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Abstract: This paper examines a multifunctional DS (Distributed Sparse) control technique for a single-stage PV system (SPEGS). When solar
irradiation fluctuates, this SPEGS compensates for the nonlinear demand at common connections. SPEGS can multitask. It connects solar PV to
the three-phase grid. Reduced harmonics to increase three-phase grid stability. SPEGS includes PV panels, an inverter of voltage sources, a
nonlinear load, a three-phase grid, and a DC capacitance are all involved. In the absence of sun irradiation, DSTATCOM (Distribution Static
Compensator) may be used (Voltage Source Converter). P&O (Perturb and Observe) maximises PV power extraction. The P&O scheme's
tracking capabilities and efficiency under shifting environmental circumstances are also evaluated. Using DS control, it's possible to estimate the
reference grid currents' basic component.

Index Terms: Solar PV Power Generation, MPPT, DSA, VSC and Power Quality.

I. INTRODUCTION.

Solar PV (Photovoltaic) generating systems are growing more popular due to rising energy needs, public awareness of climate
protection, depleted conventional supplies, and global political and societal challenges related to nuclear power safety [1]. Solar
photovoltaic energy generating system (SPEGS) is pollution-free, renewable, and infinite [1-2]. Cost predicts a technology's
success or failure. Solar photovoltaic (PV) energy has become a practical and feasible power source due to technology advances.

[3-4] describe SPEGSs' grid involvement. Off-grid and distribution-fed SPEGSs are common. Grid-connected solar PV systems
are safer than standalone SPEGS. MPPT (Maximum Power Point Tracking) is required because of the non-linear link between
solar PV array voltage and current.

Installing solar PV is costly. Increasing installed capacity helps boost total power.

Literature [7, 8] contains various MPPT designs. P & O (Perturb and Observe) is widely utilised since it is simple [9]. This study
uses the P&O approach to collect peak solar energy. Grid-integrated SPEGS takes the most three-phase grid is fed with electricity
generated by a PV array. Diverse research groups have suggested alternate control methods [10-11]. These control algorithms
maximise SPEGS output and synchronise the grid to feed produced power into a three-phase grid [11]. Optimizing the control
algorithm is a common research topic [9-11]. Power electronics-based loads are popular since they're efficient and small [11-14].
Due to harmonics and reactive power, these loads degrade grid quality in addition to increasing distribution losses [12, 13].
Distributed static compensators (DSTATCOM) are used for reactive power compensation, harmonics reduction, load balancing,
and power factor change [14].

This device's real-world performance and effectiveness rely on the system's algorithm for control, these gadgets are expensive.
Grid-interfaced voltage source converters (VSCs) do all of these tasks efficiently and economically. [15-18] Adaptive controls
and neural network-based methods are also discussed. Distributed sparse (DS) control is commonly used to create learning and
tracking systems. Standard LMS (Least Mean Fourth) techniques don't employ sparsity, whereas LMF filters do. External signals
impact its behaviour. [20-21] offer a distributed adaptive filter as a solution. Before extending the local normalised filter to
distributed processing, we add zero norms to increase the estimate constant. An adaptive sparse technique [20-21] is presented to
overcome LMF's flaws.

Its most important aspects are as follows.

»  Adding a collaboration factor to a normalised adaptive filter enhances estimation [21].
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»  Zero norms increase convergence and steady-state behaviour in the local adaptive filter.
»  The strategy improves transient reactions.
»  Use a peer-to-peer architecture that's robust to connection and node failures.

Adaptive distributed control of dual-mode SPEGS with local three-phase grids is at the heart of the proposed research. New
approach has two uses. Solar PV electricity may be provided to the three-phase grid and connected loads in first mode if there is
adequate sunshine. Using the same system design, it improves power quality in this mode. When there's no sunshine, a
DSTATCOM for three-phase grids with the same VSC acts as a DSTATCOM.

This strategy reduces the proposed system's payback period by maximising power electronics.

The suggested method reduces harmonics, improves power factor, balances loads, and achieves unity power factor mode (UPF).
MATLAB simulates this control.

Il. METHODOLOGY
+ THE PROPOSED SYSTEM'S DESIGN AND CONTROL
Figure 1 shows a multistage SPEGS.

