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Abstract 
  

This paper includes a supporting grid of three-phase, four-wire, four-level 

two-stage, Solar Photovoltaic (PV) system with a FOPID particulate swarm 

optimisation (PSO) self-confirming FOPID controller. Compared to the 

open-loop PID controller response, the proposed PSO-FOPID control has 

created numerous effects and performance changes. PSO planned an optimal 

configuration to finalise the proposed FOPID control loops. We used the 

integrative multiplication of the absolute error with time to describe the 

objective function. The sun irradiation changes and load variability show the 

simulation analyses and the usefulness of energy conservation approaches. 

The first step of a boost converter is the Maximum Power Point Tracking 

(MPPT) feature, along with a four-leg based Voltage Source Converter 

(VSC) is utilised for power supply to supply derived PV energy, including a 

supported device for improving the power efficiency. The proposed devices 

extra features are removing harmonics, grid currents balance, and offset for 

the non-active load currents, aside from traditional solar inverters.  
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Users of the PSO-based Decoupled Adaptive Noise Detection (DAND) 

algorithm estimate the load currents actual power using FOPIDs. The current 

parts output on the grid side controls the DC connection voltage 

instantaneously using the proposed PSO-based FOPID. 

MATLAB/SIMULINK findings verified the validity of this suggested 

control algorithm. 

 

Keywords: Optimal Tuning of Fractional Order PID controller using PSO, 

Solar PV, Two-stage, Power Quality, MPPT. 

 

 

1 Introduction 
 

Electricity is known as one of the necessary conditions for humans. The 

electricity demand is regularly rising. However, traditional power-producing 

fuels are depleting. Also, emissions from the atmosphere are a primary 

concern as well. Renewable energy-based systems are thus becoming 

increasingly relevant. These green energy technologies are few in power 

generation, such as solar thermal, solar panel, and wind. PV gets more 

critical as it achieves grid parity, and solar PV is increasingly essential [1, 2]. 

Kjaer et al. compared and measured for demands, service life, device ratings, 

and costs with different inverter configurations [3]. ―Yang et al. proposed an 

inverter with MPPT, in conjunction including One-Cycle Control (OCC), the 

inverter with power production, provides a cost-efficient one-stage inverter 

with power production, this control method is based mostly on performance 

current-adjusting function of OCC‖ [4]. Anand et al. suggested a tweaked 

Current Source Inverter (CSI) to eliminate the ground leakage currents 

instead of using isolation transformers, thereby improving performance and 

cost savings relative to traditional solar inverters based on current sources 

[5]. The solar PV properties are nonlinear since only a standard voltage from 

a given PV array extracts the peak power. Bidyadhar et al. thorough 

definition and subsequent classification of MPPT techniques have been 

rendered based on characteristics, such as the number of involving control 

variables, control methods, circuit types sufficiently utilised in PV system 

applications, and potential implementation [6]. Elgendy et al. the application 

of the P&O algorithm, which are two methods: reference voltage disturbance 

in which the reference point utilised to adjust the output voltage of the PV 

generator and direct operating ratio disturbance in which the MPPT 

conversion ratio is used explicitly with the control parameter.  

 In case of three-phase four-wire distribution network, the neutral 

conductor carries current under unbalanced loading. Moreover, in case of 

nonlinear loads, all zero sequence and triplen harmonics current flow through 

a neutral conductor. This neutral current not only increases losses in the 

system but it can also cause neutral conductor burst in case of excessive 

currents. In [7], a zig-zag transformer based solution is suggested for neutral  
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current mitigation. A survey of neutral current mitigation techniques is 

shown in [8]. Hence, several devices for power quality improvement have 

been proposed in the literature.  

 

P&O is easy to use; however, in stable conditions, it has disadvantages of 

inadequate dynamic response and perturbations near MPPT. Kish et al. 

developed the incrementally conductive MPPT algorithm based on a rigorous 

small-signal dynamic model using the boost converter [8]. 

Nonlinear loads are expected every day with a power converter since 

their efficiencies are enormous and the space is relatively limited. However, 

the harmonics drawn by specific systems cause many distribution system 

issues such as the transformers derivation, currently high losses, and the 

distortion of both the specific link point voltage. The DSTATCOM gives a 

solution to these challenges of power efficiency. Singh et al. proposed a new 

DSTATCOM focused on peak load identification in linear/nonlinear loads 

for better power efficiency [9].  

