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ABSTRACT 

The aim of our paper is to increase in the usage of non-linear loads especially the power electronic equipment’s leads to increase 

the power quality by decreasing the harmonics in voltage waveforms at the point of common coupling (PCC) of various 

consumers. By using of PCC also we are not getting sufficient quality of power so for improving the quality of power we are 

introducing APF’s which have proved to be an attractive alternative to compensate for current and voltage disturbances in power 

distribution systems. Two fundamental configurations of stand-alone APFs, either active or passive, have evolved: the series and 

the shunt filter. The shunt active filter is recognized as a cost effective solution for harmonic compensation in low and medium 

power systems. A diode clamped and cascaded H-Bridge multilevel inverter has been used to realize the three phase shunt active 

filter. And we can improve the quality of by using modern technique like fuzzy logic controller. By Combination of APF’s and 

fuzzy logic controller we are improving the power quality by impacting on THD values. The simulation is done in 

MATLAB/SIMULINK software and the results show that with the proposed PWM with fuzzy logic controller, THD is reduced 

significantly in the over modulation region compared to PI controller technique and hence is employed in the realization of active 

filter. 

 

Keywords- Active Power Filter (APF), Instantaneous Reactive Power Theory (-Q Theory), Multilevel Inverter (MLI), Fuzzy 

logic Controller. 

 

1 INTRODUCTION 

In a modern power system, increasing of loads and nonlinear 

equipment’s have been demanding the compensation of the 

disturbances caused for them. These non-linear loads may 

cause poor power factor and high degree of harmonics. Active 

power filter (APF) can solve problems of harmonic and 

reactive power simultaneously. APF’s consisting of voltage 

source inverters and a dc capacitor have been researched and 

developed for improving the power factor and stability of 

transmission systems [1-2]. APF have the ability to adjust the 

amplitude of the synthesized ac voltage of the inverters by 

means of pulse width modulation or by control of the dc-link 

voltage, thus drawing either leading or lagging reactive power 

from the supply. APF’s are an up-to-date solution to power 

quality problems [3]. Shunt APF’s allowed the compensation 

of current harmonics and unbalance, together with power 

factor correction, and can be a much better solution than 

conventional approach (capacitors and passive filters) [4]. The 

simplest method of eliminating line current harmonics and 

improving the system power factor is to use passive LC filters. 

However, bulk passive components, series and parallel 

resonance and a fixed compensation characteristic are the 

main drawbacks of passive LC filters [5]. 

 Harmonic compensations have become increasingly 

important in power systems due to the widespread use of 

adjustable-speed drives, arc furnace, switched-mode power 

Supply, uninterruptible power supply, etc. Harmonics not only 

Increase the losses but also produce unwanted disturbance to 

the communication network, more voltage and/or current 

Stress, etc. Different mitigation solutions, e.g., passive filter, 

Active power line conditioner, and also hybrid filter, have 

been Proposed and used [6]. Recent technological 

advancement of switching devices and availability of cheaper 

controlling devices, E.g., DSP-field-programmable-gate array-

based system, Make active power line conditioner a natural 

choice to compensate for harmonics [7]. Shunt-type active 

power filter (APF) is used to eliminate the current harmonics. 

The dynamic performance of an APF is mainly dependent on 

how quickly and how accurately the harmonic components are 

extracted from the load current [8].  
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Multi-level inverters (MLI) as an alternative without a 

coupling transformer are introduced to generate AC waveform 

from small voltage steps by utilizing a bank of series 

capacitors or separate DC sources [9]. The switching losses 

and related electromagnetic interference (EMI) are negligible 

as the switching frequency of MLI is line frequency. Three 

major types of MLI are realized, namely, diode-clamped, 

flying-capacitor clamped and cascaded H-bridge voltage 

source inverter (CHB-VSI) for generating smooth sinusoidal 

voltage. The cascaded MLI is structured by a number of H-

bridge units with a separate DC source for each H-bridge [10]. 

The major merits of the CHB-VSI over the other two types are 

introduced in [11]-[12]. This paper proposes a compensating 

system based on five-level CHB-VSI. As the five-level CHB-

VSI based SAPF with in-phase disposition (IPD) modulation 

technique which is considered as an effective compensator in a 

four-wire distribution network, and there it is essential to 

establish the compensating performance of SAPF [13]. This 

paper presents the comparative analysis of PI & fuzzy 

controlled APF to improve PQ features by using 

Matlab/Simulink platform and results are conferred [14]. 