One converter, a VSC, is all that is needed to maximise the amount of solar power that can be supplied into a three-phase weak
distribution network without the need of transformers or inverters. Interface inductors stabilise and maintain distribution network
currents. PCI's high pass ripple filter absorbs VSC switching ripple. [14, 23] offer a technique for designing and grading proposed
system components. Figure 2 shows a SPEG-connected three-phase distribution network. MPPT switches VSC. The MPPT
methodology uses both P&O-based MPPT and adaptive-based VVSC control.

A. MPPT Algorithm

[8] Describes MPPT procedures. This study uses P&O to maximise SPEGS [9]. MPPT must create a reference DC link voltage
Vdc* from solar panel voltage and array current.

System control is dispersed and sparsely implemented in Fig. 2. grid current (iga, igb), load current (iLa) and the point of
interconnection voltage are all examples of PV voltages and currents (VPV, IPV), all considered while applying the suggested
control method (vga, vgb). For PCI voltage amplitude,

VEN(2/3(Vogat Vg +Vgc) ) -=-m-m-m=m- (1)

All three phase voltages are calculated from line voltages.

Vga= 2Vgab*+Vabe ; Vgb= - Vgab+ Vgbe ; Vge = - Vgab -2Vghe ---===-=-====-=- (2)
3 3 3
The in-phase unit templets are computed using phase voltages.
Upam= Vga; Upbm= Vgb; Upcm = Vg ====================n=zococoneeooe (3)
Vi Vi Vi
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Fig.1: Block diagram of SPEGS

C. Distributed sparse control implementation

Dispersed estimate offers geographical variety [20, 21]. This outperforms a local adaptive filter. This section presents a unique
distributed sparse-based control strategy for integrating SPEGS into the grid. Distributed system performance is impacted by node
cooperation [21]. Network analysis uses the m node adaptive approach. To compute the Dwpa 0 sparse vector is everyone's goal.
Fig. 3 shows neighbourhood nodes (Pm) as a collection of nodes encircling a central node. DWpam(n) and DWIm, a neighbouring

node's local estimations, are linked in Node m. (n) [21].

Xpam(n) = ZGImDWIm -------------------- (4)

1€p m

Im is the collaboration weight [19, 20]. In (4), pam (n) substitutes dwpam (n) by merging the observed estimate near m. To obtain
an adaptive estimate at node m, Dwlm must be 0. Cooperation consolidates data from several nodes into node m. Fig. 3 shows that

each Pm node has a diverse neighbourhood. [20-21] signify a mistake.
€pam(n) = iLa(n) - Xpam(n)Tupam(n) """""""" (%)

For each step, an appropriate update to the basic component of weight for em(n) reduces the error.
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Fig.2: Block diagram for control architecture for SPEGS

562
IJRITCC | October 2023, Available @ http://www.ijritcc.org


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication
ISSN: 2321-8169 Volume: 11 Issue: 10

DOI: https://doi.org/10.17762/ijritcc.v11i10.8540

Article Received: 12 August 2023 Revised: 29 September 2023 Accepted: 20 October 2023

mal-g\.\’ Dn(

ala\i) I’l;(_

rfpm{n)\lfpm{n)

A (1) D (1)
o s

AN

maldw )0

m au'\\-'] I'l(_
Fig.3: Block Diagram of Distributed Sparse Approach

Battery power. Node m's pam estimation may be used with local data to compute Dwpam (4). Phase 'a"s primary load current
component is calculated from the error signal and the cooperation factor pam at node m [19].

Duwpam(n+1) = Apam(n) + Hra€%pa(N) Upam(n)

uparn ()12 (| uparm(n) | +€2pa(n))

3 :
IJfa
* G * 0l[gam(R)]|-—=2---=--=-=eemmmrmeme- o (6)
Upam (]2 lupam(M) P+e25(1)) SMpan(n)
) )

Similarly, the basic weight components of the load currents are computed as follows for phases 'b' and 'c.'

