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Abstract—This paper proposes the real time implementation of 

a three phase distribution static compensator (DSTATCOM) 

using adaptive neuro fuzzy inference system least mean square 

(ANFIS-LMS) based control algorithm for compensation of 

current related power quality problems. This algorithm is 

verified for various functions of DSTATCOM such as harmonics 

compensation, unity power factor, load balancing and voltage 

regulation. The ANFIS-LMS based control algorithm is used for 

the extraction of fundamental active and reactive power 

components from non-sinusoidal load currents to estimate 

reference supply currents. Real time validation of the proposed 

control algorithm is performed on a developed laboratory 

prototype of a shunt compensator. The real time performance of 

shunt compensator with ANFIS-LMS based control algorithm is 

found satisfactory under steady state and dynamic load 

conditions. The performance of proposed control algorithm is 

also compared with fixed step LMS and variable step LMS 

(VSLMS) to demonstrate its improved performance.  

 
Index Terms—Adaptive filtering, adaptive neuro fuzzy 

inference system (ANFIS), harmonics compensation, power 

quality, unity power factor, voltage regulation. 

I. INTRODUCTION 

HERE is an increased penetration of power electronics 

based loads in industries and domestic sector which inject 

harmonics in the distribution system. Additionally, poor power 

factor, load unbalancing and high neutral current are some of 

the power quality problems introduced by a variety of loads in 

the distribution system. Power quality problems such as 

waveform distortion are due to harmonics and load 

unbalancing, which cause undesirable burden on the 

distribution system. Many topologies have been developed for 

compensation of power quality problems which include the 

application of passive filters, active filters and hybrid filters. 

Active power filter devices are used for suppressing the effects 

of non-sinusoidal load current, regulating the distribution bus 

voltage, cancelling the effect of poor power factor and 

achieving balanced supply currents even under unbalanced  
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load conditions. The active filters are also known as 

distribution static compensator (DSTATCOM). A 

DSTATCOM is normally a voltage source converter (VSC) 

based shunt compensator [1]-[3]. The implementation and 

control of DSTATCOM have become possible due to 

advancement in digital signal processors (DSPs) and self-

commutating semiconductor devices [4]-[6]. An improvement 

in power quality is reported using several new control 

techniques.    

An internal control of DSTATCOM is a prerequisite to 

achieve desired performance in steady state and dynamic 

conditions. Different techniques for extracting harmonics from 

distorted load current have been suggested by various authors. 

Instantaneous reactive power theory [7] is based on the 

calculation of active and reactive powers by converting three 

phase voltages and currents into two phases. This control 

technique does not work well under non-sinusoidal supply 

voltages [8]. Synchronous reference frame theory [9] is based 

on the conversion of three phase quantities into their dc 

counterparts and low-pass filters (LPFs) are realized for 

harmonic filtering [10]-[11]. It is difficult to estimate the 

optimum parameters of these LPFs with hysteresis current 

controller. Some other algorithms for extracting the reference 

currents have been developed and successfully implemented. 

These include instantaneous model reference adaptive control 

[12], single phase active-reactive power theory [13], software 

PLL based reference extraction [14], implicit closed-loop 

current control and resonant controller [15].Adaptive filtering 

[16]-[17] has also been recognized as powerful control 

technique for extracting reference sinusoidal current from 

distorted load current. The advantage of adaptive filtering 

control techniques is that they exhibit better response under 

transient conditions. A number of adaptive filtering algorithms 

are reported and have found application in control, 

communication and signal processing. Several authors have 

suggested algorithms based on least mean square (LMS)[18], 

variable least mean square (VLMS) adaptive filtering in 

control system and signal processing [19]-[20], fuzzy 

inference based VSLMS [21], block least mean square 

algorithm [22], artificial neural network (ANN) based 

adaptive control [23]-[24], and robust adaptive control 

strategy [25]. 

In this paper, an adaptive least mean square (LMS) 

algorithm is developed in which the step size parameters are 

updated using adaptive neuro fuzzy inference system 
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(ANFIS). An adaptive neuro fuzzy inference system least 

mean square (ANFIS-LMS) based control algorithm is 

developed using Matlab/Simulink and its effectiveness is 

verified experimentally. The extraction of sinusoidal reference 

current from distorted load current is achieved by controller 

action. The proposed algorithm is compared with fixed step 

LMS and variable step based VSLMS as suggested in [18], 

[19] and [20]. A major advantage of the proposed control 

algorithm is that it exhibits less static error and achieves fast 

convergence. The step size estimated using ANFIS learns 

faster and achieves less static error in fundamental weight 

estimation. The proposed control algorithm is used for the 

control of the shunt compensator and has the ability to 

improve various aspects of power quality such as harmonics 

compensation, voltage regulation, power factor correction and 

load balancing. An improved performance is achieved under 

steady state as well as dynamic load conditions with the 

ANFIS-LMS based adaptive technique. 