 
Fig 1 Shunt Active Filter. 

In  this  paper  simulated  results  of  Diode-Clamped  and 

Cascaded  H-Bridge  multilevel  inverter  based  Shunt  APF 

are  presented.  P-Q theory is used for reference current 

generation.  Sinusoidal Pulse Width Modulation (SPWM) 

technique is used for pulse generation.  

 

2 SHUNT ACTIVE POWER FILTER 

Shunt Active Power Filter connected in parallel to supply 

system is used to mitigate current harmonics generated by 

nonlinear loads. It can be used to provide reactive power to the 

load as well. Fig.l. shows basic schematic of Shunt Active 

Power Filter. The P-Q theory is used for control of Shunt APF. 

The control algorithm has to do the work of pulse generation 

as well as capacitor voltage regulation at a time. PI Controller 

is used for capacitor voltage regulation. Sinusoidal PWM is 

used for pulse generation for inverter operation.  

 

3 DIODE-CLAMPED MULTILEVEL 

INVERTER BASED SHUNT APF 

The A three-phase five-level Diode-Clamped MLI based shunt 

APF is shown in figure.2. Each of the three phases of the 

inverter shares a common dc bus, which has been subdivided 

by four capacitors into five levels. The  voltage across  each 

capacitor  is Vdc  and  the  voltage  stress  across each  

switching  device  is  limited  Vdc through  the  clamping 

diodes. The  output  waveform  consists  of  five  steps 

corresponding  to  five  voltage  levels.  In  fig.2,  Is is  the  AC 

source  current, Iload is  load  current,  Icomp is  the compensated 

current from  shunt APF then, In operation of Shunt APF, 

compensated current is calculated  such  that,  it  mitigates  all  

harmonics  in  source current.  So that, source current Is 

becomes sinusoidal and harmonic free. P-Q theory is used to 

control the Shunt APF. Along  with  reference  signal  

generation  it  has  to  regulate DC link  voltage. 

  (1) 

 
Fig 2. Five-level Diode-Clamped MLI based Shunt APF. 

calculated  such  that,  it  mitigates  all  harmonics  in  source 

current.  So that, source current Is becomes sinusoidal and 

harmonic free. P-Q theory is used to control the Shunt APF. 

Along with reference signal generation it has to regulate DC 

link voltage.  

One major limitation of the diode clamped inverter is the 

tendency of the capacitor voltages to drift from their ideal 

value. The  drifting  is  dependent  on  the  load  attached  and 

therefore  additional  circuitry is  desired in  order to  keep the 

voltages  as  balanced  between  the  capacitors  as  possible. 

This  problem  of  unbalancing  affects  the  inverter  operation 

when  we  use  the  inverter  more  than  three-level.  This  is 

because  of  the  improper  utilization  of  the  dc-link  

capacitor voltage  by  inverter  circuit.  We can  see  from  the  

structure of  five-level  diode  clamped  inverter  shown  in  

figure 2, the top and bottom capacitors increase in  voltage  

and  the middle capacitors decrease in voltage because these 

middle capacitor are more utilized as compare to the top and 

bottom  capacitor, hence they are discharge more in the circuit 

operation,  as  compare  to  top  &  bottom  capacitors and 

these leads to increase in voltage across the top  & bottom  

capacitors  in  order  to  maintain the total dc-link voltage. 

Since this voltage drift phenomenon affects the ac side voltage 

waveform and consequently, results in unsatisfactory 

operation or even failure of the DCI. Thus there  is  a  need  

for  equalization  of  voltage  among  dc capacitors.  Therefore  

additional  circuitry  is  desired  in order  to  keep  the  voltage  

balance  between  the  capacitors. 
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Fig. 3 Balancing Circuit for Diode-Clamped MLI. 

The use behind this balancing circuit as shown in fig.3. is to 

transfer the energy to the middle capacitor using inductor for 

energy storing purpose. Assuming an imbalance occurs and C1 

is at high voltage value than Cz, then the switch S1 will close 

and energy of C1 is transfer to the inductor. Once the C1 

reaches the desired voltage, then the switch S1 will open and 

stop energy transfer between and inductor. When switch S1 is 

open, the energy stored in the inductor is then transferred to 

the capacitor C2 and increasing the voltage of C2 to its desired 

value. This exchange of the energy keeps the voltages of 

capacitor to a desired voltage value continuously. 

