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Abstract The integration of photovoltaic system with existing 

utility plays a vital role to achieve the sustainable development 
goals set by renewable energy agencies. The grid integration takes 
place by following IEEE-519 standards. Number of control 
strategies have already been implemented to maintain the required 
standard. A number of issues are encountered during the process 
of synchronization, such as deterioration of quality of power flow 
due to sudden changes in loads, switching of power semiconductor 
devices and variation in solar insolation. To address these 
aforementioned issues a Variable Step Size Sign Data Least Mean 
Square (VSS-SDLMS) adaptive algorithm is proposed. The 
proposed controller makes the reference current adaptive to the 
adversities. In this paper the effective application of signal 
processing tool i.e.VSS-SDLMS for the power quality issues is 
well demonstrated by implementing in a three-phase single stage 
grid connected Photovoltaic (PV) system. The proposed scheme 
employs to mitigate the harmonic contents produced due to 
intentional and non-intentional non-linearities in the overall 
system to a desired level as per IEEE-519 and also it is 
maintaining the power factor to unity by controlling the reactive 
power flow. The transient performance of VSS-SDLMS is 
compared with the conventional LMS based algorithms. The 
overall system is modelled using MATLAB/SIMULINK.   

 
Keywords: SDLMS, LMS, Photovoltaic, Total Harmonic 

Distortion, Unit Templates  

I. INTRODUCTION 

The trend of future electricity focuses on renewable 

sources. The statistical report of World Energy Outlook [1] 
claims that, by 2060 most of the utility grid will be tied by 
renewable sources. Looking at the percentage rate of growth 
of utilization of PV sources, one can claim that, the PV 
source is the best suitable source to achieve the statistical 
claim. As per the sustainable development policy use of such 
sources reduces CO2 emission to a substantial level. Though 
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the indicator of growth of population in Country like India 
motivate the researchers to do innovation on renewable 
sources but it shouts to take care the issues encounter during 
the process of electrification. The primary criteria in the PV- 
Grid integration is to maintain the quality of power flow 
irrespective of disturbances. To ensure the same many 
researchers proposed many methodologies. One such 
methodology is synchronous reference frame (SRF) based 
control algorithm [2]. It is basically estimating the angle of 
orientation at the grid abnormalities, which helps to mitigate 
the harmonic contents. It is also noticed that, though it fits to 
mitigate the harmonic content but its dynamic responses are 
poor in nature. To address the aforesaid issues relating to 
dynamic response, LMS [3] algorithm is proposed, which 
claims to have faster dynamic response than SRF. Use of 
fixed step size in LMS algorithm, decreases the robustness of 
the system and it is also notice that the range of step size is 
minimum. The range of the step size is increased using 
Normalized LMS(NLMS) [4] algorithm by sacrificing the 
amplitude of oscillation in steady as well as dynamic states. 
Like NLMS, Least Mean forth (LMF) [5], VSS-LMS [6], 
Filtered-x-LMS [7] and many such algorithms are proposed 
to take care of the amplitude of oscillation and the robustness 
of the system. Similarly, the filtering techniques like Mixed 
Kalman Particle Filter (MKPF) [8], EKF [9], UKF [10], 
CDAF [11] wavelet filter have been used in the power system 
application to encounter grid abnormalities. In this paper, 
VSS-SDLMS scheme is proposed to mitigate the required 
harmonics, maintain the power factor unity and reduces the 
amplitude of oscillation to zero and also fasten the 
convergence rate. VSS-SDLMS scheme uses Incremental 
Conductance (I&C) MPPT control to maintain the DC-link 
voltage constant irrespective of solar irradiance. From the 
analysis of MPPT control schemes [12] it is observed that, 
Like Perturb and Observe MPPT method, I&C is also 
effective to extract maximum power from the PV setup.  

  The proposed algorithm estimates the active and 
reactive components of the load current using weight 
updating law for generating the reference grid current. 
Further the reference grid current along with the actual grid 
currents are used to generated required pulses for the 
controlled switches of interfacing voltage source converter 
(VSC) through hysteresis current controller. The 
self-regulation of step sizes proposed in the control scheme 
fastens the rate of convergence and also enhances the 
performances of the overall system by estimating the weights 
under steady and transient 
states. The overall behavior of 
PV- Grid system is analyzed 
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with respect to different abnormalities.  
The comparison of performance of proposed algorithm 

with other conventional algorithm is made to witness the 
benefit of using proposed algorithm.  

