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Abstract- This paper deals with a single stage solar 
photovoltaic (SPV) array tied with a three phase grid by using
animproved second order generalized integrator quadrature 
signal generator (ISOGI-QSG) based control algorithm to 
improve power quality of the grid. The maximum point power 
tracking (MPPT) is achieved by using an incremental 
conductance method. The incremental conductanceMPPT method 
is effective to extract maximum power from a SPV array as well 
as to regulate the DC link voltage. ISOGI-QSG based control 
algorithm is robust and enhances the power quality in terms of
load balancing, noise elimination and power factor correction 
(PFC) very effectively. Having D-STATCOM capabilities of SPV 
based system is useful to supply the active power to grid as well as 
to loads. The control algorithm is verified on proposed system 
topology and obtained responses are found satisfactory and total 
harmonic distortion (THD) of source currents within standard 
limit.

Keywords- D-STATCOM;ISOGI-QSG; MPPT; Power Quality
and SPV.

I. INTRODUCTION
Nowadays the use of solar power generation is booming 

because of increased research on SPV, manufacturing 
technologies, rolling down price of SPV generation, new 
government policies and subsidy. However, conventional 
sources are main reason for warming on the planet and having 
threat to the environment by using highly carbon intensive fuel 
like coal to keep energy economical [1-2]. Moreover, SPV 
based system is having advantaged of fast installation, eco-
friendly and clean energy. Nowadays, photovoltaic (PV) 
system is used in residential, agriculture, telecommunication; 
healthcare services etc. Moreover, the power quality of the grid 
is degraded due to non-linear loads like variable frequency 
drives (VFD), switch mode power supply (SMPS), arc furnace 
etc in the distribution network at point of common coupling 
(PCC). 

The second order generalized integrator (SOGI) based 
control algorithm is introduced by Yadaet.al. [3] for shunt 
active power capabilities for a three phase four wire grid 
connected system. The SOGI based structure has lower 
filtering capabilities and higher calculation time. Second order 
generalized integrator– quadrature (SOGI-Q) based control 
algorithm for double stage solar energy conversation system 
(SCES) integrated with three phase grid for multifunctional 
purpose is introduced by Jain et al. [4]. SOGI-Q based 
structure has worst attenuation aroundcenter frequency. The 

SRF-PLL based control algorithm is introduced by Tripathiet 
al. [5] for double stageSPV based grid connected system.
Double frequency oscillations problem is encountered in SRF 
based PLL structure. 

Many techniques are introduced to implement PV model by 
Villalva et al. [6]. Many MPPT methods like differentiation 
technique, current compensation method, forced oscillation 
technique, look-up table method, perturb and observe method, 
load voltage maximization are available to extract maximum 
power point from SPV in literatures [7-8]. The reference 
voltage is obtained from MPPT and it is used further to 
maintain DC link voltage by (PI) controller tuning. Thepower 
loss comparison for single stage and two stage grid-connected 
PV systems is introduced by Wu et al. [9].It is also mentioned 
that if the voltage range is properly chosen then a single stage 
has high efficiency, low cost and reducible size compared to a 
two stage grid connected SPV based system. An improved dual 
second order generalized integrator-quadrature signal 
generatorbased structure is introduced by Li et al. [10] for grid 
synchronization under non-ideal grid voltage including DC 
offset.  

The proposed system consists of a single stage topology of 
a SPV based system having D-STATCOM (distribution static 
compensator) capabilities interfaced to the grid to meet power 
quality improvement like power factor correction, load 
balancing and harmonics mitigation.The ISOGI-QSG based 
control algorithm has advantage of being less sensitive toward 
input DC signal and other sub-harmonic. The control algorithm 
is very effective to estimate reference grid current without loss 
of accuracy. To confirm viability of control algorithm, 
experiments are performed on a developed hardware in the 
laboratory for various conditions like reactive power 
compensation, variable solar insolation, load unbalancing at 
load side network.

