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 Power system expansion planning is supported by using distributed 

generation (DG) instead of installing new main power system generators. 

The portability and autonomous operation of the DG make it capable of 
integrating into the distribution system. Power electronics devices for home 

loads, mainly electric vehicles, mobile phones, and laptops, introduce 

harmonics and related power quality issues to the distribution system.  

This load creates power quality issues like an increase in total harmonic 
distortion (THD) and a reduction in power factor. This paper uses the DG to 

supply important power electronics devices for the mitigation of power 

quality problems in distributed systems with non-linear loads, such as 

electric vehicles, called the “distributed static compensator (DSTATCOM)”. 
Wind and photovoltaic (PV) generators supply power to a common DC 

source. To improve power quality D-STATCOM powered by PV and wind 

energy systems at the DC link is incorporated. The direct axis/quadrature 

axis method (DQ method) controls the real and reactive components of the 
power. Proportional integral (PI) and particle swarm optimization (PSO) 

based PI controller parameter estimation are developed, and results are 

compared for power quality performance. In terms of improving power 

quality, the PSO-based parameter estimate of the PI controller performs 
better than the traditional PI controller. 
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1. INTRODUCTION 

The distribution system’s distributed static compensator (DSTATCOM), which has been positioned 

strategically, efficiently controls reactive power by making use of the inverter’s stochastic behavior.  

It functions as a shunt compensator and is smoothly connected across the distribution system’s load, allowing 

it to switch between acting as a source and a sink of reactive power as necessary. In order to offset reactive 

power disturbances brought on by load-side disruptions in distribution networks, DSTATCOM is effectively 

used. Power electronic components used to power diverse DC loads cause non-linearities to be introduced 

into the distribution system. As a result, a variable AC power source is required to reduce the distribution 

system’s reactive power non-linearity. The transmission of reactive disturbances to the distribution source is 

effectively prevented by the use of DSTATCOM. The load-induced non-linearities (reactive power) are 

compensated for by the shunt compensation current, which ensures that they are reduced before reaching the 

distribution source. 

https://creativecommons.org/licenses/by-sa/4.0/
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The proportional integral (PI) controller has two independent parameters (proportional and integral 

gain), Kp and Ki. These gains are adjusted to obtain the dynamic control of the DSTATCOMS. Parameter 

estimation using different meta-heuristic methods like particle swarm optimization (PSO) is needed to obtain 

these gains to be having a better dynamic response to disturbance in the distribution system [1], [2]. 

DSTATCOM uses a synchronous reference frame (SRF)-based controller to inject current that can 

compensate for the non-linear current from the load. The distribution system source has to be maintained 

without disturbance since it is connected to other loads as well so that other loads are not affected [3].  

The total harmonic distortion (THD) of the source current is found to be improved by introducing the 

DSTATCOM at the point of common coupling (PCC). Since DSTATCOM acts as the variable AC source, it 

is an application of highly stochastic power electronic devices like matrix converters. A model predictive 

controller (MPC) is used to develop the DSTATCOM using the matrix converter with an inductive storage 

element [4]. Photovoltaic (PV) generator is integrated into the power system using the two-level inverter 

acting as the DSTATCOM using the modified SRF controller [5]. A microgrid with PV and wind generators 

is controlled for improved voltage stability. This autonomous microgrid system uses voltage stability as the 

objective and tunes the PI controller using genetic algorithms (GA) and bacterial foraging algorithms (BFA) [6]. 

The best locations for the PV array and DSTATCOM within a distribution system are chosen using the fuzzy 

lightning search algorithm. 

The distribution system’s buses with the best locations for PV and DSTATCOM are identified using 

this approach [7]. Artificial intelligence approaches are used in power system-connected systems to regulate 

real and reactive power. The real and reactive power are specifically controlled by a PV-integrated system [8]. 

Both static VAR compensator (SVC) and DSTATCOM are used for voltage sag enhancement in hybrid PV-

wind power system-connected systems [9]. Since the primary power system does not support the microgrid, 

the voltage stability in the microgrid environment must be supported by external devices like DSTATCOM. 

