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Abstract  

 This work deals with a multipurpose DS (Distributed Sparse) control approach for a single stage solar 

photovoltaic (PV) energy generation system (SPEGS). This SPEGS is interfaced here to the three phase grid at 

varying solar irradiance and compensating the nonlinear load tied at point of common interconnection. The 

SPEGS performs multitasks. It feeds the generated solar PV power to the local three phase grid. It reduces the 

harmonics of loads and furnished balanced currents of local three-phase grid. The SPEGS uses a solar PV 

array, a voltage source converter, a nonlinear load, a three phase grid, DC-link capacitance. In case, when 

the solar irradiance is not available, the proposed system works as DSTATCOM (Distribution Static 

Compensator) by utilizing same VSC (Voltage Source Converter). For extracting maximum power from the PV 

source, the traditional P&O (Perturb and Observe) scheme is utilized here. The tracking performance and 

efficiency of P&O technique are also examined here at rapid changing climatic conditions to show behavior of 

P&O scheme. The DS control approach is capable to estimate required fundamental component to find out 

reference grid currents. The proposed control approach is validated on a developed prototype in the 

laboratory. 

Keywords: Distributed Sparse Approach, Solar PV Power Generation, MPPT, VSC and Power Quality. 

 

Introduction 

 In general, due to increasing energy requirements, public awareness of climatic protection, the 

depletion nature of conventional resources, and the world political and social issues of nuclear power 

safety and because of lot of merits, solar PV (Photovoltaic) generation systems are getting increased 

attention [1]. Moreover, from last few decades, solar photovoltaic energy generation system 

(SPEGS) is one of the focused area of research community as it is pollution free, renewable, 

inexhaustible and has a lot of other advantages, which are discussed in [1-2]. The cost factor is one 

of the main aspect of any technology for its success or failure. Now a day, because of technology 

development, solar PV power is one of the feasible and alternative options among all non-traditional 

sources for power generation. The grid participation of solar PV power generation systems 

(SPEGSs), is reported in [3-4]. SPEGSs may be majorly divided in two categories, in which one is 

off-grid and another one is interfaced to the distribution feeder. However, due to the certain pitfalls 

of standalone SPEGSs, grid interfaced solar PV systems are more preferred [5, 6]. The non-linear 

relation between solar PV array voltage and its current, which depend on climatic condition, there is 

a need of MPPT (Maximum Power Point Tracking) scheme for harnessing the crest energy from the 

solar source. The initial expenditure of solar PV installation is also very high. 



 

Volume 7         Issue 2               December 2021    www.irjes.psyec.edu.in 

 

 

International Research Journal of Engineering Sciences                    65 
 

 Hence, this is also one of the reason for harnessing the maximum power from total installed 

capacity. Various MPPT schemes are reported in the literature [7, 8]. However, due to simplicity and 

easy implementation, P & O (Perturb and Observe) scheme is more preferred [9]. In this work, the 

P&O method is utilized for extracting peak energy from the PV source. 

 Grid integrated SPEGSs are the systems, which harnesses the maximum power from the PV 

array and feeds that energy into the three phase grid. Moreover, there are various control 

methodologies, which are proposed by many research communities in the literature with various 

topologies [10-11]. These control techniques do not only serve for harnessing the maximum power 

from SPEGSs, however, they also work for grid synchronization and feed that harnessed power into 

three phase grid [11]. Hence, an improvement of control algorithm is the popular research area in 

this field [9-11]. 

 In a current scenario, the power electronics based loads are increasing every day because of their 

certain advantages like efficiency and compactness [11-14]. The major demerits of these loads, are 

that they draw harmonics and reactive power from the distribution network, which deteriorate the 

power quality of the grid and increase the distribution losses [12-13]. To tackle such issues, many 

industries have utilized distribution static compensator (DSTATCOM), which serves for many 

purposes such as compensation of reactive power, harmonics minimization, load balancing, power 

factor correction etc. [14]. In practical application, its efficiency and performance mainly depend on 

its control algorithm [14]. However, the major pitfalls of such kind of devices, are their high cost. In 

this work, all these functions are performed by grid interfaced voltage source converter (VSC) in a 

very cost effective manner. Various control approaches such adaptive controls, neural network based 

algorithms are also proposed in the literature [15-18]. 