The objective of the papers are as follows: 
• The active and reactive components of the load current is 

estimated using VSS-SDLMS algorithm. 
• The active and reactive unit templets of the grid voltage are 

estimated. 
• I&C MPPT technique is used to harness maximum power 

irrespective of solar insolation. 
• Total harmonic distortion is calculated under steady and 

transient conditions. 
• Unit power factor (UPF) is achieved at the utility side by 

controlling the reactive power. 
 In this paper VSS-SDLMS based PV-grid synchronizing 

control scheme is proposed to satisfy aforementioned 
objectives. In this control scheme a variable step size is 
proposed which helps to reduce the amplitude of oscillation 
during steady and dynamic state when the system is subjected 
to different non-linearities.  

The paper is organised as follows. Following the 
Introduction in Section I, Section II describes the modelling 
of PV-Grid System where the detail modelling of the overall 
system along with the calculation of required system 
parameters are discussed. The proposed control scheme is 
also explained in Section II. The simulation results are 
discussed in Section III and the brief conclusion is cited in 
Section IV.    

II. PV-GRID INTEGRATION SYSTEM 

The overall system is shown in Fig.1. The mathematical 
modelling of the overall system is discussed in the following 
section. The system consists of a 10kW PV Array, where the 
PV modules are interconnected in series parallel fashion to 
accommodate required amount of voltages and currents,  
DC-link Capacitor to interface the PV module with the VSC, 
I&C MPPT controller, interfacing inductor to eliminate 
current ripple as well as to protect from high inrush current 
and shunt filter to reduce the ripple content in the voltage 
across VSC, and the proposed VSS-SDLMS control scheme 
along with hysteresis controller is employed to provide 
controlled switching pulses to the semiconductor switches.  

A. System Parameters 

The system parameters are calculated as in [13]. To obtain 
10kW PV power required number of series (Ns) and parallel 
(Np) combination of modules are calculated and given in 
Appendix-I. Similarly, the dc-link capacitor (Cdc_link) 
required to maintain a constant dc-link voltage (Vdc_link) of 
700V and to maintain the ripple content below 2% is also 
given in Appendix-I. Appendix-I also mentions the value of 
interfacing inductor which is required to maintain the ripple 
current below 5% as per IEEE-519 standard[14].    

B. I&C MPPT Scheme 

The basic element of VSS-SDLMS is I&C based MPPT 
control scheme. It is used for extracting maximum power 
from PV array irrespective of atmospheric condition and it is 
also helping to estimate the dc link reference voltage (Vdc_ref) 
which held constant. The pictorial representation of 
execution of algorithm is shown in Fig.2. It shows the 

variation of Vdc_ref with reference to change in t tdP dv .From 

the mathematical analysis of I&C MPPT, it is analyzed that, 
the maximum power is attained when, 

0

0pv

t

t

t

t t

dP

dv

di

dv v

i

=

 + =

                      (1) 

where Pt is the PV power, vt is the voltage across PV array 
and it is the current through PV array. 

An integral regulator (IR) is used along with I&C to 
minimize the error shown in left hand side of (1). 
Minimization of error helps to track the maximum power at 
different irradiance. This method is well adaptive towards 
quick changing atmospheric condition. 

 
Fig.2. Pt Vs vt characteristic showing the increment and 

decrement of Vdc_ref. 

C. VSS-SDLMS based control scheme  

The proposed VSS-SDLMS method uses the estimated 
Vdc_ref from I&C to generate the reference grid current 
following the process mentioned below. The desired quality 
of power flow ensuring UPF is only achieved through 
controlled switching pulses of VSC which is the key element 
for effective grid integration under adverse condition. The 
required switching pulses are obtained by passing the current 
error through a hysteresis band of width 0.01, where the unit 
of the band width is depending upon the error which is 
passing through it. In this case it follows the unit of the 
current i.e. Ampere. The following section depicts the 
estimation of different control parameters using 
VSS-SDLMS based control algorithms. The detail control 
structure is shown in Fig.3. 

