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Integration of Single-Stage SPV Generation to 
Grid using Admittance based LMS Technique 
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Abstract—In this paper, an integration of single-stage 
solar photovoltaic (SPV) generation to three-phase AC grid 
is proposed using admittance based LMS (Least Mean 
Square) adaptive control approach. The main focus of the 
system is to supply active power to the grid as well as loads at 
PCC and also mitigate several power quality issues like 
current harmonics distortion, reactive power and load 
unbalancing. A simple LMS based admittance control with 
P&O (Perturb and Observe) based MPPT (Maximum Power 
Point Tracking) is used for achieving efficient system. The 
proposed control is easy to implement and has a fast 
response. The performance of the system is simulated in 
MATLAB environment under variable solar irradiance, 
balanced and unbalanced load (linear and nonlinear) 
conditions in both PFC and ZVR modes. 
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I. INTRODUCTION  

Today grid integration of solar PV (Photovoltaic) 
systems are emerging technology [1] in the distribution 
system due to ecofriendly, renewable, battery less, 
supplying active power to grid as well as loads and 
mitigates the distribution power quality problems like 
reactive power load balancing, current harmonics 
distortions etc. [2-4]. The various configurations of 
integration of the solar PV systems are single-stage single 
phase system, double-stage single phase system, single-
stage three phase system, double-stage three phase system, 
single-stage three phase four wire system and double-stage 
three phase four wire system etc. have been reported in [1-
5]. Single-stage topology is demonstrated more operative 
for applications with higher voltage levels and it has less 
power losses [6].  

The various control algorithms have been reported in 
to control the VSC (Voltage Source Converter) such as 
QPLL (Quadrature Phase Locked Loop) [2], EPLL 
(Enhanced PLL) [3], ANR (Adaptive Noise Reduction) 
[4]. All these control approaches are used to generate 
required pulses for VSC in both PFC and ZVR modes. 
Moreover, in single stage topology different maximum 
power point tracking (MPPT) approaches have been 
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reported in [7] to generate reference signal for the VSC 
control algorithm.  

In this paper, a single-stage SPV generation is 
integrated to three-phase distribution grid using a 
admittance based LMS (Least Mean Square) adaptive 
control [8] incorporating a perturb and observe (P&O) 
based MPPT methodology. The proposed control is easy 
to implement and has very fast response. The performance 
of the system is simulated in MATLAB environment 
under variable solar irradiance, balanced and unbalanced 
loads conditions in both power factor correction (PFC) 
and zero voltage regulation (ZVR) modes. 

II. CONTROL STRATEGY 

Figure 1 shows the proposed single stage SPV system 
connected to three phase distribution grid. The parameters 
of the system are given in Appendix. The control 
architecture of the proposed system is shown in Fig. 2. 
This control approach uses a single-stage converter 
topology to achieve two basic functions: MPPT and 
switching of the VSC. The details of the MPPT control 
and admittance based LMS adaptive control is given in the 
section below. 

A. MPPT Control 

Out of different MPPT methods reported in the 
literature [7], the hill climbing or P&O approach is used 
here due to its generic nature and simplicity.  

B. Admittance based LMS Adaptive Control Approach 

1) Estimation of unit templates  

From the sensed PCC voltages (vab and vbc), the phase 
voltages are obtained from equation in [9] as, 

ab bc ab bc ab bc
a b c

2v v -v v -v 2v
v =      ;    v =      ;    v =  

3 3 3

-+ +
  (1) 

The amplitude of terminal voltage (Vt) is estimated 
as, 

2 2 2
t a b c

2
V = (v + v + v )

3
  (2) 

The unit templates of in-phase and quadrature 
component are estimated as, 

a b c
pa pb pc

t t t

v v v
u =      ;    u =      ;    u =  

V V V
  (3) 
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Fig. 1: Proposed system topology. 
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Fig. 2: Control Structure of Admittance based LMS Technique  
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2) Estimation of admittances of loss components and PV 
array 

After the calculation of terminal voltage Vt, the 
voltage error Vte(n) of the PCC voltage and the reactive 
loss component (Qloss) are estimated as, 

te t t
*V (n) = V (n)- V(n)   (5) 

loss loss pt te te it teQ (n +1) = Q (n)+K (V (n +1) -V (n)) +K V (n +1)   (6) 
Therefore, the susceptance loss component is 

estimated as, 
loss

loss 2
t

2Q (n)
B (n) =

3V
  (7) 

Where, Kit and Kpt are integral and proportional gain 
constants used in PI controller. 

