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ABSTRACT: This paper presented an improved approach for active filtering topology using simplified multi-

level inverter. The modified phase opposition disposition (MPOD) scheme is presented on simplified multilevel 

inverter. The multilevel inverter obtained 9 level injecting power using 12 active power switches. The Modified 

POD scheme has a single carrier and multi-reference signal for PWM implementation for presented active filter 

topology. The enhanced reference frame method is used in PWM generation so that it is not required auxiliary 

elements for improving power quality and eliminating the higher order harmonics. The enhancement of this 

scheme is obviously verified under unbalancing load and dynamic load conditions. The comparison with five 

level injected schemes, the present scheme has better result in the form of harmonics elimination, power factor 

improvement and reactive power compensation. 
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I. INTRODUCTION 
The study and focusing of power quality is an important ingredient in electrical field to maintaining and 

improving the power quality. The power converter has provides a crucial role for focusing in power quality. The 

power converter is basically has a non-linear property and it’s drawn a saturated power in input supply and load 

[1]. Power converter injects line across the point of common coupling (PCC) in between supply to load. The 

classical approach for power quality improvement or power quality standard are the passive elements such as 

capacitor, inductor. Classical scheme has bad mark on bulky in size, fixed solution for compensation, resonance 

problem and electromagnetic intrusion [2].  

The active power filter is an advanced technique for improving power quality or maintaining the power 

quality as per the standard limits [3]. The multilevel inverter is recently developed for medium to high power 

application under power quality standard. Multilevel inverter topology Applied in electrical drives control and 

reactive power elimination.  The multilevel inverter stands for low power rating of power switches and passive 

elements, suppressing Total Harmonics Distortion (THD) across the load. The Pulse Width Modulation (PWM) 

generation and implementation is for multilevel inverter. This PWM implementation is because of resolving 

semiconductor or power switch limitation [4],[5]. 

The enhancement of multilevel inverter has reaches the necessities such as generate a pure angle of 

sinusoidal injected voltage and low Total Harmonics Distortion (THD) of load current by present inverter. The 

classical approach of three-level and five-level inverter cascaded and flying capacitor type and it has required 

excessive filters and excessive ranges for meet out necessities.  So lower frequency and lower rating of power 

switches used in enhancement of present simplified multilevel inverter based active filter topology shown in 

Fig.1.  The present scheme has low power losses, capable of reactive power elimination, power factor correction 

by simplified structure and modified phase opposition and disposition scheme.  The present scheme is applied 

under non-linear load, dynamic load and unbalancing load conditions and verified by using simulation results.  
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Fig. 1. The basic configuration of Active filter topology 

 

II. THEBASIC CONFIGURATION OF ACTIVE FILTER 
The active filter is injecting current in quadrature form and opposite to harmonics across the point of 

common coupling. The injected current from active filter called compensation current. The harmonics 

generation and reactance is generated by non-linear, unbalancing and dynamic load conditions. So pulse width 

modulation based power converter is applied as active filter topology which is shown in Fig.1.  

The basic nature of multilevel inverter is not requires a coupling transformer and injected excessive 

passive elements.  The modified phase opposition and disposition is used in present active filter topology for 

controlling current and harmonics suppression shown in Fig. 2.    

 

III. THE ACTIVE POWER FILTER TOPOLOGY USING SIMPLIFIED MULTILEVEL 

INVERTER 

. 

 

IV. THE ACTIVE POWER FILTER TOPOLOGY USING SIMPLIFIED MULTILEVEL 

INVERTER 
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V. MODES OF OPERATION OF ACTIVE POWER CONVERTER 
The proposed PWM method has five levels ( , , 0, , ) as per to the switching mode 

of the inverter. There are four manners of working submit the rapid value of reference and outside value of the 

carrier signal . Inverter output voltage drawn through operating ranges shown in Table II. 

The Novel pulse width modulation approach based on pod (phase opposition and disposition) 

modulation requires only a single carrier ( ). It is proposed the detailed PWM strategy is represented in 

fig. 3 

If the reference signal is positive, then the switch pair ( , ) are turn on, and if reference is negative, 

then the switching pairs ( , ) are turn on.  
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Fig. 3. PWM strategy based on MPOD with single carrier signal 

 

Thus the switches composing the H bridge inverter turned on and turn off once during the period of the 

reference signal. The voltage across the switch at blocking state is .the switches ( , ) are operated 

complimentary to the switches ( , ).The PWM signal generates for proposed module can be explained as 

follows: 

Mode 1: A signal withholds from the reference signal by  is compared with the carrier signal. If -

>  then all switches  or  are turned on. If - < , then the switch  or  is turn off 

alternately and current flow through Diodes (  , ,  )and  are ON .then , ,  are OFF. Charging 

and discharging of Inductors ( , , , , ) continuously. Capacitor start to charge ( and ). 

Mode 2: the reference signal is directly compared with a carrier signal. If >  then the switch  or 

 is turned on alternately. If  then all switches  and  are turned off. Then ,  

and  and are ON. Then , ,  are OFF. , , ,  is charged by Supply and  are 

continuous to charge. 

Mode 3:  directly compared with a carrier signal. If >  then the switch  or  is turned on 

alternately. If <  then all switches  and  are turned off. Then , , ,  and are 

ON. Then , ,  are OFF. , , ,  is charged by and . 

Mode 4: a signal subtracted from  by is compare with carrier signal. If - >  then all 

switches and  are turned on. If - <  then the switch  or  is turned off alternately. 

, , ,  and are ON. Then , ,  are OFF. , , ,  is charged by and . 

