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Abstract 

Shunt active power filter (SAPF) is popularly used for elimination of current 

harmonics. This paper presents performance analysis of hysteresis controlled 

two level as well as three-level SAPF. A frequency domain technique- 

Adaptive Recursive DFT is adopted for generation of reference compensating 

current. This technique is stable even with the changes in system frequency 

and it overcomes the drawbacks of conventional Fourier transform technique. 

System modeling and parameters are presented. Three level Cascaded H 

Bridge converter using multiband hysteresis control modulation technique is 

presented in this paper. A generalized control algorithm for multiband 

hysteresis modulation is described which is applicable for any multilevel 

inverter. Steady-state as well as dynamic performance for two-level and three-

level SAPF is presented by simulation results. 

Index terms – Active shunt power filter, adaptive recursive discrete fourier 

transform, three-level cascaded H-bridge inverter, multiband hysteresis 

technique. 

 

INTRODUCTION 

Power quality is related to quality of voltage waveform and current waveform, 

reliability of supply and quality of services. For utility, power quality is related to 

reliability of supply. While for customer, it is related to nature of supply which will 

not cause any damage or mal-operation of equipment. Distortion in system voltage or 

current will lead to power quality issues like, nuisance tripping of circuit breaker, de-
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rating of neutral conductors, damage to sensitive equipments, Electronic 

communication interference etc. 

Increased use of non-linear loads such as computers, electronic devices, power 

electronic converters like rectifiers, inverters, choppers, switch mode power supplies, 

variable frequency drives etc, draw non-sinusoidal current from the supply lead to 

current harmonic injection. Voltage drop occurs across the system impedance due to 

non-linear current. Therefore, even if source is sinusoidal there is distortion of voltage 

at load due to harmonic drop. Thus for mitigation of harmonics we use filters. It can 

be passive filters or active filters. Passive filters have drawbacks as compared to 

active filters, for example fixed compensation, bulky size, possibility of resonance 

with load and supply impedances etc. Thus Active filters are more preferred as 

compared to passive filters. Active power filters are power electronics based 

converters designed for the elimination of harmonics. Active filters generally are less 

bulky, have superior filtering characteristics, fast dynamic response and flexible 

applications as compare to passive filters.  

 

Fig.1. Shunt Active Power Filter 

 

One of the important parts in designing of active filters is Reference Compensating 

Current generation. There are many reference current generation techniques in time 

domain as well as frequency domain. This paper mainly focuses on frequency domain 

based techniques such as fast fourier transform and discrete fourier transform. There 

are certain disadvantages of Fourier transform method such as sensitivity to variations 

in frequency of signal which is measured and burden due to large number of 

calculations. In frequency domain method, DFT algorithm is used to obtain harmonic 

component of load current. This method can be used in 1Φ systems, 3Φ three wire 

systems and 3Φ four wire power systems. Also, this reference current generation 

algorithm is not affected by unbalancing and distorted voltage. Drawbacks in this 

technique are that it requires large processing time and large amount of computations. 

However in this case, number of computations is reduced as it extracts only first 

harmonic component from DFT algorithm.   
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Thus the paper presents ARDFT method for generation of reference compensating 

current for SAPF. It overcomes the problem of sensitivity to input frequency change. 

Designing and performance of two level inverter using hysteresis current controller 

and three level inverter using multiband is shown. Hysteresis current control 

technique is very easy to carry out and does not involve complicated structures. We 

have also shown the results for dynamic response of SAPF by keeping the load 

variable. 

 

ADAPTIVE RECURSIVE DISCRETE FOURIER TRANSFORM METHOD  

Basic equations involved in computing DFT of a signal at (j-1)th  sample are given by: 

The time interval Tw is the time window for the DFT.[3] 

 

Xh(j − 1) =  
1

N
∑ x(k)e−i

2πh(j−1)
N

j−1

k=j−N

                                                                (1) 

Where, 

h = harmonic order 

x(t) = time signal 

x(j) = discrete sequence 

N/Tw = sampling rate 

N = number of samples 

 

The DFT at jth sampling instant for h = 1(fundamental component): 

𝑋(𝑗) =  
1

𝑁
∑ 𝑋(𝑘)𝑒−𝑖

2𝜋(𝑗−1)
𝑁

𝑗

𝑘=𝑗−𝑁+1

                                                          (2) 

 

By combining above two equations, following recursive relation is obtained: 

X(j) = X(j − 1) +
1

N
{ x(j) − x(j − N)}e−j

2π(j−1)
N                               (3) 
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The recursive method is described below too obtain the fundamental component of a 

measured signal. It can be divided into real part and imaginary part: 

 

𝐶𝑗 =  𝐶𝑗−1 + 
1

𝑁
 cos (

2𝜋𝑗

𝑁
) (𝑥𝑗 − 𝑥𝑗−𝑁)                                                                    (4) 

 

𝑆𝑗 =  𝑆𝑗−1 +  
1

𝑁
 sin (

2𝜋𝑗

𝑁
) (𝑥𝑗 − 𝑥𝑗−𝑁)                                                                     (5) 

 

The advantage of recursive method is calculation, space and memory reduction. But 

the disadvantage of this conventional technique is sensitivity to variation in the 

frequency of measured signal. A small deviation in frequency leads to instability of 

output signal due to rounding and truncation errors. 