Likewise, the DC bus voltage error (Vde) and the 
active loss component (Ploss) are calculated as, 

*
de dc dcV (n) = V (n) - V (n)   (8) 

cp cp pd de de id dew (n+1) = w (n)+K (V (n+1) -V (n))+K (n +1)V   (9) 
Therefore, the susceptance loss component is 

estimated as, 
loss

loss 2
t

2P (n)
G (n) =

3V
  (10) 

Where, Kid and Kpd are integral and proportional gain 
constants used in PI voltage controller. 

The total admittance value of the loss components is 
calculated as, 

loss loss lossY (n) = G (n) + j.B (n)   (11) 
The admittance term for the SPV system is estimated 

as, 

pv
pv 2

t

2P (n)
G (n) =

3V
  (12) 

Where, Ppv is extracted SPV power. 

3) Extraction of admittances of load current 
fundamental components 

The conductance of fundamental in-phase component 
of the load current of phase ‘a’ is evaluated as, 

a a p paG (n + 1) = G (n) + τ .E (n)   (13) 
Where, Epa(n) is the error of adaptive component. τp is 

the adaptation constant. 
pa La

pa a2
a

tu (n).i (n).V
E (n) = - G (n)

v
   (14) 

Where, va, iLa(n) and upa(n) are the voltage, load current 
and in-phase unit template at the nth instant of phase ‘a’. 

Likewise, the conductance of the fundamental in-
phase components of other two phases ‘b’ and ‘c’ are 
evaluated as, 

b b p pbG (n +1) = G (n) + τ .E (n)   (15) 

c c p pcG (n + 1) = G (n) + τ .E (n)    (16) 
The susceptance of fundamental quadrature 

component of the load current of phase ‘a’ is evaluated as, 
a a q qaB (n +1) = B (n) + τ E (n).   (17) 

Where, Eqa(r) is the error of adaptive component and 
τq is the adaptation constant. 

qa La
qa a2

a

tu (n).i (n).V
E (n) = - B (n)

v
  (18) 

Where, iLa(n) and uqa(n) are the load current and 
quadrature unit template at the nth instant of phase ‘a’. 

Likewise, the susceptance of the fundamental 
quadrature components of phases ‘b’ and ‘c’ are evaluated 
as, 

b b q qbB (n +1) = B (n) + τ .E (n)   (19) 

c c q qcB (n + 1) = B (n) + τ .E (n)   (20) 

4) Generation of reference grid currents 

The total conductance component (Gp) of reference 
grid currents is estimated as, 

p avg loss pvG = G + G G-   (20) 
Where, avg a b cG G G G= ( + + ) / 3   (21) 
Now, the in-phase reference components of grid 

currents are expressed as, 
* * *

pa p pa t pb p pb t pc p pc ti = G .u V      ;     i = G .u V     ;     i = G .u V. .  .   (22) 
Similarly, the total susceptance component (Bq) of the 

reference grid is expressed as, 
q loss avgB = B B−   (23) 

Where, avg a b cB B B B= ( + + ) / 3   (24) 
Now, the reactive reference grid current components 

are expressed as, 
* * *

qa q qa t qb q qb t qc q qc ti = B .u .V      ;     i = B .u .V     ;     i = B .u .V   (25) 
So, the total reference three-phase grid currents are 

given as, 
* * * * * * * * *

a pa qa b pb qb c pc qci = i + i   ;  i = i + i   ;  i = i + i    (26) 
For generation of the gate signals, an indirect current 

control method is employed with a hysteresis controller as 
reported in [9]. 

III. RESULTS AND DISCUSSION 

The model of proposed system is validated through 
simulations carried on a MATLAB/Simulink platform. 
The solar PV array and other essential components like 
interfacing inductances, DC link capacitor, ripple filter 
etc. are designed and modeled as in [9]. The system is 
subjected to several conditions such as unbalanced and 



Integration of Single-Stage SPV Generation to Grid using Admittance based LMS Technique  311 

978-1-5090-2118-5/16/$31.00 ©2016 IEEE 

balanced loads (linear or nonlinear) and varying solar 
irradiance to verify the system performance. The details of 
the system parameters is given in Appendix. 

A. Performance under Linear Loads 

The steady state responses of the system when 
subjected to linear loads under balanced condition is 
shown in Fig. 3. The DC link voltage (Vdc) is regulated 
near 700 V and the grid currents (iabc) are maintained 
sinusoidal. Moreover, the grid absorbs excess power (Pg) 
from the SPV array and reactive 

 

Fig. 3: Steady State Performance under Linear Load 

power (Qg) is maintained near to zero. The system 
operates at UPF (Unity Power Factor) mode. Table I 
shows the performance of the system in terms of THD 
under linear loads. The THD on the grid side is within 
limits stated by the IEEE-519 standard [9]. 

