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Abstract:

Three-phase inverters that are connected to the grid are increasingly being used, particularly to provide
pure, high-quality current. Full-bridge voltage source inverters are a common form of grid-connected
inverter. For smooth and sinusoidal current transmission to the grid, a proportional integral (PI) controller
is frequently used. The PI controller can lead to instability in anomalous grid situations, even though it
functions effectively in regular grid conditions. Subsequently, the PI controller has begun to be replaced
by the proportional resonant (PR) controller in a number of applications, including the regulation of grid-
connected currents. A thorough comparison of Pl and PR controllers is presented in this paper. Because
the PR controller only uses the grid current's positive sequence and only requires one PR controller, the
results demonstrate that it reduces total harmonic distortion (THD) and is simpler to implement. This
work focusses on using the PR controller because of these reasons. Additionally, an adaptive controller
that was modified utilising cutting-edge optimisation methods based on particle swarm optimisation
(PSO) was provided in this work. The three-phase grid-connected inverter's control settings are optimised
by PSO for both the PR and PI controllers. Using PSO has numerous benefits, one of which is that no
new hardware is needed. It is hence extensible to additional applications and control schemes.
Furthermore, because the suggested approach self-tunes, it may be appropriate for industrial settings
where manual tuning is not advised due to time and expense constraints. A simulation test was run to look
into how well the suggested techniques performed.
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Introduction:

The rapid depletion of non-renewable resources has resulted in serious problems, including increased
pollution and greenhouse gas emissions that raise environmental concerns [1]. Due to its advantages for the
environment, distributed power generation (DGs) based on renewable energy has been growing globally in
the last few years [2].

Proposed Method:

For a three-phase grid-linked inverter with adaptive PSO, phase-locked loop and LCL filter are used.
The signals are generated by PLL and used as a point of reference when the current controller in a grid-
connected inverter is implemented [3]. The component that is active is in phase with the alpha signal.
Reactive: part that is in sync with the beta signal. The input is DC voltage with a bus capacitor across it.
The output of the inverter is then connected to the LCL filter. Lastly, a 3-phase, 3-wire grid connection
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load in a star or delta fashion is connected at the output to implement the controller [4]. The inverter bridge
is constructed using a MOSFET or IGBT.

Particle Swarm Optimization:

An adaptive Particle Swarm Optimization (PSO) system is provided herein to control the grid-
connected three-phase inverter [5]. PSO is a self-commissioning tuning procedure approach that adjusts the
controllers' parameters to handle various normal and abnormal conditions as well as their transitions. PSO
is an effective problem-solving approach that can improve system performance [6]. PSO is considerably
easier to use and faster to optimise than GA and ANN, which makes it a good fit for real-time control
applications that deal with time-varying disturbances [7-8].

A swarm of birds, fish, or bees moving in the search space at a random velocity serves as the inspiration
for Particle Swarm Optimisation (PSO), a mathematical technique that produces a particular application of
an iterative optimisation technique [9]. The theory of particle location and velocity has served as a
representation of the PSO notion.

Here, the best particle among all particles is referred to as the best recorded global position vector,
Xgbestn, and the best recorded previous position vector is defined as Xpbestn in every iteration [10].
Additionally, the acceleration constants c1 and c2 are employed, along with 7, an inertia weight that
balances the capabilities of "global™ and "local" search, and a random value between 0 and 1 [11]. Each
particle's position can be changed based on its own local best Pbest and the overall best of the entire
swarm population Gbest. Depending on its own local best (Pbest) and the overall best of the entire swarm
population (Gbest), each particle may have a different position. Until the predetermined number of
iterations is reached, the process continues [12].
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Figure : Network topology of PSO tuned PI controller.
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Figure : Network topology of PSO tuned PR controller.

Here, in every iteration, the best recorded previous position vector is defined as, Xpbestn, whilst the best
particle amongst all particles is referred to as the best recorded global position vector, Xgbestn. Also, C1
and C are acceleration constants, rand is a random value between 0 and 1, and w is an inertia weight
used to balance between ‘global’ and ‘local’ search capabilities [13-14]. Depending on its own local best
Pbest and the overall best of the entire swarm population Gbest, each particle's position can be modified.
Each particle can have a different position depending on its own local best Pbest and the overall best of
the entire swarm population Gbest [15]. The procedure keeps going till the specified number of iterations
has been reached.

Vit = i+ . rand.( phst ™ ) + c2-rand. (Xgbese = Xia)

n+l __ n n+1
X(7 = Xjg+ Vi

UGC CARE Group-1 32



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 53, Issue 10, October : 2024

Vabe

Actual system

A

> Model

-

PSO Alogrithm

Figure 3: General structure of PSO algorithm
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Figure 4: Flowchart of PSO algorithm

Control Parameters for PSO :

The choice of the current control loop has a major impact on the tracking accuracy, steady state error,
robust behaviour of the controller, and the dynamic responsiveness of the grid-tied inverter, as Figures 1
and 2 demonstrate [16]. Please see Figures 1 and 2 for an explanation of how Pl controllers are used to
control DC and grid voltages. PI control loops are used to regulate the grid voltage, DC voltage, and
current loops, as can be seen from the control diagram that is shown.

Consequently, the voltage controller outputs are used by d-q current control as its current reference. The
three-phase grid current is subjected to this reference before being sent to the appropriate controller. The
Pl controllers' integral and proportional gains are adjusted using a PSO optimisation technique [17-19].
PSO can also be used in conjunction with a PR controller in a stationary reference frame, as illustrated in
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Figure 4. The PSO method is employed in both cases to self-tune the control settings, and the objective
function is an integral time absolute error (ITAE) criterion [20].

