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Abstract: A grid-interfaced solar photovoltaic (SPV) topology has recently gained popularity due to its 

potential to reduce overall losses and installation costs. This paper describes a novel control strategy for 

grid-connected SPV systems. The proposed controller is a combination of a synthesis control-based phase 

locked loop (SC-PLL) and a maximum power point tracking (MPPT) algorithm, ensuring maximum power 

extraction from the SPV array as well as good transient performance for output voltage and current. The 

design, modelling, and analysis of a single phase grid-interfaced photovoltaic (PV) system feeding a variety 

of loads is covered in this paper. Phase-locked loop (PLL) circuits are typically used for synchronization 

and the generation of in-phase and quadrature templates. However, this paper presents an intriguing 

application of PLLs for load compensation, power quality improvement, and phase and frequency 

estimation. The simulation results show that the proposed control for a single-stage PV system can 

effectively extract the maximum power from the PV system while maintaining a stable output signal during 

the transient condition. The proposed control with voltage source converter (VSC) compensates the 

harmonics of grid voltage and current under unbalanced load and keeps the THD of the proposed system 

less than 5%, which is within the IEEE-519 acceptable limit. 

  

Keywords: Synthesis Control-Based Phase Locked Loop, Photovoltaic, Phase Locked Loop, Voltage 

Source Converter 
 

I. INTRODUCTION 

The framework execution is further developed by fluffy rationale control (FLC), which creates the changing sign to the 

power switches of the inverter [1]. An inverter is proposed can foster a four-level voltage, and hence, it can decrease the 

all out symphonious mutilation of the result voltage, and channel size. The created top worth of the result voltage can 

reach to 1.5 times the information dc voltage is portrayed in this work [2]. A disseminated dc framework associated 

photovoltaic (PV) age setup in view of half and half associated three-port converters (TPCs) and its control procedure 

are proposed in this paper. Conveyed maximum power point tracking (MPPT) and independent voltage sharing control 

are accomplished with the proposed arrangement and control procedure [3].The primary target of this paper is to 

propose a variable step size Perturb and Observe (P&O) most extreme power point following (MPPT) calculation for 

two-stage three-stage lattice associated photovoltaic (PV) frameworks [4].The advantage of the proposed strategy is 

that the MPPT productivity is improved for fluctuating the step size of the gradual conductance technique, because of 

the viable coordination between the proposed fluffy rationale based calculation and the INC strategy. The result DC 

force of the PV cluster and the following rate are introduced as files for delineating the improvement accomplished in 

MPPT. The reenactment results uncover an important improvement in static and dynamic reactions over that of the 

customary INC strategy with the variety of the natural circumstances. Further, it improves the result dc power and 

decrease the union opportunity to arrive at the consistent state condition with discontinuous ecological circumstances 

[5]. The exhibition of the proposed p-q hypothesis connected HBC regulator is considered in contrast to following of 

most extreme PV power and pay of burden receptive power under the alterable air and burden conditions, and 

furthermore contrasted and the broadly utilized regular relative resounding regulator to legitimize prevalence [6]. 

Use of MLI has developed broadly to further develop the power quality and proficiency of the photovoltaic (PV) 

framework. For a MLI interacting PV framework, the size, cost and voltage stress are the critical limitations of the MLI 

that should be limited. This paper presents a clever diminished part count MLI connecting single-stage matrix tied PV 
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framework alongside a shut circle control procedure. The proposed MLI comprises of n rehashing units and a level 

helping circuit (LBC) that helps with producing 4n+7 voltage levels rather than 2n+3 levels [7]. In addition, the entire 

framework furthest restrictions of dynamic and receptive powers not set in stone in the (PQ) power plane based on PVS 

accessible power, converters evaluated power and DC transport voltage perfection and solidness. At long last, a control 

system devoted to the estimation of the inverter current orders is proposed to take advantage of the full limit of the 

SECS and regard the decided power limits. Recreation results affirm the adequacy and the presentation of this control 

procedure and demonstrate that the SECS can work at its full power while the power quality can be further developed 

by receptive power remuneration and dynamic separating [8]. This organized control additionally assists with giving 

steady DC voltage to the DC stacks however the inverter is separated from the DC transport. A 1KW network 

associated PV framework with the proposed DC converter is created and is approved utilizing OP4500 Real-Time test 

stage. Likewise, a decoupled control system with fragmentary request corresponding essential (FOPI) regulator is 

executed at the inverter end. Additionally, the receptive power remuneration, consonant decrease (under 5% according 

to the IEEE 519 norm) is examined [9]. The exhibition of the neighborhood regulator utilized in the communicating 

lattice associated three-stage inverter is tried during the previously mentioned power reference varieties [10]. The plan 

and control of a solitary stage network associated photovoltaic (PV) framework is depicted. A 5-kW PV framework is 

planned and incorporated at the DC connection of a H-span voltage source converter (VSC). The control of the VSC 

and exchanging rationale is displayed utilizing a summed up integrator (GI). The utilization of GI or its variations, for 

example, second-request GI have as of late advanced for synchronization and are being utilized as stage locked circle 

(PLL) circuits for matrix coordination [11]. A changed monotonic Power-Voltage (P-V) bend is utilized in the PRM to 

make the framework works at the left consistent state point as for the MPP for higher strength. In addition, taking into 

account the power driving forces during the exchanging between the MPM and the PRM, power motivation damping 

control (PIDC) is intended to sodden the transient energy by the DC-connect capacitors [12]. The regulator is 

accomplished through H∞ amalgamation followed by acquiring wanted circle shapes through the decision of the 

appropriate weighting capabilities. The regulator request is diminished by Henkel-standard technique for working with 

its down to earth execution [13]. 

