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Abstract- This paper deals with a single stage solar photovoltaic 

(PV) array tied to a three phase grid by using an improved second 

order generalized integrator quadrature (ISOGI-Q) 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 conductance MPPT 

method is effective to extract crest power from a solar PV array as 

well as to control the DC bus voltage. The ISOGI-Q based control 

serves multi-functionalities such as load balancing, power factor 

correction, improved solar power penetration into a distribution 

network. Test results of ISOGI-Q based control algorithm, are 

found satisfactory for improved power quality in terms of load 

balancing, harmonics elimination and power factor correction 

very effectively under various dynamic conditions such as load 

unbalancing, variable solar insolation, distorted grid and 

imbalanced grid voltage conditions. DSTATCOM (Distributed 

Static Compensator) capabilities of PV based system are useful to 

supply the active power to the load and surplus power to the grid. 

The control algorithm is verified on a proposed topology and 

obtained responses are found satisfactory and total harmonic 

distortions (THDs) of source currents are observed within an 

IEEE-519 standard limit. 
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I. INTRODUCTION 

Nowadays the use of solar power generation is booming 

because of increased research on SPV (Solar Photovoltaic), 

manufacturing technologies, rolling down price of SPV 

generation, new government policies and subsidy. However, 

conventional sources are main reasons 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 nonlinear loads like 

variable frequency drives (VFD), switch mode power supply 

(SMPS), arc furnace etc. in the distribution network at point of 

common coupling (PCC). 

Many techniques are introduced to implement PV model by 

Villalva et al. [3]. Many MPPT (Maximum Point Power 

Tracking) 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 the literature [4-5]. The reference voltage is 

obtained from MPPT and it is used further to maintain DC link 

voltage by proportional-integral (PI) controller. The power loss 

calculation for a single stage and a double stage grid-connected 

PV systems, is introduced by Wu et al. [6]. 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 solar PV based system. The double 

stage topology has lower efficiency compared to single stage 

topology due to considerable amount of losses in the boost 

converter. The advantages of single stage topology have been 

reported in the literature [7], are as follows, 

 Single stage topology has high efficiency due to reduced 

losses. 

 The elimination of boost converter reduces complexity, 

system size and cost. 

 Solar PV array power utilization has been enhanced using 

single stage topology. 

The voltage source converter (VSC) control algorithms are 

analyzed and proposed by many researchers. The d-q 

transformation based synchronous reference frame theory 

(SRFT) based control scheme has been analyzed by Tripathi et 

al. [8] for grid interfaced solar PV system for power quality 

improvement of distribution network. The control approach 

supports the voltage regulation and reactive power 

compensation. Still its dynamic performance is deteriorated due 

to presence of low pass filter in the procedure of tracking 

reference grid currents. The 2nd harmonic component is 

foremost in d-axis current under load unbalancing scenario. As 

a results, the steady-state performance is affected by setting 

high cut-off frequency. Therefore, it is consistently trade-off 

between steady-state and dynamic performances of the system. 

To eliminate this issues, Yazdani et. al. [9] have introduced the 

adaptive notch filtering (ANF) technique for three phase 

distribution network for power quality improvement of the 

distribution network. The ANF algorithm has zero DC offset 

rejection and lower harmonic filtering capabilities. Moreover, 

ideal phase and amplitude characteristics of the notch filter 

make it challenging to execute in the real-time scenario. Qasim 

et. al [10] have demonstrated the performance of 
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multifunctional linear neuron and multi-layer neural network 

schemes to mitigate power quality issues such as harmonics 

mitigation, unity power factor, load balancing etc. for the 

distribution network. The neural network based control scheme 

has difficult to identify the proper learning. 