B. Performance under Unbalanced Linear Loads 

Figures 4 (a-b) show the dynamic performance when 
subjected to linear unbalanced load. It is observed that 
when the load of phase ‘a’ is disconnected at 0.75 s, the 
grid currents (iabc) are maintained balanced and sinusoidal 
and these are increased in magnitude as the load draws 
less power from the SPV array. The DC link voltage (Vdc) 
is nearly constant and system operates at UPF mode. The 
variation in the internal signals is shown in Fig. 4 (b). The 

conductance components (Gavg and Gp) are decreased 
accordingly as the load is disconnected. 

C. Performance under Nonlinear Loads 

Figure 5 shows the steady state response of the 
system when subjected to nonlinear loads. Owing to the 
nonlinearity in the waveform of the load current (iLa), the 
grid currents (iabc) are free from such nonlinearity and 
harmonics. The DC link voltage (Vdc) is retained constant 
and the system operates at UPF. Table I shows the 
performance of the system in terms of THD under 
nonlinear loads. The THD on the grid side is within limits 
stated by the IEEE-519 standard [9]. 

 

(a) 

 

(b) 

Fig. 4: (a) Dynamic Performance under Unbalanced Linear Load and  
(b) Response of Internal Signals 
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Fig. 5: Steady State Responses under Nonlinear Load 

D. Performance under Unbalanced Nonlinear Loads 

Figures 6 (a-b) show the dynamic performance of the 
system subjected to nonlinear unbalanced loads. The load 
of phase ‘a’ is disconnected at 0.25 s, and the grid currents 
(iabc) are maintained balanced and sinusoidal and there are 
increased accordingly as the load draws less power. The 
DC link voltage (Vdc) is nearly constant and the system 
operates in UPF mode. The response of internal signals 
are shown in Fig. 6 (b) and it is observed that the 
conductance components (Gavg and Gp) are decreased and 
the grid absorbs more power (Pg) from the SPV array. 

E. Performance under Variable Solar Insolation 

Figure 7 shows the dynamic response of the system 
when subjected to varying solar intensity. The solar 
intensity of the PV array is increased from 700 W/m2 to 
1000 W/m2 at 0.3 s. The SPV array operating point shifts 
to next maximum power operating point and accordingly 
grid currents (iabc), VSC currents (ivsc) and PV current (Ipv) 
are increased. The DC link voltage (Vdc) is nearly 
constant, grid currents (iabc) are maintained sinusoidal and 
the system operates in UPF mode. 

  

(a) 

 

(b) 

Fig. 6: (a) Dynamic Performance under Unbalanced Nonlinear Load and 
(b) Response of Internal Signals 
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Fig. 7: Dynamic Performance under Variable Solar Insolation 

TABLE 1: PERFORMANCE OF THE SYSTEM IN TERMS OF THD 

Operation Parameters Values of Performances Indices 
Linear Loads Nonlinear 

Loads 
UPF Grid current 

(A), % THD 
20.84 A, 2.38 % 24.93 A, 1.26 % 

Load current 
(A), % THD 

35.42 A, 3.21 % 24.55 A, 27.6 % 

VSC current 
(A), % THD 

53.68 A, 1.71 % 49.38 A, 13.7 % 

IV. CONCLUSION 

The proposed single-stage solar photovoltaic (SPV) 
generation has been integrated to three-phase AC grid 
using admittance based LMS (Least Mean Square) 
adaptive control technique. The system supplies active 
power to grid as well as connected loads and also 
mitigates several power quality issues like current 
harmonics distortion, reactive power, load unbalancing 
etc. A simple LMS based admittance control with P&O 
based MPPT has been found easy to implement and has a 
fast response. The performance of the system has been 
simulated in MATLAB environment under variable solar 

irradiance, balanced and unbalanced loads conditions in 
both PFC and ZVR modes. 

V. APPENDIX 

A. System Parameters 

SPV array voltage, VMPP = 700 V; array current, IMPP 
= 38 A; array power, PMPP = 26 kW; DC Bus Voltage, Vdc 
= 700 V; DC bus capacitor, Cdc = 6000 μF; interfacing 
inductor, Lf = 2.5 mH; sampling time, Ts = 1 μs; grid 
voltage, VLL = 415 V (rms); ripple filter, Rf = 5 Ω and Cf = 
10 μF, DC PI controller, Kpd = 1.5 and Kid = 1; Adaptation 
constant, τ = 1.25; linear load with P = 15kW and Q = 10 
kVAr; nonlinear load = 3-phase diode bridge feeding load 
R = 25 Ω and L = 150 mH. 
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