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Proportionate Normalized Least Mean M-estimate 

Controlled Shunt Converter for Load Balancing in 

Distribution Grid 
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Chelladurai Balasundar, Member, IEEE 

Abstract—Nonlinear loads and power electronics 

components inject harmonics into the connected power 

system, which affects the power quality of the system. 

Harmonic suppression, reactive power compensation, and 

load balancing can be accomplished with the use of shunt 

converters. This paper proposes a proportionate normal-

ized least mean M-estimate controlled shunt converter to 

separate the distorted load current’s active and reactive 

components. The control algorithm introduces the 

M-estimate based cost function, which helps remove the 

impact of impulsive noise on weight update. The shunt 

converter is designed to balance load, compensate for 

reactive power, and reduce harmonics in the distribution 

system. To determine the proposed control algorithm’s 

robustness, the system is tested under a variety of linear 

and nonlinear load scenarios. The proposed control is 

compared to four existing control strategies to demon-

strate its effectiveness in evaluating the components of 

load current. Experimental analysis is carried out 

through real-time simulation analysis using the dSPACE 

1202 processor. The proposed system is validated to 

comply with the IEEE-519 standards. 

Index Terms—Adaptive control, harmonics, PNLMM, 

power quality, shunt converter. 
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NOMENCLATURE 

A. Abbreviations 

DSTATCOM distribution static compensator 

PCC point of common coupling 
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PFC power factor correction 

VSC voltage source converter 

LMS least mean square 

LLMLF leaky least mean logarithmic fourth 

PNLMF 
proportionate-normalized least mean 

fourth 

RLM recursive least M-estimate 

RLS recursive least square 

LMM least mean M-estimate  

PNLMM 
proportionate normalized least mean 

M-estimate 

PQ power quality 

LMF least mean fourth 

PI proportional integral 

RTW real-time workshop 

THD total harmonic distortion 

B. Variables  

sL  source inductance 

sR  source resistance 

p,a,b,cu  active unit templates 

p,a,b,cu  reactive unit templates 

q,a,b,cw  fundamental reactive weights 

s,a,b,cv  PCC phase voltages  

dcv  DC link voltage 

dcv
 reference DC link voltage 

L,a,b,cZ  impedances of linear load  

p,a,b,ce  active error currents 

sni  supply-side neutral current  

cni  converter neutral current  

pavgw  average active weight  

L,a ,b,ci  load currents 

cpw  output of DC link PI controller 

p,a,b,cw  fundamental active weights 

m,a,b,cv  internal phase voltages  

tV  PCC voltage magnitude 
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Lni  load-side neutral current 

q,a,b,ce  reactive error currents 

  regularization parameter 
,   small positive constants 

  threshold parameter 

( )   score function 

e  robust estimator 

a  forgetting factor 

1c  finite sample correction 

med( )  median operator 

wN  estimation window 

s,a,b,ci  source currents 

qavgw  average reactive weight  

spw  reference active weight 

sqw  reference reactive weight 

C,a ,b,ci  converter currents 

paG  intermediate signal of PNLMM 

p,a,b,ci  active reference currents 

q,a,b,ci  reactive reference currents 

s,a,b,ci  reference source currents 

Ⅰ.   INTRODUCTION 

n recent years, the capability of the distribution sys-
tems to deliver sinusoidal current and voltage has 

been limited by increasing utilization of power elec-
tronics-based load and nonlinear load such as 
phase-controlled rectifiers, solid-state drives or arc 
furnaces, which inject harmonic currents into the power 
system [1], [2]. These harmonics can cause harm to 
motor loads, producing excessive heating and pulsating 
torques that can significantly reduce motor life [3]. 