The algorithms developed in the literature [11-13] for grid 

interfaced solar PV system focus on active power control 

strategies, which suffer from grid currents balancing feature and 

effectively harmonics mitigation. The various Lyapunov 

control schemes have been described for grid interfaced solar 

PV system in the literature [14-15] for power quality 

improvement of the distribution network along with extraction 

of maximum power from PV array. A model predictive control 

(MPC) scheme for grid interfaced converter has been analyzed 

in the literature [16]. However, it suffers from lack of grid 

currents balancing and has poor dynamic response. Various 

adaptive filters [17-19] based control schemes are also 

proposed to diminish power quality issues and improvement of 

solar power generation into the distribution network. The 

steady-state response of the least mean fourth (LMF) algorithm 

is not satisfactory due to having fourth order optimization 

technique. The mitigation of the noise at suitable frequency is 

not assured. The amplitude extraction capability of partial 

decoupled volterra filter depends upon the filter order. As filter 

order is increased, the computational burden and complexity of 

the algorithm are increased. 

Many other algorithms such as adaptive filter generalized 

integrators [20-23] are described for power quality 

improvement of distribution network for various dynamic 

conditions. The second order generalized integrator (SOGI), 

second order generalized integrator-phase locked loop (SOGI-

PLL) and second order generalized integrator frequency locked 

loop (SOGI-FLL) suffer from poor harmonic and DC offset 

rejection capabilities, which affects the system performance. 

The offset reduction generalized integrator has low pass filter 

in the path, which degrades the system performance. There is 

always trade-off between steady-state and dynamic 

performances of the system. To overcome the mentioned issues, 

an improved second order generalized integrator-quadrature 

(ISOGI-Q) based algorithm is proposed for three phase grid 

interfaced soar energy conversion system. The ISOGI-Q has 

good DC offset, lower order and higher order harmonic 

components rejection capability, which is demonstrated using 

frequency domain plot. The major contributions of presented 

work, lie in important characteristics of the control algorithm, 

which are as follows. 

1. The fundamental component of load current in any phase, is 

extracted without sensing currents from remaining two 

phase, which makes reliable and phase independent. 

2. To have fast dynamic performance during disturbed 

environmental conditions such as variable insolation, partial 

shading etc., PV feed-forward component is considered into 

the control scheme to make balanced and reduced 

oscillations in grid currents [24]. 

3. The frequency domain analysis demonstrates the 

effectiveness of proposed control scheme with conventional 

control algorithms. 

4. The demand of reactive power at PCC is compensated by 

PV coupled VSC, which ensures unity power factor 

performance of the distribution network according to IEEE-

519 standard [25]. 

5. The proposed control algorithm provides good performance 

even under weak grid conditions. 

6. The presented ISOGI-Q based control algorithm has better 

filtering capabilities compared to conventional algorithm 

and it is reliable and flexible. 

The proposed system consists of a single stage topology of a 

SPV based system having DSTATCOM (Distributed Static 

Compensator) capabilities interfaced to the grid to meet power 

quality improvement like power factor correction, load 

balancing. The ISOGI-Q based control algorithm has advantage 

of being less sensitive towards input DC offset and other 

harmonics and sub-harmonics. The control algorithm is very 

effective to estimate reference grid currents without loss of 

accuracy. To confirm viability of control algorithm, tests 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, 

distorted grid and imbalanced grid voltages. 

II. PROPOSED SYSTEM CONFIGURATION 

The proposed system architecture contains a three phase grid, 

SPV array, ripple filter, DC link capacitor, VSC and nonlinear 

loads. Fig. 1 shows the proposed topology to validate the 

control algorithm. The proposed algorithm is implemented on a 

three phase grid tied single stage SPV based system. The 

proposed system parameters are designed as per procedure 

reported in [17-26]. 
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Fig. 1 The schematic diagram of proposed system topology 

III. CONTROL ALGORITHM 

The ISOGI-Q based control algorithm is used to estimate 

quadrature component of fundamental load current. An 

incremental conductance MPPT method is utilized here to get 

maximum power point to operate SPV array at MPPT. This 

control  algorithm is  also  used  to  mitigate  power  quality 
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Fig. 2 Block diagram of control algorithm 

problems. Fig. 2 depicts the overall structure of the control 

scheme. 