 The distributed sparse (DS) control approach is widely applied in various fields to get the 

solution with learning and tracking capability. In [19], the authors have reported that conventional 

LMS (Least Mean Fourth) approaches do not exploit the sparsity in efficient way, which is solved by 

LMF (Least Mean Fourth) filter to some extent. However, its major pitfalls are that, its behaviour is 

influenced by noise and input. To solve this issue, a distributed based adaptive filter is proposed in 

[20-21]. In this approach, first, local normalized filter is improved by zero norms and it is extended 

for distributed processing for improvement in the estimation constant. 

 To mitigate the demerits and limitations of conventional least mean fourth (LMF) technique and 

to improve the convergence speed as well as the steady state performance, an adaptive sparse 

approach is developed here [20-21]. The salient features of this technique, are as follows. 

 By extending the conventional normalized adaptive filter with cooperation factor, the 

estimation behaviour is improved [21]. 

 By inserting zero norms in local adaptive filter, the convergence rate, is enhanced as well as 

steady state behaviour is improved. 

 The proposed approach improves the transient response. 

 The proposed approach is based on peer-to-peer information estimation framework that is 

robust to link and node failure. 
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 The proposed work deals with the distributed adaptive The proposed work deals with the 

distributed adaptive control approach for dual mode SPEGS integrated to the local three phase grid. 

The proposed technique works for two modes. In first mode, when sunlight is available, it harnesses 

the maximum power from the solar PV source and feeds that power three phase grid as well as 

connected load. Additionally in this mode, the same system configuration is also utilized for power 

quality improvement of the distribution network. In second mode, when sunlight is not present, it 

solely behaves as a DSTATCOM for mitigating the power quality issues of three phase grid with 

same VSC, which is used in first mode. So, in this way, power electronics devices are utilized to 

their maximum capacity and consequently, the payback time of proposed system is also reduced. 

The proposed algorithm has shown its potential to multitask such as mitigation of harmonics, 

improvement of power factor, load balancing along with unity power factor mode (UPF). Modelling 

and simulation of this control are done in MATLAB platform. For validating the proposed approach, 

a laboratory prototype is established to examine the performance under various test conditions such 

as variation in nonlinear loads, inaccessible of solar PV energy production at varying ambience 

situations. Moreover, the proposed approach also adheres the IEEE-519 standard [22]. 

 

Design and Control of the Proposed System 

 A multi-mode single stage SPEGS is depicted in Fig. 1. It comprises of a single converter, which 

is a voltage source converter (VSC) for harnessing optimum power via MPPT as well as to feed the 

solar power from source to the three phase weak distribution network and to assist it via facilitating 

some additional features like harmonics minimization, grid currents balancing and power factor 

improvement as a DSTATCOM without any additional device. Interfacing inductors are used 

between VSC and the distribution network to minimize the switching losses and subsequently, 

smoothens the distribution network currents. A high pass ripple filter is utilized at PCI (Point of 

Common Interconnection) to absorb the switching ripple produced at VSC. Detailed design and 

rating selection of different components, which are used in the proposed system, are made based on 

the procedure given in [14, 23]. Fig. 2 shows the proposed control of SPEG system interfaced to the 

three phase distribution network. This control consists of MPPT scheme and VSC switching. The 

MPPT scheme is achieved by P&O based scheme as well as the VSC control methodology is 

executed via adaptive based approach. 

 
MPPT Algorithm 

 There are various MPPT methods reported in [8]. The P&O scheme is used in this work for 

harnessing maximum power from SPEGS [9]. The MPPT initially needs to take two points of solar 

panel voltage and solar array current and generates reference DC link voltage Vdc*. 