The voltages and currents in aff frame are represented as follows:
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Where, Va, Vb, V. represent the voltages in 3 phase system while i, ib, ic represent corresponding currents.
Also, v,, Vg represent voltages and i,, ig show the currents in the stationary frame [21]. The voltage
magnitude at the point of common coupling (PCC) is expressed as follows:

Vol = (Vi + Vi ()

where, vga and vgP} show grid side voltages. PR controller is represented in the following form:
Gpr(s) = K, +K; (6)

s

(s2+ wg?)
The constant Kp represents the proportional term and Ki represents the integral term. Eq. (6) represents an
ideal PR controller where the realization of the ideal controller is a challenging task [22]. Thus, the non-
ideal PR controller introduced in Eqg. (7).

2wes

Gpr(s) = Kp+K‘— (7)

P (s2+ 2westwg?)

The calculation of the cost function gives the optimum solution. Integral-based cost functions, such as the
Integral Time Absolute Error (ITAE), Integral Square error (ISE) and Integral Time Square Error (ITSE)
are commonly utilized [8]. In this research the ITAE approach is implemented as follows.

| TEA = [ t|(t)|dt (8)
Where, e(t) is the difference between the actual value and the reference value. Eg. (1) and Eqg. (2) are used
to minimize the cost function during the optimization process.

Results and Discussion:

This section presents the simulation results of the three-phase grid-connected system employing PSO
optimised controllers. Following each iterative stage of the optimisation procedure, the control parameters
are altered. Figure 7 shows the current waveforms using PSO in the synchronous frame of reference,
which is based on PI control, whereas Figure 6 shows the three-phase grid voltage. To assess the system's
performance under the abnormal grid conditions, the system is specifically designed to withstand the
whole 75% voltage sag event during a time span of 0.1 to 0.15 seconds. In order to maintain the flow of
active power when the voltage drops, the current must increase. The voltage sag event summarises this
process by demonstrating how closely the computed current follows the reference current.
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Figure 5. Three-phase voltage waveform using PSO

optimized P1 control

Figure 7. Three-phase voltage waveform using PSO
optimized PR control
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Figure 9. Measured and reference i-alpha using PSO
optimized PI control
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Figure 6. Three-phase current waveform using PSO
optimized PI control
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Figure 8. Three-phase current waveform using PSO
optimized PR control
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Figure 10. Measured and reference i-beta using PSO
optimized PI control
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Figure 12. Measured and reference i-beta using PSO optimized PR control

Table : 1. Iteration of the control parameters.

No. of
Iterations Kp Ki

1 7.812 999.9734
2 7.756 999.965
3 7.361 999.944
4 6.4813 999.8632
5 6.4123 999.8630
6 6.4120 999.7256
7 6.210 999.7112
8 5.4918 999.5735
9 5.4813 999.3682
10 5.4813 999.1632

THD Comparison:

Using PSO-optimized controllers to minimise THD in the current waveforms is one of the work's goals.
Figure 13 (a-d) presents the findings. The percentage THD in the grid-injected current waveforms is
displayed in Figure 13(a-b) using Pl and PR controllers that are conventionally tuned, and in Figure 13(c-
d) using PSO-tuned PI and PR controllers, respectively. In the grid injected current waveforms, 3.95%
THD is estimated using a typically tuned Pl controller, whereas 2.22% THD is recorded using a
commonly tuned PR controller. Better performance was demonstrated by PSO-tuned Pl and PR
controllers, whose estimated THD scores are 2.03% and 1.93%, respectively.
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Figure 13. FFT of phase current waveforms: (a) Conventionally tuned PI controller; (b) Conventionally tuned
PR controller; (c) PSO tuned PI controller; (d) PSO tuned PR controller

Conclusion:

In this work, the PV integrated grid-tied inverter system's Pl and PR controllers were PSOoptimized. The
goal of the research is to find a way to reduce the percentage THD score in the injected grid currents.
Lower percentage THD scores are specified when using PSO-tuned PI and PR controllers as opposed to
traditionally-tuned Pl and PR controllers. When the three-phase inverter is linked to the grid under
abnormal conditions, there are two major problems with its regulation. Initially, more precise grid
synchronisation is needed, and it must be able to handle any current controller in the grid-connected
inverter.Second, the reference current generated by the current controller during abnormal conditions has
three status levels: balanced, unbalanced, or distorted, and might result in unwanted overcurrent tripping,
depending on the desired performance of the three-phase grid-connected inverter. This study presents a
simple technique that splits the voltage and current into positive and negative sequence components,
respectively. These components are then based on adaptive delayed filters with a one-quarter period
deferral. Implementing this filter in MATLAB (Simulink) is the only way to verify its performance in
terms of the adaptive control method, which yields good power quality (unity power factor and low THD
performance).When compared to Pl and PR controllers, the suggested control method can provide
shortened total harmonic distortion (THD) in the injected current even when atypical grid conditions
exist. The measured current's FFT analysis yields a significantly lower THD value of 1.93%, compared to
the traditional PR controller's 2.25% and PI controller's 3.95% THDs. The three-phase grid-connected
inverter simulation results show how successful the suggested PSO optimisation strategy is. The findings
demonstrated that current THD is decreased to 0.59% with PSO parameter tuning, as opposed to 1.77%
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when parameters are adjusted through trial and error. The proposed solution does not require any new
hardware and may be implemented without causing a major increase in system complexity and cost.
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Future Work:

The effectiveness of the current control methods on the three-phase grid-connected inverter has been
examined in this work. Even after a thorough analysis of the effects of unusual grid circumstances, more
research is necessary to account for the load resistance in the control

As a result, the following topics may be of interest for additional research in the future phases of this
study: Reactive power compensation is used in voltage regulation under imbalanced settings. The
alternative is to use the STATCOM system, which will balance the bus voltage.
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