This orderly survey can work with better comprehension of music related with environmentally friendly power based 

DG units and give rules on cutting edge control plans to acknowledge auxiliary symphonious pay administration 

through DG communicating inverters [14]. The proposed strategy changes the MPPT calculation in a manner to 

haphazardly choose the examining rate between the quick and the sluggish worth. Thusly, the between music in the 

result current can be successfully decreased because of the appropriation of the recurrence range. Then again, the 

MPPT execution of the proposed strategy can be kept up with like the situation while utilizing a quick MPPT inspecting 

rate. The viability of the proposed between symphonious moderation has been approved tentatively on a solitary stage 

matrix associated PV framework [15]. The market and its clients are requesting better execution inverters as far as 

proficiency, power thickness, module-level control, and progressively higher voltage and power levels. In view of their 

remarkable exhibition, staggered inverters stand out of analysts and innovation designers the same. This article presents 

generally involved staggered inverter advancements for framework associated PV applications, including five-level 

inverters, single-stage non detached inverters, and three-stage, separated flowed H-span inverters is tended to [16]. A 

normal matrix associated family in South Australia is considered as the contextual investigation. A down to earth rule is 

introduced for the private shoppers in South Australia to choose the ideal PV/BES in view of their everyday typical 

power interest and the accessible roof space for PV establishment [17]. The varieties of DC interface voltages, inverter 

voltage and infused framework current are reproduced and are tentatively checked under the variable light as well as 

lattice voltage vacillation [18]. For dynamic and consistent state execution assessment, a d-q outline based control 

calculation is explored for the single-stage PV-CMC framework. Besides, to lay out the steadiness of the proposed 

regulator, a point by point plant model is likewise examined alongside the nitty gritty near examination for activity of 

PV under halfway concealing condition for a regular PV based concentrated and string inverter versus proposed PV-

CMC approach [19]. Sustainable power sources; which are bountiful in nature and environment cordial are the main 

ideal decision of the world to give environmentally friendly power energy. The impediment of most environmentally 

friendly power sources explicitly wind and sun oriented PV is their irregular qualities which are rely upon wind speed 

and sun based irradiance individually and this prompts power variances. To redress and shield delicate burdens from 
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being impacted by the power circulation side vacillations and flaws, dynamic voltage restorer (DVR) is regularly 

utilized. This examination work endeavors to endure and get the impact of voltage vacillation of network associated 

half breed PV-wind power framework [20]. 

 

II. RESEARCH METHODOLOGY 

The proposed grid-connected PV system is created in the MATLAB/Simulink environment. Grid supply, SPV system, 

IGBT-based VSC, and nonlinear load are all part of the proposed system. The DC-DC boost converter is linked to the 

PV array. Because solar PV arrays have non-linear characteristics, the incremental conductance algorithm is used to 

maximise power. The boost converter's output is connected to the VSC's DC link, allowing it to deliver active power to 

the grid. The grid is connected to both linear and non-linear loads. A single-phase VSC controller is used to connect the 

PV system to the alternating current grid. The converter can be regulated to supply the reactive power required by the 

load and improve the system's power quality with appropriate control. This is especially important at night when PV 

generation is zero; however, the existing converter can be programmed to function as a single-phase distribution static 

compensator (DSTATCOM). 

 
Fig. 1 Schematic diagram 

The SC-PLL control algorithm is depicted in fig. 2. The proposed control algorithm extracts the fundamental 

component under nonlinear load condition. The input is given in the proposed control is nonlinear load current. Further, 

the proposed control extracts the fundamental current component and phase angle. 

 
Fig. 2 Control Algorithm 
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In conventional single-phase SRF-PLL, as in Fig. 3, vα is actual input signal; vβ is the orthogonal signal which needs to 

be generated. Park’s transformation, translate vector from αβ stationary reference frame to dq rotating reference frame 

and acts as phase detector (PD) for SRF-PLL. The angular position of this dq reference is controlled by a feedback loop 

which makes the q-axis component equal to zero in the steady state and d-axis component will be the input signal 

amplitude. 

�
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���� ����
−���� ����

� �
��
��
�     (1) 

 
Fig. 3 Conventional SRF-PLL 

For single-phase SRF-PLL system, the orthogonal signal must be generated first. Previous methods generate the signal 

mostly by shifting phase of input signal. Therefore, they can’t guarantee 90 degree phase shift if input signal frequency 

is variable unless an additional circuit is used to detect the frequency. 