 

TABLE II: Operating mode of proposed MLI 
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VI. CONTROL STRATEGY 
The main aim of the control strategy is to maintain power quality as in standard limits. The system 

control is used to maintain desired range of power quality under unbalanced dynamic load condition. The Active 

Filter is compensating reactance value but voltage ripple and current ripple is need to be reduce then easily 

power factor correction is reduces. Therefore the APF needs very sensible controller and circuits. 

a) Modified Synchronous Reference Frame Control (MRFC) 

In traditional topology there are so many active filtering methods such as reactive power control theory 

(p-q theory), unity power factor control, one cycle control and Fast Fourier Technique etc. the proposed scheme 

has used to extract the reference current generation using active filtering [6].The presented modified 

synchronous reference frame (MSRF) explain about harmonics and extract the harmonics component. The 

source current of   and is detected and is transferred in to two-phase stationary frame   from stationary reference 

frame. The detection scheme has been made by the following equation  
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The two phase stationary reference frame of   and   is transformed into direct and quadrature axis frame by 

equation (2). The cosine and sine angle are generated using phase lock loop (PLL) reference frame. 
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The generation of dq-currents obtained by incorporated of AC and DC parts. The fundamental 

component of fixed DC and AC parts represents the harmonics component. The harmonics or current transient 

can be easily extracted using low pass filter shown in fig.4 

 

 
Fig.4 the block diagram for MSRF algorithm 

The direct axis current is obtained from combination of active fundamental current   and load current 

harmonics .The fundamental component is represents in   synchronous reference frame.  The direct axis 

component of harmonics is obtained by subtracting   from   it is presented in load.  Quadrature axis harmonics 

current obtained by sum of reactive form of load current and load harmonics. 
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The   and   reference frame is generated by following equation 
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The reference current  **,*, iii cba
  of are obtained by the following expression 
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b) Fuzzy logic controller scheme 

The effective Active Filter is adapted with simplified 9- level Inverter system. The basic nature of 

dynamic voltage restorer injects the reactance to suppress the reactive power which is generated in load [7] and 

also observed harmonics and current transient problem. The main demerit of PI controller is its incompetence in 

precipitate conditions of error signals,  , because it can consider the value of signal alone except the change of  

rising and falling time, i.e derivative error signal,  . To solve power quality problem, a smooth waveform is 

achieved using proposed fuzzy logic scheme. The presented fuzzy logic scheme is based on Mamdani’s system 

and it is used to improve the fast transient performance in phase lock loop control circuit. The fast transient 

performance of fuzzy logic controller over PI controller is shown in Fig.5. 

The fuzzy control system as shown in Fig. 6 consists of fuzzification, defuzzification and decision 

making stage [8]. The proposed fuzzy logic controller applied in phase lock loop reference schemes for 

improving the angle control [9] and supplying to effective alpha, beta and d-q reference current generation. The 

fuzzy based PLL provides fast transient performance over the PI based PLL controller. The proposal of fuzzy 

logic scheme has the capability to extract the harmonics current from actual current signal and it is provided the 

suitable reference signal generation for pulse generation of active dynamic voltage restorer. The modified 

reference frame controller has provided satisfactory reference signal by crucial appearance of fuzzy logic PLL 

scheme and fuzzy rules is shown in Fig. 6. 

 

 
(a) 

 

 
(b) 
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Fig. 5 controller comparison performance: (a) fuzzy controller on APF. (b)  PI controller on APF 

 

 
Fig. 6 Membership functions of I/O fuzzy sets and control rules assignment. 

 

VII. SIMULATION RESULTS AND DISCUSSION 
The enhancement of proposed scheme has ability to control power quality in the form of reactive power 

compensation across load, improving the real power, Total Harmonics Distortion (THD) elimination and power 

factor correction. The present improved multilevel inverter topology based Active filter is provided a maximum 

level of harmonics elimination over 5-level approach is shown in Figure.7. The present system is analysis under 

Non-linear and Dynamic load condition. The ripple power is identified and controlled by active modified 

reference frame controller.  

The controller is proved as a better and also prominent solution for controlling ripple content present 

which Non-Linear and Dynamic load. The simulation implementation and it is verified by MATLAB/Simulink 

software. The enhancement of modified phase opposition and disposition controller is implemented using 

improved form of reference frame controller.  Reference frame controller is played an important role in 

harmonics reduction. MSRF via extracting ripple current and can   

 

 
Fig.7 simulation circuit implementation of proposed scheme 
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Fig.8 Simplified Multilevel Inverter Performance: (a) Per-Phase Inverter Voltage. (b) Three- Phase Multilevel 

Inverter voltage. 

 

The present multilevel inverter is obtained Nine-Level voltage to reduce and improving the active filter 

performance. The performance of per-phase voltage and Three-phase voltage is shown in Figure.8.  Testing of 

this system is required low ranges of passive elements and by the passive elements R-C circuits used to draw the 

injected voltage which is shown in Figure. 9(a). The power quality improved performances are shown in Figure 

from 9(b) to 9(d).  The total harmonics distortion is obtained and this is proved as a better scheme over existing 

Five-level approach is shown in Figure.10 and desired standard limits [10]. By the way power factor correction 

is reached 0.9 

 

 

 

. 

Fig.9 Power quality performance of proposed system: (a) Injected Voltage. (b) Real Power (P). (c) Reactive 

Power (Q). (d) Power Factor Correction 
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fig.10. TotalHarmonics Harmonic Distortion (THD) using FFT met 
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