed here. 

 

Fig.6 Waveforms of a) Source voltage b) Source current.c) Load current; without APF 

Fig.7 shows the Source voltage, current and load current respectively without the APF. The Nonlinear load 

draws the distorted current wave which is not in sinusoidal in shape. Since load is directly connected to the source, 

source and load currents are the same here. 

 

Fig.7Waveforms of a) Source voltage b) source currentc) load current d) filter current without & with APF 
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To Show the Performance of the APF it is turned ON after 2 cycles have passed and the hybrid filter is 

directly connected to the mains. The first 2 cycles shows distortion in source voltage, source current, load current 

and filter doesn’t draw the current from mains as it is in OFF condition. Later onwards the APF starts its function, 
hence the source current becomes nearly sinusoidal in shape and the distortions in source voltage is also reduced.  

 

Fig 8 Waveforms of a) Capacitor voltage b) Source voltage c) source current d) Load current e) filter current; with APF 

  The fig shows the Capacitor voltage, source voltage, source current, load current and filter current 

respectively when the APF connected to the system. The Capacitor voltage becomes stable and ripples free, the 

source voltage nearly sinusoidal but some avoidable notches are there due source inductance. The source current is 

stabilized and becomes nearly sinusoidal by the action of Active Power Filter.  

The filter current which is showed in the figure is injected to the mains and the distorted load current 

becomes nearly sinusoidal. 

 

a) Conventional VS APF Capacitor Voltage 

 

Fig    b) Reduced DC link voltage with Hybrid APF 

Fig 9 (a-b) 

The required DC link voltage is much less when compared with a standard voltage source type active 

power filter. As a result, rating of the active filter is greatly reduced with the proposed system. 

 

Fig  a) 3 Phase Line Voltage 
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Fig  b) Phase Voltages of Load 

Fig 10 (a-b) without APF 

The mains voltage is distorted as shown in fig.5.14 as the nonlinear load draws nonsinusoidal currents 

when there is no filtering action. 

 

Fig  a) 3 Phase Line Voltage 

 

Fig  b) Phase Voltages of Load 

Fig 11 Waveforms (a-b) with APF 

The mains voltage distortion reduced after connecting the APF and there is some unavoidable notches.  

 

a) 3 Phase Line current 

 

Fig  b) Individual Phase currents of Load 

Fig 12 Waveforms (a-b) with out APF 
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Fig  a) 3 Phase Line Voltage 

 

 

Fig  b) Phase Voltages of Source 

Fig 13 waveforms (a-b) with APF 

The mains voltage distortion reduced after connecting the APF and there is some unavoidable notches. 

 

Fig (a) 3 Phase Line current 

 

Fig (b)hase currents of Source 

Fig 14 wave forms (a-b) with APF 

 

The mains current is stabilized after few cycles and becomes nearly a pure sinusoidal by the action of 

Active Power Filter.  

 

Fig15 Waveforms of  3 Phase Line current. 
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.a) Voltage generated by overall controller 

 

 

b) Ref.Voltage generated by feedforward controller 

 

c) Ref.Voltage generated by feedback controller 

Fig16 Waveforms (a-b-c) 

 
A load with highly nonlinear characteristics is considered for the load compensation. The THD in the load 

current is 27.69% with out filter. The source current is equal to the load current when the APF compensator is not 

connected.   

After applying the APF with Feedforward & Feedback controller THD in source current is reduced to 

1.16%. Source current became nearly sinusoidal after connecting the APF to the system.  

SIMULINK MODEL DIAGRAM & RESULTS WITH FAULT 

The combined feedback and feedforward control strategy of the PHF is presented, which features a small 

sensitivity against a disturbed supply voltage system. This Active Power Filter with the Feedforward & Feedback 

Controllers was able perform during fault period on the system and restrained to normal state after the fault period 

occurred on the mains.     
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Fig.17 Simulink model Diagram of system with Fault 

 

(a) Waveforms of Source voltage, source current, load current, filter current under LG fault periods 

 

(b) Waveforms of Source voltage, source current, load current, filter current under LLG fault periods 

 

(c) Source voltage, source current,load current, filter current respectively under Fault periods LLLG 

Fig 18 Waveforms (a-b-c) 
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In this paper the combined feedback and feedforward control strategy of the PHF is presented, which 

features a small sensitivity against a disturbed supply voltage system. From the results above shown, this Active 

Power Filter with the Feedforward & Feedback controllers was able perform during fault  

 CONCLUSIONS 

This paper has analyzed a shunt hybrid active power filter consisting of a voltage source active power filter 

and a series 7th tuned LC passive filter. Throughout this work, we had shown the effectiveness of the 

Hybrid shunt active power filtering especially with the application of Feed forward & Feedback 

controllers and Synchronous Reference Frame method reference voltage calculation. The Feed forward 

& Feedback control methods which are also easy to implement.  

In fact, the distortion of the power supply current was diminished to a satisfactory level. THD 

reduced from 27.69% to 1.16%. The required DC link voltage is much less when compared with a standard 

voltage source type active power filter. As a result, rating of the active filter is greatly reduced with the proposed 

system. Although no additional switching filter is used, high frequency current ripples are also minimized with the 

applied system.    

This Hybrid Active Power Filter with the Feed forward & Feedback Controllers were able perform during fault 

period on the system and restrained to normal state after the fault period occurred on the mains.  As a result, for 

large power applications, hybrid power filters are seems to be an appropriate solution.  
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