A. MPPT Control 

An incremental conductance MPPT method is used here to 

get operating point for a SPV array. The SPV voltage and 

current are sensed and used to estimate the difference between 

successive measurements of as following, 

0
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In above equation, 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, 

climate condition changes then a new MPP is tracked by an 

incremental conductance. This MPPT algorithm generates the 

reference DC link voltage for control of voltage source 

converter. 

B. Switching Control of VSC 

The switching control algorithm includes the estimation 

amplitude of terminal voltage at point of common coupling, 

estimation of in-phase unit templates, PV feed-forward term, 

loss component and reference currents estimation for three 

phase grid currents. 

The amplitude of terminal voltage (Vt) at point of common 

coupling is evaluated by sensing line voltages (vsab and vsbc). 

From sensed two line voltages, phase voltages are obtained as 

[26], 
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            (7) 

To reduce the influence of distortion and imbalances on the 

grid voltages on response of the system, a filtering method is 

utilized. The phase voltages are passed through the band pass 

filter to eliminate the harmonic distortions in the phase 

voltages. To eliminate imbalance and distortion in the grid 

voltages, the positive sequence of the phase voltages are 

obtained as [26],  
2
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where, 1 120a   ,
2 1 240.a    
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The amplitude of terminal voltage (Vt) is obtained as, 
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3
t pa pb pc

V v v v                (9) 

The in-phase unit templates (ua, ub and uc) are evaluated by 

using the amplitude of terminal voltage and phase voltages as, 
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Fig. 3 Block Diagram of ISOGI-Q. 

The ISOGI-Q based control method used here to extract the 

quadrature component of fundamental from load current, which 

is highly distorted due to nonlinear loads in the distribution 

network. Fig. 3 shows a structure of ISOGI-Q based control. 

The in-phase component (ilv’) and quadrature component (ilq’) 

of fundamental of load current are shown in Fig. 3. The transfer 

function of ISOGI-Q is given as, 
2
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where,
3 2 2 3

(S) S ( ) ,
sq DC DC

k k s s k        ksq and kDC 

are needed to tune with help of Routh-Hurwitz stability 

criterion. The parameter kDC is opted based on ∆(s). All roots of 

∆(s)   must have equal real part. 

Then kDC must fulfill the condition as [17], 

3 2 2 2
3 (3 9) 4.5 0DC sq DC sq DC sq sqk k k k k k k     

 
        (13) 

The ISOGI-Q 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 components for 

three phases (ipa, ipb and ipc) are obtained by using unit 

templates, sample and hold logic respectively. From that 

amplitude, net weight of load component (Iload) is evaluated as, 

3

pcpa pb

load

i i i
I

 
            (14) 

The PV feed-forward term is calculated by using SPV array 

power and it is estimated for a phase. Therefore, PV feed-

forward (Ipvff) is evaluated as, 

2

3

pv

PVff

t

P
I

V


   

         (15) 

The loss component is calculated by using reference DC link 

voltage obtained from MPPT and sensed VSC-DC link 

capacitor voltage. So loss component (Iloss) is evaluated as [26], 

1
( )(k )

3
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loss dcref dc P

k
I V V

s  

         (16) 

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), SPV feed-forward term (Ipvff) and loss component 

(Iloss). The reference currents are calculated as, 

  net load pvff lossI I I I
           (17)

 

 aref a neti u I
            (18) 

 bref b neti u I
            (19) 

 cref c neti u I
            (20) 

The error between source currents (isa, isb and isc) and 

estimated reference source currents (iaref, ibref and icref) are 

passed through the hysteresis controller and generate switching 

pulses for VSC. 