II. SYSTEM CONFIGURATION 

Fig. 1 shows the schematic diagram of a three phase shunt 

compensator. A utility supply of 3-phase, 415V and 50 Hz 

feeds the load. Small line impedance (Ls-Rs) associated with 

utility acts as a feeder. The basic building block in the 

DSTATCOM is a voltage source converter (VSC), which is 

modeled using a universal bridge in Simulink library. The 

VSC consists of six insulated gate bipolar transistors (IGBTs) 

switches with anti-parallel diodes. The nonlinear load is 

modeled using uncontrolled rectifier with series R-L branch. 

The DSTATCOM is connected at PCC with the help of 

interfacing inductors (Lf), used to filter compensator currents. 

High switching frequency components generated by IGBTs 

are eliminated by resistive-capacitive (Rf-Cf) ripple filters. 

Simulation study of the proposed system is made using SPS 

(Sim Power System) tool-box in Matlab/Simulink and the real 

time validation of the ANFIS-LMS based control algorithm is 

carried out by developing a small scale prototype in the 

laboratory using DSP controller.  

III. CONTROL ALGORITHM 

The detailed description of adaptive least mean square 

(LMS) technique is presented here, in which the step size 

parameter is updated using adaptive neuro fuzzy inference 

system (ANFIS). An adaptive neuro fuzzy inference system 

least mean square (ANFIS-LMS) based control algorithm is 

developed and its mathematical formulation is discussed. Both 

the LMS method and ANFIS structure are shown in Fig. 2 and 

Fig. 3 respectively. The complete block diagram of the control 

algorithm is shown in Fig. 4. 

A. Estimation of Fundamental Active Power Components of 

Reference Supply Currents  

An amplitude of PCC voltage (Vt) is calculated as, 

   √ (   
     

     
 )                                                          (1) 

where    
     

  and    
  are the sensed PCC phase voltages. 

In-phase unit templates of PCC voltages    
 ,    

  and    
  are 

derived as, 

   
       ⁄ ,    

       ⁄  and    
       ⁄                        (2) 

The difference (vde) between the sensed (Vdc) and reference 

dc link voltage (Vdc
*
) is calculated and passed through a PI 

(Proportional Integral) controller. The output of the PI 

controller is an active power component, which is used to 

maintain dc link voltage at reference value and meets VSC 

losses. At  th
 sampling instant, the PI controller output is 

given as,  

      ( )       (   )     *   ( )     (   )+  

   (   ( ))                                                                                     (3) 

where parameters       ,     and     are the PI controller 

output, proportional and integral gains respectively.  

The non-sinusoidal load current is expressed at k
th 

sampling 

instant as, 

  ( )        (     )  ∑       (      )
 
       

   ( )     ( )                                                                                 (4) 

where     and     represent peak value corresponding to 

fundamental component and harmonic component of load 

current respectively. Angles   and    represent phase angles 

of fundamental and harmonic components of load current 

respectively. 

The current corresponding to fundamental and harmonic 

components of load current can be further divided as, 

   ( )                                                     (5) 

   ( )                                                  (6) 
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equations are formed as,  

   ( )                                                                (7) 

   ( )                                                        (8) 

where „h‟ denotes the order of harmonics,           .   

The estimated load current is computed from the optimum 

weights (   ,    ,     and    ) expressed as, 

    ( )   
  ( )                                                                          (9) 

where the input vector  ( ) is given as,  

 ( )  ,                        - , which 

represents vector of unit in-phase and quadrature templates 

[upa uqa u5pa u5qa…]
T
. The unit quadrature templates are 

calculated in next sub-section. The weight vector    is 

represented as,    ,               -. 
The error ( ), between actual load current   ( ) and 

estimated load current     ( ) is given as, 

 ( )     ( )   
  ( )                                                            (10) 

The objective here is to minimize mean square error E[e
2
(k)], 

which is achieved by finding the optimum weights. These 

weights are optimized by least mean square (LMS) method 

given as, 

 (   )   ( )     ( ) ( )                                       (11) 

where „μ‟ is the step size parameter. The convergence and 

stability of LMS method depend on the step size parameter. 