 Various grid tied PV systems dealing with design, analysis and control 

of the PV systems are reported in the literature. Singh et al. introduced 

DSTATCOM adopting the adaptive neural-network to compensate 

linear/nonlinear loads utilising the VSC. [10]. "In a two-stage solar PV 

system, absolute first stage comprises a boost converter worked with an 

incremental conductance MPPT, and a next stage is a four-leg VSC" [11]. 

The control of VSC, Chinmay et al. suggested an essential frequency shifter-

based control, a Proportional Integral (PI) controller, and a feed-forward 

concept used for fast dynamic response [11]. Chenmay et al. "used an 

adaptive DC connector voltage, which is balanced by a common connection 

point (CPI) with the reference DC link voltage" [13]. Singh et al. "Proposed 

control of a VSC based on the Improved Linear Sinusoidal Tracer (ILST), 

which is a DC-link variable voltage used for MPPT" [17]. The Extremely 

rapid compensation methodology integrates the PV power adjustments for 

rapid dynamic response. 

In recent decades, numerous studies have brought out concerning 

harmonic distortions in power quality technology; several researchers have 

been utilising neural networks in the shunt active power filter (SAPF) to 

improve the performance, stability, precision, robustness, and tracking 

abilities of systems of each dimension. Janpong et al. have an ultimate aim in 

the SAPF implementation of the neural network is to eliminate unwanted 

signal because of the distortion [18]. Hui et al. Adaptive algorithm of time-

variable variables for harmonic detection of the active power filter (APF) and 

a new variable algorithm that uses an estimate of the average coherence of 

the signal to control the step size update [19]. Singh et al. demonstrated a PV 

generation system that supports the three-phase grid, which supports the grid.  

The proposed work is simply explained is as given below.  
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1. A decoupled estimation of salient true power reflective components of 

grid current.  

2. A suitable improvement is proposed in the exiting D-STATCOM 

algorithm to make it suitable for combined operation of distributed 

generation and power quality improvements.  

3. Demonstration of effect of separate PV power contribution.  

4. A case study for reduction in distribution losses via such multifunctional 

system.  

 

Solar PV system to the grid and helps the distribution system improve 

power quality [20]. Sabha Raj et al. implemented the DSTATCOM with a 

dynamic phase Least Mean Square (LMS) scheme for power developments 

under linear/nonlinear loads [21]. Adaptable phase LMS schemes are 

applied to measure averagely weighted, active and reactive elements of 

reference signal source currents. Besides, rapid reactions to sudden isolation 

variations are done with an advanced term, including PV array dynamic 

energy shifts, ensuring that DC connection FOPID relieves the strain. The 

proposed control approach is simulated and verified on 

MATLAB/SIMULINK. All salient internal signals of proposed control 

approach are also presented to make this algorithm intuitive. The grid 

currents are found adhering to an IEEE- 519 standard. 

 

2 Photovoltaic Model Design 
 

 This main paper objective is modelling of PV system with a three-phase 

grid, and it has a PV array, inverter, and load voltage. Ea, Eb, Ec. 

 
Figure 1 The schematic diagram for the PV system connected with grid 

 

In this article primary objective is to regulate the voltage VDC in a 

capacitor and, via the inverter switches, to build the input (I/P) current only 

with load voltage (VL) for the unity power factor (UPF) through appropriate 
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 control signals. A PV system is designed with a pure p-n junction diode that 

transforms the irradiation into electrical energy.  

 
Figure 2 An equivalent circuit for PV cell 

 

PV system circuit diagram of parallel diodes, a current source (IS), Rsh 

and Rs are shunt and series resistance respectively, includes parallel and 

series resistors, with the diode current (ION), presented like this: 

               1
pvSpvSON

iRVexpII 
   

… (1) 

where 
AkTc

q
 k=1.3807×10

-23
JK

-1
 is the Boltzmann constant, TC is the 

average working temperature of the cell in Kelvin, q=1.6022×10
-19

 is the 

electron charge, (Vpv) is PV system output (O/P) voltage, (Is) is the source 

current, and A is the idealist element of a p-n junction, with a value around 1 

& 5. The O/P current (Ipv) of the PV system can be calculated using Eq. 2 by 

applying KCL into Figure 1, as stated below: 

   
sh

pvSpv

pvSpvSLpv

R

iRv
1iRVαexpIII




  

