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Abstract— The performance of shunt active power filter (SAPF) is compared for steady state load condition. The SAPF is 

used for harmonic compensation of single phase ac/dc converter feeding a nonlinear load. The process involves an 

injection of equal but opposite current to mitigate the distortion current supplied back by nonlinear load to the voltage 

supply. Thus, the injected current will shape the supply current to a sinusoidal phase with the supply voltage. The 

techniques which are considered for comparative study are Hysteresis Current Control (HCC) and Sinusoidal Pulse 

Width Modulation (SPWM) technique. Performance analysis of above two s witching signal generation based on 

percentage (THD) Total  Harmonic Distortion, complexity speed of  response, s witching frequency and delay time in 

MATLAB. we can analyse the di fferent results on above two methods based on given parameters of SAPF. The percentage 

THD of supply current reduces as per IEEE519 standard. HCC is simple in implementation over  SPWM technique. The 

speed of response of both controllers is same. The switching frequency of HCC is variable but the SPWM technique 

operates fixed switching frequency. This is done by injecting equal but opposite current to shape the pulsating supply 

current to a sinusoidal form and in time phase with the supply vol tage. Consequently, it would reduced input current 

distortion and achieve unity power factor when feeding a nonlinear load.  

 

 

Index Terms— Shunt Active Power Filter (SAPF), Hysteresis Current Controller (HCC), Voltage Source Inverter (VSI), Hysteresis Band 

(HB), Synchronous Reference Frame (SRF), Sinusoidal Pulse Width Modulation (SPWM), Total Harmonics Distortion (%THD), Switchi ng 
Frequency 

________________________________________________________________________________________________________  

I. INTRO DUCTION  

               Technological development leads to increase in use of nonlinear loads which leads to deprivation in power quality. 

Power quality has assumed an increased importance as customers demand better service from electrical supply companies and 

also it has to compete with other in newly deregulated electricity markets. The power quality assumed to be high when it has 

constant voltage level and low voltage harmonic distortion and low number of disturbing transients. All these power qualities 

cannot be achieved easily it is therefore necessary to install extra equipment to mitigate the effects of possible causes of low 

power quality. One such equipment installed is the shunt active power filter which operates to lower the harmonic current flowing 

in the AC system. Active power filters are increasingly used to compensate for harmonics and reactive power generated by 

nonlinear loads which are installed by various utility. These modern devices are becoming widely adopted due to their energy 

efficient operation these modern electronic equipment generally draws non -sinusoidal currents from the AC supply. The 

generalization of static converters in industrial activities and by consumers leads to an increase in harmonic injection in the 

network and also lowers the power factor. The in jection of these harmonics causes many problems to the distribution system, s uch 

as transformer overheating, resonance problems in the utility, increase losses, malfunction of protective devices such as relays, 

circuit breakers etc. Several methods of compensation are proposed to improve the power quality and reduced the harmonics in 

distribution system.  

The control approach for a shunt active power filter generates reference current that must be provided by power filter to 

compensate reactive power and harmonic currents demanded by the load. This involves a set of currents in the phase domain, 

which will be tracked generating the switching signals applied to electronic converter by means of the appropriate closed loop 

switching technique such as hysteresis current controller. Recently shunt active power filter operates by high frequency puls e 

width modulation technique to inject the required non-sinusoidal current requirements of non-linear loads. This is done by 

injecting equal but opposite current to shape the pulsating supply current to a sinusoidal from and in t ime phase with the su pply 

voltage. It will reduced input current distortions and achieve unity power factor when feeding a typical non -linear loads. 

. 
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II. BASIC  CONCEPT SHUNT ACTIVE POWER FILTER  

 

 The structure of a three-phase shunt APF  is mainly made up of a voltage source converter with a  large capacitor to 

maintain the voltage constant at the DC side and three inductors to output the compensation current at the AC side in 

connection with the utility. In fact, this kind of APF in nature is Boost circuit as the same as the high frequency reversible 

PWM rectifier, which means the DC voltage level  must be higher than the peak-to-peak value of the utility line-to-line voltage 

so as to control the output current completely. Three IGBT semiconductor switching . 

 

 
                                                                  Fig. 1. Basic configuration of a SAPF 

III. SWITCHING SIGNAL GENERATION TECHNIQUE  

             There are different switching signal generation techniques can be implemented in shunt active power filter based on 

current controller or voltage controller. Current controller can be classified as hysteresis, ramp comparison, Delta modulat i on, 

Predictive controllers and Deadbeat control[4][5]. Voltage controllers can be classified as sinusoidal pulse width modulation 

(SPWM) and space vector pulse width modulation (SVPWM). Hysteresis controllers utilize some type of hysteresis in the 

comparison of line current to the current references. The ramp comparison controller compares the current errors to a triangle 

waveform to generate the inverter firing signals. In SPWM, the modulating or the reference wave is the sine wave and the carr ier 

is triangular wave. Space vector modulation utilizes DC bus voltage more efficiently and generates less harmonics in a three 

phase voltage source inverter. In SVPWM methods, the voltage reference is provided using a revolving reference vector [1][4].  