 

4 CASCADED H-BRIDGE MULTILEVEL 

INVERTER BASED SHUNT APF 

 
Fig.4.five-level Cascaded H-Bridge MLI based Shunt APF. 

 

A  three-phase  structure  of  a  5-level  Cascaded  H-

Bridge MLI based Shunt APF is  shown  in  figure.4. Each 

Separate DC  Source  (SDCS)  is  connected  to  a  single-

phase  full  bridge,  also  called  as  H-bridge  inverter.  Each  

inverter level  can  generate  three  different  voltage  outputs  

and  by connecting the  dc source to the ac output by switching 

ON or  OFF  the  switches.  The  resulting  phase  voltage  is 

synthesized  by  the  addition  of  the  voltages generated  by 

the  different  full  bridge  inverter  levels.  The  resulting 

output  ac  voltage  swings  from  2V  dc  to  -2V  dc  with  

five levels,  and  the  staircase  waveform  is  nearly  

sinusoidal. The  number  of  output  phase  voltage  levels m  =  

2s  + 1,  where  s  is  the  number  of  Separate  dc  sources.  

For example, if  there  are  2  Separate  DC  Sources,  then  the 

phase voltage waveform is 5 steps staircase. 

In  figure.4  above,  the  compensating  current  Icomp  is 

derived using  P-Q  theory  such  that  it  is  in  anti-phase  

with harmonic  component  of  current  generated  by  non-

linear load,  therefore  mitigating harmonics. 

 
Fig.5.Shunt APF Reference Current Generation. 

 

a) PQ THEORY:The Shunt  APF  is  used  to  compensate  

current  harmonics generated  due  to  non-linear  load.  The  

Shunt  APF  block diagram  representing  reference  

compensating  current generation  is  shown  in  Figure .3. The 

P-Q theory (Instantaneous Reactive power theory) is used to 

calculate reference current signals.  

The  instantaneous  three-phase  load  currents  and  source 

voltages Vsabc are  transformed  to α-β-0 coordinates  as shown 

in equations (2)  and  (3). 

 
 (2) 

  
 (3) 

Equation (4) shows calculation of source side instantaneous 

real and imaginary power components. 

 (4) 

i.e. 

 
This  power  can  be  represented  as  composition  of  positive 

sequence  component  (Pf)  and  negative  sequence component 

along with harmonic component  (Ph) 

P = Pf + Ph  (5) 

Therefore,  this  power  is  filtered  out  using  second  order 

low  pass  filter  tuned  at 50Hz.Since  DC  link  capacitor  is 

used  as  energy  storage  element  for  operation  of  both  the  

SAF and PAF. So, we  have  to  consider  power  loss 

component  (Ploss) of  capacitor  as  well. i.e.  We have to 
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regulate the DC link voltage. Ploss is calculated as shown in 

following equation. 

  (6) 

Where,  

Vdc :- voltage across capacitor  

IDeer :- reference current set by PI controller The reference 

currents in α-β-0 coordinates are calculated as shown in 

equation (7). 

  (7) 

Then  these  reference  currents  in  α-β-0 coordinates  

are transformed into  three  phase system as shown  by 

equation (8)  below. 

  (8) 

These  fundamental  components  of  load  currents  are 

subtracted  from  actual  load  currents  to  calculate  reference 

compensating  currents.  These  currents  are  compared 

against  actual  filter  compensating  currents  and  the 

difference  is  given  to  Carrier  based  Sinusoidal  PWM, 

which generates  appropriate  pulses  for  operation  of  Shunt 

APF. Better  operation  of  Shunt  APF  is  guaranteed,  if  the 

voltage  across  DC  link  is  maintained  at  prescribed 

reference  DC  voltage.  PI Controller is used to regulate 

voltage across DC link.  The controller sets a reference  DC 

current  required  to  maintain  the  voltage  across  DC  link 

constant In case of Diode  clamped multilevel inverter, along 

with PI controller for  maintaining  DC  link  voltage constant,  

we require  balancing  circuit  in  order  to  keep  the voltage 

balance between the capacitors. 

 

5 CAPACITOR VOLTAGE REGULATION 

In case of Cascaded  H-Bridge  Multilevel  inverter,  It  IS 

required  to  maintain  voltage  across  each  capacitor of  

individual  H-Bridge. As shown  in  figure.7,  each capacitor  

voltage  is  sensed  and  average  leg  voltage  is compared  

with reference  and  averaged error  is  given to  PI controller  

which  generates  a  reference  current  required  to maintain 

the  voltage across each capacitor constant.  