… (2) 

Solar irradiation currently drives the (IL) and can be calculated as 

follows: 

  
1000

s
TTkII

refCiSCL


     

… (3) 

Isc is short circuit (SC) current depends on the temperature, s is the solar 

irradiation, ki is the coefficient of SC current, and Tref is reference 

temperature. 
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where Eg is semiconductor band-gap energy utilised, (IRS) is reversed 

saturation current of PV cell through the reference temperature. Considering 

the O/P voltage remains quite small in the PV cell, several PV cells are  
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prepared to reach higher voltages. Several PV cells are combined and 

encased in transparent materials such as glass, plastic, and other items to help 

shield them from an extreme environment. Several modules are arranged to 

develop a PV array to receive the power and voltage. 

 
Figure 3 An equivalent circuit for the PV system  

B. Vijaya Kumar et al. 

Np is no. of cells arranged in parallel, and also Ns are no. of cells arranged in 

series. Now we can write (ipv) as follows: 
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3 Proposed Control Methodologies 
 

 

In general, the control solution consists of two major sections that relate 

to two power converters. Generating a duty ratio that results in the voltage 

around the PV array meeting MPPT produces a control strategy for boost 

converters. The grid-integrated VSC control strategy consists of having the 

total power available even divided between the grid and VSC. The VSC 

functions as three-phase currents, wherein currents for all three phases are 

specifically balanced so that this total load reflecting with CCP is resistive. 

A secondary objective of the VSC is to circulate both active and inactive 

components of load currents to achieve grid currents balance function and 

provide load current. Power converters, all of which use a control technique, 

are illustrated in this article. 
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Figure 4 Block diagram of the control strategy 
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3.1 Control-Based Grid Linked VSC Implementation 
 

The step voltages are determined using the line voltages sensed [22, 23], 

and then the peak value is measured using the following formulae. 
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A feed-forward concept is utilised to measure grid currents, and the PV 

power component is included in that. The feed-forward term combines the 

power production of the PV cell and the amplitude of the voltage of CCP. An 

investigation of the PVFF impact was carried out via a simulation. This 

method calculates the system on-grid PV capacity, the return on investment 

of which is measured in the form of a feed-forward term which, 

S
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… (8) 

z

PV

pvgPVFF

V

P
II

3

2


      

… (9) 

Grid current loads are increased using an adaptive step-up adaptive 

neuron-based method that calculates each step current input. The method 

involves the usage of three neurons, one for each of the three separate 

existing stages. Three neurons are linked through a typical conducting path, 

all cross-coupled to approximate the total real power considered part of load 

current. 

This method operates in real-time, including the loop eventually 

stabilises until a steady mean value of (Ioa) is obtained. The meaning of the 

internal parameter σ defines how deeply this mechanism converges. Because 

of the high value of σ, rapid convergence is reached, but the effects are 

marked by major steady-state oscillations, resulting in a balance between 

steady-state and dynamics efficiency. When operating the adaptive noise 

detector with a sampling point at the zero crossings of the quadrature unit 

vector (UQA), the resulting sample output includes +ve and -ve peaks that 

oscillate between sampling. 

The sample cumulative performance and keep logic is ((ILAPC)), and the 

same can be said of the other two phases of load currents, where ((ILAPC)) 

is measured. Since the performance of this algorithm is not influenced by the 

adjustment in grid frequency, and since the magnitude of ((ILAPC)) is often 

adaptively modified with load current fluctuations, ((ILAPC)) output is not 

impaired by grid frequency shifts. These two characteristics are essential to 

this algorithm: it converges easily and has a basic structure. PV array control 

as well as voltage amplitude, are the components of the feed-forward.  