Use of passive and active power filters can help alle-
viate these PQ issues [4]. However, active filters are 
critical in effective mitigation of power quality issues in 
distribution systems [5], primarily because of their sig-
nificant advantages over passive filters [6]. A shunt 
converter, namely, DSTATCOM, is an active filter used 
not only for injecting reactive power at the PCC and 
suppressing harmonics, but also for load balancing in 
zero voltage regulation and PFC modes [7]. In [8] and 
[9], load balancing and power quality mitigation tech-
niques using DSTATCOM are discussed, while in [10], 
a single-loop flatness-based controller is used to control 
the currents of the VSC. A new control approach for 
U-Cell converter based medium voltage DSTATCOM is 
discussed in [11], and in [12], a collaborative control 
method is used for a hybrid compensator consisting of 
DSTATCOM and a static VAR compensator. Reference 
[13] implements Lyapunov based harmonic compensa-
tion, which provides low implementation complexity 
with effective source current harmonic suppression for 

EV charging applications. In [14], a fuzzy system and 
synchronous reference theory controlled DSTATCOM 
is implemented to improve PQ in wind energy system. 
The efficacy of the DSTATCOM has been assessed for 
compensating reactive power in a standalone solar 
power system with a capacity of 100 kW [15].  

DSTATCOM offers control flexibility through the 
utilization of either time-domain-based or frequen-
cy-domain-based controls. Frequency-domain tech-
niques involve heavy calculations and slow response. 
Therefore, they are rarely used in the control of custom 
power devices like unified power quality conditioner, 
DSTATCOM and dynamic voltage restorer. Adaptive 
control algorithms can be used to overcome the diffi-
culty of the slow convergence rate and computational 
complexity of conventional algorithms. Reference [16] 
evaluates the performance of the adaptive LMS algo-
rithm for harmonic extraction in three-phase systems.  

DSTATCOM control has been accomplished using 
the Adaline-LMS adaptive algorithm [17], LLMLF 
technique [18], generalized maximum versoria criterion 
filter [19], and PNLMF [20]. In [21], an adaptive ob-
server-based approach is used for the DSTATCOM 
compensator to optimize controller parameters in a 
rooftop PV system, while interval type-II fuzzy logic is 
implemented for the shunt converter control in electric 
vehicle charging stations in [22], [23]. Sliding mode 
control is utilized in DSTATCOM control in order to 
reduce changes in DC link capacitor voltage in [24], 
while backstepping control is proposed in [25] for mul-
tilevel DSTATCOM control. Moreover, various 
DSTATCOM based neutral current compensation tech-
niques have been studied. In [26], the Euclidean direc-
tion search technique is implemented for the neutral 
current compensation using DSTATCOM, and in [27], a 
new virtual Y-TCR based technique is proposed for the 
compensation of neutral current under the unbalanced 
linear load condition. A capacitive-coupling winding tap 
injection DSTATCOM is proposed in [28] to alleviate 
PQ and compensate for neutral current under the un-
balanced linear load condition in distribution system. 
Reference [29] presents the RLM approach to mitigate 
the detrimental effects of large estimation errors pro-
duced by impulses on filter weights. When impulses 
alter the input and desired signals, it is noted in [29] that 
the RLM method outperforms the conventional RLS and 
normalized RLS algorithms. The robust M-estimate 
function is used to examine the effectiveness of LMM in 
[30], whereas the score functions, known for effectively 
suppressing impulse noise signals, have been investi-
gated as M-estimate functions [31]. 

This paper uses the PNLMM technique in 
DSTATCOM control for the filtration of fundamental 
reactive and active load currents. These filtered parts of 
the load current are utilized to determine the reference 
source current. The PNLMM algorithm employs an 
M-estimate cost function to compute reference source 
current, mitigating substantial estimation errors induced 

I 



PROTECTION AND CONTROL OF MODERN POWER SYSTEMS, VOL. 10, NO. 1, JANUARY 2025 54 

by impulses. The score function is utilized in the 
PNLMM-based control algorithm. The proposed 
PNLMM control algorithm is compared to four existing 
adaptive algorithms, including Adaline LMS, LLMLF, 
PNLMF and RLM, in terms of dynamic performance. 
This work offers noteworthy contributions in the fol-
lowing aspects:  

1) An improved M estimation cost function based 
algorithm is used to filter positive sequence part of 
polluted and unbalanced load current. 

2) Effective power quality improvement using the 
PNLMM control approach by lowering the harmonic 
content of the load current created by nonlinear loads. 

3) Effective compensation of unbalanced load current 
using PNLMM controlled four-leg distribution static 
compensator. 

4) Dynamic and steady-state analysis of PNLMM 
control algorithm with Adaline LMS, LLMLF, PNLMF 
and RLM control algorithms. 

5) Empirical validation of the proposed work using 
dSPACE based real-time analysis. 