II. PROPOSEDSYSTEMCONFIGURATION
The proposed system architecture consists of a three phase 

grid, SPV array system, ripple filter, DC link capacitor, voltage 
source converter (VSC) and non-linear loads. Fig. 1 shows the 
proposed topology to validate the control algorithm.The 
proposed system is implemented for three phase grid tied witha
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single stage SPV based system. The proposed system 
parameters are designed as perprocedure reported in [11-12]. 

III. CONTROL ALGORITHM
The ISOGI-QSG based control algorithm is used to 

estimate quadrature component of fundamental load current. 
An incremental conductance MPPT method is used here to get 
maximum power point to operate SPV array at MPPT point. 
This control algorithm is used also to mitigate power quality 
problems. Fig. 2 shows the overall control algorithm. 

A. MPPT Control
An incremental conductance MPPT method is used here to 

get operating point for a SPV array. The voltage and current 
are sensed and used to estimate the difference between 
successive measurements of as following. 
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In above equa3ion, left hand side represents an incremental 
conductance and right hand side represent SPV array’s 
instantaneous conductance. It is expressed under different 
operating condition as, 
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Above equation is used to decide direction of perturbation to 
reach MPP point of SPV array. Whenever MPPT point is 
achieved then a change in current remains constant. Whenever, 
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Fig. 1 The schematic diagram ofproposed system topology. 
climate condition changes then a new MPP is tracked by an 
incremental conductance. This MPPT generates the reference 
DC link voltage for control of VSC. 

B. Switching Control of VSC 
The switching control algorithm includes the estimation 
amplitude of terminal voltage of common coupling point 
(CCP), estimation of in-phase unit templates, PV feed forward 
term, loss component and reference current estimation for grid 
currents. Fig. 2 shows the overall architecture for control 
algorithm. 

The amplitude of terminal voltage (Vt) of CCP is evaluated 
by sensing line voltages (vsab and vsbc). From sensed two line 
voltages, phase voltages are obtained as,
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The amplitude of terminal voltage (Vt) is obtained as, 
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The in-phase unit templates (ua, ub and uc) are evaluated by 
using the amplitude of terminal voltage and phase voltages as, 

,s a
a

t

u v
V

,s b
b

t

u v
V

s c
c

t

u v
V

             (9) 

The ISOGI-QSG based control method used here to extract 
the quadrature component offundamental from load current 
which is highly distorted due to non-linear loads in the 
distribution network. Fig. 3 shows a structure of ISOGI-QSG 
based control. The in-phase component (iv’) and quadrature 
component (iqv’) of fundamental of load current are shown in 
Fig. 3. The transfer function of ISOGI-QSG is given as, 
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Where, 3 2 2 3
(S ) S ( ) ,

sq D C D C
k k s s k ksqand 

kDCare needed to tune with help of Routh-Hurwitz stability 
criteria. The parameter kDCis opted base on ∆(s). All roots of 
∆(s)   must have equal real part.

Then kDCmust fulfill the condition as [10], 

S1

S4

S3

S6

S5

S2
+

_

Vt

Iloss

iload

+

Ipnet

vsab
vsbc

Reference Current Calculation 
and Gating Pulse Generation 

isa

isb

isc

ua

ub

uc

+

+

+

_

_

_

iaref

ibref

icref

Estimation Peak 
Voltage of CCP And 

In-phase Unit Template

ua ub uc

PV Feed Forward CompensationPpv
Vt

Ipvff

vDC

vdcref

LPF
_

+
PI

Controller
MPPT 

algorithm
Ipv

Vpv

3

ila

ilb

ilc

ZCD
And
S&H

Circuits

ipa

ipc

ipb

Extract Fundamental 
Component of A phase by 

IOGI-QSG PLL
Extract Fundamental 

Component of B phase by 
IOGI-QSG PLL

Extract Fundamental 
Component of C phase by 

IOGI-QSG PLL

+

+

+
÷

In-phase Unit 
Templates

ua ub uc

÷3

Fig. 2 Block diagram of control algorithm.

i
iv'

iqv'

1/s

1/s

Ksq+ +
_

_ ῶ

ῶ

KDC ῶ 1/s +
+

e(t)

iDC

Fig. 3 Block Diagram of ISOGI-QSG. 

