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Abstract: In this paper, voltage source inverter is used is used as a distributed static compensator (DSTATCOM). The voltage 

source inverter has a advantages of low harmonic distortion and reduced switching losses. The voltage source inverter is used as 

DSTATCOM elimination of harmonics and reactive power of the nonlinear load. Conventionally, the proportional integral 

controller is used for control of dc link voltage and current of DSTATCOM.  In this paper, least mean algorithm application is 

extended to estimate the oscillating component of the harmonics active power instead of low pass filter. The tuning or parameter 

adjustment of the low pass filter is tedious task.   The proportional controller requires in detailed mathematical modeling of the 

overall system and it is tedious process.  To overcome aforementioned task interval fuzzy logic controller (FLC) applied for a 

DSTATCOM. The proposed FLC is used to control the DC voltage as well as current loop to improve the performances of the 

DSTATCOM. The overall system of DSTATCOM including fuzzy logic controller implemented in MATLAB/Simulink. The 

simulated response of DSTATCOM found to be improved and better than the conventional PI controller. 

 

Index Terms -DSTATCOM, FLC, harmonics, reactive power. 

  

I. INTRODUCTION 

The large amount of world energy is processed through power electronics equipment such as variable-frequency drives, 

computers and electronic ballasts and so on. These loads contribute the enormous harmonics to the utility which are odd 

multiple of the fundamental frequency. The harmonics cannot contribute the active power and hence, need to be compensated.  

To eliminate the harmonics, active power filter has been proposed. The active filter is also known as DSTATCOM [1]-[3]. 

The most of the DSTATCOMs are based on standard two level voltage source inverters (VSI). However, in medium power 

application two level VSIs are advantages due the lower number of switching devices. Hybrid power filter topologies were 

used for high power application. 

The controller design is the major part of the DSTATCOM for proper tracking the desired response. Conventionally PI 

controller is used for regulating the DC link voltage of DSTATCOM. However, the parametric value of PI controller requires 

rigorous mathematic modelling of the system, which is very difficult to obtain parameter of PI controller under uncertainty 

condition and external load disturbance etc. [5]. 

In recent times, FLC is generated great deal of interest in most of control system applications. The advantages of the fuzzy 

logic controller against the PI controller is that the overall modelling and computation of parameter is not require and also 

handle imprecise input and so on.  

 In this paper, FLC DSTATCOM based on IRPT algorithm for harmonics and reactive power compensation is proposed. A 

control theory based on instantaneous reactive power theory is adopted for the reference current generation. The performance 

of DSTATCOM with FLC is evaluated through computer MATLAB simulation.  

. 

II. DSTATCOM  CONFIGURATION  

The schematic diagram of least mean square based LMS algorithm based DSTATCOM is shown in Fig.1. The overall 

DSTATCOM circuit consists of six insulated gate bipolar transistor, coupling inductors, dc link capacitors and three phase 

nonlinear load with commutation inductors.  
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Fig. 1. DSTATCOM configuration for DG set integration. 

I. CONTROL SCHEME  

In many control schemes are available in literature proposed for efficient extraction of reference current such as 

synchronous reference frame, power balance, symmetrical component theory and instantaneous reactive power theory etc. [2]-

[10]. Among these reference current generations instantaneous reference theory (IRP) most efficient and commonly used. In 

IRP theory, it involves that conversion of the three phase signals into bi-phase and subsequent computation of the active and 

reactive power. The calculated active and reactive is used for reference generation and transformed back to three phase. These 

generated reference current fed to the gate pulse generator to track the source current. The dc voltage regulation is carried out 

with FLC. The FLC has more freedom for handling uncertainty over conventional type-1 fuzzy logic controller. The individual 

dc voltage regulation scheme with FLC is shown in Fig. 2.  The least mean square (LMS) based low pass filter IRPT is 

implemented to eliminate the requirement of the low pass filter. The harmonic component is generated with LMS algorithm, 

which is used to compute the harmonics components of the active power.  