The voltage regulation using the DSTATCOM on the microgrid is satisfactory [10]. Recently in power 

systems, multilevel inverters are utilized to mitigate harmonic distortions caused by load disturbances at the 

source. Instead of two-level inverters, multilevel inverters are used in the DSTATCOM voltage source 

inverter (VSI), which comprises the topology with a reduced number of switches [11], [12]. Although 

advanced maximum power point tracking (MPPT) algorithms are introduced in the PV generators [13] 

with reinforced learning and sliding mode control, the DSTATCOM controls the power using the PWM 

control in the VSI. Different topologies of DSTATCOM, like the three-phase, four-switch converter concept 

implemented in [14], self-supported transformer-less DSTATCOM [15], and intelligent battery control [16], 

are available. Literature has reviewed different PV-integrated [17] DSTATCOM implementations [18], 

sliding mode control of PV system [19] DSTATCOM with active power filter and dual active technology [20], 

solar modeling techniques [21], power system integration of PV [22], and muti-objective-based power 

system integration systems [23], [24] and MPPT algorithms [25]. 

Although previous literature [1], [2], [6] has used PSO-PI to control DSTACOM dynamically, the 

objectives are real and reactive power improvement and transient voltage improvement; in this paper,  

a PV-powered DSTATCOM is controlled dynamically using PSO-PI controller to improve power quality in 

the power system with different non-linear loads. A comparison between the PI controller and the PSO-tuned 

PI controller is done to determine the viability. Based on power quality and stability, the evaluation takes into 

account power curves under fault-and unbalanced-loading-related scenarios. 

 

 

2. METHOD 

2.1.  Dynamic control of harmonics using PSO-PI controller 

A two-bus topology is considered for the implementation with the rating of the Indian power 

distribution system of 440 V, and 50 HZ. PV and wind power generation are implemented at the DC link for 

real power support for DSTATCOM. Figure 1 illustrates the control scheme for the DSTATCOM, where the 

PV power generation is linked to a boost converter, and a perturb and observe (P&O) MPPT technique is 

utilized to supply DC power to the DC link of the VSI. Additionally, the wind generator, equipped with  

a permanent magnet synchronous motor (PMSM) drive, is connected to the rectifier. The MPPT controller 

regulates the boost converter to provide the DC link voltage to the VSI. Figure 2 illustrates the entire setup 

for power quality disturbance reduction using the MPPT perturb and observe algorithm. The proposed 

implementation develops the mitigation in power system-connected PV distributed using two loops: the 

power system synchronization loop and a power quality disturbance mitigation loop, as shown in Figure 2. 

The P&O method is used to generate pulses in the MPPT control feed-forward loop, which regulates the 

boost converter. The DC link, which is powered by a power system-integrated three-level inverter run on 

multicarrier space vector pulse width modulation (SVPWM), receives power from the boost converter’s 
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output. The inverter has to handle the power quality problems created by these loads. Voltage and current 

from the inverter output are decoupled to obtain the SRF components. 

A VSI is used to convert the DC power to AC electricity. The distribution system can be linked to 

the VSI’s output via an LC filter and PCC. When distribution system synchronization is performed, keeping 

track of distribution system code parameters is crucial. Phase-locked loop (PLL)-based DSTATCOM is 

effective for delivering power with good power quality. SRF-PLL is the name given to the phase locking 

since it takes place in the orthogonal domain SRF-PLL. The complexity of phase locking is raised by noise, 

distortions, and frequency variations. SRF-PLL is the most advanced method utilized in three-phase systems 

SRF-PLL. Three-phase inverter analysis and control design heavily rely on the direct axis/quadrature axis 

(DQ) rotating frame transformation, which entails switching between stationary and rotating frames.  

The integrator and proportional component coupled in parallel together make up the PI controller.  

The distribution system side active and reactive power regulation is managed by the control approach, 

maintaining a consistent DC link voltage and distribution system code compliance at the distribution system 

side converter’s output. The flow schematic for the distribution system-side converter controller is shown in 

Figure 3. 

 

 

 
 

Figure 1. Proposed block diagram of DSTATCOM with PV and wind sources 

 

 

 
 

Figure 2. Proposed PSO-PI controller for distribution system integrsted STATCOM 
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Figure 3. PLL based controller-distribution system side converter 

 

 

The terminal voltage of the distribution system, respectively, Vabc and distribution system terminal 

current Iabc are determined using current and voltage sensors. A PLL, which is determined by (1), is used to 

detect the angle of the distribution system voltage. The transformation from abc to DQ or dq to abc uses  

this angle. 