3 2 2 2
3 ( 3 9 ) 4 .5 0D C sq D C sq D C sq sqk k k k k k k (13) 

The ISOGI-QSG has high capacity to eliminate the DC 
offset from input signal by estimating it from error e(t) and 
added back to feed-back path. The amplitude of quadrature 
component for three phases (iap, ibp and icp) is obtained by using 
unit templates, sample andhold circuit respectively. From that 
amplitude, net weight of load component (Iload) is evaluated as, 

3
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The PV feed forward term is calculated by using SPV array 
power and it is estimated for phase. Therefore PV feed forward 
(Ipvff) is evaluated as,
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The losscomponent is calculated by using reference DC link  
voltageobtained from MPPT and sensed VSC-DC link 
capacitor voltage. So loss component (Iloss) is evaluated as, 
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The reference source currents are estimated by using in-phase 
templates (ua, ub and uc) and net weight (Inet). The net weight 
(Inet) is obtained from load active current component (iap, ibp
and icp) and SPV feed forward term (Ipvff) and loss component 
(Iloss). The reference currents are calculated as, 

n et lo a d p vff lo ssI I I I
    (17)
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The error between source current (isa, isb and isc) and 
estimated source current (iaref, ibref and icref) are passed through 
hysteresis controller and generate switching pulses for VSC. 

IV. EXPERIMENTALRESULTS

This section shows the experimental results of proposed 
system topology to validate ISOGI-QSG based control 
algorithm. The SPV simulator(AMTECH ETS600×17DPVF) 
is used as SPV array. The ISOGI-QSG based control algorithm 
is implemented by a real time controller (DSPACE-1202). The 
voltages of CCP are sensed by voltage sensors (LV25-P) and 
source currents are sensed by currentsensors (LA55-P). The 
dynamics of proposed system is observed by digital 
scope(AGILENT DSO 7014A) andsteady state response of 
proposed topology is observed by power analyzer (Fluke-43B). 
The control algorithm is demonstrated here for various 
conditions. 

A. Steady State Response of the System Under Linear Load  
Fig. 4 shows the steady state response of the proposed 

system under a linear load. Figs. 4 (a-b-c) show vsabwith isa, ila,
and ivsc_arespectively. Fig. 4 (d) shows load power (1.94kVA) 
at poor power factor (PF=0.72).Fig 4 (e) shows the 
improvement of power factor of the distribution network to 
unity. Moreover, the reactive power compensation is achieved 
by SPV coupled VSC based topology. Fig. 4 (f) shows SPV 
power (Ppv). The SPV array coupled VSC based topology 
supplies an active power and the reactive power to the 
distribution network and the load. 

B. Steady State Response of  System Under Non linear Load 
Fig. 5 shows the steady state response of the single stage 

grid connected SPV system.In this Fig. 5, the waveforms 
ofgrid voltage (vsab), grid current (isa), load current (ila) and 
VSC current (ivsc_a) are shown. Figs. 6 (a-b-c) show the 
waveforms of grid voltage (vsab) and grid current (isa), vsaband 
load current (ila), vsaband VSC current (ivsc_a) respectively. Fig 6 
(d) shows that THD of grid current (isa) which is 3.4%. It 
follows IEEE-519 standard [13]. Figs.6 (e-f) show that THD of 

grid voltage is 1.5% and load current has THD of 27.5%. From 
Figs. 6 (h-i-j) show that SPV array power not only supplies to 
the load but it also supplies togrid by improving power quality 
of the grid. 