 

Distributed Sparse based VSC Control 

 Fig. 2 provides the block of distributed sparse control for proposed system. Following variables 

are sensed for implementation of proposed control approach, which are PV voltage and current 



 

Volume 7         Issue 2               December 2021    www.irjes.psyec.edu.in 

 

 

International Research Journal of Engineering Sciences                    67 
 

(VPV, IPV), grid currents (iga, igb), load current (iLa, iLb ) and a point of inter connection voltages 

(vga , vgb ). The amplitude of PCI voltage is obtained as, 

 

 

 As it is given in [20, 21], utilizing distributed estimation method gives spatial diversity. Due to 

this, the performance in comparison with a local adaptive filter is improved. Therefore, for 

integrating a SPEGS into the grid, a novel distributive sparse based control technique is proposed in 

this section. The effectiveness of any distributed scheme is significantly influenced by co-operation 

that are allowed among the nodes [21]. In this case, a network is considered with m node adaptive 

technique. Here, the objective of everyone is to calculate the unspecified sparse vector Dwpa0. 

 In this scheme, as depicted in Fig.3, every node m, co- operates with its neighbor -hood nodes, 

Pm which is explained as a combination of nodes connected to node m with inclusion of node m 

also. By this approach, node m connectes to its local estimate, DWpam(n) with its neighborhood 

estimations, { DWlm(n), l belongs to Pm}, which is estimated as [21], 

  

 Here em(n) denotes the error, which is reduced in every step by proper updation of the 

fundamental component of weight for load current.  



 

Volume 7         Issue 2               December 2021    www.irjes.psyec.edu.in 

 

 

International Research Journal of Engineering Sciences                    68 
 

 

Figure 2 Block diagram for control architecture for SPEGS 

 

 

Figure 3 Block diagram of distributed sparse approach 

 

 In (4), the calculated estimation with cooperation factor, λpam at node m can feed into the local 

information and find final estimation Dwpam. Now, based on above error signal and calculated 

estimation with cooperation factor λpam at node m, the fundamental component of load current of 

phase ‗a‘is estimated as [19], 
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Switching Pulses for VSC 

 By equating the sensed DC link voltage (Vdc) and estimated DC link voltage (Vdc*), the loss 

factor is obtained, which is given to the PI (Proportional-Integral) controller to control the DC link 

voltage to the defined value. The error is obtained as, 

  
 Here, if solar power becomes unavailable (i.e. PPV=0), Vdc* moves to reference DC link 

voltage of DSTATCOM (Vdc* =Vdc_DS*) ,so that PV system functions as DSTATCOM when PV 

generation is not available in night time or in cloudy weather. In this case, same VSC works as a 

DSTATCOM, which is used for wheeling the active power from SPEGS to the distribution network 

as well as connected load without any additional equipment.  
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Results and Discussion  

 For analyzing the behavior of PV energy generating system, a prototype is established in the 

laboratory. It includes of PV simulator, VSC, interfacing inductors, R-C filters, Hall-Effect sensors 

and nonlinear loads. The behavior of SPEGS is examined in various testing conditions, which are 

wheeling active power to the load in nominal condition, load perturbation condition, varying 

environmental conditions, during unavailability of solar insulation as a DSTATCOM with same 

VSC with its basic features for feeding the active energy from PV array to the utility. The DS 

algorithm is realized in real time on DSP-dSPACE controller. The value of different parameters, 

which are utilized in the hardware, are given in Appendices. 

 

Response at Balanced Nonlinear Loading Condition 

 Fig. 4 depicts the behaviour of SPEGS under balanced nonlinear load. Fig. 4 (a) shows the three 

phase voltages (vgabc) with three phase grid currents (igabc). Three phase utility grid voltages and 

currents are in phase as well as maintained sinusoidal waveforms and almost equal in magnitude. Fig 

4 (b) presents the details of three phase voltages, currents and grid power with power factor (PF). 

Fig. 4 (c) depicts vector diagram of balanced grid voltages (vgabc) and currents (igabc), which 

shows that the grid voltages and grid currents are placed from each other at equal angle. Fig. 4 (d) 

shows THD (Total Harmonics Distortion) of voltage (vgabc) and its current (igabc), which is found 

satisfactory and in range of the IEEE 519- std. Fig 4 (e) presents the waveforms of grid voltages 

(vgabc) and VSC currents (ivsc). Fig 4 (f) shows the three phase voltages and VSC currents with 

VSC power, PF and PQ (Power Quality) information. Fig. 4 (g) depicts the three phase voltages 

(vgabc) with load currents (igabc), which are quasi-square in shape and equal in magnitude. Fig. 4 
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m 

(h) shows the three phase voltages and load power with PF and PQ information. The total harvested 

power from the PV array beside consumed by the load, is fed to the distribution feeder via VSC. Fig. 