The following steps are taken into consideration for 
obtaining reference grid current (ia

*, ib
* and ic

*) through 
weight updation process using VSS-SDLMS scheme.  

Step-1:  Calculation of In-phase and quadrature templates:  
The in-phase templates (upa, upb, upc) and quadrature 

component (uqa, uqb, uqc) are calculated using (2) and (3). 
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Where ( )2 2 22

3tp a b cV V V V= + +          (4) 
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where Va, Vb and Vc are the phase voltages of ‘a’, ‘b’ and 

‘c’ phase respectively and Vab and Vbc are the line voltages 
across phase ‘ab’ and ‘bc’ respectively. All the voltages are 
rated in Volts.  

aV

bV

cV

ai

bi

ci
ti

tv

tv

tP
_dc refV

lai

lbi

lci

_dc linkV

abcV
abcilabci

*
abci

aR

bR

cR

aL

bL

cL

 
Fig.1. Overall structure of PV-Grid Integration System using VSS-SDLMS Scheme 
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Fig.3. Generation of reference current using VSS-SDLMS control scheme 
 
Step-2: Calculation of DC Power loss: 
To maintain the constant Vdc_link irrespective of disturbances 
in grid as well as in PV side it is necessary to calculate DC 
power loss Pdc_loss as in (5). 

( )_ _ _ _ link

1
( ) ( 1) 1 ( ) ( )dc loss dc loss c dc ref dc

i

P k P k K V k V k
s

 
= − + + − 

 
    (5) 

where Kc is the proportional gain and τi is the integral time 
constant of PI controller. 
Step-3: Calculation of AC Power loss: 
To maintain the ac voltage constant at PCC and to operate the 
grid-tied system under zero voltage regulation, it is necessary 
to calculate the AC Power loss Pdc_loss as in (6).  

( ) ( )_ _

1
1 ( ) ( )ac loss cq tp ref tp

iq

P k K V k V k
s

 
= + − 

  

       (6) 

where Kcq is the proportional gain and τiq is the integral time 
constant of PI controller. 
Step-4: Calculation of feed forward component: 
The feed-forward components (Ppv_ff) used to calculate active 
weight for the PV system calculated as in (7). 
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Step-5: Calculation of Average active weight:  
The active weight of ‘a’ phase load current at each instant ‘n’ 
is updated [14] as in (8) 

 (n 1) ( ) (n) (n)a a a paP P n e sgn u+ = +                           (8) 

where (n)aP is the estimated weight of a-phase load current 

at ‘nth’ instant and ea(n) is the a-phase error. The error is 
calculated in (9). 

( ) (n) (n) (n)a la pa ae i u Pn = −                                           (9) 

At each instant ‘n’, the kth coefficient can be found by 
simplifying (8) as in (10)  

1(k) (k) (n)u (n k)
( )

pa an

pa

nW W e
u n k

+


= + −

−
                  (10) 

From (10) it is notice that the step size will be different for 
each co-efficient in the weight vector. Hence the name VSS is 
attached with SDLMS. 
Similarly, the active weights of ‘b’ and ‘c’ phase load current 

(n)bP and (n)cP respectively at each instant ‘n’ is calculated 

using (8) and (9) replacing the unit templates and error of the 
respective phases in place of ‘a’ phase component. For 

example, ‘ea’ will be replaced by ‘eb’ for calculation of ‘b’ 

phase component and ‘ea’ will be replaced by ‘ec’ for 

calculation of ‘c’ phase components. Similarly, the unit 

templates upa will be replaced by upb and upc for ‘b’ phase and 

‘c’ phase respectively for the calculation of required weights. 
The average active weight is calculated using (11).                                                 

(n) (n) (n)

3
a b c

avg

P P P
P

+ +
=                                           (11) 

Step-6: Calculation of resultant active weight: 
The resultant active weight (Pactive) is calculated in (12) 

_ _avg dc loactive ss pv ffP P P P= + −                      (12) 

Step-7: Calculation of Average reactive weights: 
The reactive weight of ‘a’ phase load current at each instant 

‘n’ is updated as in (13) 

 (n 1) ( ) (n) (n)a a qa qaQ Q n e sgn u+ = +                           (13) 

where (n)aQ is the estimated weight of a-phase load current 

at ‘nth’ instant and eqa (n) is the a-phase error. The error is 
calculated in (14). 