As mentioned above, the PV array voltage and currents are already being 

tracked for MPPT purposes, and the feed-forward term being applied to this 

current control does not need any additional sensors. According to the feed-

forward (IPVFF) definition, a feed-forward (IPVFF) concept has the 

following formula: 

z

PVPV

pvgPVFF

V

IP
II

2


      

… (10) 

The grid current loss component is estimated with a PI controller on the 

VSC voltage of the DC- link. The O/P of the PI controller is assumed as a  
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loss (Il) element of this system as the other couple elements are previously 

determined in a feed-forward manner. The amplitude of the reference grid 

current is expected by considering all three components, as stated below: 

3/)(

,,






cbat

PVFFiLAPCP
IIII

     

… (11) 

where Ip is the reference current of the grid at UPF concerning CPI; 

additionally, electricity elements from power production and utilisation 

nodes are combined and evenly distributed among the systems three phases, 

which equalises grid comparison currents. Reference grid currents are 

measured as the combination of phase-locking unit vectors and estimated 

amplitude (Ip) as follows: 

pcprefgcpbprefgbpaprefga
uIiuIiuIi  ,,

   
… (12) 

To avoid a neutral current in the neutral lead of VSC, the Ip for the 

neutral conductor remains fixed to zero. Hence the current reference of the 

grid is as follows: 

0
refgn

i
        

… (13) 

The PI controller performance ranges in a wide variety, provided that 

solar energy differs during the day. Also, the contribution of solar power 

varies quickly due to abrupt cloud or climate change. Consequently, tuning 

the DC-link PI is not simple to have reasonable stability and complex 

efficiency under all operational conditions. The suggested device then 

utilises the PV array capacity and sensed grid voltages as a different concept 

to contribute to the solar array. Here it should be noticed that this knowledge 

is not provided with an extra sensor. The PV array and current-voltage have 

already been measured for MPPT service and system voltage for grid 

synchronisation. The Figure shows the DC-link voltage control device 

model, the depletion burden, and solar power addition to the PI controller—

the DC relation tension management model for the proposed solution. The 

complete control circuit in Figure is shown. Five that the additional output of 

the solar array addition removes the PV input and removes the charge 

energy. Therefore, the feed-forward word automatically removes the PV 

power and load adjustments and induces a fast dynamic reaction and a small 

overflow of DC communication voltage. These feed-forward terms often 

ease the PIC pressure, ensuring that the PI controller does not cope with 

shifts in PV array power or load strength. Thus, the PIC strain is minimised 

from DC connecting voltage control, and it is expected only to carry the 

power loss portion. 

 

 

 

4 Proposed Methods for Tuning FOPID Controller 
 

With the advent of computers and evolutionary algorithms, there is 

greater flexibility to choose the optimum FOPID coefficients. Some of such  
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algorithms are Genetic Algorithms such as Neuro adaptive FOPID controller, 

Particle Swarm Optimization, Bat algorithm, Ant colony algorithm, etc. 

Figure 5 represents the region of the FOPID controller. The x-axis of the 

figure represents the λ, and the y-axis represents µ. While µ = 0 and λ = 0 it 

represents P controller, µ = 0 and λ = 1 it represents PI controller, µ = 1 and λ 

= 0 represents PD controller and µ = 1 and λ = 1 represents PID controller. 

The space inside the square represents the FOPID controller. 

 
Figure 5 A schematic image of the FOPID controller 

 

4.1 Tuning of the FOPID Controller with PSO 
 

In this paper, optimal tuning of the FOPID controller is done through 

FOTD and PSO algorithms. System performance of FOPID on First order 

time-delay system (FOTD) system performed in comparison with PID 

controller. The details of these algorithms are given below. 

 

4.2 Modelling of Particle Swarm Optimization 
 

In 1995, the PSO technique was invented, an evolutionary and stochastic 

optimisation technique that uses animal schoolings observations, including 

fish schooling and bird flocking, to improve algorithms. This approach has 

various uses in nonlinearity, non-differentiability, numerous ideal solutions, 

and high dimensionality. It has very robust convergence properties and has 

outstanding computing performance and practicality. Unlike many other 

evolutionary approaches, which add operators to particle structures, the PSO 

operators use individual particle travelling interactions to change their search 

space velocity dynamically. Initially, the PSO algorithm produces random 

numbers for the number of particles. It is important to achieve the objective 

function for each particle to find out how quickly each particle is travelling 

(and where it is compared to its group) and create a new community of 

particles to search for an improved answer.  

The particle with the largest particle importance pbest and the greater 

overall value is also a collective advantage gbest.  