Dwpom(n+1) = Apom(n) + b€ po (1) Upbm(N)

upom(MI2{llupom(m)[2+e2a0(n))

) )
“fb
B () ()
0o lupom()[P+€2p0(n)) Maom(n)
) )
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Duwpem(n+1) = Apem(n) + Hicepe() Upem(n)

uporn (M2 (uporn(m) | +€%c(n))

) )
lJlfc
[/ VN S ———— ®)
eI [lupem(M)[E+e25e()) Shpen(n)
) )

D. Switching Pulses for VSC

The PI (Proportional-Integral) controller may modify the DC link voltage by comparing the detected (Vdc) and estimated (Vdc*)
voltages. Consequently,

Vdc-error(N)= Vdc*(N)-Vdc(n)-----------=--=---- 9)

When PPV=0, Vdc* changes to the DSTATCOM reference DC link voltage (Vdc* =Vdc DS*), therefore the PV system runs as
DSTATCOM during night or in cloudy conditions (PPV=0). Active power from SPEGS and related loads may be provided to the
distribution network utilising just the VSC. PI regulator output is

Dloss(n+1): Dloss(n)+Kp{Vderror(n+1)'Vderr0r(n)}+ KIVderror(n+1) """"""""" (10)

Dloss measures active loss. Active power from distribution feeders is employed as an adaptive loss term to sustain DC-link
voltage self-healing during VSC switching (Dloss). A feed-forward term is estimated to optimise PV system performance under
different climatic conditions.

Dit = 2Pgy ---m-omesfomimmnsc- (12)

3Vi
PCI voltage amplitude Vt (1). According to DPnet, the grid's active power is
Dpnet=Dipat Dioss-Dif =--======--=-=----- (12)

Identify the corresponding average load component of all three phases to balance load.
DLpaz( pram+ prbm+prc)
(13)

3

The local distribution network's reference currents are also calculated:

lgaref=Dpa*Upam; igbref=D1pa* Upbm; Igcref=DLpa*Upem (14)

Using hysteresis controllers, indirect current control creates VSC switching pulses. Following hysteresis controller errors are
estimated:
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|ga_error:iga‘ igaref; igb_error: igb'igbref; igc_error:igc'igcref
I11. RESULTS AND DISCUSSION

PV simulator has nonlinear loads, Hall-Effect sensors, VSC, and R-C filters. In the absence of PV array active energy feeding is
investigated under various testing conditions, such as the wheeling of active power to the load in nominal condition, the load
perturbation condition, and different environmental circumstances. SPEGS is a DSTATCOM with a similar VSC and its basic
features for this purpose. Real-time DS is used by the DSP-dSPACE controller.

A. Response under Nonlinear Balanced Loading
Balanced nonlinear load SPEGS behaviour.

Voltages and currents are in phase, sinusoidal, and approximately equal in amplitude on a three-phase grid. Equal angles divide
grid voltages and grid currents, representing their balance as a vector. VVoltage and current harmonic distortion (vgabc) are within
IEEE 519-standard range. Grid voltages and currents influence power factor and quality (PQ). Three-phase voltages and currents
with identical magnitudes (g). Three-phase electricity and voltage (h). Unused PV power is delivered through VSC to the
building's distribution feeder. Phase 'a' grid voltage and load current. There are balanced, sinusoidal, and near-unity PF grid
voltages and currents. All grid voltage and current THD readings are within IEEE-519 limits [22], confirming system health.

B. Results from Experiments with Nonlinear Loads

Unbalanced nonlinear load on the suggested system. Three-phase grid currents (vgabc) (igabc). Electrical signals in three-phase
systems feature sinusoidal waves with almost similar frequencies. Is there a better way to distribute? The three-phase voltages,
currents, and grid power may be seen here. (c) shows balanced grid voltages and currents (vgabc) (igabc). Voltages and THD
currents are displayed (igabc). iga's THD up to the 50th harmonic is within IEEE standard-519's allowed range. VVgabc and VSC
currents are (ivsc). Three-phase voltages, VSC currents, PF, and PQ are provided (Power Quality). Three-phase balanced voltage
and VSC current vector diagrams demonstrate equal grid voltage angles. Vgabc with load currents (igabc).

(j) Displays three-phase voltages, loads, PF, and PQ. Semi-square voltages and load currents in a three-phase vector diagram.