( ) (n) (n) (n)qa la qa ae i u Qn = −                                           (14) 

similarly, the reactive weights of other phase load current i.e. 
Qb(n) and Qc(n) is estimated using (13) and (14) 
The average reactive weight is calculated using (15).                                                 

(n) (n) (n)

3
a b c

avg

Q Q Q
Q

+ +
=                                           (15) 

Step-8: Calculation of resultant reactive weight:  
The resultant active weight (Preactive) is calculated in (16) 

_acrea loctiv ss ge avP P Q= −                                                        (16) 

Step-9: Calculation of reference grid currents: 
*
1a active pai P u=  , *

1b active pbi P u=  , *
1c active pci P u=                (17) 

*
2a reactive qai P u=  , *

2b reactive qbi P u=  , *
2c reactive qci P u=           (18) 

* * *
1 2a a ai i i= + , * * *

1 2b b bi i i= + , * * *
1 2c c ci i i= +                               (19)  

Step-10: Generation of Switching pulses for VSC:    
 The error to be compensated using control algorithms stated 
above is obtained by comparing the calculated reference 
current from (19) with that of sensed current from utility grid. 
Then the error is passed through the hysteresis current 

controller (HCC) operating at width of 0.01. Within the band 
the actual grid current is tracked to follow the reference grid 
current through controlled switching patterns of VSC. The 
schematic diagram is shown in Fig.4.  
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Fig.4. Schematic structure showing generation of 

switching pulses for VSC 

III. RESULTS AND DISCUSSION 

The proposed VSS-SDLMS algorithm is simulated using 
MATLAB/SIMULINK. The complete layout shown in Fig.1 
is modelled using MATLAB. A 10kW PV array is 
implemented for the purpose of simulation choosing suitable 
numbers of series and parallel modules. I&C MPPT 
algorithm is used for the purpose of maintaining constant dc 
link voltage (Vdc_link). The steady state and dynamic behavior 
of the integrated system parameters using proposed 
VSS-SDLMS algorithm is discussed in the following section. 

A. Steady state performance analysis under balanced 
linear load 

The steady state response of the PV-grid integrated system is 
shown in Fig.5. In this simulation a linear load is taken into 
consideration for the purpose of analysis. The responses of 
grid voltage (Vabc), grid current(iabc), current through VSC 
(ivsc), voltage across VSC (Vvsc), load current(ila), power 
extracted from PV array(Ppv), voltage across PV array(vt), 
current through the PV array(it), dc link voltage(Vdc_link), 
active power transmitted to grid (Pg), grid reactive power (Qg) 
and active power across load(PL) are shown.  

 
 

(a) 
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                                          (b) 
                                          

 
    (c) 

 

 
(d) 

Fig.5. Simulation results under balanced load. (a) 
Characteristics of Vabc, iabc, ila and Qg , (b) Characteristics of  
active powers (Pg,Pt and PL) and reactive power(QL), (c) 
Characteristics of PV parameters (vt,it and Vdc_link) (d) 
Characteristics of VSC parameters (Vvsc and ivsc). 
It has been noticed that the objective stated earlier is 
achieved. Since the reactive power at the grid shown in Fig. 5 
(a) is approximately equal to zero, so it shows that the power 
factor is nearer to unity. DC link voltage is also maintained 
constant of 700V through MPPT mechanism as witnessed in 
Fig.5(c). The sharing of power between PV source and utility 
grid is clearly viewed in Fig.5(b). The negative grid active 
power indicates the feeding of active power from source to 
grid. Positive load active power indicates the consumption of 
active power from PV source. Fig.5(b) shows out of 10kW 
source power approximately 2.3kW is consumed by the load 
and remaining 7.7kW is fed to the grid which is negative in 
nature. 

B. Performance analysis under balanced non-linear load 

The simulation result of GPIV system with a non-linear 
load is shown in Fig.6.  