The remaindar of the paper is organized as follows. 
Section Ⅱ provides a detailed modelling of the four-leg 
DSTATCOM, along with the incorporation of 
three-phase linear/nonlinear loads and a description of 
the proposed control method. The results and their cor-
responding discussions are encapsulated in Section Ⅲ. 
Finally, Section Ⅳ draws the conclusions from this work. 

Ⅱ.   SYSTEM DESCRIPTION AND CONTROL ALGORITHM  

An DSTATCOM is tied to a three-phase four-wire 

supply with source inductance sL  and source resistance 

sR  in the system configuration shown in Fig. 1. A 

four-legged VSC, a DC link capacitor, and interfacing 
inductors are included in the DSTATCOM. The system 
features linear loads, and a three-phase diode bridge 

rectifier is connected to a balanced three-phase supply. 
As discussed earlier, a nonlinear load draws 
non-sinusoidal current from a balanced supply even if 
the supply voltage is purely sinusoidal. Compensating 
current injected by VSC at the PCC eliminates the 
non-sinusoidal current and supply reactive power de-
mand of the load connected at the PCC. VSC switching 
produces high-frequency noise, which is reduced by a 

ripple filter (a series connection of fC  and fR ). The 

presented PNLMM control technique for reference 
current extraction is depicted in Fig. 2. This approach is 
employed to estimate both the active and reactive 
components of the load current.  

 
Fig. 1.  System under study. 

 
Fig.  2.  Structure of PNLMM adaptive control algorithm. 
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The Simpower systems toolbox in Matlab/Simulink 

is used for the simulation investigation, and then ex-

perimentation of the proposed approach is conducted by 

real-time simulation analysis. The mathematical mod-

elling of the PNLMM algorithm is derived below and is 

shown in Fig. 2. 

A. Reference Active Current Calculation 

The calculation of pau , pbu  and pcu  is as follows: 

sa sb sc

pa pb pc, ,
t t t

v v v
u u u

V V V
                  (1) 

where tV  is the PCC voltage magnitude, given as: 

2 2 2

sa sb sc2( )

3
t

v v v
V

 
                    (2) 

The voltage across the capacitor connected to the DC 

side of the VSC is represented as dcv . The DC voltage 

dcv  is monitored and compared to the reference voltage 

dcv
 , while the error is passed to a PI controller. Phase a 

load current is denoted by Lai  and phase a in-phase unit 

template is pau .  

pa La pa pa( ) ( ) ( ) ( )e n i n u n w n                  (3) 

where pa ( )w n  is the weight vector at the nth interval. 

The weight update equation of the PNLMM algorithm 

for reference current estimation of the fundamental load 

component of phase a  is given as [31]: 

pa pa pa pa pa( 1) ( ( )) ( ) ( ) ( )w n e n u n P n w n      (4) 

where 

pa

pa

pa pa pa

( )
( )

( ) ( )T

G n
P n

u G n u n 



                (5) 

where   is a small regularization parameter (0.001 ＜ 

  ＜ 0.01), which is taken into account in order to 

avoid the risk of instability in this method. The typical 

number is between 0 and 2.  

pa ( )G n  is given as [30]: 

pa

pa 1

pa

0

( )
( )

( )
M

i

w n
G n

w n








 


                (6) 

where   and   are small positive constants so that 

pa ( )G n remains stable. In (4), pa( ( ))e n  is employed. 

For clipping of transient variations of error, score func-

tion, as shown in Fig. 3, is utilized. pa( ( ))e n  is given 

as: 

pa pa

pa

pa

( ), ( )
( ( ))

0, ( )

e n e n
e n

e n









 


＜

≥
            (7) 

When the absolute value of 
pa ( )e n  is less than  , 

pa( ( ))e n  simplifies to 
pa ( )e n , resulting in the trans-

formation of the PNLMM algorithm into the PNLMS 

algorithm. Conversely, if pa ( )e n  exceeds  , 

pa( ( ))e n  approaches zero.  

2.576 ( )e n                                 (8) 

where e ( )n  is the robust estimator, given as: 

2 2

e e 1 e( ) ( 1) (1 ) ( ( ))n n c med A n            (9) 

1

W

5
1.483 1

( 1)
c

N

 
  

 
                (10) 

where   is the forgetting factor.  

