
 

Shunt Active Power Filter with Three Level Inverter 

using Hysteresis Current Controllers 

Ramakrishna Raghutu, Vasupalli Manoj and Narendra Kumar Yegireddy 
 
Dr. Ramakrishna Raghutu, Assistant Professor, Department of Electrical and Electronics Engineering, 

GMR Institute of Technology, Rajam, Vizianagaram, Andhra Pradesh, India – 532127. 

Dr. Vasupalli Manoj, Assistant Professor, Department of Electrical and Electronics Engineering, 

GMR Institute of Technology, Rajam, Vizianagaram, Andhra Pradesh, India – 532127. 

Dr. Narendra Kumar Yegireddy, Professor, Department of EEE, Satya Institute of Technology and 

Management, Vizianagaram,  Andhra Pradesh, India – 535003. 

Abstract: This document introduces a Shunt Active Power 

Filter (SAPF) for three-phase three-wire systems, utilizing a 

Cascaded H Bridge Multilevel Inverter. The Hysteresis 

Current Control technique provides numerous benefits, 

including simplicity, minimal current tracking error, and 

immunity to load parameter variations. The research presented 

in this paper focuses on a three-level hysteresis band current 

controller for a three-level Cascaded H Bridge Inverter, 

specifically applied to SAPF. The proposed scheme effectively 

utilizes the available voltage states of the three-level inverter to 

confine the current error within predefined limits. The 

performance of this method is validated using Powersim 

(PSIM) software, which demonstrates the effective 

compensation capability of SAPF with three-level hysteresis 

band current controllers. 

Keywords: Shunt Active Power Filter, Cascaded H Bridge Inverter, 

Three Level Hysteresis Modulator. 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: ramakrishna.r@gmrit.edu.in 

    

, 060 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202454006001540
ICPES 2023

01 

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

mailto:ramakrishna.r@gmrit.edu.in


 

1. Introduction 

The demand of high efficiency, low cost power converter in most of the power supply 

application using single phase or three phase grid supply as the source has increased over 

the years. The use of such power converter is to control instant of conduction of voltage or 

current over the time period results in generation of harmonics. As a result, voltage and/or 

current harmonics are injected by the load end into the distribution system causing 

distortion of supply voltage. A more conventional approach to solve the problem is to use 

combination of tuned passive filters. These filters have several disadvantages such as de-

tuning of filters over the period, bulky and large in size, parallel resonance and high cost. 

Shunt Active Power Filter (SAPF) is considered as promising solution for mitigation of 

current harmonics at the point of common coupling[1-7] . SAPFs are mostly comprised 

with voltage source inverter (VSI) instead of a current source inverter (CSI), because VSI 

has a certain advantage over CSI, like light in weight, cheaper and easy to expand as a 

multilevel version. 

Conventionally, a two level VSI is used for SAPF application where each phase consists 

of two switches operated in complementary manner and is controller independently. For 

medium voltage applications, either two level VSI are connected through transformer such 

that voltage across the phases of inverter are reduced or no. of switches are connected in 

series to increase the voltage capabilities of overall system. In either case, overall efficiency 

of the system is compromised and at the same time high dv/dt imposes additional stress on 

switches. Multilevel Inverters(MLIs) have proven themselves as better alternative for 

medium voltage SAPF application[8-10]. While the need of separate DC link source limits 

the application of Cascaded H Bridge MLI in other applications, it is termed as an 

important advantage for Renewable Energy Sources as well as Shunt Active Power Filter 

applications. Unlike other MLI configurations where control of higher level inverter poses 

serious challenge, CHB can be easily extended to higher level inverter without involving 

complicated control. 