 

1. Sinusoidal Pulse Width Modulation (SPWM) 

              This technique is also called as  Sine-Triangle Current Regulator. In sinusoidal PWM, the modulating or the reference 

wave is the sine wave and the carrier is the triangular wave. This control performs  a sine-triangle PWM voltage modulat ion of the 

power converter using the current error filtered by a proportional-integral (PI) regulator. In each phase there is a linear PI 

regulator which compares the current reference and the current filter, and consequently generates the command voltage [2]. Th e 

sinusoidal PWM voltage control (SPWM) scheme is a linear control. PI controller is used to remove lower order frequency and 

ripples in the error signal. The b lock d iagram of SPWM is shown in Fig.4. The d ifference between the reference currents (I ca*, 

Icb*, Icc*) and compensating currents (Ica, Icb, Icc) are sent to PI controller to generate reference voltage (v ra, vrb, vrc). These 

voltages are compared with the triangular carrier signals by using limit comparators to generate switching pulses of six IGBT s 

[7].  

 
Fig.2 The block diagram of SPWM controller 

 

The princip le of the carrier-based PWM current control is illustrated in Fig.2 For example in  phase a, if the reference voltage (𝑢𝑐𝑎
∗  

) is over than the triangular carrier voltage (𝑢𝑡𝑟 ) then the comparator output is 1 (S1=1, S2=0). If 𝑢𝑐𝑎
∗   is less than 𝑢𝑡𝑟  then the 

comparator output is 0 (S1=0, S2=1). The switching frequency of this technique is constant and it is equal to the frequency o f 

triangular carrier (𝑓𝑡𝑟 ) signal. This value can be designed by the maximum order of harmonic component considered for 

elimination [12]. 
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Fig.3 The basic concept of SPMW controller 

The sinusoidal PWM is very easy to implement using comparators and integrators for the generation of carrier and switching 

states. Synchronous Reference Frame (SRF) method of current generation is implemented for reference current generation 

purpose. 

 

2. Hysteresis Current Controller (HCC) 

The basic principal o f hysteresis current controller is that the switching signals are generated from the comparison of the c urrent 

error signal with a fixed hysteresis band. It is a  closed loop system which detects the current error and generates the swit ching 

pulses of IGBT when the erro r exceeds an assigned band. The advantages of this technique are high simplicity, good accuracy, 

outstanding robustness and fast dynamic and automatic current limited characteristics response. This control technique exhibit 

main d isadvantage variable switching frequency of inverter. This is responsible for designing the ripple filter due to the re sonance 

[5]. 

  
 
                                                       Fig.4 The block diagram of the hysteresis current controller. 

 

The hysteresis controller is used to control the load current and determine the switching signals for inverter gates. The hys teresis 

current controller technique based upon nonlinear control as shown in Fig.4. The compensating currents (Ica, Icb, Icc ) in Fig.2 are 

compared with the reference currents (Ica
*
, Icb

*
, Icc

*
) by using hysteresis comparator to generate the six switching pulses. These 

pulses are used to control the IGBTs to turn ON and turn OFF. The basic concept of hysteresis current control is shown in Fig.3 

  
                                                             Fig.5 The basic principle of the hysteresis current controller. 
 

From the reference of Fig.5 hysteresis band (HB) is the possible boundary of the compensating current. This current swings 

between upper and lower hysteresis limits. In hysteresis controller, instantaneous current  or erro r will g ive switching sign al to the 

gate of IGBT[1]. For example in phase a, if is equal or less than lower hysteresis limit  2/* HBIca   then the comparator 

output is 1 (P1 is ON, P4 is OFF). On the other hand if is equal or over than the upper hysteresis limit  2/* HBIca   then 

the comparator output is 0 (P4 is ON, P1 is OFF). 

The switching frequency of IGBT can be calculated by equation (1). It will depend upon line inductance of active power filter  and 

dc link capacitor voltage configuration.  
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Fs.max= 2Vdc/9HBLf……… (1) 

 

IV    MODELING IN MATLAB SIMULINK           

1.Shunt APF without  current controller circuit. 

        The nonlinear load connected to the three phase supply is simulated and shown in the Fig.6 this system is not having 

connection of three phase shunt APF.  