This method is used to find optimum weights so that the mean 

square error can be minimized. The step size parameter „μ‟ 

can be kept fixed or variable. The disadvantage with fixed 

value of „μ‟ is that the LMS algorithm is not able to achieve 

minimum static error with fast convergence rate. When „μ‟ is 

high, the convergence is faster with increased static error. 

However, when „μ‟ is small, convergence is slow with reduced 

static error. 

To solve the contradiction between the convergence rate 

and steady state error, an ANFIS based variation of step size 

„μ‟ is proposed in this paper. The structure of ANFIS is 

developed with two inputs, three membership functions (MFs) 

and nine rules as shown in Fig. 3. This represents both square 

and circular nodes, to identify different adaptive capabilities. 

The ANFIS structure uses first order Sugeno type fuzzy 

inference system [26]-[27]. The function of each layer of 

ANFIS structure is given as follows.     

Layer 1:  This is the fuzzification layer, having two inputs. 

One input of this layer is error (x1=e(k)) between actual and 

estimated value of load current (   ( )    
   ( )) and other 

input is the change in error (x2=Δe(k)). Each input function 

corresponds to three MFs and the shape of MFs is represented 

as square bracket. The internal structure of each square 

bracket represents trapezoidal and triangular MFs. Equations 

related to each MFs are given as, 

 

   (  )     (  )  {

                      
    

     
                   

                           

             (12) 

PI

Regulator
+_Vdc

Vdc
*

ila

ilb

ilc

LPF

+
+

wploss

PI

Regulator
+_Vt

Vt
*

LPF

+
-

wap(k+1)=wap(k)+2μ(k)ea(k)upa 

waq(k+1)=waq(k)+2μ(k)ea(k)uqa

wbp(k+1)=wbp(k)+2μ(k)eb(k)upb

wbq(k+1)=wbq(k)+2μ(k)eb(k)uqb

wcp(k+1)=wcp(k)+2μ(k)ec(k)upc

wcq(k+1)=wcq(k)+2μ(k)ec(k)uqc

wap

waq

wbp

wbq

wcp

wcq

+

+

+

+

+

+

1/3

1/3

LPF

LPF

Reference 

current 

generation 

upa upb upc

uqa uqb uqc

wt

wp

wq

Gating

 pulses 

to VSC

Estimation of unit 

templates

vsa

upa upb upc uqauqbuqc

vsb

vsc

upa, uqa wpavg

wqavg

ila ilb ilc

e(k)=ila(k)-Wa
Tupa

Δe(k)=e(k)-e(k-1)  

upa

 

wp

wq

e

Δe

ANFIS

μ(k)

upb upc

PWM 

current 

controller 

isa
*

isb
*

isc
*

isa isb isc

upb, uqb

upc, uqc

Fig. 4 Block diagram of ANFIS-LMS based control algorithm for DSTATCOM 

 

e

Δe

1

2

3

4

5

6

7

8

9

Σ

Π

Π

N

a1

a2

a3

b1

b2

b3

x1

x2

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

Input
Input 

MFs
Rules

Output 

MFs Output

w1

w2

w3

w4

w5

w6

w7

w8

w9

w1

w3

w5

w8

w9

w2

w4

w6

w7

Π

Π

Π

Π

Π

Π

Π

N

N

N

N

N

N

N

N

μa1j

μa2j

μa3j

μb1j

μb2j

μb3j

Y=Σwkfk

Fig. 3 Structure of nine rule ANFIS 

 



1551-3203 (c) 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TII.2016.2516823, IEEE
Transactions on Industrial Informatics

 4 

   (  )     (  )  

{
 
 

 
 

                      
    

    
                          

    

    
                

                        

          (13) 

   (  )     (  )  {

                      
    

     
                   

                           

             (14) 

where {mi, ni} are set of parameters, and value of i=1, 2, 3. 

The parameters {mi, ni} change with the change in value of 

error and correspondingly generate the linguistic value of each 

MF. These parameters are known as premise parameters. 