Each particle velocity is modified based on the best p and best g values 

provided in equations (14) and (15) for each particle in the group. 
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Let us assume k
th
 particle is represented as 

n

kkkk
xxxx ,...,,

11
 in n-

dimensional space. The k
th
 particle previous best position is as follows
n

kbestkbestkbestkbest
pppp ,...,,

11
 . The pbest is the best particle among the 

group. The velocity of the particle k is as follows
n

kkkk
vvvv ,...,,

11
 . As 

mentioned above, the computation of changed velocity and location of each 

particle using velocity and distance through pbest to gbest is performed using 

the following formulas: 
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k      
… (16) 

where k is the no. of particles in a group, t is the iteration,
n

k
v is the particle 

velocity k at iteration t, w is the inertia weight, c1, c2 are the acceleration, 

rand () is the random value between 0 and 1, 
n

k
x  is the particle present 

position k at iteration t, pbest is the best particle k, gbest is the best particle of 

the group. 

 

4.2.1 The Searching Procedure of the Proposed PSO- FOPID  
 

Stage 1: Specify the downward and upward limits of controller coefficients 

and randomly initialise the n particles controller coefficients. 

Similarly, initialise the searching space, velocities, pbest, and gbest 

randomly to zero. 

Stage 2: Compute every particle time-domain parameters for every particle. 

Stage 3: The optimal solutions of every particle in the swarm are calculated. 

Stage 4: Compare every particle fitness cost with pbest. The greatest fitness 

value among them pbest is expressed as gbest. 

Stage 5: Change the velocities of every particle according to equation (14) 

Stage 6: When the velocities were crossing their boundaries, set the 

velocities to the boundary value. 

Stage 7: Change the position of each particle in the population according to 

equation (16); if crossing the boundaries, set the values to the 

boundary. 

Stage 8: If the generations reached to specified go to Stage 10 

Stage 9: Unless, go to Stage 2. 

Stage 10: gbest at last generation is an optimal solution. 

 

Based on the above steps, the algorithm is implemented to solve the 

considered problem. The flow chart is shown in Figure 6. 
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Figure 6 PSO Algorithm Flowchart 

 

5 Results and Discussion 
 

To construct a simulation model of the device, MATLAB/SIMULINK is 

used. For this section, we have conducted a simulation of the proposed power 

system shown in Figure 7, that includes the system in its equilibrium state as 

well as system dynamics conditions to check if the concept is feasible. In 

Table 1 system and in Table 2 control parameters are given. 

 
Figure 7 Proposed Grid-Connected PV System with FOPID 
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Table 1. PV-based grid connected system Specifications 

 

Parameter Value 

Solar power 525 W, (Impp=14.8A), (Vmpp=35.4V) 

Switching frequency 15kHz 

Transformer turns ratio 5.5 

inductor–half-bridge boost 

converter, Lw 

500μH 

inductor bi-directional converter L 3000μH 

Primary side capacitors C1-C2 500 μF 

Secondary side capacitors C3-C4 500 μF 

Secondary side capacitors for entre 

dc-link 

2000 μF 

Battery capacity & voltage 400Ah, 36V 

Solar irradiations  1000web/sec 

Temperature 25-4    

Switching Frequency 10KHz 

Dc – Link Capacitor 500 

Solar Power Rating  3Kw 

 
Table 2 Parameters comparison for pi and FOPID controllers 

 

 

CASE 

1 

(gabc) 

CASE 2 

(gabc)  

CASE 3 

(abc)  

Damping of DC 

link Voltage  

PI 2.05 0.74 22.91 >4.5V 

PSO-

FOPID 
1.17 0.031 17.76 <0.5V 

 

5.1 Behaviour under Linear Loads  
 

The linear load values shown in Figure 8 are based on simulation results 

with CPI or CCP A stabilised three-phase star with a 15 kW linear load 

attached is linked to a linear load of 0.85 lags in CPI. By 0.35 seconds into 

the simulation, the device has run under unbalanced load currents, and 

reactive control of both PV array power and SECS portion of the load is 

given by SECS as well as unbalanced load currents. When the load currents 

differ over the time of 0.35 seconds to 0.5 seconds (see in Figure 8a), but 

grid currents stay sinusoidal over the same period, the device has an 

unbalanced load. It is adjusted to run the active electricity across the grid so 

that as it circulates the fuel, the grid currents are always balanced even 

though a big load is applied; while the grid is filled unevenly, a heavy load 

neutral current is perceived. From Figure 8b, VSC neutral leg minimises the  
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load neutral current, including grid neutral conductor has zero current during 

VSC neutral leg service. Both the load, including the system, obtains grid 

power obtained from VSC.  