 

A. Improved recursive DFT technique 

It can be represented by following equations: 

 

𝐶𝑗 =  𝐶𝑗−1 +  
1

𝑁
 [cos (

2𝜋𝑗

𝑁
) (𝑥𝑗) −  cos (

2𝜋(𝑗 − 𝑁)

𝑁
) (𝑥𝑗−𝑁)]                              (6) 

 

𝑆𝑗 =  𝑆𝑗−1 +  
1

𝑁
 [sin (

2𝜋𝑗

𝑁
) (𝑥𝑗) −  sin (

2𝜋(𝑗 − 𝑁)

𝑁
) (𝑥𝑗−𝑁)]                              (7) 

 

Output signal of improved technique remain stable even after changes in frequency. 

[3] 

 

Fig.2. Conventional recursive DFT technique 
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Fig.3. Improved recursive DFT technique 

 

B. Phase Locked Loop 

PLL is used for calculating source voltage frequency and latest value of N. Also PLL 

block measures the phase of the voltage signal and it maintains zero phase difference 

between them.  

 

Fig.4. Block diagram to find total numbers of samples per cycle 

 

After obtaining frequency from PLL block, number of samples (N) is obtained from 

below equation: 

 

𝑁 =  
𝐹𝑆𝑎𝑚𝑝

𝑓
                                                                                                               (8) 

 

We have taken sampling frequency as 10 kHz. Considering supply frequency to be 50 

Hz, we obtain N equal to 200. Value of N also changes corresponding to the 

frequency changes. Thus PLL block is helpful in accurate performance of reference 

current generation method and increases system strength and response. 
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CURRENT CONTROLLER FOR SAPF 

A. Two Level Inverter control using HCC 

Hysteresis controller is also known as Bang-Bang controller. This controller is used 

for obtaining the gating pulses for IGBTs switches of inverter in SAPF. This method 

is most preferred due to its fast control, minimum hardware requirement and 

robustness. However, there are various drawbacks associated with hysteresis 

controller such as random switching as there is no communication between individual 

phases, random selection of voltage vectors, current overshoots etc. Error is defined 

as the difference between reference current and filter current. If error exceeds the 

upper band limit, the top IGBT of inverter leg gets switched OFF and the bottom 

IGBT gets switched ON. Similarly, if error is less than lower band limit, the top IGBT 

gets switched ON and bottom IGBT gets switched OFF. Its complement will be given 

to bottom switch. 

 

B. Three-Level Inverter Using Multiband Hysteresis Modulation 

Three-level inverter is of modified form of two-level inverter which generates stepped 

output voltage waveform. More number of voltage steps are combined together to 

obtain smoother voltage waveform which has low distortion, reduced dv/dt and lower 

common mode voltages. We have implemented SAPF using three-level cascaded H-

bridge inverter. Number of H-bridges required in one phase of CHB inverter of n-

level is given by equation N = (n-1)/2. So for three-level inverter number of H-bridge 

required for one phase is 1. When S1 and S2 are on, we obtain VAN = +Vdc, when S3 

and S4 are on, we obtain VAN = -Vdc and when S1 and S3 or S4 and S2 are on, we 

obtain VAN = 0. Here phase voltage levels obtained are +Vdc, -Vdc and 0. In line 

voltage, five voltage levels are obtained +2Vdc, +Vdc, 0, -Vdc,-2Vdc. 

 

Fig.5. Three-phase three-level CHB Inverter 
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C. Multiband Hysteresis Theory for Three-Level Inverter 

Multiband hysteresis is used to generate actual current (i) which tracks the reference 

current (iref). The voltage stress on dc link and semiconductor switches is divided as 

1/N times the net voltage of DC link i.e. Vdc. In our case, n is equal to 3, so number of 

H-bridge required is one and voltage stress on semiconductor switches i.e. IGBT with 

antiparallel diode is equal to Vdc. Switches of same leg must be complimentary i.e. 

switch Si1 and Si4 of leg 1 and switch Si3 and Si2 of leg 2 are complimentary. Here, ‘i’ 

is equal to A, B, C signifying three phases A, B and C. Practically, small dead band of 

about 1-5µs is provided between ON time and OFF time of switches to prevent short 

circuit. The total number of levels obtained in output voltage is given by: [5], [6] 

 

𝑉𝑂 = 𝑢 ∗ 𝑉𝑑𝑐                                                                                                                         (9) 

 

Where, u = -1...,-3/N, -2/N, -1/N, 0, 1/N, 2/N,3/N...1    

In our case, voltage levels obtained are –Vdc, 0 and +Vdc. The error is obtained by 

subtracting actual current from reference current. An algorithm for three-level is 

shown below to obtain switching pattern for IGBTs.  