 
(a)Result analysis of active and reactive Power flow (Pt, 

PL, Pg and Qg) 

 
(b) Characteristics of PV and VSC parameters 

Fig.6. Simulation results under balanced non-linear load  
The load is consisting of a diode bridge rectifier connected 
with series RL load having R=60Ω and L=100mH. The load 

voltage is calculated to be 560V using the analysis of 
three-phase diode bridge rectifier and the power consumed 
by the load is approximately 5.2kW. The remaining power i.e 
(Pt-PL) is fed to the grid. It is also notice that the Vdc_link is also 
maintained constant irrespective of the load switches from 
linear to non-linear. The changes in load characteristics is 
witnessing the use of non-linear load. 

C. Performance analysis under unbalanced non-linear 
load 

The performance analysis of PV-integrated system is 
performed under the unbalanced condition where a-phase is 
disconnected from 0.65s to 0.7s. It has been noticed that 
irrespective of the disturbances in a-phase the dc link voltage 
maintained constant at 700V through MPPT technique. It is 
also observed that when a-phase current is reduced to zero as 
shown in Fig 7, the power consumed by the load is decreased 
from 5.2kW to 2.3kW during the period 0.65s to 0.7s. Thus, 
the power fed to the grid increases to approximately 7 kW 
excluding losses as shown in Fig.7. The response curve of 
reactive power is indicating the unit power factor operation 
during unbalanced condition. 
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Fig.7. Results of power flow analysis under unbalanced 

load 

D. Performance Analysis under variation of solar 
irradiance 

The performance of the integrated system is analyzed with 
respect to the variation of solar irradiance (G). From Fig.8, it 
is observed that when G is very low the grid is supplying 
active power to the load and at high G the power is fed to the 
utility grid. From 0.8 to 0.82 the grid active power (Pg) is 
positive showing supply from grid to load, at approximately 
0.86s no power is fed to the grid as total PV power (Pt) is 
same as the required grid power. From 0.86s onwards PV 
power is fed to grid which is negative in nature as shown in 
Fig.8.The power management scheme ensuring UPF 
operation is analyzed in the given characteristics. 

 
Fig.8. Performance characteristics under variation of 

solar irradiance 

E. Comparative performance analysis of VSS-SDLMS 
with other conventional methods  

To compare the performances of the different algorithms an 
intentional disturbance in a-phase has been made in 
simulation during the period 0.5s to 0.7s as shown in Fig.9. 
Until 0.5s the load sharing by three phases are uniform but 
from 0.5s to 0.7s loads are unequal. Behavior of the controller 
using VSS-SDLMS algorithm under steady as well dynamic 

state has been analyzed in Table 1. To achieve better 
accuracy during steady and dynamic state and faster 
convergence rates during dynamic states different step sizes 
are required. The comparison says that the proposed 
algorithm is advantageous than other algorithm in achieving 
both performances. 

 
Fig. 9. Comparative Analysis of different LMS based 

control scheme. 
Table -I Comparative result analysis of LMS, SELMS, 

SSLMS and VSS-SDLMS 

Control 
Algorithm 

Steady 
State Error 

Dynamic State Analysis 
Amplitude 

of 
Oscillation 

Convergence 
Rate 

LMS less medium fast 
SELMS medium less slow 

SSLMS medium medium medium 
VSS-SDLMS less  less fast 

IV. CONCLUSION 

In this paper, A 10kW PV-grid integrated single stage 
system supplying power to the non-linear and linear load has 
been taken into consideration for performance analysis of the 
control algorithm for different cases. comparative analysis of 
LMS, SELMS, VSS-SDLMS and SSLMS is made to derive 
the benefit of VSS-SDLMS. It is also found that the proposed 
scheme is more suitable to reject the effect of non-linearities 
as discussed in the results section. Most of the cases it is 
working with MPPT scheme to maintain the dc link voltage 
constant and operates at UPF.  

APPENDIX 

PV voltage =700V, PV power =10kW, Total number of PV 
modules in series = 24, total number of PV modules in 
parallel=2, Dc link capacitor =1624µF, Dc link voltage 
=700V, Interfacing inductor(LF) = 5.8mH, Line voltage at 
grid=415V(rms), sampling time (Ts=10-6S. Non-linear Load 
containing Load resistance(R)=40Ω and Load inductance 
(L)=100mH. 
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