4 (i) presents the THD of grid voltage and load current of phases ‗a‘. After regressive examination of 

Fig. 4, it is found that the grid voltages and currents are balanced and perfect sinusoidal with PF near 

to unity. THD values of grid voltages and currents are found in acceptable range of the IEEE-519 

standard [22] and the system operates satisfactory. 

 

Experimental Results at Unbalanced Nonlinear Load 

 The behaviour of proposed system at unbalanced nonlinear load. Fig. 5 (a) shows the three phase 

voltages (vgabc) with three phases grid currents (igabc). Three phase voltages and currents are in 

phase as well as maintained sinusoidal waveforms and almost equal in magnitude. However, the load 

currents are unbalanced. Fig 5 (b) provides the detail of three phase voltages, currents and grid 

power with power factor (PF), which are satisfactory. Fig. 5 (c) depicts vector diagram of balanced 

grid voltages (vgabc) and currents (igabc). Fig. 5 (d) depicts THD (Total Harmonics Distortion) of 

voltages (vgabc) and its currents (igabc). Fig.5 (e) depicts the THD value of iga upto 50
th
 harmonics, 

which is found satisfacory and in range of the IEEE std.-519. Fig 5 (f) depicts the grid voltages 

(vgabc) and VSC currents (ivsc). Fig 5 (g) shows the three phase voltages and VSC currents with PF 

and PQ (Power Quality) information. Fig. 5 (h) depicts the vector diagram of three phase balanced 

voltages and VSC currents, which depicts that the grid voltages are placed from each other at equal 

angle. Fig. 5 (i) shows the three phase grid voltage (vgabc) with load currents (igabc). Fig. 5 (j) 

depicts the three phase voltages and load currents with PF and PQ information. Fig. 5 (k) depicts the 

vector diagram of three phase balanced voltages and load currents, which are quasi-square in shape. 

The total harvested energy is fed to the utiltiy and load via multifunctional VSC. Figs. 5 (l) gives 

THD value of voltages and load currents of phases ‗a‘. After regressive examination of Fig. 5, it is 

noticed that the grid voltages and currents are identical in magnitude as well as balanced and perfect 

sinusoidal with PF near to unity. THDs of voltages and currents are found in acceptable range of the 

IEEE-519 standard [22] and the system operates satisfactory. 

 

DS Control Approach Behaviour 

 Different intermediate signals are shown Figures to analyze the behaviour of proposed DS 

approach. Figures presents the load current (iLa), product of unit template for phase ‗a, and extracted 

load current components (upam*DWpam), error (epam), product of unit template for phase ‗a and 

error cube (upam*epa Fig. 6(b) shows the load current (iLa), effect of constant (ζpa), fundamental 

load current component with co-operation factor (λpam) and unit template (upam). Fig. 6(c) depicts 

the load current (iLa), weight for distributed average component of load (DLpa), weight of active 

loss factor (Dloss) and weight of net active component (Dpnet). Here, it is found that on addition of 

load, average component is increased and all other intermediate signals are settled to their steady-

state value. Additionally, Figures reveal the performance of system during sudden removal of loads. 

In this case, it is also found that every intermediate signal and load current are settled to steady-state 
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value on removal of load of phase ‗a‘, which means dynamic performance of SPEGS is quick and 

satisfactory. It means that the load current (iLa) is instantly settled to zero and all the other signals 

achieve their steady-state value after disconnection of load from phase ‗a‘. 

 

Dynamic behaviour of Solar PV Energy Generation System 

 Figure depicts the response of SPEGS at nonlinear load perturbation. Here, Figures show the 

system behavior at sudden addition of loads. Figures depicts the waveforms of load current (iLa), 

weight of feed-forward term (Dff), reference grid current (igrefa), sensed grid current (iga), 

respectively. Figures depicts signals of load currents (iLa, iLb, iLc) for phase ‗a-c‘, respectively. 