After the load has been thrown, the power flowing through the grid is 

raised, thereby disclosing that grid power volume rises once a load is thrown 

and the other way around. To 700 Volts, the DC connection voltage is being 

regulated.  

 

                     
                       (a) 

                        
(b) 

Figure 8: Salient parameters of PV system operating under linear load; (a) system 

supply voltage and current parameters; (b). voltage profiles in three phases. 

 

5.2 Behaviour under Nonlinear Loads  
 

The nonlinear load simulation effects, shown in Figure 9, are defined in 

detail in the following section. Three single-phase, unregulated bridge 

rectifiers (every capable of producing 5 kW) are utilised to test nonlinear, 

balanced load at time zero, and these loads are nonlinear as well as balanced 

by the time 0.35 seconds have elapsed, can be seen in Figure 9a. The SECS 

uses harmonics to reflect the control quality of the load and PV module 

power. Also, under controlled loads, the load neutral current always has a  
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nonzero significance as it gives away to zero series currents. The grid neutral 

conductor acts as a reference point and the measurement for the neutral 

current mitigation includes using zero reference point. The grid currents are 

identical as well as have a sinusoidal waveform, see in Figure 9b.Load 

currents become unbalanced over 0.35 seconds to 0.5 seconds, but the grid 

currents remain sinusoidal during this time. The PV array parameters also 

significantly affected, for example, the DC output and maximum power 

delivered. The variations are shown in Figure 9c. 

 

 
(a) 

 
(b) 
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(c) 

Figure 9 Salient parameters of PV system operating under nonlinear load; (a). Line 

parameters and supply side electric system parameters; (b) current profiles at the 

distribution side; (c). performance parameters of the PV array. 

 

5.3 Behaviour under Sudden Changes in Isolation  
 

The diagram shown in Figure 10 indicates the devices essential variables 

as a change in isolation of 1000 W/m2 results in a decrease to 300 W/m2. 

Everywhere in the circuit, the load current is steady. At time t = 0.5 seconds, 

the isolation has adjusted. Before 0.5 seconds have passed, the active power 

fed into the grid is that the PV output is higher than the local usage of the 

load. The load is also occurring, though, if PV isolation falls and the resultant 

transition in phase changes the grid currents. It can also be remembered that 

controlled and sinusoidal grid currents are held steady regardless of whether 

electricity is moving in a specific direction. 

 

 
(a) 
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(b) 

 
(c) 

Figure 10: Salient parameters of PV system operating under change isolation level; 

(a). Line parameters and supply side electric system parameters; (b) current profiles 

at the distribution side; (c). performance parameters of the PV array. 

In the traditional method, the dc connection voltage induces too many 

oscillations with PI controller usage. When utilising PI controls, a mistake is 

not observed, but they result in many oscillations. In order to minimise these 

results, FOPID-based PSO can be used. 

 

 
Figure 11: Proposed PV power & DC link voltage for linear load. 
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Figure12: Proposed PV power & DC link voltage for the nonlinear load. 

 

Though Figures 11 and 12 show the extent of the PV power rise, PSO-based 

FOPID is not the only DC rule linking voltage and subjected to unbalanced 

loads. 
 

 
 

Figure 13: Proposed PV power & DC link voltage for suddenly changed isolation. 

 

In Figure 13, you will see that the DC relation voltage causes the highest 

oscillations due to the PI controller. These oscillations are due to the PI 

controller, mostly due to utilising PSO-FOPID, where the oscillations can be 

found in Figure 12, and the power increases marginally. These oscillations 

and harmonics are minimised by utilising the PSO-based FOPID seen in 

Figure 13. 