 The performance of the shunt active power filters largely depends upon power 

processing circuit, control algorithm as well as switching strategy used to control the 

inverter. The switching strategy involves minor current loops because of nature of current 

of SAPF. Various current control methods used for the SAPF are available in the 

literatures[11-17]. Various current control techniques such as Stationary PI, Current 

Controller with Proportional Resonant Controller, State Feedback controller are classified 

as Linear Current Control. On the other hand, Hysteresis Current Control and delta 

modulation are classified as Non-linear current control. A constant frequency current 

control method produces a required amount of reference voltages. These voltages are 

synthesized using a linear modulator operating at fixed frequency. Nonlinear current control 

selects switching signal of inverter based on comparison of error of inverter output current 

and commanded current with pre-defined band limits on instantaneous basis. If the error of 

current violates pre-defined positive limit or negative limit of the hysteresis band, upper 

switch is turned OFF or turned ON respectively. The current error range directly controls 

the switches of the voltage source inverter. Both the current control methods have their own 

advantages and disadvantages. However, hysteresis current control technique is 

independent of design parameters as well as immune to variation of device parameters. It 

also offers advantages like simple to implement, automatic peak current control and 

unconditional stability[18-20].  

In this paper, three level CHB inverter based SAPF using three level hysteresis band 

current controller is simulated for compensation of current harmonics produced by the 
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nonlinear load in the distribution system. The load current harmonics and/or reactive power 

of the load is effectively compensated with the SAPF presented in the paper. The paper is 

organized as follows: The three level hysteresis band current control is explained in section-

II. Section-III discusses application and implementation of this method for SAPF 

application. The performance of method is presented in section-IV using PSIM software 

tool.  

2. Three Level Hysteresis Band Current Control 

The switching signals of CHB inverter applied for SAPF applications are derived from 

three level hysteresis band current control. Such a three level control is independently 

developed for each phase of the Inverter. For sake of understanding, three level hysteresis 

band current control for one phase is described here in brief.  

A Three-level hysteresis band current control method is used to control currents of three 

level inverter based shunt active power filter. In conventional hysteresis current control 

method, single band is used whereas in three level hysteresis modulation two bands are 

used: one is upper band and second is lower band. A small offset between two bands is 

provided such that three level outputs are generated satisfactorily. The current error is 

obtained by comparing reference and actual current as shown in Fig. 1. Whenever current 

error signal crosses the outer most hysteresis band, the output of inverter either positive 

voltage level or negative voltage level to force the current error in opposite direction. 

 

Figure 1 Three Level Hysteresis Band Current Controller. 

Whenever the current error touches inner boundary of hysteresis band of B1 and B2, zero 

switching state is selected and forces current error to change its direction. In certain 

conditions, the application of zero switching state is not sufficient to reverse the direction 

of current error. This will lead current error to cross the outer boundary (B1 or B2). When 

the current error touches outer boundary of B1, negative switching state is generated 
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resulting in output voltage of -Vdc. Similarly, outer boundary of B2 generates positive 

switching state and the output voltage is +Vdc. Both conditions force reversal of current 

error and thus ensure current error trajectory to remain within specified limits[21-23]. 

3. Implementation of Three Level Hysteresis Band Current Controller 

Figure 2 illustrates a Cascaded H-Bridge Inverter with three levels, which is proposed as 

a solution for reducing current harmonics caused by nonlinear loads in a three-phase three-

wire system. While this study focuses on implementing a SAPF using a three-level CHB 

inverter, it can be readily expanded to higher levels of inverters[24]. However, it should be 

noted that increasing the number of levels in the inverter leads to more complex control and 

may introduce voltage imbalance issues[16].  

The inverter output is given by, 
( ) ( ) c dcv t u t V   (1) 

 

The switching states according to output voltage of three level inverter are given in 

Table 1. 

 

Fig. 2 SAPF with three level inverter. 

Table 1 Switching states and output voltage for CHB three level inverter 

Output Voltage Vout Sa1 Sa2 Sa3 Sa4 

+ Vdc 1 0 0 1 

0 1 0 1 0 

0 0 1 0 1  

-Vdc 0 1 1 0 

4. Simulation Results 

An assessment was conducted on a 1.5kVA Cascaded Three Level Inverter with a Three 

Level Hysteresis Band Current Controller using a PSIM simulator. The reference current 
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was produced through p-q theory, and the three level hysteresis band current controllers 

were utilized to control the switching operation of the cascaded H bridge inverter. The 

system is simulated with parameters mentioned in Table 2. 