III.   SIMULATION RESULTS 

The proposed single stage grid interfaced solar PV system is 

modeled in MATLAB®/Simulink environment using Simscape 

toolbox [21]. The ISOGI-Q based control algorithm is proposed 

here to improve power penetration of solar PV array to 

distribution network, load balancing, harmonics mitigation, 

unity power factor correction etc. To demonstrate the system 

performance under dynamic condition, its behavior is analyzed 

under load unbalancing condition. 

A. Dynamic Response of System under Unbalancing  

Figs. 4(a-c) demonstrate the dynamic in the system under 

load unbalancing in phase 'a'. Fig. 4(a) illustrates DC link 

voltage, PV array current (Ipv), PV array power (Ppv), active and 

reactive grid power (Ps and Qs) As unbalancing occurs in phase 

'a', DC link voltage is maintained stable as shown in Fig. 4(a). 

The solar PV array power remains unaffected during load 

unbalancing, which are shown in Fig. 4(a). The load power is 

reduced due to unbalancing. Therefore, power flow in the grid 

is increased, which is depicted in Fig. 4(b). The reactive power 

flow in distribution network is zero which implies that 

distribution network operates at unity power factor operation as 

shown in Fig. 4(a). Fig. 4(b) shows the waveforms of grid 

voltages and currents (vsabc and isabc), reference grid currents 

(iref), load current (ila) and VSC current (ivsc). As load 

unbalancing is occurred in phase 'a', grid currents are increased. 

The grid currents are successfully tracking reference grid 

currents as depicted in Fig. 4(b). The VSC currents are injected 

at PCC from solar PV array coupled VSC as depicted in Fig. 

4(b). The salient intermediate signals such as in-phase and 

quadrature component of fundamental component (ilv', ilq'), 

amplitude of fundamental component (Ipa), error (e), DC 

component  (iDC)  are  demonstrated  in  Fig.  4 (c).  As  load
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       (a)        (b)     (c) 

Fig. 4 Performance of the system under load unbalancing (a) VDC, Ipv, Ppv, Ps, Qs (b) vsabc, isabc, iref, ila, ivsc (c) ilv', ilq', Ipa, e, iDC 

unbalancing occurs, in-phase and quadrature components of 

fundamental load current are decreased to zero as shown in Fig. 

4(c).The amplitude of fundamental component of load current 

is also decreased to zero within couple of cycles. The dynamic 

of harmonic components and DC component in load current is 

shown in Fig. 4(c). 

B. Comparative Performance of Proposed Control Algorithm 

Fig.5 shows a comparative frequency domain performance 

of proposed ISOGI-Q and conventional SOGI-FLL. From Fig. 

5, it is easy to analyze that the DC offset rejection capability of 

ISOGI-Q algorithm is higher than SOGI-FLL algorithm. The 

computational burden of ISOGI-Q is quite similar to 

conventional algorithms. The comparative behaviour of 

proposed ISOGI-Q and conventional algorithms are shown in 

Table-I. The LMF algorithm has no DC filtering capability, 

which leads to degrade the system performance. It is easy to 
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Fig. 5 Frequency domain analysis between ISOGI-Q and conventional SOGI-

Q algorithm 

TABLE I  

COMPARISON BETWEEN VARIOUS ALGORITHMS 

Parameters 
ISOGI-Q 

(Proposed) 
SOGI 

SOGI-

FLL 
LMF 

Filtering 

Type 

Time 

domain 

based PLL 

Time 

domain 

based 

PLL 

Time 

domain 

based 

FLL 

PLL-Less 

Adaptive 

Filter 

Oscillation in 

Amplitude 

Estimation 

0 A 0 A 0 A 6A 

DC offset Filtering 

Capabilities 

0.01053 

(-45 dB) 

0.1053 

(-45 dB) 

0.8607 

(-3 dB) 
NA 

Degree/Order of 

Filter 
3 2 2 4 

Accuracy Better Good Good Poor 

Phase shift of 

Fundamental 

Component 

90º 0º 90º NA 

Complexity Low Low Low Low 

Computational Time 2.29e-4s 2.13e-4s 3.65e-4s 3.94e-4s 

Memory Required Low Medium Medium low 

understand that proposed algorithm has many advantages such 

as low computational burden, high harmonics rejection 

capability, DC offset rejection over conventional control 

algorithms. 