 
6 Conclusion 
 

A grid-supported PV system was introduced with a self-tuning FOPID 

controller using PSO for the combined purpose of distributed PV output and 

power quality betterment. The proposed method is used to shift PV power to 

the distribution network and mitigate for harmonic and reactive loaded 

currents and neutral decreases of the current, limiting distribution system 

losses to a minimum. DAND-dependent control is a straightforward solution, 

and real power currents are detected separately. A PSO-based FOPID 

approach controls the DC link supply voltage and the relation to the  
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traditional PI Controller. In the above subsection, a distinction is made 

between performance reports and discussions. The MATLAB/SIMULINK 

environment is designed and tested. Grid currents are observed even with 

nonlinear loads within the boundaries of IEEE-519 specifications. 

 

References 
 

[1]N Y Dahlan, Mohd Afifi Jusoh and W N A W Abdullah, ―Solar grid 

parity for Malaysia: Analysis using experience curves‖, 2014 IEEE 8th 

Power Engineering and Optimization Conference, 2014. 

[2]S. Reichelstein and M. Yorston, ―The prospects for cost competitive solar 

PV power‖, Energy Policy, Vol. 55, pp. 117–127, 2012. 

[3]S.B. Kjaer, J.K. Pedersen and F. Blaabjerg, ―A review of single-phase 

grid-connected inverters for photovoltaic modules,‖ IEEE Trans. on 

Industry Applications, Vol.41, no.5, pp.1292-1306, 2005. 

[4]Yang Chen and K.M. Smedley, ―A cost-effective single-stage inverter 

with maximum power point tracking‖, IEEE Trans. on Power 

Electronics, Vol.19, no.5, pp.1289-1294, 2004. 

[5]S. Anand, S. K. Gundlapalli and B. G. Fernandes, ―Transformer-Less Grid 

Feeding Current Source Inverter for Solar Photovoltaic System‖, IEEE 

Trans. Indus. Electron., Vol. 61, no. 10, pp. 5334-5344, 2014. 

[6]Bidyadhar Subudhi and Raseswari Pradhan,―A comparative study on 

maximum power point tracking techniques for photovoltaic power 

systems‖, IEEE Trans. Sus. Energy, Vol. 4, no. 1, pp.89-98, 2013. 

[7]M. A. Elgendy, B. Zahawi and D. J. Atkinson,―Evaluation of perturb and 

observe MPPT algorithm implementation techniques,‖ 6th IET 

International Conference on Power Electronics, Machines and Drives, 

2012. 

[8]G. J. Kish, J. J. Lee and P. W. Lehn, ―Modelling and control of 

photovoltaic panels utilising the incremental conductance method for 

maximum power point tracking‖, IET Renewable Power Generation, 

Vol.6, no.4, pp.259-266, 2012. 

[9]B. Singh, S. R. Arya, C. Jain, ―Simple peak detection control algorithm of 

distribution static compensator for power quality improvement‖, IET 

Power Electronics, Vol.7, no.7, pp.1736-1746, 2014. 

[10]B. Singh, S. R. Arya, C. Jain, S. Goel, ―Implementation of four-leg 

distribution static compensator‖, IET Generation, Transmission & 

Distribution, Vol.8, no.6, pp.1127-1139, 2014. 

[11]Chinmay Jain and Bhim Singh, ―A Frequency Shifter Based Simple 

Control for Multifunctional Solar PV Grid Interfaced System‖, Systems 

Thinking Approach for Social Problems 2015. 

 

 

 

 

 



 
 

2764 B. Vijaya Kumar et al 

[12]Chinmay Jain and Bhim Singh. ―A Single-Phase Single-Stage 

Multifunctional Grid Interfaced Solar PV System under Abnormal Grid 

Conditions,‖ IET Generation, Trans. and Distribution, Vol.9, no.10, pp. 

886 - 894, 2015. 

[13]Chinmay Jain and Bhim Singh, ―A Three-Phase Grid Tied SPV System 

with Adaptive DC Link voltage for CPI Voltage Variations‖, IEEE 

Transactions on Sustainable Energy, Vol.7, no.1, pp.337-344, 2016. 

[14]C. Jain and B. Singh, ―An Adjustable DC Link Voltage Based Control of 

Multifunctional Grid Interfaced Solar PV System‖, IEEE Journal of 

Emerging and Selected Topics in Power Electronics, Vol. 5, no.2,pp. 

651-660, 2017. 