The value of e ( )A n is: 

2 2 2

e W( ) ( ), ( 1), , ( 1)A n e n e n e n N         (11) 

For reference current estimation of the fundamental 

load constituents of phases b  and c , the PNLMM con-

trol algorithm’s weight are updated as: 

pb pb pb pb pb( 1) ( ( )) ( ) ( ) ( )w n e n u n P n w n     (12) 

pc pc pc pc pc( 1) ( ( )) ( ) ( ) ( )w n e n u n P n w n     (13) 

The weights determined for each phase in (4), (12), 

and (13) are used to generate the average active weight 

value pavgw : 

pavg pa pb pc( )/3w w w w                    (14) 

To calculate the reference active weight spw , pavgw  is 

combined with cpw , i.e.: 

sp pavg cpw w w                          (15) 

The weight spw  in (15) and in-phase templates (1) are 

multiplied to determine active reference current, given 

as: 

pa sp pa pb sp pb pc sp pc, ,i w u i w u i w u           (16) 

B. Reference Reactive Current Calculation 

The determination of quadrature unit templates in-

volves the utilization of in-phase unit templates (1):   

pc pb

qa

( )

3

u u
u


                        (17) 

pa pc pb

qb

3 ( )

2 2 3

u u u
u


                 (18) 

pa pc pb

qc

3 ( )

2 2 3

u u u
u


                (19) 

To align the voltage of tV  with rtV , an additional PI 

controller is essential to reduce the difference between 

the two. This necessity arises due to impedance voltage 
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drops within the power network. The output of the PI 

controller is denoted as 
cqw . The reactive weights (

qaw , 

qbw , and qcw ) are determined as follows: 

qa qa qa qa qa( 1) ( ( )) ( ) ( ) ( )w n e n u n P n w n     (20) 

qb qb qb qb qb( 1) ( ( )) ( ) ( ) ( )w n e n u n P n w n      (21) 

qc qc qc qc qc( 1) ( ( )) ( ) ( ) ( )w n e n u n P n w n      (22) 

The average reactive weight is calculated as: 

qavg qa qb qc( )/3w w w w                     (23) 

To determine the reference reactive weight ( sqw ), 

qavgw  is subtracted from cqw  as: 

sq cq qavgw w w                           (24) 

qa sq qa qb sq qb qc sq qc, ,i w u i w u i w u              (25) 

Using (16) and (25), the three-phase reference source 

current are computed as follows: 

sa qa pa sb qb pb sc qc pc, ,i i i i i i i i i                       (26) 

A comparison is made between the calculated refer-

ence source current and the measured source current. A 

PWM current controller receives the error created by the 

comparison, and then gating signals are generated by 

the PWM controller. 

 

Fig. 3.  Score function. 

III.   RESULTS AND DISCUSSION 

The efficacy of the proposed PNLMM control algo-

rithm for DSTATCOM is validated and assessed 

through Matlab/Simulink. The DSTATCOM’s perfor-

mance is observed in load balancing mode and PFC 

mode, considering both balanced and unbalanced line-

ar/nonlinear loading scenarios. Simulation design pa-

rameters are given in Table Ⅰ. 

TABLE Ⅰ 

DESIGN PARAMETERS  

Parameters Symbol 
Design val-

ues 

Grid voltage LLV  
415 V 

(RMS) 