IV. EXPERIMENTAL RESULTS 

This section shows the experimental results of proposed 

system topology to validate ISOGI-Q based control algorithm. 

The SPV simulator (AMTEK ETS600×17DPVF) is used as 

SPV array. The ISOGI-Q based control algorithm is 

implemented by a real time controller (dSPACE-1202). The 

voltages of PCC are sensed by voltage sensors (LV25-P) and 

source currents are sensed by current sensors (LA55-P). The  



0093-9994 (c) 2017 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/TIA.2017.2784374, IEEE
Transactions on Industry Applications

6 

 

VI Sensing Opto-Couplers VI Sensing

6
3 8

ADC’s DIO’s ADC’s

Control Algorithm loaded on FPGA

dSPACE

DS-1202

P
C

MATLAB 

Interface

PWM

RC Filter

Load

Three 

Phase 

Grid

Ipv

Vpv VDC

CDC

VSI

ivsc

il

is

SPV 

Array

Vpv VDCIpv is
il vs

 
(a) 

 
(b) 

Fig. 6 (a) Block diagram of the experimental prototype (b) Photograph of the 

experimental prototype 

dynamics of proposed system is observed by a digital scope 

oscilloscope (DSO) (AGILENT make DSO-7014A) and steady 

state response of proposed topology is observed by power 

analyzer (FLUKE make, 43B and YOKOGAWA make, WT-

1800). The control algorithm is demonstrated here for various 

dynamic conditions such as load unbalancing, variable solar 

insolation, power factor correction, distorted grid voltages and 

imbalanced grid voltages. The schematic block diagram and 

photograph of the experimental system are shown in Figs. 6 (a-

b). 

A. Steady State Response of  System Under Nonlinear Load 

Fig. 7 shows the steady state response of the single stage grid 

connected SPV system. In this Fig. 7, the waveforms of grid 

voltage (vsab), grid current (isa), load current (ila) and VSC 

current (ivsc_a) are shown. Figs. 7(a-c) show the waveforms of 

grid voltage (vsab) and grid current (isa), vsab and load current 

(ila), vsab and VSC current (ivsc_a) respectively. Figs. 7(d-f) show 

that SPV array power not only supplies power to the load 

however, it also supplies to the grid by improving power quality 

of the grid. Fig. 7 (g) shows that THD of load current as 27.1%. 

Fig. 7 (h) shows that THD of grid current (isa) as 3.6%. It 

follows IEEE-519 standard [25]. 

B. Steady State Performance of the System Under Linear Load  

Figs. 8(a-f) depict the steady state performance of the 

proposed system under a linear load. Figs. 8(a-c) show vsab with  

 

               (a)            (b)        (c)  (d) 

 

(e)              (f)         (g)  (h) 

Fig. 7 Steady state performance under nonlinear loads (a) vsab with isa (b) vsab 

with ila (c) vsab with ivsc-a (d-f) grid, load and SPV-VSC power (g) THD of ila 

(h) THD of ila  

   

        (a)                                    (b)                                  (c) 

   

     (d)                                       (e)                                     (f) 

Fig. 8 Steady state behaviour of system under linear load (a) vsab and isa(b)  vsab 

and ila(c) vsab and ivsc_a  (d) load power (e) grid power (f) SPV-VSC power 

isa, ila, and ivsc_a respectively. Fig. 8(d) shows load power 

(1.94kVA) at poor power factor (PF=0.72). Fig 8(e) depicts 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. 8(f) shows SPV 

coupled VSC power (Pvsc). The SPV array coupled VSC based 

topology supplies an active power and the reactive power to the 

distribution network and the load. 