Multifunctional VSC delivers collected energy to utility and load. Voltages and currents in phase 'a’ After a regressive analysis,
grid voltages and currents are balanced, sinusoidal, and near unity. IEEE-519 specifies a THD level for voltages and currents [22].

C. DS Control Approach Behaviour

Several intermediary indications indicate the DS approach's behaviour. Product of phase ‘unit template and error cube,
upa*DWpam and error cube (epam). To show the influence of the constant, (pa) basic (iLa, DLpa, Dloss), weight for active loss
(Dloss), and net active component (wca) of load current with co-operation (pam) are shown (Dpnet). As the load is increased, the
average component rises and all intermediate signals reach steady-state. Performance when loads are suddenly eliminated. When
phase 'a' is unloaded, all intermediate signals and load currents revert to steady-state, suggesting that SPEGS' dynamic
performance is quick and adequate. After disconnecting the load from phase 'a,' the load current (iLa) immediately drops to zero
and all other signals attain steady-state.

D. Solar PV Energy Generation System Dynamic Behavior

SPEGS's response to a nonlinear load disturbance depicts a fast load rise. Load current (iLa), feed-forward term weight Dff,
reference grid current (igrefa), and sensing grid current (iga) waveforms (ipv).

Load increase decreases reference grid current, which decreases observed grid current. All signals have attained steady-state at
this stage. System performance drops when loads are abruptly eliminated.

Due to added electricity, reference grid currents increase, followed by measured grid currents.
E. Dynamic Performance at Varying Climatic Condition

The 1000 W/m2 to 500 W/m2 shows system behaviour. This research found that when sun irradiation falls, DC connection
voltage remains constant.
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Grid current amplitude falls but remains sinusoidal. PV insolation increases from 500 to 1000 W/m2. The quantity of energy
transmitted to the distribution network grows with insolation. DC link voltage and grid currents are maintained. The feed-forward
term is calculated based on the control output. Fig 4 exhibit 100% MPPT at 1000 and 500 W/m2.

F. DSTATCOM Performance of the Computer System

As a DSTATCOM with a comparable VSC, this system can provide active solar PV power into the distribution network when the
sun isn't shining. PV power is recovered when there is no sunshine, whereas SPEGS reacts dynamically. Absence of PV power
(Vdc=Vmp to Vocn) causes compensating currents (ivsc). DSTATCOM allows grid self-healing. DC link voltage is maintained
while the phase of the distribution grid currents is inverted and reduced. After a few cycles, these grid currents begin to revert to
their original state. After the solar PV electricity was restored, the performance was better.

G. Comparison of the DS Control Approaches with the Existing DS Control Methods.

Validates the technique. SPEGS load disconnection occurs at 4s. LMS and LMF are the primary weight components of distributed
sparse-based control. The recommended control technique outperforms ILST and PLL-Less. In imbalanced loads and rapidly
changing environmental circumstances, the recommended control technique converges quicker than LMS, PLL-Less, and
FZANLMF, according to the findings. According to these statistics, DS (Distributed Sparse)-based control gives excellent
efficiency in weight calculation. According to this research, the recommended approach has lower mean square error (MSE) than
existing controls in each key examined case and in typical operating conditions. The originality of this strategy is node m's near
neighbours, including node m. In error estimation (5), each node m combines peer nodes' prior estimations into its own. Estimate
is dependable and smart because [20, 21].

The recommended control is most successful with a weak distribution system [9, 24 and 25]. In the absence of solar power, this
system with the recommended control approach acts as a DSTATCOM, unlike ILST [24], LMS [25], and LMF [9].

Under voltage sag and swell, the grid current is boosted and dropped to maintain a sinusoidal power supply. VVoltage changes don't
affect PV voltage, current, or output power greatly.

A. Simulation Results:

Discrete,
s
¢ Controller Outputs
J Controller Outputs
14
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Fig.4: Balanced Nonlinear loading
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Grid Voltage [Vabc)

Load Current (ILabg]

Grid Current [labc)

Fig.11: Load Current and Grid Current Phase-a, Phase-b and Phase-c
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Fig.12: Grid Voltage [Va], [b], [\Vc], Grid Current[la], [Ib], [Ic].