Supply frequency f  (Hz) 50 

Source resistance per phase saR  (Ω) 0.01 

Source inductance per phase saL  (mH) 2 

Switching frequency swf  (kHz) 10 

Sampling time sT  (µs) 50 

Voltage of DC link dcv  (V) 700 

Interfacing inductor fL  (mH) 10 

Filter capacitor  rC  (μF) 5 

Ripple filter resistor rR  (Ω) 100 

DC-link capacitor dcC  (μF) 3000  

Three-phase nonlinear load 
resistor LR  (Ω) 61 

Three-phase nonlinear load 

inductor LL  (mH) 194 

Linear load a-phase resistor LaR  (Ω) 40 

Linear load a-phase inductor LaL  (mH) 65 

Linear load b-phase resistor LbR  (Ω) 50 

Linear load b-phase inductor LbL  85 

Linear load c-phase resistor LcR  (Ω) 110 

Linear load c-phase inductor LcL  (mH) 420 

Optimised gains of DC bus 

PI controller diK , pdK  1.1397, 

0.037834 

PNLMM algorithm parameters 

  0.2 

WN  8 

  0.1 

  0.2 
  0.2 

y  0.98 

A. Performance of the Distribution Static Compensator 

in PFC Mode Under Nonlinear Loading 

A uncontrolled three-phase converter-based nonlin-

ear load is connected to the PCC. Figure 4 shows the 

DSTATCOM’s dynamic performance in PFC mode 

with the nonlinear load. Source current, compensatory 

current, load current, and 
s,a,b,cv  are displayed in Fig. 4, 

along with dcv . Phase a  of the nonlinear load is opened 

between 0.4 s and 0.5 s. Supply current is observed to be 

reduced in amplitude between 0.4 s and 0.5 s but remain 

stable. The load current harmonic spectra of phase a  

are depicted in Fig. 5, while Fig. 6 illustrates the supply 

current harmonic spectra of phase a when operating 

under nonlinear load conditions.   

As seen from Figs. 46, phase a load current and 

supply current have respective THD of 26.48% and 

4.65%, so the THD value of 4.65% is within the 

IEEE-519 Standard limits [32]. It is evident from the 

characteristics of sai , sbi  and sci  that the PNLMM- 
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controlled DSTATCOM effectively compensates for 

the distorted supply current even under the unbalanced 

nonlinear loading conditions. DSTATCOM assists in 

maintaining sinusoidal supply current and satisfactorily 

regulates the DC bus voltage. In the PFC mode, it also 

decreases harmonics under dynamic and steady-state 

loading conditions. Table Ⅱ illustrates the compensation 

of individual supply current harmonics. As seen, the 

most dominant 5th harmonic component is reduced to 

0.64 % from 17.98%, the 7th harmonic component is 

reduced to 0.5% from 11.78%, whereas the 11th har-

monic component is reduced to 0.27 % from 5.23%. 

Similarly, higher order harmonic components of the 

13th, 17th and 19th have all been reduced to lower 

values. If these dominant harmonic components are not 

effectively compensated, they would cause excessive 

heating in various loads and produce pulsating torque in 

AC motors connected to PCC. Figure 7 depicts the 

waveforms of intermediate signals of the PNLMM al-

gorithm, inclduing the characteristics of phase a signals 

paG , paw , pae , pavgw  and a . 

When the load from phase a is quickly disconnected 

between 0.4 s and 0.5 s, the weight paw , error pae , and 

internal signal paG  all fall to zero, as shown in Fig. 7. 

However, phases b and c of the load are still connected 

to the supply. Therefore, the weight pavgw  is not reduced 

significantly. The characteristics of paw  under balanced 

and unbalanced loading conditions show the effective 

fundamental current extraction ability of the proposed 

control algorithm. 

 

Fig. 4.  Dynamic behavior of distribution static compensator 

when subjected to varying nonlinear load.  

 

Fig. 5.  Source current harmonic spectrum before compensation. 

 

Fig. 6.  Source current harmonic spectrum after compensation. 

TABLE Ⅱ 

THD FOR SOURCE CURRENT BEFORE & AFTER COMPENSATION  

Harmonic order 

Harmonic currents (% of fundamental) 

Before compensation 

(%) 

After compensation 

(%) 

5th 17.98 0.64 

7th 11.78 0.50 

11th 5.23 0.27 

13th 4.01 0.32 

17th 1.42 0.21 

19th 1.45 0.33 

 
Fig. 7.  Intermediate signals of PNLMM algorithm under non-

linear loading condition. 

B. Load Balancing by Distribution Static Compensator 

Under Linear Loaded Condition  

Figure 8 depicts the DSTATCOM’s dynamic be-

haviour under unbalanced linear load conditions. 
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Waveforms of 
s,a,b,cv , unbalanced load current, com-

pensating current, supply current and self-sustained DC 

bus voltage are shown in Fig. 8. Load unbalancing is 

created by connecting three different linear loads 

a( 40 j20.42 ,Z     b 50 j26.70Z     and cZ   

110 j131.94 )   in star, which results in the unbal-

anced three-phase current at the load side. To exacer-

bate the existing linear load unbalance, a deliberate 

omission of one load phase within a specified time in-

terval is enacted to and its effect on the system is ana-

lyzed. The detection of neutral current imbalance is 

based on the variation between the reference and actual 

neutral currents. The mismatch between the reference 

and actual neutral currents provides triggering of the 

DSTATCOM’s fourth leg IGBTs, thereby enabling the 

compensation of the unbalanced neutral current through 

appropriate switching actions.  