Layer 2:  This layer is known as implication layer and each 

node in this layer is fixed node. This layer represented as Π 

and the output of each node of this layer is multiplication of its 

input signals, 

        (  )     (  )                                                       (15) 

where k=1, 2,..9, i=1, 2, 3 and j=1, 2, 3. Each node in this 

layer represents firing strength of the rule. 

Layer 3: Every node in this layer is also a fixed node and 

represented by N. This is also known as normalizing layer 

given as,   

 ̅    (          )⁄                                           (16) 

where k=1,2,….9 and output of each node in this layer is 

called the normalized firing strength. 

Layer 4: This is known as defuzzifing layer and every node in 

this layer is adaptive. The nodes of this layer are represented 

by square shape and the node function is given as,  

    ̅     ̅ (            )                                  (17) 

where    ,   and    are the consequence parameters. 

Layer 5: This is a single node layer represented by summation. 

The output of this layer represents the summation of all input 

signals. The node function for this layer is given as, 

   ∑  ̅   
 
                                                                        (18) 

The ANFIS structure described above is used to compute the 

step size parameters μ(k), which is used to find optimum 

weight vector for LMS algorithm. 

Learning of premise (   and   ) and consequence 

parameters (  ,    and    ) in ANFIS structure is carried out 

with the hybrid learning algorithm [28]. This uses least square 

and gradient descent methods to find consequent and premise 

parameters respectively. The ANFIS structure proposed here, 

uses forward pass and backward pass learning algorithm. 

Suppose S, S1 and S2 represent total set of parameters, set of 

premise parameters and set of consequent parameters 

respectively, then in the forward pass S1 is unchanged and S2 

is computed using least square error algorithm. The forward 

pass presents the input vector and node output to it. It can be 

calculated layer by layer till the corresponding data is obtained 

and process is repeated. Once all data have been obtained, the 

value of consequence parameter set S2 can be obtained and it 

also computes error signal for each training pair. 

In the backward pass, S2 is unchanged and parameters of S1 

are computed using gradient descent algorithm such as back-

propagation. The error signal computed above propagates 

from output towards input end. The gradient vector is found 

for each training data entry and updating of input parameters 

is performed with gradient descent algorithm. 

The step size parameter μ(k) computed from ANFIS structure 

is used in LMS method given in (11). This method is used to 

extract fundamental active power weights (wap, wbp and wcp) 

corresponding to the load currents. The average weight (wpavg) 

of active power weights is calculated as, 

      (           )                                             (19) 

This average weight (wpavg) is added with the output of DC 

bus PI controller (wpdc) and reference active power weight 

(wp) is calculated as, 

                                                                          (20) 

Active power components of reference supply currents (ipa
*
, 

ipb
*
 and ipc

*
) are estimated from the reference active power 

weight (wp) and unit inphase templates (upa, upb and upc) as, 

   
       

 ,    
       

  and    
       

                       (21) 

These active power components of reference supply currents 

are used to calculate total reference supply currents. 

B. Estimation of Fundamental Reactive Power Component of 

Reference Supply Currents 

Unit quadrature templates (uqa, uqb and uqc) of PCC voltages 

are calculated from unit inphase templates (upa, upb and upc) as, 

        √ ⁄     √ ⁄                                                 (22)           

    √     ⁄  (       )  √                                  (23) 

     √     ⁄  (       )  √                               (24) 

Another PI controller in control algorithm is used to regulate 

voltage at PCC. The input for PI controller is error (vte) 

between actual PCC voltage (Vt) and its reference value (Vt
*
). 

The output for PI controller at  th
 sampling instant is given as, 

  ( )    (   )     *   ( )     (   )+  

   (   ( ))                                                                          (25) 

where parameters   ,     and     are the PI controller output, 

proportional and integral gains for voltage regulation 

respectively. 

The weights (waq, wbq and wcq) corresponding to fundamental 

reactive power component of load current are extracted by 

ANFIS-LMS algorithm using (11) and average magnitude 

(wqavg) is calculated as, 

      (           )                                             (26) 

The output of ac bus PI controller (wt) is a leading quadrature 

power component, which is used to compensate voltage drop 

in supply side impedance and loading of the system. The 

reference reactive power weight (wq) is calculated as, 

                                                                            (27) 

The reference fundamental reactive power components of 

supply currents (iqa
*
, iqb

*
 and iqc

*
) are estimated from the 

reference reactive power weight (wq) and unit quadrature 

templates as,    

   
       

 ,    
       

  and    
       

                       (28) 

The estimated active and reactive power components are 

added to generate total reference supply currents. 