C. Dynamic Response of System under Unbalancing 
Fig. 7 showsthedynamicresponseofthe system 

underunbalancingcondition. Fig. 7 (a)shows theerror (e(t)), 

         (a)                                         (b)                                         (c) 

 (d)                                           (e)                                     (f)                                     
Fig. 4 Steady state response of system under linear load (a) vsab and isa(b) 
vsaband ila(c) vsaband ivsc_a (d) load power and load power factor (e) grid power 
and source power factor (f) SPV-VSC power  

vsab= 500V/div

isa= 20A/div

ila= 5A/div

ivsc_a= 20A/div

Fig. 5 Steady state response of system under nonlinear load 
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                      (a)  (b) (c)                                                (d)                                              (e) 

(f)                               (g)                                         (h)                                                        (i)                                              (j) 
Fig. 6 Steady state response of system under non-linear load (a) vsab and isa(b) vsaband ila (c) vsab and ivsc_a (d) THD of isa (e) THD of vsab (f) THD of ila (g) THD of ivsc_a

(h) grid power (i) load power (j) SPV-VSC power. 
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Fig. 7 Dynamic response of system under unbalancing  (a) e(t), iaqv', iav' and ua (b)Iloss, Ipvff, iapandInet (c) VDC, isa, ila and ivsc_a(d)vsab, isb ,ilb and ivsc_b. 

quadratureand in-phase component of fundamental load 
current(iaqv' and iav') and unit template (ua) under 
unbalancingoccurred in A phase. Fig. 7 (b) shows the loss 
component (Iloss), PV feed forward term (Ipvff), fundamental 
amplitude of A phase load current (iap) and net weight 
(Inet).Fig. 7 (c) shows dynamics of DC link voltage (VDC), grid 
current (isa), load current (ila) and compensating current (ivsc_a)

respectively for A phase during unbalancing under non-linear 
load. Fig. 7 (d) shows the of DC link voltage (VDC), grid 
current (isb), loadcurrent (ilb) and VSC current (ivsc_b)
respectively for B phase during unbalancing of A phase. 

D. Dynamic Response of System under Variable Solar 
Insolation 
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Figs. 8 and 9 show the dynamic response of the system 
under variable solar insolation. Figs.8(a-b)show solar 
insolation of a SPV simulator changed from 700 to 1000 
W/m2. As solar insolation increase, SPV array current as 
wellas grid current is also increased. Fig. 9 (a) shows the loss 
component (Iloss), PV feed forward component (Ipvff), amplitude 
of fundamental component of load current (iap) and net weight 
(Inet). Fig. 9 (b) shows the dynamics of VDC, SPV array current 
(Ipv), VSC current (ivsc_a) and grid current (isa).

V. CONCLUSION

A three phase single stage grid connected SPV based 
system having has demonstrated reactive power compensation 
capabilities by using ISOGI-QSG based control algorithm to 
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Fig.8 Solar insolation increase (a) 700W/m2 (b) 1000W/m2.
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Fig. 9 Response of system under variable solar insolation, (a)Iloss, Ipvff, Iap and 
Inet(b) VDC, Ipv, ivsc_aandisa. 

improve power quality like power factor correction (PFC), 
harmonics elimination and load balancing at distribution 
network. The ISOGI-QSG based structure has more DC signal 
filtering capabilityand good attenuate around central frequency 
compared. The THD of source currents are found within the 
limit according to an IEEE-519 standard. Experimental results 
have showed that ISOGI-QSG based control algorithm works 
satisfactory and robust during various conditions like reactive 
power compensation, variable solar insolation and load 
unbalancing. 

APPENDICES
Experimental parameters: SPV array simulatorVmp=421V, 
Imp=16.3 A, Ppv= 6.87 kW; DC link voltage= 421 V; converter 
rating= 25 kVA; ripple filter Rf =5Ω, Cf =10μF; Interfacing 
inductor Lf=2.9 mH; ksq=1.41; kDC=0.22; source voltage vsab =
285 V, 50 Hz; non-linear load=1.85 kVA, linear load= 1.94 
kVA; kp=0.14, ki=0.001; sampling time Ts= 30μs.
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