Whereas, Figures shows the load current for phase ‗a‘ (iLa), grid current (iga), VSC current (ivsca) 

and PV current (ipv), respectively. Here, it is found that the reference grid current is decreased on 

load addition and followed by sensed grid current. Moreover, other signals are settled at their steady-

state value. Figures show the system performance during sudden removal of loads. In this case, it is 

found that, reference grid currents are increased and followed by sensed grid currents, because the 

extra power is fed to the grid. 

 

Dynamic Performance at Varying Climatic Condition 

 Figures depicts the system behaviour at varying climatic condition from 1000 W/m
2
 to 500 

W/m
2
. Here, it is found that on the solar irradiance decrease, subsequently, the PV power falls and 

the DC link voltage is sustained to its desired value. Furthermore, the amplitude of grid currents 

falls, but it is still maintained its sinusoidal shape. Fig. 8 (b) shows the system performance during 

sudden increase of PV insolation from 500 W/m
2
 to 1000 W/m

2
. Here, it is noticed that the energy 

fed to the distribution network, is increased on an increment in insolation level. The DC link voltage 

is maintained at its desired value and the grid currents are sustained to be sinusoidal. Here, the feed- 

forward term is calculated the control output accurately in a presumed manner. Moreover, Figs. 9(a-

b) present the MPPT percentage at 1000 W/m
2
 and 500 W/m

2
, which is 100 %. 

 

System Performance as DSTATCOM 

 One important feature of this system, is that it should not only produce power only for some 

duration of the time when solar Generation is present, but rest of the time, when solar rays are not 

available it acts as a DSTATCOM with same VSC, 
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 Which is utilized to feed the active power from solar PV source to the distribution network. 

Figures present the dynamic response of SPEGS, when the solar power is not available and when the 

PV power is recovered on solar light availability. It is noticed in Figures, when the PV power is not 

available (Vdc= Vmp to Vocn) and VSC gives compensating currents (ivsc). It acts as a 

DSTATCOM for grid self-healing. Whereas, distribution grid currents are decreased and their phase 

is reversed and DC link voltage is sustained at its recommended value. These grid currents are 

sinusoidal and after few cycles, phase becomes reverse. Figures depicts the system performance after 

solar PV power is regained. 

 

Comparative Study of Proposed DS Control Approach with Existing Control Methods 

 For doing this, the SPEGS is subjected to the load disconnection in phase ‗a‘ at .4s. The 

fundamental weight component of proposed distributed sparse based control approach with 

traditional approaches namely [24]-[27] LMS and LMF are illustrated in Fig. 11. Fig. 11 clearly 

shows that proposed control approach performance is better than existing algorithms like ILST, 

PLL-Less, FZANLMF control methods. Here, it is also found that in proposed control method, fast 

convergence is achieved than other existing control methods such as ILST, LMS, PLL-Less, 
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FZANLMF in unbalancing loading conditions, nominal conditions as well as rapidly varying 

ambience situations. These test results clearly reveal that proposed DS (Distributed Sparse) based 

control approach has excellent efficiency in weight calculation because of co- operation factor. 

Moreover, the detailed performance evaluation of proposed DS based control scheme with existing 

methods such as ILST[24], LMS[25], PLL-Less [26], FZANLMF [27] and LMF[9] for SPEGS 

integration in local distribution feeder, is given in Table-I. It is also observed that for particular 

moment, the mean square error (MSE) is very small for proposed approach than existing controls in 

any critical examined condition as well as nominal operating condition. Here, the novelty of this 

algorithm, is that the neighbor of node m gives as the set of nodes directly linked to it, including the 

node m also. Every individual node m, takes advise from peer nodes from its neighborhood and 

combines their past estimate with its own past estimates, as in (4) as well as in error estimation (5) 

[20, 21]. 

 After that, node produces an aggregate estimate and sends it in local adaptive filter, as in (6). 