 

Fig. 8.  Dynamic behavior of distribution static compensator 

when subjected to linear load. 

The load from phase a has been removed from 0.4 s to 

0.5 s. Even when load current is unbalanced, Fig. 8 

shows balanced supply current. Figure 9 portrays the 

waveforms of Lni , cni  and sni . As seen, the grid supplies 

only a fraction of the compensated neutral current (0.1 A) 

during unbalanced linear load conditions. The supplied 

neutral current remains 0.1 A even after the removal of 

phase a load for 0.1 s. These results are acceptable un-

der varying unbalanced linear loads. Figure 10 depicts 

the internal signals of the PNLMM-based control algo-

rithm under an unbalanced linear loaded condition when 

phase a is removed from a linear unbalanced 

three-phase load between 0.4 s and 0.5 s.  

The dynamic responses of pa ( )G n , pa ( )w n , pa ( )e n , 

pavg ( )w n and the internal signal a ( )n  shown in Fig. 10 

prove that the DSTATCOM works well under the un-

balanced dynamic linear load. It is observed from Fig. 

10 that, at the time of phase a load removal between 

0.4 s to 0.5 s, the magnitudes of 
pa ( )w n , 

pa ( )e n and 

a ( )n  reduce to zero. However, there is only slight 

reductions in 
pa ( )G n  and pavg ( )w n  under unbalanced 

linear loading conditions. The various internal signals 

shown in Fig. 10 are different from the characteristics 

shown in Fig. 7. This is due to the fact that the magni-

tudes of load current are equal for nonlinear loading 

conditions, while load current magnitudes for linear 

loading conditions are not equal in the study. Table Ⅲ 

shows the performance of the proposed control before 

and after the shunt compensation. 

 

Fig. 9.  Dynamic performance of distribution static compensator 

for neutral current compensation. 

 

Fig. 10.  Intermediate signals of PNLMM algorithm under un-

balanced linear loading condition. 
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TABLE Ⅲ 

PERFORMANCE OF PROPOSED ALGORITHM BEFORE AND AFTER 

COMPENSATION 

Performance under nonlinear loading 

Grid current THD before compensation 26.48 % 

Grid current THD after compensation 4.65 % 

Performance under linear loading 

Supply-side neutral current before compensation 3.74 A 

Supply-side neutral current after compensation 0.1 A 

C. Experimental Analysis  

The study of the presented adaptive control technique 

is validated by experimental evaluation using real-time 

simulation based on the dSPACE 1202 real-time con-

troller. The test system setup is depicted in Fig. 11. Re-

al-time simulation is performed by building the simula-

tor in C-code generated in the host computer. The de-

velopment computer compiler is used to translate these 

generated codes which are embedded in C language. The 

Simulink model is then transferred to the dSPACE, and 

the test model is brought to the ControlDesk with the 

help of RTW. ControlDesk allows the interface in re-

al-time-based applications, while also enables the mon-

itoring of various signals. In ControlDesk, control sig-

nals can be switched from one state to another state using 

a virtual panel. Any unbalanced condition can be created 

using the virtual panel, and the system performance can 

be monitored. Monitoring of the signals is done using the 

Keysight DSOX1102G oscilloscope.  

 

Fig. 11.  Test system setup of real-time simulation. 

Figures 12(a)(h) illustrate the real-time simulation 

test results. Unbalanced load is introduced into the sys-

tem during a real-time simulation test by removing phase 

a load. Figure 12(a) illustrates the waveforms of currents 

Lai  and Cai  for a nonlinear loading scenario. As illus-

trated in Fig. 12(a), the DSTATCOM compensates for 

distorted current generated at the PCC. Figure 12(b) 

illustrates the currents sai  and Cai , and shows that the 

PNLMM-controlled DSTATCOM compensates for the 

distorted load current even when the unbalanced non-

linear loading condition is applied. Even with unbalanced 

loading, as shown in Fig. 12(c), the DC link voltage sta-

bilizes at its rated value (700 V). Figure 12(d) shows the 

changes in pae  with respect to Lai , while Fig. 12(e) 

shows paw  signal when the load is removed. Signals 

pae  and paw  are reduced to zero if phase a  is opened, 

which exhibits the quick response of the proposed 

PNLMM algorithm. Figures 12(f)(h) depict the in-

termediate signals pavgw , 
spw  and 

cpw , respectively. 