C. Dynamic Response of System under Distorted Grid 

Condition 

Figs. 9(a-d) illustrate the dynamics of the system under 

weak grid condition. Figs. 9(a-b) show the behaviour of the 

system parameters before switching on VSC. Fig. 9 (a) shows 

the waveforms of the grid voltages and grid currents under 

nonlinear load. Due to weak grid condition, the grid voltages 

have high THDs due to highly nonlinear load connected at PCC. 

The THDs of grid voltages and currents are higher than IEEE-

519 standard limits as depicted in Fig. 9 (b). The power flow in 

the grid is same as the load power, as depicted in Fig. 9 (b). 

When PV array coupled VSC is connected to the PCC, the solar 

power generation supplies power to the local loads and 

additional power to the grid. Therefore, corresponding 

increased power flow in the grid is depicted in Fig. 9 (c). The
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Fig. 9 (a-b). Performance of system under grid voltages distortion before switching on VSC, (c-d) Performance of system under grid voltages distortion after 

switching on VSC, (e) Magnitudes of system parameters under grid voltages imbalances condition and (f) Waveforms of grid voltages and currents under grid 

voltages imbalances condition 

SPV coupled VSC supplies the compensating currents at PCC 

point. The grid currents are maintained well balanced and 

sinusoidal under weak grid condition. For the same reason, the 

grid power change from 1.877 kW to 4.204 kW has been 

noticed, however, the load power is the same. The THDs of grid 

voltages (vsab, vsbc and vsca) are 2.11%, 1.92% and 2.80%. The 

THDs of grid currents (isa, isb and isc) are 3.96%, 3.71% and 

2.99%. The THDs of the grid voltages and grid currents are 

achieved less than 5% according to IEEE-519 standard [25]. 

D. Dynamic Response of System at Grid Imbalance Condition 

Figs. 9(e-f) depict the performance of the system under 

imbalance grid voltages. Fig. 9(e) depicts the RMS (Root 

Means Square) grid voltages (vsab, vsbc, vsca) and it is noticeable 

imbalances in the grid voltages which is approximately 52 V 

between voltage ‘vsbc’, ‘vsab’ and ‘vsca’. Fig. 9(f) demonstrates 

the dynamics of grid voltages and currents under imbalanced 

grid voltages. Even though there is noticeable large imbalances 

in the grid voltages, it is observed from Figs. 9(e-f) that the grid 

currents (isa, isb and isc) are maintained balanced, sinusoidal and 

at unity power factor (UPF). Moreover, the THD of grid 

currents are within IEEE-519 standard limit. Solar PV system 

continues to supply power to the grid and connected loads. 

E. Dynamic Response of System under Load Unbalancing  

Figs. 10 (a-d) depict the response of the system under load 

unbalancing. Fig. 10 (a) demonstrates the dynamics of the DC 

link voltage (VDC), grid, load and SPV coupled VSC currents of 

phase ‘a’ (isa, ila and ivsc_a). The DC link voltage is maintained 

stable under load unbalancing as shown in Fig. 10 (a). As 

unbalancing occurs in phase ‘a’ of load side network, power 

consumption of load is reduced, which results into an increase 

in power flow of the grid, as illustrated in Fig. 10 (a). The 

variation in SPV coupled VSC current in phase ‘a’ is shown in 

Fig. 10 (a). Fig. 10 (b) depicts the waveforms of grid voltage 

(vsab), grid, load and SPV coupled VSC currents of phase ‘b’ 

(isb, ilb and ivsc_b). Fig. 10 (c) depicts the dynamics of the loss 

component (Iloss), PV feed-forward component (Ipvff), amplitude 

of the fundamental load component (Iap), net weight of current 

component (Inet). The loss component (Iloss) remains unaltered 

under load unbalancing. The solar power generation under load 

unbalancing remains unaffected, which is demonstrated by 

dynamics of PV feed-forward component (Ipvff) as shown in Fig. 

10 (a). The weight of fundamental load component is decreased 

to zero as unbalancing occurs in load side network of phase ‘a’. 