 

If error (e) > 0, 

(i) S1 is on and S4 is off   

(ii) e > (h+ δ), S2 is on and S3 is off 

      e < (δ), S2 is off and S3 is on 

If error (e) < 0, 

(i) S1 is off and S4 is on  

(ii) e < - (h+ δ), S2 is off and S3 is on 

      e > -(δ), S2 is on and S3 is off 

 

Here ‘h’ is the net hysteresis band and ‘δ’ is the small dead time provided between 

adjacent loops.[5] 

 

D. Coupling Inductor 

Usually VSI of SAPF is interfaced with the grid through the coupling inductor (L). 

This interfacing filter is used to shape the voltage waveform at the leg of inverter. 
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This is done to inject the desired filter currents at PCC. First order L filter provides 

attenuation of −20dB/decade which is not sufficient enough to maintain grid 

requirements. Thus sometimes higher order (3rd order) LCL filter is used which has 

better switching frequency ripple attenuation capability (-60dB/decade) as compared 

to L filter.  

 

SIMULATION RESULTS 

A. System modeling 

Table I given below indicates the value of system parameters we have used in our 

simulation.    

Table I. System Parameters 

Parameters  Values  

Supply voltage 415V 

DC link voltage 400V 

Coupling inductor 10mH 

Grid frequency 50Hz 

Sampling frequency 10kHz 

Load  R=50Ω , L=3µH 

Reference current  10A 

 

 

 

Fig.6. HCC implementation 
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B. Two Level Inverter Results 

System parameters shown in Table I are used in simulation. Simulations are 

performed in MATLAB software and results are shown below: Fig. 7 (i) represents 

the source voltage having THD equal to 7.29%. Fig. 7 (ii) shows accurate tracking of 

reference by actual current. Fig. 7 (iii) shows the THD of source current Fig. 7 (iv) 

indicates dynamic response and shows variations of source current with variations in 

load. Fig.7 (v) also shows that actual current exactly tracks the reference current even 

after sudden change in load thus showing the accuracy of the controller. As the load 

changes, reference current changes and actual current exactly tracks it.  

 

 

(i) 

 

 

(ii) 
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(iii) 

 

 

(iv) 

 

      

(v) 

Fig.7 (i) Source current (ii) Reference and actual filter current comparison for 

constant load (iii) THD of source current (iv) dynamic response of source current (v) 

Reference and actual filter current comparison for dynamic load 
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C. Three –Level Inverter Results  

Multiband hysteresis modulation technique is used in implementation of three-level 

inverter. Table I shows the value of  parameters we have used for performing the 

simulation. The value of hysteresis band chosen is 1 A and δ is equal to 0.02 A. Fig.8 

(i) indicates that the source voltage waveform is quite nearer to sine wave having 

THD = 7.39%. Fig.8 (ii) represents the current tracking performance; actual current 

exactly tracks the reference current. Fig.8 (iii) indicates THD of source current 

waveform. Fig. 8 (iv) shows the line voltage waveform. Three voltage levels are 

present in the waveform. Also random switching is taking place due to presence of 

hysteresis controller. Fig.8. (v) shows the phase voltage waveform. Fig.8. (vi) shows 

the dynamic response of three-level inverter showing that actual current exactly tracks 

the reference current even after sudden change in load. Fig.8. (vii) shows how source 

current waveform changes as load changes. 

 

 

(i) 

 

 

(ii) 
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(iii) 

 

 

(iv) 

 

 

(v) 
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(vi) 

 

 

(vii) 

Fig.8 (i) Source current (ii) Reference and actual filter current comparison (iii) THD 

source current (iv) line voltage (v) Phase voltage of three-level Inverter (vi) Source 

current showing dynamic response (vii) actual current tracking reference current and 

showing dynamic response 

 

CONCLUSION 

This paper focusses on performance of SAPF using ARDFT method. Simulation 

results show the effectiveness of this technique in generating reference compensating 

current providing adequate compensation. A generalized algorithm for multiband 

hysteresis modulation method applicable for n-level multilevel inverter is presented as 

well. Results clearly depict the effectiveness of controller in forcing the actual 

compensating current to track the reference compensating currents. Simulation results 

for two-level as well as Three-level SAPF clearly depict the effective compensation 

provided by the presented SAPF. 
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