 

 
                                 Fig.6 Simulink diagram of nonlinear load without Shunt Active Power Filter (SAPF) 
 

2. Shunt APF with Sinusoidal Pulse Width Modulation(SPWM) 

           This technique is also called as carrier-based PWM technique, the modulating or reference wave is sine wave and carrier is 

triangular wave. The Simulink of shunt active power filter with sinusoidal pulse width modulation is shown in Fig.7 where the 

switching signals for IGBTs of voltage source inverter are obtained by difference between reference voltage and carrier voltage. 

The reference voltages are generated by PI controller which will act as voltage regulator. 

 
 

                                      Fig.7 Simulink Diagram of shunt APF with Sinusoidal Pulse Width Modulation         

Fig.8 shows the subsystem of sinusoidal pulse width modulation (SPWM) where the reference voltages (𝑢𝑐𝑎
∗ , 𝑢𝑐𝑏

∗ , 𝑢𝑐𝑐
∗

) 

is compared with (𝑢𝑡𝑟 ) one by one and from this comparison the switching signals for IGBTs are generated in  the three legs of 

voltage source inverter.  

 
Fig.8 Simulink diagram of Sinusoidal Pulse Width Modulation. 
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   3. Shunt APF with Hysteresis Current Controller (HCC) 

           Fig.9 shows Simulink model in which the Shunt APF is connected in parallel with nonlinear load which will compensate 

reactive power and harmonics compensation. This SAPF is simply three phase voltage source inverter, the switching signal of 

IGBT’s are obtained by comparing the reference current and compensating current of active power

 
   

                                        Fig.9 Simulink diagram of Shunt APF with Hysteresis current controller 

The Simulink diagram of hysteresis current controller is shown in Fig.10 where the reference current are generated by unit vector 

template and PI regulator and are compare with compensating current of system which will generate switching signals for six 

IGBTs in three legs of Inverter.  

 

 
      Fig.10 Simulink diagram of Hysteresis Current Controller  

 

 

  V. S IMULATION RES ULT 

Fig.11 (a) shows the supply side current when nonlinear load connected to the system without SAPF and Fig. 11 (b) shows the 

value of source currnt is 3.88A and %THD is 29.85 when nonlinear load is directly connected to three phase source without .   
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                            fig.11 (a) Source current of nonlinear load (b) FFT  analysis source current without hysteresis controller 

 

            After application of SPWM technique to shunt APF which is connected in parallel with nonlinear load to improve source 

current waveform, reactive power compensation and harmonics compensation is carried out Fig.12 (a) shows the source current 

and Fig.12 (b) shows the %THD of shunt APF with sinusoidal pulse width modulation and it is observed that the source current is 

51.03 A and %THD is 2.17%. 

 

 
 

 

 
  

                               Fig.12 (a) Source current with SPWM (b) FFT analysis of source current with SPWM      

 

Shunt APF will inject current to improve power factor and it will decrease harmonics and it will improve voltage/current 

waveform. Fig.13 shows the source current of three phase supply and Fig.14 shows %THD of Shunt active filter with hysteresis 

current controller source current is 50.94 A and % THD reduces from 29.85 to 2.84%  
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Fig.13 Source Current with Shunt Active Power Filter 

 
 
                                                            Fig.14 FFT analysis of source current with Hysteresis controller 

 

 
 

Fig.15 Switching pulses generation for IGBTs of SAPF 
 

The switching pulses which are generated by HCC for six IGBTs are shown in Fig.14 from it we can sense when P1 is ON the 

same time P4 which is connected in first leg will be OFF and never two IGBTs of same leg will be ON or OFF if it Happens then 

it will short circuit the leg three phase inverter or shunt active power filter will malfunction.  

 

 

 

VI. COMPARATIVE ANALYS IS  

 

 

 

 

 

 

 

 

 

 

Parameter  Hysteresis Controller  SPWM Controller  

% THD  2.84 % 2.17 % 

Complexity  less  more  

Switching frequency  variable  fixed  

Speed of response  fast  fast  
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VII. CONCLUS ION 

 

This paper presents a control technique for voltage source inverter to mitigate power quality issues. SAPF is voltage source 

inverter connected in parallel for react ive power compensation, harmonics compensation and power factor improvement. After 

simulating the nonlinear load without Shunt active power filter with shunt APF with hysteresis and sinusoidal pulse width 

modulation technique we observed performance analysis on the basis %THD and it is observed that it reduces as per IEEE 

Standard. Performance analysis based on %THD, Complexity, Switching frequency, RMS vector error & Speed of response. The 

performance of SPWM technique is better than the Hysteresis current control. 

 

. 
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