The net weight of current component of reference grid current 

is negatively increased because the load power is decreased. 

Fig. 10 (d) shows the dynamic of the intermediate control 

signals of ISOGI-Q algorithm such as error (e(t)), quadrature 

and in-phase fundamental load component (iaqv’ and iav’), unit 

template of phase ‘a’ (ua). The in-phase and quadrature 

components decrease to zero as current in phase ‘a’ is reduced 

to zero. The unit template of phase ‘a’ remains unaffected even 

under load unbalancing.  

F. Dynamic Response of System at Variable Solar Insolation 

Figs. 10(e-f) show MPPT performance of solar PV emulator 

at two different solar insulations of 700 W/m2 to 1000 W/m2. 

The MPPT is observed perfectly well close to 100%. The 

dynamic performance of the system under solar insolation 

variation is depicted in Fig.11. As the solar insolation increases, 

the solar PV array current, solar power generation and consequ-
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Fig. 10 Dynamic response of system under unbalancing  (a) VDC, isa, ila and ivsc_a (b) vsab, isb ,ilb and ivsc_b (c) Iloss, Ipvff, iap and Inet (d) error, ilqv', ilv' and ua , (e-f) 

MPPT performance of the solar PV array at 700W/m2 and 1000W/m2 
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Fig. 11 Response of system under variable solar insolation, (a) Iloss, Ipvff, Iap and Inet (b) VDC, Ipv, ivsc_a and isa. 

ently the grid current are increased. Fig. 11(a) shows 

intermediate signals such as the loss component (Iloss), PV feed-

forward component (Ipvff), amplitude of fundamental 

component of load current (Iap) and the net weight component 

(Inet). As PV feed-forward component is increased, net current 

component is increased as power consumption of the load 

remains unaffected. The amplitude extraction of fundamental 

load component is remains unaffected even under variation of 

solar power generation. The net weight of the current 

component is increased which results into an increment in 

amplitude of reference grid currents. Fig. 11(b) shows the 

dynamics of VDC, SPV array current (Ipv), VSC current (ivsc_a) 

and grid current (isa). The DC link voltage is maintained stable 

as shown in Fig. 11 (b). The power flow in the grid is increased, 

which is demonstrated by noticeable variation in the grid 

current and solar PV coupled VSC current. 

V. CONCLUSION 

An improved performance of a three phase single stage grid 

connected SPV based system has been demonstrated using 

ISOGI-Q based control algorithm to improve power quality of 

the distribution network such as unity power factor, harmonics 

mitigation and load balancing at distribution network. 

Frequency domain analysis demonstrates that proposed ISOGI-

Q based structure has better DC offset filtering capability as 
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compared to conventional algorithms. The THD of grid currents 

are achieved within the limit of an IEEE-519 standard. 

Experimental results have shown that ISOGI-Q based control 

algorithm works satisfactory and robust during grid side and 

load side disturbances such as voltage imbalance, distorted grid 

voltages, variable solar insolation and load unbalancing. 

APPENDICES 

A. Simulation Parameters 

Solar PV array details: PV array voltage, Vmpp= 710 V;PV 

array current, Impp=45A; PV array power, Ppv= 32.5 kW; grid 

voltage, vsab= 415 V; DC bus voltage, VDC= 710 V, DC bus  

capacitor, Cdc= 6mF; ripple filter: Rf= 5 Ω, Cf= 10 μF; Lf= 2.5 

mH, ksq=1.41; kDC=0.22; Ts= 10 μs, nonlinear load= three phase 

diode bridge rectifier with R= 20 Ω, L= 80 mH.  

B. Experimental parameters:  

SPV array simulator, Vmp=421 V, Imp=16.3 A, Ppv= 6.87 

kW; DC link voltage= 421 V; converter rating= 25 kVA; ripple 

filter Rf =5 Ω, Cf =10 μF; 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= 30 μs. 
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