 
Fig 6. Capacitor Voltage Regulation using PI Controller for 

DiodeClamped Multilevel Inverter. 

 
Fig.7.Capacitor Voltage Regulation using PI Controller for 

Cascaded HBridge Multilevel Inverter. 

 
Fig.8 Level shifted carrier based Sinusoidal PWM technique 

for Diode Clamped MLI. 

 

6 PWM MODULATION STRATEGY 

Pulse  width  modulation  (PWM)  strategies  used  in  

a conventional  inverter  can  be  modified to use in multilevel 

inverters.  For Diode-clamped multilevel inverter, Level 

shifted carrier based Sinusoidal PWM technique is used. 

 
Fig. 9 Phase shifted carrier based Sinusoidal PWM technique 

forCascaded H-Bridge MLI. 

For pulse generation [10]. Here four  level  shifted triangular  

carrier  signals  and  one  reference  or  modulation signal  per  

phase  is  used  as  shown  in  figure  8.For Cascaded  H-

Bridge  multilevel  inverter,  Phase  shifted carrier  based  

Sinusoidal PWM technique  is  used for  pulse generation  

[12],  [13].  The carrier  signal  shown  in  figure  9 is  used  to  

generate  gating  pulses  for  upper  switch  of  left leg  of  
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upper  H-Bridge and  inverted carrier  signal  is  used to  

control  upper  switch  of  right  leg  of  upper  H-Bridge. 

Similarly, 90° phase shifted carrier signal is used to control 

lower H-Bridge. 

 

7. FUZZY LOGIC CONTROL 

L. A. Zadeh presented the first paper on fuzzy set theory in 

1965. Since then, a new language was developed to describe 

the fuzzy properties of reality, which are very difficult and 

sometime even impossible to be described using conventional 

methods. Fuzzy set theory has been widely used in the control 

area with some application to power system [5]. A simple 

fuzzy logic control is built up by a group of rules based on the 

human knowledge of system behavior. Matlab/Simulink 

simulation model is built to study the dynamic behavior of 

converter. Furthermore, design of fuzzy logic controller can 

provide desirable both small signal and large signal dynamic 

performance at same time, which is not possible with linear 

control technique. Thus, fuzzy logic controller has been 

potential ability to improve the robustness of compensator.  

 
Fig.10. Fuzzy logic Control. 

The basic scheme of a fuzzy logic controller is shown in Fig 

11 and consists of four principal components such as: a fuzzy 

fication interface, which converts input data into suitable 

linguistic values; a knowledge base, which consists of a data 

base with the necessary linguistic definitions and the control 

rule set; a decision-making logic which, simulating a human 

decision process, infer the fuzzy control action from the 

knowledge of the control rules and linguistic variable 

definitions; a de-fuzzification interface which yields non fuzzy 

control action from an inferred fuzzy control action [10]. 

 
Fig.11. Block diagram of the Fuzzy Logic Controller (FLC) 

for proposed converter. 

 
Fig.12. Membership functions for error. 

 
Fig.13. Membership functions for change_in_error. 

 
Fig.14. Membership functions for Output. 

 

8 MATLAB/SIMULINK RESULTS 

Case I: Shunt Active power filter based Diode Clamped Five 

Level Inverter with PI Controller. 

 

Fig.15.Matlab/Simulation waveform of the shunt active power 

filter with diode Clamped five level inverter. 

 
Fig.16.Simulation results of Diode-Clamped Multilevel 

Inverter based Shunt APF with single phase waveform of (a) 

Source Voltage, (b) Source Current (c) Filter current, (d)Load 

Current. With PI Controller. 
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Fig.17.Simulation results of Diode-Clamped Multilevel 

Inverter based Shunt APF with three phase waveform of (a) 

Source Voltage, (b) Source Current, (c) Load current, (d) 

Filter Current with PI Controller. 

 
Fig.18.Single phase waveform of diode clamped five level 

inverter. 

 
Fig.19.Active and reactive power of Source side. 

 
Fig.20.Capacitor Voltage Regulation in Diode-Clamped 

Multilevel Inverter based Shunt APF. 

 
Fig.21.FFT Analysis of Load Current of Diode Clamped 

Multilevel Inverter based Shunt APF. 

 
Fig.22.FFT Analysis of Source Current of Diode Clamped 

multilevel Inverter based Shunt APF with PI Controller. 