Load Voltage Va
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Fig.13: Load Voltage Va, Vb, Vc and Load Current la, Ib, Ic.
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Grid Yoltage [Vabc)

Fig 15: Grid Voltage[Vabc], Load Current[ILabc], Grid Current[labc], Inverter Current[labc_i]
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Fig 17: Load Voltage Va, Vb, Vc and Load Current la, Ib, Ic
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Grid Volateges V) and currents (4]

Fig 18: Grid Voltage [v] and Current[A]

IV. CONCLUSION

In order to improve power quality, single-stage SPEGS with a distribution feeder is now available. Distributed sparse method has
a simple and sturdy design, which are its most important features. Nonlinear load, imbalanced load, the presence and absence of
sun rays, and variable insolation levels are all evaluated using the suggested system. An adaptive sparse control strategy seems to
be the best method for extracting the active load current component of multimode SPEGS from experimental findings. The
suggested control method's dynamic behaviour has been found to be superior to that of current control methods. At unity power
factor operation, the suggested method has worked successfully in all cases, and it has solved grid power quality issues. The
IEEE-519 standard limits the THD of grid currents [22]. The prime intent of a DG is to associate the 0.5Kw power generation.
This DG power and grid simultaneously work together to reach the power offer by the load when solar power generation varies
and enhance the power quality of the overall integrated renewable energy sources.

REFERENCES

[1] L Robert Foster, Majid Ghassemi and Alma Cota, “Solar Energy Renewable Energy and the Environment,” CRC Press FL 2010.

[2] F.A.Farretand M.G. Simdes, Integration of Alternative Sources of Energy, John Wiley & Sons, Inc., 2006.

[3] Mu Zhou, “Report for reviewing the renewable energy and energy saving in USA”, Journal of Renewable Energy, vol. 25, no.1, PP. 98-
101, 2007.

[4] S. Reichelstein and M. Yorston, “The prospects for cost competitive solar PV power special section: Long run transitions to sustainable
economic structures in the European Union and beyond,” Energy Policy, vol. 55, pp. 117-127, 2013.

[5] F. Locment, M. Sechilariu and I. Houssamo, “DC Load and Batteries Control Limitations for Photovoltaic Systems. Experimental
Validation,” IEEE Trans. Power Electronics, vol.27, no.9, pp.4030,4038, Sept. 2012.

[6] Caisheng Wang and M. H. Nehrir, “Power Management of a Stand-Alone Wind/Photovoltaic/Fuel Cell Energy System,” IEEE
Transactions on Energy Conversion, vol.23, no.3, pp.957-967, Sept. 2008.

[71 S. Jain and V. Agarwal, “Comparison of the performance of maximum power point tracking schemes applied to single-stage grid-
connected photovoltaic systems,” IET Electric Power Applications, vol. 1, no. 5, pp.753-762, Sept. 2007.

[8] B. Subudhi and R. Pradhan, “A Comparative Study on Maximum Power Point Tracking Techniques for Photovoltaic Power Systems,”
IEEE Transactions on Sustainable Energy, vol. 4, no. 1, pp. 89-98, Jan. 2013.

[9] R.K. Agarwal, I. Hussain and B. Singh, “LMF-Based Control Algorithm for Single Stage Three-Phase Grid Integrated Solar PV System,”
IEEE Trans. Sustainable Energy, vol. 7, no. 4, pp. 1379-1387, Oct. 2016.

[10] S.B. Kjaer, J.K. Pedersen, F. Blaabjerg, “A review of single-phase gridconnected inverters for photovoltaic modules,” IEEE Transactions
on Industry Applications, vol.41, no.5, pp.1292-1306, Sept.-Oct. 2005.

[11] F. Chan and H. Calleja, “Reliability Estimation of Three Single-Phase Topologies in Grid-Connected PV Systems,” IEEE Transactions on
Industrial Electronics, vol.58, no.7, pp.2683-2689, July 2011.

[12] Antonio Moreno Munoz, Power Quality: Mitigation Technologies in a Distributed Environment, Springer-Verlag, London, 2007.