C. Estimation of Reference Supply Currents and Generation 

of Switching Pulses  
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The summation of reference active and reactive power 

components of (21) and (28) are considered as reference 

currents (isa
*
, isb

*
 and isc

*
). These reference currents are 

compared with the sensed supply currents (isa, isb and isc) and 

current errors (isae, isbe and isce) are evaluated. These current 

errors are passed through pulse width modulation (PWM) 

current controller for the generation of switching pulses for 

three-phase VSC used as DSTATCOM. 

 

IV. SIMULATION RESULTS AND DISCUSSION 

A simulation model of the system using proposed ANFIS-

LMS based control algorithm, is developed in 

Matlab/Simulink environment using Sim Power System (SPS) 

tool-box. Performance of the control algorithm for a shunt 

compensator is verified for power factor correction (PFC) and 

voltage regulation modes under nonlinear load for varying 

load condition such as unbalancing and load change. The 

performance of DSTATCOM under various operating 

conditions are shown in the following section and the detailed 

simulation parameters are given in Appendix-A.  

A. Performance of DSTATCOM in PFC Mode  

Fig. 5 depicts the dynamic performance of the shunt 

compensator for power factor correction (PFC) mode under 

unbalanced load condition. In this, the waveforms of PCC 

voltages (vs), supply currents (is), load currents (ila, ilb and ilc), 

compensator currents (iCa, iCb and iCc) and dc link voltage (vdc) 

are represented. An unbalancing is created in load current 

during t=0.74s to t=0.8s, when phase „c‟ is disconnected. 

During load unbalancing it is observed that the supply currents 

are sinusoidal and balanced with reduced amplitude. The 

voltage at dc link is regulated and achieves reference value of 

750V. After t=0.8s, phase „c‟ of load is re-connected and it is 

observed that dc link voltage achieves its reference value 

within a cycle. 

Fig. 6 represents harmonic spectra for phase „a‟ of PCC 

voltage (vsa), supply current (isa) and load current (ila) along 

with their waveforms. Figs. 6(a)-(c) show 2.39%, 2.57 % and 

26.66% THDs in phase „a‟ of PCC voltage (vsa), supply 

current (isa) and load current (ila) respectively. The 

DSTATCOM with the help of proposed control is able to 

achieve 2.57% THD in supply current which lies within the 

limit specified by IEEE-519 standard, even when load current 

THD is around 26.66%. Fig. 5 and Fig. 6 depict satisfactory 

performance of DSTATCOM with ANFIS-LMS based control 

algorithm under varying load condition in PFC mode. 

B. Performance of DSTATCOM in Voltage Regulation  Mode  

The response of shunt compensator for voltage regulation 

mode under varying load condition is depicted in Fig. 7. In 

this figure, the waveforms of PCC voltages (vs), supply 

currents (is), load currents (ila, ilb and ilc), compensator currents 

(iCa, iCb and iCc), voltage at dc link (Vdc) and magnitude of 

PCC voltage (Vt) are represented. An unbalancing in load is 

created during t=0.74s to t=0.8s, when phase „c‟ of load is 

disconnected. During unbalancing, it is observed that supply 

currents are balanced and sinusoidal. The magnitude of PCC 

voltage is regulated at reference value of 338.8V. After t=0.8s, 

phase „c‟ of load is reconnected and it is observed that PCC 

voltage achieves its reference value 338.8V within one cycle 

with the action of PI controller.   

 
Fig. 5 Performance of compensator for PFC mode under varying non-
linear load 

 

 

  
                                             (a)                                                                                (b)                                                                             (c) 

Fig. 6 Waveforms and harmonic spectra of phase „a‟ of (a) PCC voltage, vsa (b) supply current, isa and (c) load current, ila in PFC mode. 
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Figs. 8(a)-(c) show harmonic spectra of phase „a‟ of PCC 

voltage (vsa), supply current (isa) and load current (ila) along 

with their waveforms respectively. These results depict 2.69%, 

2.71 % and 26.83% THD in PCC voltage, supply current and 

load current respectively. It is observed from these results that 

supply current achieves 2.71% THD, whereas there is 

26.83%THD in load current. These results show the THDs of 

supply current and PCC voltage within the limit specified by 

IEEE-519 standard.  Fig. 7 and Fig. 8 depict satisfactory 

performance of DSTATCOM with ANFIS-LMS control 

algorithm under varying loads in voltage regulation mode. 