Case II: Shunt Active power filter based Diode Clamped Five 

Level Inverter with Fuzzy logic Controller. 

Fig.23.Simulation results of Diode-Clamped Multilevel 

Inverter based Shunt APF with single phase waveform of (a) 

Source Voltage, (b) Source Current (c) Filter current, (d) Load 

Current. With Fuzzy logic Controller. 

 
Fig.24.Simulation results of Diode-Clamped Multilevel 

Inverter based Shunt APF with three phase waveform of (a) 

Source Voltage, (b) Source Current, (c) Load current, (d) 

Filter Current with Fuzzy logic Controller. 
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Fig.25. FFT Analysis of Source Current of Diode Clamped 

multilevel Inverter based Shunt APF with Fuzzy logic 

Controller. 

Case III: Shunt Active power filter based Cascaded H-bridge 

five Level Inverter with PI Controller. 

 

Fig.26.Matlab/Simulation waveform of the shunt active power 

filter with cascaded H-bridge five level inverter. 

 
Fig.27.Simulation results of cascaded H-bridge five level 

Inverter based Shunt APF with single phase waveform of (a) 

Source Voltage, (b) Source Current (c) load current, (d) Filter 

Current. With PI Controller. 

 
Fig.28.Simulation results of cascade H-bridge five level 

Inverter based Shunt APF with three phase waveform of (a) 

Source Voltage, (b) Source Current, (c) Load current, (d) 

Filter Current with PI Controller. 

 
Fig.29.Single phase waveform of cascaded H-bridge five level 

inverter. 

 
Fig.30.FFT Analysis of Source Current of cascaded H-bridge 

Inverter based Shunt APF with PI Controller. 

Case IV: Shunt Active power filter based Cascaded 

H-bridge five Level Inverter with Fuzzy logic 

Controller. 

 
Fig.31.Simulation results of cascaded H-bridge five level 

Inverter based Shunt APF with single phase waveform of (a) 

Source Voltage, (b) Source Current (c) load current, (d) Filter 

Current. With fuzzy logic Controller. 

 
Fig.32.Simulation results of cascade H-bridge five level 

Inverter based Shunt APF with three phase waveform of (a) 

Source Voltage, (b) Source Current, (c) Load current, (d) 

Filter Current with fuzzy logic Controller. 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-4, ISSUE-4, APR-2017                                                     E-ISSN: 2349-7610 

VOLUME-4, ISSUE-4, APR-2017                                                 COPYRIGHT © 2017 IJREST, ALL RIGHT RESERVED                                                                                          84 

 
Fig.33.FFT Analysis of Source Current of cascaded H-bridge 

Inverter based Shunt APF with fuzzy logic Controller. 

 

9. CONCLUSION 

A new modulation strategy is proposed for a three phase 

cascaded H-bridge multilevel inverter which achieves 

improvement in line to line harmonics in the over modulation 

region compared to conventional modulation techniques. 

Besides, in the proposed PWM technique complexity of the 

pulse generation is reduced as the number of carriers is 

reduced to half compared to the already existing PWM 

techniques. The modulation index can be varied over a wide 

modulation range. As the lower base band harmonics are 

cancelled due to doubling effect THD decreases with increase 

in modulation index even greater than one.The cascaded H-

bridge seven level multilevel inverter with the proposed 

unipolar multicarrier PWM technique has been used as the 

shunt active powerfilter. All  of  the  phases  of  Diode-

Clamped  multilevel  inverter  share  a  common  de  bus, 

which  minimizes  the  capacitance  requirements  of  the 

inverter;  but  at  the  same  time  it  requires  balancing circuit.  

On  the  other  hand,  Cascaded  H-Bridge multilevel  inverter  

doesn't  require  balancing  circuit  but it  requires  separate  dc  

sources  (capacitors)  for  each  of the  H-bridges.As  

Cascaded  H-Bridge  MLI  don't  require  balancing circuit,  

therefore  complexity  decreases.  Simulation results  shows  

that,  Cascaded  H-Bridge  multilevel inverter  gives  better  

mitigation  of  harmonics  than Diode-Clamped multilevel 

inverter. Simulation results show that the dominant harmonics 

in the line current and total harmonic distortion have been 

reduced when comer to pi controller the fuzzy logic controller 

reduce the THD the PI control the THD is 1.95% fuzzy logic 

control reduce the THD is 0.84% significantly. Hence there is 

an improvement in the power quality. 
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