 

 

 

Fig. 2. Instantaneous reactive power theory. 
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Fig. 3. Least mean square based low pass filter IRPT scheme 

III. DC VOLTAGE REGULATION 

The dc link voltage of active neutral point converters implemented with FLC. The FLC based controlled outer voltage regulator 

loop is shown in Fig. 5. The inputs to the FLC are error    and change in error with respect to time   

       *

A A AnA dc dc dce n v n v n v n            (1) 

       * 1
A AA dc dc dcce n v n v n v n    

    
(2) 

 

Table I: Fuzzy rule inference 

 

E/CE ANL ANM ANS AZE APS APM APL 

ANL ANL NL ANL ANL ANM ANS AZE 

ANM ANL AFNL AFNL ANM ANS AZE APS 

ANS ANL ANL ANM ANS AZE APS APM 

AZE ANL ANM ANS AZE APS APM APL 

APS ANM ANS AZE APS APM APL APL 

APM ANS AZE APS APM APL APL APL 

APL ANL ANM ANS AZE APS APM APL 

 

The output of FLC is the change in loss component of active power. The output of FLC at nth and (n-1)th sampling instants are 

 
Adp n  and  1

Adp n   respectively.  The total output active power at nth sampling is determined by adding the previous 

value of active loss component of power with current value to the calculated change in loss power component. 

     1   
v v vd d dp n p n p n    (3) 
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Where is the sampling time, 
vdp is the active loss power of desired reference active power at nth sampling time and is gain 

factor of the FLCs.  The rule base of the FLC is shown in Table I. The voltage regulator loop for phase-a is shown in Fig. 4.  The 

rue base table type-2 fuzzy logic controller is shown Table I. 

 

 

Fig. 4. DC Voltage regulation loop. 

 

IV. RESULTS AND DISCUSSIONS 

The simulated response of the DSTATCOM is presented to validate the FLC controller for the  DSTATCOM. The simulated 

response of the DSTATCOM with PI controller is shown in Fig. 5. Before compensation with DSTATCOM, the source current 

contains multiple of triplen harmonics and reactive component of current. The source current total harmonics distortion before 

compensation found to be 26.76%. At instant t=0.05sec., when DSTATCOM switched-on source current tend to sinusoidal 

waveform and in synchronous with source voltage waveform. At same instant, the DSTATCOM voltage gradually increases and 

settled down at reference value. The settling time required for the voltage to reach reference value is 0.1 sec. the total harmonics 

distortion source current after compensation with DSTATCOM is 2.13%.  

  

 

Fig. 5. Simulated waveform with PI controller. 

 

Fig. 6. Source current THD without compensation 

n 
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Fig. 7. Source current THD with compensation. 

With the step change in the load current, the corresponding changes in load current and compensating current observed. The 

changes in source current and compensating current restored within 4-6 cycles. 

The current and voltage waveforms of   DSTATCOM  with FLC is shown in Fig. 8. Before compensation with DSTATCOM 

source current is non-sinusoidal waveforms and shape of waveform in stepped form. When DSTATCOM switched-on at 

t=0.05sec., the source current is in sinusoidal shape and in phase with source voltage waveform.  The source current total 

harmonics distortion found to be 2.13%. This is within the recommend standard of IEEE standard. The harmonics spectrum is 

depicted in Fig.4. The dc link voltage gradually increases, when DSTATCOM is connected at t=0.05 sec., and reaches to steady at 

t=0.05sec.  It is evident from the simulation results the dynamics performance of DSTATCOM is better than the coventional IRPT 

as LMS based low pass filter IRPT. 

 

Fig. 8. Simulated waveform 

 

 

Fig. 9. Source current with compensation 
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IV. CONCLUSIONS 

A control scheme for high performance three-phase  STATCOM with improved power factor and displacement factor has been 

proposed. The compensating performance of controller has been investigated with different control scheme . The current control 

based on hysteresis scheme have been implemented. The simulated response shows that the proposed control schemes (LMS based 

low pass filter IRPT scheme) with FLC controller have a good performance in the harmonic compensation and improving the 

power factor, displacement factor and dynamic performance of the system. 
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