C. Comparative Performance of ANFIS-LMS Based Control 

Algorithm 

The proposed control algorithm for DSTATCOM is 

compared with fixed step LMS and variable step LMS 

(VSLMS). Fig. 9 shows the convergence of fundamental 

active power weight of load current for ANFIS-LMS, LMS 

and VSLMS based control algorithms. It is observed from 

these results in Fig. 9(a) that the extracted weight converges 

faster and achieves constant value in case of ANFIS-LMS, 

whereas it oscillates around the mean value in case of LMS 

and VSLMS control algorithm. Fig. 9(b) shows the 

performance of all three control algorithms under load 

unbalancing. It is observed from these results that during load 

unbalancing (t=0.7s to t=0.8s), an ANFIS-LMS algorithm 

outputs a converged weight with small oscillation about the 

mean position. However, the weights obtained with LMS and 

VSLMS algorithms either do not converge or have large 

oscillations. Due to sustained and large oscillations in control 

based on LMS and VSLMS, these algorithms are less stable 

than ANFIS-LMS especially under unbalanced load 

conditions. Figs. 10(a) and (b) show the harmonic spectra of 

supply current (isa) with LMS and VSLMS based control 

algorithms respectively. Supply current THDs of 4.29% and 

3.62% are obtained with LMS and VSLMS, whereas supply 

current THD of 2.57% is obtained in ANFIS-LMS based 

control for PFC mode. It may be concluded from results 

shown in Figs. 9(a) and (b), Figs. 10(a) and (b) that the 

performance of ANFIS-LMS based control algorithm is better 

in terms of convergence and harmonic compensation. The 

comparative performances of these control algorithms are 

summarized in Table-I. 

V. EXPERIMENTAL RESULTS 

An experimental verification of proposed control algorithm 

is performed on a small scale laboratory prototype of 

DSTATCOM. The Hall Effect voltage (LV25-P) and current 

sensors (LA25-NP) are used for sensing of voltages at PCC, 

voltage at dc link, load currents and supply currents. Two 

voltage sensors of 10-500V (LEM-LV25-P) are used to sense 

PCC voltages and one voltage sensor of 10-1500V (LEM-

LV25-P/SP5) is required to sense voltage at the dc link. Load 

and supply currents are sensed using Hall Effect current 

sensors (LEM LA25-NP). The control algorithm for 

DSTATCOM is implemented using DSP TMS320F240 

(dSPACE1104). The measurements of test results are taken 

with the power quality analyzer (Fluke 43B) and digital 

storage oscilloscope (Agilent DSO-X 2014A). Test results are 

taken for both steady state and dynamic load conditions and 

design parameters of the system are given in Appendix-B. 

A. Performance of  ANFIS-LMS Based Control Algorithm for 

DSTATCOM Under Nonlinear Load 

 
Fig. 7 Performance of compensator for voltage regulation mode under 

varying nonlinear load 

 

  
                                            (a)                                                                                (b)                                                                             (c) 

Fig. 8 Waveforms and harmonic spectra of phase „a‟ of (a) PCC voltage, vsa (b) supply current, isa and (c) load current, ila in voltage regulation mode 
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Figs. 11(a)-(e) show the performance of proposed ANFIS-

LMS based control algorithm for DSTATCOM with 

intermediate signals. These intermediate signals are presented 

here to show effectiveness of the control algorithm. Fig. 11(a) 

shows the phase „a‟ of PCC voltage (vsa) and its filtered value 

(vsa1) along with phase „c‟ of load current (ilc) and average 

value of active power weight (wpavg). Fig. 11(b) shows error 

(e), change in error (Δe), variable step size (µ) along with unit 

in phase component of phase „a‟ of PCC voltage (upa). Fig. 

11(c) shows output of dc bus PI controller (wploss), average 

active power weight (wpavg), reference active power weight 

(wp) along with output of dc bus PI controller (Vdc). Fig. 11(d) 

shows weights corresponding to fundamental active power 

components of three phase load currents (wap, wbp and wcp) 

along with their average weight (wpavg). These results are 

shown in varying load conditions when phase „c‟ of load 

current is switched off. It is observed from these results that 

intermediate signals such as fundamental active power weights 

and their average value are converged to the optimum value in 

steady state and unbalanced load condition within few cycles. 