The proposed PLL uses a synthesis circuit to generate the orthogonal signal. As shown in Fig. 4, the synthesis circuit 

consists of a low-pass filter (LPF), a multiplier and a sine function. Unlike previous methods, the synthesis circuit 

generates the orthogonal signal by utilizing the detected amplitude and phase from PLL output. Input signal can be 

expressed as vα=Ucosθ, while the output of synthesis circuit is vβ=Usinθ, that is, the generated signal is orthogonal to 

the input signal. It guarantees 90 degree phase shift for the detected phase always track input signal when PLL in the 

steady state. So this synthesis circuit can be used in single phase SRF-PLL to generate the orthogonal signal, as shown 

in Fig. 5. 

 
Fig. 4 Synthesis Circuit 

 
Fig. 5 Synthesis Circuit based Phase Locked Loop 
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Synthesis circuit PLL structure is shown in Fig. 5. Under ideal utility conditional, i.e., no harmonic distortion, if the 

input signal v� = Ucosθ, the generated signal vβ = Usinθ, after Park’s transformation, gives rise to: 

�
��
��
� = �

�
0
�      (2) 

It means that vd will be the amplitude of input signal and detected phase �� will be equal to the phase of input signal in 

the steady state. So the circuit utilizes these two signals representing amplitude and phase respectively to synthesize the 

orthogonal signal. 

 

III. RESULTS AND DISCUSSION 

A grid interfaced PV system is interfaced in this proposed work. The proposed system consists of SPV of 5kW, VSC 

and nonlinear load. The SC-PLL control with VSC provides active/reactive power compensation, harmonics eradication 

and enhances the overall power quality of the proposed system. The simulated results are examined under different 

operating conditions such as change in solar insolation and unbalanced load. The grid voltage, grid current, 

compensator current, load current, dc link voltage, PV voltage, PV current, PV power results are plotted. 

 

3.1 Dynamic performance at unbalanced Load  

Fig. (6) represents the dynamic response of grid interfaced PV system under unbalanced load. The load of the proposed 

system is disconnected at t=1.7s and connected t=1.9s. During the removal of load, the load current, grid current and 

compensator current are nearly reduced to zero. The SC-PLL with VSC maintains the source voltage and dc link 

voltage under these dynamic conditions. The dc link voltage of the proposed system is increased during the load 

removal duration at t=1.7s to t=1.9s. The proposed control extracts the fundamental current component during transient 

conditions and generate sinusoidal reference grid current. The proposed control with VSC provides reactive power 

support, harmonics elimination and enhances the power quality. 

 
Fig. 6 Dynamic performance at unbalanced Load 

 

3.2 Dynamic Performance at Change in Solar Insolation 

Fig. 7(a) and (b) shows the dynamic performance of grid interfaced PV system under change in solar insolation. Fig. 

7(a) shows the solar insolation is changed from 900 w/m2 to 450 w/m2 at t=1.8s. During the change in solar insolation, 

the solar irradiation, PV current, PV voltage and PV power are reduced. Fig. 7(b) represents grid current is increased 

during inclination in solar insolation. The proposed controller with VSC maintains the grid voltage, compensator 

current and dc link voltage under dynamic condition of solar insolation and unbalanced load. 
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(a) 

 
(b) 

Fig. 7 Dynamic performance at change in insolation 

 

3.3 Harmonics Analysis of Proposed System 

Fig. 8(a)-(c) represents the total harmonic distortion (THD’s) of grid voltage, grid current and load current of grid 

interfaced PV system under nonlinear load condition. The THD’s of grid voltage, grid current and load current are 

1.99%, 4.69% and 24.81 respectively. The proposed control with VSC maintains the grid voltage and provides 

harmonic compensation under non linear load. The THD’s of grid voltage and grid current are less than 5% are within 

acceptable limit and satisfy IEE-519 standard. 
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(a) 

   (b)     (c) 

Fig. 8 Harmonic analysis 

 

IV. CONCLUSION AND FUTURE SCOPE 

In this paper, a SC-PLL control is implemented to improve the performance and dynamic response. The proposed 

control successfully extracts the fundamental component under different operating conditions such as change in solar 

insolation and unbalanced load. The proposed algorithm is simulated in MATLAB/Simulink environment for 

synchronization as well as load compensation. The proposed algorithm is used as PLL and it detects the amplitude, 

phase and frequency correctly under a variety of disturbances such as voltage changes, distortion and phase change. 

The synchronizing signals thus obtained are used thereafter for developing a controller for achieving load 

compensation. The simulation results of the proposed algorithm are verified for a single-phase grid-interfaced system 

with PV interfaced at the DC link. The proposed SC-PLL meets both the objectives viz. synchronization and load 

compensation quite well. The SC-PLL control with VSC effectively maintains the grid voltage and improved the 

dynamic response of the system. The proposed technique is slightly complex than SRF-PLL, but it is highly effective 

and can be successfully applied as a PLL as well as in designing a controller for shunt compensator for improving 

various power quality problems. The THD’s of grid voltage and current are found satisfactory within the acceptable 

limit of IEEE-519 standard.  
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