[13] Ambra Sannino, Jan Svensson and Tomas Larsson, Review powerelectronic solutions to power quality problems,”Journal of Electric
Power Systems Research, vol. 66, pp.71-82, 2003.

573
IJRITCC | October 2023, Available @ http://www.ijritcc.org


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication
ISSN: 2321-8169 Volume: 11 Issue: 10

DOI: https://doi.org/10.17762/ijritcc.v11i10.8540

Article Received: 12 August 2023 Revised: 29 September 2023 Accepted: 20 October 2023

[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]

[22]
(23]

[24]

[25]

[26]

[27]

B. Singh, A. Chandra, and K. Al-Haddad, Power Quality: Problems and Mitigation Techniques. Chichester, U.K.: Wiley, 2015.

B. Singh, S. K. Dube, S. R. Arya, A. Chandra and K. Al-Haddad, “A comparative study of adaptive control algorithms in Distribution
Static Compensator,” in Proc. of IEEE Annual Conference of Industrial Electronics Society (IECON), 2013, pp.145-150.

Parmod Kumar and A. Mahajan, “Soft Computing Techniques for the Control of an Active Power Filter,” IEEE Transactions on Power
Delivery, vol.24, no.1, pp.452-461, Jan. 2009.

Chao-Shun Chen, Chia-Hung Lin, Wei-Lin Hsieh, Cheng-Ting Hsu and Te-Tien Ku, “Enhancement of PV Penetration With DSTATCOM
in Taipower Distribution System,” IEEE Transactions on Power Systems, vol.28, no.2, pp.1560-1567, May 2013.

B. Singh, D. T. Shahani and A. K. Verma, “Neural Network Controlled Grid Interfaced Solar Photovoltaic Power Generation,” IET Power
Electronics, vol.7, no.3, pp. 614-626, July 2013.

C. G. Lopes and A. H. Sayed, “Diffusion Least-Mean Squares Over Adaptive Networks,” IEEE Intern. Conf. Acoustics, Speech and
Signal Processing - ICASSP '07, Honolulu, HI, 2007, pp. 111-917-111-920.

A. H. Sayed and C. G. Lopes, “Distributed processing over adaptive networks,” 9th International Symposium on Signal Processing and Its
Applications, Sharjah, 2007, pp. 1-3.

M. Hajiabadi and H. Zamiri-Jafarian, “Distributed adaptive LMF algorithm for sparse parameter estimation in Gaussian mixture noise,”
7'th Inter. Symp. Telecommun. (1IST'2014), Tehran, 2014, pp. 1046-1049.

IEEE Recommended Practices and requirement for Harmonic Control on Electric Power System, IEEE Std.519, 1992.

M. Villalva, J. Gazoli and E. Filho, “Comprehensive approach to modeling and simulation of photovoltaic arrays,” IEEE Trans. Pow.
Elec.,vol.24, no.5, pp.1198-1208, May 2009.

B. Singh, C. Jain and S. Goel, “ILST Control Algorithm of Single-Stage Dual Purpose Grid Connected Solar PV System,” IEEE
Transactions on Power Electronics, vol. 29, no. 10, pp. 5347-5357, Oct. 2014.

R. K. Agarwal, 1. Hussain and B. Singh, “Integration of single-stage SPV generation to grid using admittance based LMS technique,”
International Conference on Emerging Trends in Electrical Electronics & Sustainable Energy Systems (ICETEESES), Sultanpur, 2016, pp.
308-313, 2016.

S. Deo, C. Jain and B. Singh, “A PLL-Less Scheme for Single-Phase Grid Interfaced Load Compensating Solar PV Generation System,”
IEEE Trans. Industrial Informatics, vol. 11, no. 3, pp. 692-699, June 2015.

Amresh Kumar Singh, I. Hussain and B. Singh, “Double-Stage Three-Phase Grid-Integrated Solar PV System With Fast Zero Attracting
Normalized Least Mean Fourth Based Adaptive Control,” IEEE Trans. Industrial Electronics, vol. 65, no. 5, pp. 3921-3931, May 2018.

o574

IJRITCC | October 2023, Available @ http://www.ijritcc.org


http://www.ijritcc.org/