Fig. 11(e) shows reference currents (isa
*
, isb

*
and isc

*
) along 

with filtered PCC voltage (vsa1). These three-phase reference 

supply currents are observed to be perfectly sinusoidal and in 

phase with respective PCC voltages. These results show 

satisfactory performance of ANFIS-LMS in power factor 

correction mode for control of shunt compensator. 

B. Performance of DSTATCOM Under Steady State 

Conditions 

Fig. 12 depicts the behavior of DSTATCOM under steady 

state condition. These results show the effectiveness of 

DSTATCOM in compensating distorted load currents and 

maintaining supply current sinusoidal with ANFIS-LMS based 

control algorithm. Figs. 12(a)-(c) show waveforms of the 

phase „a‟ of supply current (isa), load current (ila) and 

DSTATCOM current (iCa) along with PCC voltage (vab). The 

harmonic spectra of phase „a‟ of supply current (isa), load 

current (ila) and PCC voltage (vab) are shown in Figs. 12 (d)-

(f).The THD of 4.9%, 24.7% and 3.9% are obtained in isa, ila 

and vab respectively. It is observed from results shown in Figs. 

12(a) and (b) that the supply current (isa) is sinusoidal and 

balanced after compensation, whereas the load current (ila) is 

distorted. Result in Fig. 12(c) shows that harmonic distortion 

is compensated by shunt compensator. Figs. 12(d) and (f) 

show THDs of supply current and PCC voltage, which lie 

within 5% limits as specified by IEEE-519 standard. 

        
(a) 

 
     (b) 

Fig. 9 Comparative performance of weight convergence in (a) steady 

state (b) unbalanced load condition 

 
              (a) 

 
               (b) 

Fig. 10 Harmonic spectra of (a) isa, For LMS (b) isa, for VSLMS 

TABLE I 

COMPARATIVE  PERFORMANCE OF ANFIS-LMS BASED CONTROL 

ALGORITHM 

Operation  ANFIS-LMS LMS VSLMS 

Convergence 

rate 

0.1s Oscillate 

around mean 
value 

Oscillate 

around mean 
value 

Sampling 

time (Ts) 

60µs 50µs 60µs 

Step size (µ) Variable  Fixed  Variable  

Static error Less due to 
variable µ 

Large In between 

 

THD 
obtained  

Supply current,  

40.72A, 2.57% 

Supply current,  

40.72A, 4.29% 

Supply current,  

40.55A, 3.62% 

Load current,  
39.76A, 26.66% 

Load current,  
39.76A, 
26.66% 

Load current,  
39.76A, 
26.66% 
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C. Load Balancing Using DSTATCOM  

Fig. 13 depicts behavior of compensator under unbalanced 

load conditions. Figs. 13(a)-(c), (d)-(f) and (g)-(i) show 

waveforms of supply currents (isa, isb and isc), load currents (ila, 

ilb and ilc) and compensator currents (iCa, iCb and iCc) along 

with PCC voltage (vab). Figs.13(a)-(c) show sinusoidal and 

balanced supply currents, when phase „c‟ of load current is 

removed to create load unbalancing. Results shown in Figs. 

13(g)-(i) present that the unbalanced current is completely 

provided by the shunt compensator. The proposed ANFIS-

LMS based control algorithm for DSTATCOM regulates grid 

currents sinusoidal even under load unbalancing. 

D. Dynamic Performance of DSTATCOM 

The dynamic performance of shunt compensator is recorded 

vsa

vsa1

ilc

wpavg

Load Removal

 
(a) 

upa

e

Δe

μ
Load Removal

 
                             (b) 

 
 (c) 

 
                                                         (d) 

vsa1

isa
*

isb
*

isc
*

 
 (e) 

Fig. 11 Intermediate signals for dynamic load condition under nonlinear 
load (a) vsa, vsa1 ilc and wpavg (b) upa, e, Δe and μ (c) Vdc, wploss, wpavg and wp 

(d) wap, wbp, wcp and wpavg (e) vsa1, isa
*, isb

* and isc
* 

 

  
                    (a)                                  (b)                                  (c) 

  
                   (d)                                   (e)                                  (f)                               

Fig. 12 Steady state performance of DSTATCOM under nonlinear load 

(a) vab and isa (b) vab and ila (c) vab and iCa (d) harmonic spectrum of isa  (e) 

harmonic spectrum of ila  and (f) harmonic spectrum of vab. 