These intermediate signals are reduced to lower values 

when unbalancing is created in phase a. The signals 

obtained in the experimental analysis match those ob-

served in the simulation based analysis. 
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Fig. 12.  Real time analysis of proposed PNLMM control. (a) 
Load current (

Lai ) and converter current (
Cai ). (b) Source current 

(
sai ) and converter current (

Cai ). (c) Load current (
Lai ) and DC 

voltage ( dcv ). (d) Load current ( Lai ) and error signal ( pae ). (e) 

Load current ( Lai ) and ( paw ). (f) Load current ( Lai ) and ( pavgw ). 

(g) Load current ( Lai ) and spw . (h) Load current ( Lai ) and cpw . 

D. Analysis of the PNLMM Control Algorithm in 

Comparison to other Adaptive Algorithms  

The proposed PNLMM algorithm’s dynamic re-
sponse is compared to those of the four existing adap-
tive algorithms, i.e., Adaline LMS [17], LLMLF [18], 
PNLMF [19], and RLM [29]. Figure 13 illustrates the 

dynamic response of the paw . The unbalancing is in-

troduced between 0.4 s and 0.5 s by opening phase a  of 

the load. Observations from Fig. 13 reveal that, under 
balanced loading conditions, the proposed control al-
gorithm exhibits the lowest oscillation compared to the 
four existing adaptive control algorithms, highlighting 
its robust performance. The proposed PNLMM algo-
rithm achieves a settling time of 30 ms following the 
introduction of unbalanced loading created by the re-
moval of phase a of the load.  

Table Ⅳ compares the existing adaptive controls’ 

dynamic and steady-state performance parameters with 

the proposed PNLMM control. As seen, the proposed 

PNLMM adaptive filter’s convergence speed is the 

fastest compared to other algorithms. Compared to 

existing adaptive algorithms, the proposed least mean 

M-estimate technique also extracts the fundamental 

load current more accurately. 

 
Fig. 13.  Comparative analysis of the proposed filter with Adaline 

LMS, LLMLF, PNLMF and RLM. 
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TABLE Ⅳ 

COMPARATIVE PERFORMANCE OF PROPOSED ALGORITHM 

Algorithm 

Oscillations in  

active weight 

( pa (A)w )  

Settling time after the 

load unbalance (ms) 

Computation 

burden 

Adaline-LMS [17] 5.95 More than 100 Low 

LLMLF [18] 4.02 More than 100 High 

PNLMF [20] 4.36 50 High 
RLM [29] 4.85 60 Medium 

Proposed 3.6 30 Medium 

IV.   CONCLUSION 

The presented PNLMM-based control method has 

been used to evaluate the effectiveness of a four-leg 

VSC-based distribution static compensator in reducing 

the impacts of nonlinear loads at PCC. Under varied 

loading scenarios, the proposed technique has been 

found to be suitable for extracting reference supply 

currents from non-sinusoidal and polluted load currents. 

The optimal value of updated filter weights has been 

estimated in terms of score function, which has been 

found suitable for filtering the impulsive noise of error 

signals. The performance of the proposed strategy has 

been analyzed by considering nonlinear and linear loads 

at the PCC of the distribution grid. The distorted grid 

current of the distribution system can be effectively 

compensated by the PNLMM controlled DSTATCOM 

and grid current THD level is reduced and complies with 

the IEEE-519 Standard. Moreover, reactive power 

compensation under unbalanced linear and nonlinear 

loading conditions has been demonstrated. The 

self-supporting DC bus voltage is regulated even for 

small changes in the load. The fundamental current ex-

traction ability of the proposed PNLMM-based control 

algorithm is verified by comparing it with Adaline-LMS, 

LLMLF, PNLMF and RLM adaptive algorithms. Re-

al-time simulation-based experimentation demonstrates 

the algorithm’s performance and proves its effectiveness. 
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