     Table 2 Simulations Parameters 

Parameters Numerical Value 

Supply Voltage 380 V Line to Line 

Supply Frequency 50 Hz 

Load Resistance (DC side) 60 Ω 

Load Inductance (DC side) 100 mH 

Coupling inductor 10 mH 

DC link Capacitor Cdc 

Reference DC Voltage Vdc 

3300 μF 

350 V 

Hysteresis Band B1 = -0.30 - +0.30 

B2 = -0.37 - +0.23  

  

 

Load Current, Compensating Current injected by SAPF and Source Current waveforms 

after compensation are shown in Fig. 3 (a), (c) and (e) respectively. Due to non-linear load, 

the load current waveform becomes non-sinusoidal which contains lower order harmonics 

out of which 5
th 

and 7
th

 harmonics are dominant. Corresponding to each waveform, the FFT 

spectrum is shown in adjacent diagram i.e. Fig.  (b), (d) and (f). It is evident that harmonics 

of load current are mitigated by compensating current injected by the SAPF and as a 

consequence the current harmonics in the load are eliminated making the source current 

nearly sinusoidal.  
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Fig. 3 (a) Three Phase Load Current iLa, iLb, iLc  (b) FFT Spectrum of Load Current iLa (c) Phase-A Compensating 

Current ica (d) FFT Spectrum of Compensating Current ica (e) Three Phase Source Currents isa,isb,isc (f) FFT 

Spectrum of source current isa. 

The Load current exhibits a Total Harmonic Distortion (THD) of 28.48%, while the 

Source Current THD, after implementing the suggested three level hysteresis band current 

controller for compensation, is 3.2%. This value falls comfortably within the acceptable 

limits. To assess the system's dynamic performance, a step change in load is introduced at t 

= 2.5s. As shown in Fig. 4, the inverter draws additional current during dynamic condition. 

This current is the result of DC link voltage error being processed by Voltage Controller. In 

this case, three independent DC link voltage controllers are used for each CHB module due 

to which there is slight unbalance during transient stage which is evident from  Fig. 5. 

However, reference values are quickly established owing to action of the controller and net 

exchange of active power becomes zero. 
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Fig. 4 Dynamic response of CHB- MLI based SAPF for step change in Load: Source Voltage van (volts), Load 

Current iLa (A), Compensating Current iCa (A) Source Current isa (A). 
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Fig. 5 Response of DC link Voltage for step 

change in Load. 
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hysteresis bands and Output Switching 
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The performance of three level hysteresis current controller can be evaluated from Fig. . 

The waveforms shown are for end of positive half cycle and beginning of negative half 

cycle of Phase-A. This is done in order to illustrate the switching action of developed 

current controller. The hysteresis bands of B1 and B2 are selected as per Table 2. In 

comparison to Multi-band hysteresis current controller, where inner band and outer band 

have different width for the control; the three level current controller developed in this 

paper has equal and wider width of bands which results in reduction in switching 

frequency. As long as current error remains within the limit, switching states swing 

between zero switching state and positive switching state (or negative switching state) 

depending upon the current error position in hysteresis band. Since reference current 

synthesized by SAPF inverter has multiple zero crossings as well as high current rise 

during the commutation of non-linear load devices, the current error often violates band 

limits and hence the next switching state should act in order to force the current error back 

to the defined limits. As a result, switching state of opposite nature should be selected 

instead of zero vector. This is ensured with the help of finite state machines and appropriate 
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logic. Fig. 7 shows output voltage of one phase of inverter as well as line to line voltage for 

SAPF.  
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Fig. 7 Inverter Output Voltage for one phase of SAPF (Van) and Line Voltage of SAPF (Vab). 

5. Conclusion 

This paper presents a simulation of a three-level hysteresis band current controller for a 

three-level Cascaded H-Bridge Multilevel Inverter used in a Shunt Active Power Filter 

(SAPF) application. The method selects best possible voltage vector for each phase of 

Cascaded H Bridge inverter and allows larger band limits to be realized while maintaining 

smooth transition from one state to another state which serves as an advantage for HCC 

technique. The SAPF effectively compensates for harmonics in the system whereas current 

ripples are reduced in the output current.   
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