 
                   (a)                                  (b)                                (c) 

 
                  (d)                                  (e)                                  (f) 

 
                   (g)                                 (h)                                  (i) 

Fig. 13 Load balancing using DSTATCOM with unbalanced nonlinear 

load (a-c) isa , isb , and isc with  vab (d-f) ila , ilb, and ilc with vab (g-i) iCa ,iCb, 

and iCc with vab. 
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with oscilloscope and depicted in Fig. 14. Figs. 14(a)-(c), show waveforms of supply currents (isa, isb and isc), load 

currents (ila, ilb and ilc) and DSTATCOM currents (iCa, iCb and 

iCc) along with filtered PCC voltage (vsa1) under both steady 

state and unbalanced load conditions. It is observed from these 

results that the supply currents are sinusoidal and balanced 

with reduced magnitude, when phase „c‟ of load is 

disconnected. Figs. 14(d) and (e) show waveforms of voltage 

at dc link (vdc), phase „c‟ of supply current (isc), phase „c‟ of 

load current (ilc) and phase „c‟ of compensator current (iCc) in 

balanced and unbalanced load conditions for both load 

removal and load added respectively. It is observed from these 

results that under dynamic load conditions such as removal of 

one phase or addition of one phase load, the voltage at dc link 

achieves its reference value of 200V within few cycles. The 

testing of DSTATCOM under worst form of unbalancing (one 

phase load removal) ensures satisfactory performance of 

DSTATCOM under varying load conditions. 
 

VI. CONCLUSION 

The ANFIS-LMS based control algorithm has been verified 

for the control of three phase shunt compensator. This 

algorithm has been used to extract reference supply currents 

from non-sinusoidal load currents. The performance of 

DSTATCOM using ANFIS-LMS based control has been 

found to be satisfactory for PFC and voltage regulation modes 

under varying load conditions. The power quality problems 

such as harmonics, reactive power and load unbalancing have 

been mitigated using DSTATCOM. The THD in supply 

current has been reduced to 2.57% when there is THD of 

26.66% in load current. The DSTATCOM has been able to 

achieve improved power quality and after compensation the 

THD in supply currents lies within the limit specified by 

IEEE-519 standard. The magnitudes of voltages at PCC and 

dc bus have been regulated to their reference values under 

steady state and unbalancing load conditions. The ANFIS-

LMS based control algorithm has been compared with fixed 

step LMS and VSLMS control algorithms. The proposed 

algorithm has advantages over other two in terms of fast 

convergence, less static error and fast learning of step size 

parameter. 

APPENDIX-A 

Rating of AC mains: 415V, three phase and 50 Hz; source 

impedance Rs=0.05Ω, Ls=1mH; VSC rating 25kVA; value of 

ripple filters Rf=5Ω, Cf=5μF; value of interfacing inductor 

Lf=3.4mH; value of dc link capacitor Cdc=1650μF; Voltage at 

dc bus Vdc=750V; dc bus PI gains kpd=0.3, kid=0.7; gains of PI 

for voltage regulation kpq=0.015, kiq=0.001; three phase 

uncontrolled diode rectifier with R=15Ω and L=100mH; cutoff 

frequency of LPF used for dc bus voltage=12Hz; cutoff 

frequency of LPF used for PCC voltage magnitude=10Hz.  

APPENDIX-B 

Rating of AC mains 110V, 3-phase and 50 Hz; value of 

interfacing inductor Lf=3.4mH; value of dc link capacitor 

Cdc=1650μF; voltage at dc bus Vdc=200V; 3-phase 

vsa1

isa

isb

isc Load Removal

 
(a) 

vsa1

ila

ilb

ilc Load Removal

 
                             (b) 

vsa1

iCc

iCb

iCa

Load Removal

 
(c) 

Vdc

isc

ilc

iCc

Load Removal

                              
(d) 

Vdc

isa

ilc

iCa

Load Added

 
(e) 

Fig. 14 Performance of shunt compensator for dynamic load condition 

under nonlinear load (a) vsa, isa, isb and isc (b) vsa, ila, ilb and ilc (c) vsa, iCa, iCb 

and iCc (d) Vdc, isc, ilc and iCc for load removal (e) Vdc, isc, ilc and iCc for load 
added 
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uncontrolled rectifier with R varies from 18 to 60 Ω and 

L=100mH; sampling time Ts=60μs.  
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