Due to which, estimation becomes more robust and intelligent [20, 21]. However, in [9, 24 and 25], 

it is found that the proposed control shows its potential during weak distribution system conditions. 

Whereas, the proposed control algorithm shows its potential during weak grid conditions. The 

performance of control technique is verified experimentally under voltage sag and swell conditions 

as shown in Figs. 12(a)-(b). In Fig. 12 (a), a 20 % sag is applied on grid voltage, due to this, the grid 

current is increased on same amount and system operates satisfactory. Whereas, Fig. 12 (b) shows a 

20 % swell condition in grid voltage, due to which grid current is decreased by same amount and the 

system works well. Furthermore, this system with proposed control approach also works as a 

DSTATCOM, in the absence of solar power, which is not shown in existing control algorithms such 

as ILST [24], LMS [25] and LMF [9]. The grid current is increased and decreased under voltage sag 

and swell condition to maintain a constant power fed to the grid and remains sinusoidal. No 

significant effect is observed in the PV voltage, current and output power under change in voltage. 
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Conclusion 

 A multimode single stage SPEGS interfaced to a distribution feeder using robust distributed 

sparse based control approach has been developed for improving power quality. Exhaustive 

experiments have been performed for the validation of the system. The main aspects of distributed 

sparse approach are its simplicity and robustness. The proposed system is tested at nonlinear load, 

unbalanced load, existence, and non-existence of solar rays and varying insolation level. In 

experimental results, it is observed that adaptive sparse control approach is better for extraction of 

active load current component of multimode SPEGS. Dynamic behaviour of proposed control 

technique, has been observed better in comparison with existing control approaches. The proposed 

approach has worked well in all scenarios at unity power factor operation and resolves proplems 

related to power quality of grid. The THD of grid currents, is obtained in the limit of the IEEE-519 

standard [22 

 

Appendix A 

 System Parameters for Simulation: Vdc = 700 V; DC link capacitance, Cdc = 6 mF; interfacing 

inductance, Lf = 2.5 mH; Grid voltage, VL-L = 415 V (rms); PI controller gains Kp=.64; 

Ki=.4.Experimental System Parameters: PV array voltage, VMP = 387.54 V; IMPP = 15.168 A; 

PMPP = 5.878 kW; Vdc = 380 V; Lf = 2.4 mH, Ts = 30 μs, VLL = 227.47 V (rms); Rf =5 Ω and 

Cf=10 μF, Kpd=0.04 and Kid= 0.01, PI controller, Kp = 0.68 and Ki = 0.4; adaptive step constant, 

µf = 0.0001 and K=.01, co-operation coefficient, �lm=.01, LPF cut-off frequency fc= 10 Hz. 

 

Appendix B 

 Case Study: Comparative Study of Proposed DS Control with and Without PVFFT 

 Fig. 13 illustrates the behavior of SPEGS with and without PV feed-forward term (PVFFT) to 

perceive the usefulness of DS (Distributed Sparse) based algorithm at sudden variation in solar 

irradiance. The behavior DS based control algorithm with PVFFT, is demonstrated in Fig.13 (a). The 

sudden increase in irradiance from 500 W/m
2
 to 1000 W/m

2
 is noticed at 0.5 s. The change in DC 

link voltage (Vdc), is not perceived and hence, burden on PI regulator is minimized. Furthermore, 

the variation in the utility currents (is) are not perceived at step variation at solar irradiance. 

Nevertheless, the utility currents are increased as energy fed to the utility is increased.  

 The oscillations in utility voltages (vs) are also not perceived at varying irradiance. Fig. 13 (b) 

demonstrates the response of conventional algorithm without PVFFT. There is an observable 

(around 60 V) overshoot and undershoot in (Vdc), which puts the burden on PI regulator. 

Nevertheless, the PVFFT prediction observes the net results accurately in pre-defined way. The task 

of PI regulator is to reduce the voltage variation between the existing conditions of SPEGS and the 

actual state, which requires to reduce the voltage difference. The difference between sensed Vdc and 

Vdc * increases the energy loss in DC link of VSC. The variations in the utility currents are also 

perceived at variation in solar irradiance, which increases the losses and tripping of VSC. 
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