[15]Chinmay Jain and Bhim Singh, ―A PEF Based Control for Single-Phase 

Multifunctional SECS with Adaptive DC Link Structure for PCC 

Voltage Variations‖, IEEE Applied Power Electronics Conference & 

Exposition, 2015. 

[16]B. Singh, Chinmay Jain and Sagar Goel, ―ILST Control of Single-Stage 

Dual Purpose Grid Connected Solar PV System‖, IEEE Transactions on 

Power Electronics, Vol.29, no.10, pp.5347-5357, 2014. 

[17]Bhim Singh, Chinmay Jain, Sagar Goel, Ambrish Chnadra and Kamal 

Al-Haddad, ―A Multifunctional Grid Tied Solar Energy Conversion 

System with ANF Based Control Approach‖, IEEE Transactions on 

Industry Applications, Vol. 52, no.5, pp. 3663-3672, 2016. 

[18]S. Janpong, K.L. Areerak and K.N. Areerak,―A literature survey of 

neural network applications for shunt active power filters,‖ International 

Journal of Electrical and Computer Engineering,  Vol. 5, no. 12, 

pp.1688-1694, 2011. 

[19]Changhe Li, Zhengguo Wu and Fei Liu, "A Novel Variable Step size 

Adaptive Harmonic Detecting Algorithm Applied to Active Power 

Filter", 2006 IEEE International Conference on Industrial Technology, 

2006. 

[20]B. Singh, C. Jain, A. Bansal, ―An improved adjustable step adaptive 

neuron based control approach for grid supportive SPV system‖, IEEE 

Transactions on Industry Applications, Vol. 54, no. 1, pp. 563-570, 2018.  

[21]S.R. Arya, B. Singh, A. Chandra and K. Al-Haddad, ―Control of 

DSTATCOM using adjustable step least mean square control algorithm", 

2012 IEEE 5th Power India Conference, 2012. 

[22]Bhim Singh, Ambrish Chandra and Kamal Al-Haddad, ―Power Quality: 

Problems and Mitigation Techniques‖, John Wiley and Sons, 2015. 

[23]Mallikarjuna Bestha et al,"Economic Load Dispatch with Valve - Point 

Result Employing Binary Bat Formula", International Journal of 

Electrical and Computer Engineering (IJECE), Vol. 4, no. 1, pp. 101-

107, 2014. 

[24]H. Akagi, E. H. Watanabe, and M. Aredes, Instantaneous Power Theory 

and Applications to PowerConditioning, John Wiley & Sons, Inc., 

Hoboken, NJ, 2007.  

[25]IEEE Recommended Practices and requirement for Harmonic Control on 

Electric Power System, IEEE Std. 519, 1992. 
 



 
 

Modelling and Control of Grid Supportive PV Generation System using FOPID 

Controller by Particle Swarm Optimization 2765 

 Biographies 
 

   
B. Vijaya Kumar Received his B.Tech degree and M.Tech degree in 

Electrical and Electronics Engineering. He is currently a PhD Scholar in 

JNTUA, Electrical and Electronics Engineering, and his area of interests 

includes Non-conventional energy sources and power systems. 

 

       

 
V. Chandra Jagan Mohan., received his B.Tech, M.Tech, and PhD degrees 

in Electrical and Electronics Engineering. Currently, he is working as 

Associate Professor, and his area of interests includes Non-conventional 

energy sources. 

 

 
 

V.C VEERA REDDY received his B.Tech, M.Tech, and PhD degrees in 

Electrical and Electronics Engineering. He is worked as a professor at S.V 

University, Tirupathi. Presently, he is working as Professor Department of 

Electrical & Electronics Engineering, School of Engg. & Tech, Sr 

Padmavathi Mahila Vswavdyalayam, Thirupathi and his area of interests 

include power systems and renewable energy sources. 

 

 
 P. Sujatha, presently working as a Professor in the Department of Electrical 

Engineering, J.N.T.U. A. College of Engineering, Ananthapuramu, Andhra 

Pradesh, India. She completed her B. Tech degree in 1993 and M. Tech 

Degree with specialisation in Electrical Power Systems in 2003 & Ph. D in 

2012 from J.N.T.U.A, Anantapur, Andhra Pradesh, India.  She has nearly 23 

years of teaching experience, and her areas of interest include Reliability 

Engineering with an emphasis on Power Systems and Real-time Energy 

Management.   