 

𝜔 = 𝑡𝑎𝑛(
𝑉𝛽

𝑉𝛼
) (1) 

 

𝑉𝛼 =
2

3
(𝑉𝑎𝑔 − 0.5𝑉𝑏𝑔 − 0.5𝑉𝑐𝑔) (2) 

 

𝑉𝛽 =
2

3
(0.866𝑉𝑏𝑔 − 0.866𝑉𝑐𝑔) (3) 

 

Where Vα and Vβ are the two-phase αβ components of distribution system voltage given by (2) and (3), Vag, 

Vbg, Vcg, and Vcg are the distribution system voltage components. The instantaneous three-phase AC 

voltages are represented by (4) to (6), using abc to dq conversion, these three-phase rotating voltage 

components Vag, Vbg, and Vcg are converted into stationary components Vdg, Vqg, Vo as given by (7). 

 

𝑉𝑎𝑔 = 𝑉𝑝𝑠𝑖𝑛(𝜔𝑡) (4) 

 

𝑉𝑏𝑔 = 𝑉𝑝𝑠𝑖𝑛(𝜔𝑡 − 120𝜊) (5) 

 

𝑉𝑐𝑔 = 𝑉𝑝𝑠𝑖𝑛(𝜔𝑡 + 120𝜊) (6) 

 

[

𝑉𝑑𝑔

𝑉𝑞𝑔

𝑉𝑜

] =
3

2
[

𝑠𝑖𝑛𝜔𝑡 𝑠𝑖𝑛(𝜔𝑡 − 120𝜊) 𝑠𝑖𝑛(𝜔𝑡 + 120𝜊)

𝑐𝑜𝑠𝜔𝑡 𝑐𝑜𝑠(𝜔𝑡 − 120𝜊) 𝑐𝑜𝑠(𝜔𝑡 + 120𝜊)
0.5 0.5 0.5

] [

𝑉𝑎𝑔

𝑉𝑏𝑔

𝑉𝑐𝑔

] (7) 

 

Similarly using abc to dq transformation, three-phase current components Iag, Ibg, Icg are converted 

into stationary components Idg, Iqg, I0, as given by (8). Figure 4, shows the abc coordinate and dq coordinate 

frames using which the coordinate transform formulas are derived. Real and reactive power are calculated 

using the direct and quadrature axis components in (9) and (10). 
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[

𝐼𝑑𝑔

𝐼𝑞𝑔

𝐼𝑜

] =
3

2
[
𝑠𝑖𝑛𝜔𝑡 𝑠𝑖𝑛(𝜔𝑡 − 120𝜊) 𝑠𝑖𝑛(𝜔𝑡 + 120𝜊)

𝑐𝑜𝑠𝜔𝑡 𝑐𝑜𝑠(𝜔𝑡 − 120𝜊) 𝑐𝑜𝑠(𝜔𝑡 + 120𝜊)
0.5 0.5 0.5

] [

𝐼𝑎𝑔

𝐼𝑏𝑔

𝐼𝑐𝑔

] (8) 

 

 

 
 

Figure 4. Three phase rotating frame from stationary frame transformation 

 

 

𝑃𝑔𝑟𝑖𝑑 = 1.5(𝑉𝑑𝑔𝐼𝑑𝑔 + 𝑉𝑞𝑔𝐼𝑞𝑔) (9) 

 

𝑄𝑔𝑟𝑖𝑑 = 1.5(𝑉𝑞𝑔𝐼𝑑𝑔 − 𝑉𝑑𝑔𝐼𝑞𝑔) (10) 

 

For the dynamic decoupling, the quadrature axis voltage Vqg is made to zero by aligning the direct 

axis component with the voltage space vector, which makes the quadrature axis component zero always. If 

the reference frame is Vqg=0, then the active and reactive power is given by (11) and (12), It is evident from 

(11), and (12), that the active and reactive powers are separately regulated by the d-axis current component 

Idg and the q-axis current component Iqg, respectively, for a given d-axis voltage. Figures 5 and 6 depict the 

d-axis and q-axis current regulators, respectively. 

 

𝑃𝑔𝑟𝑖𝑑 = 1.5𝑉𝑑𝑔𝐼𝑑𝑔 (11) 

 

𝑄𝑔𝑟𝑖𝑑 = −1.5𝑉𝑑𝑔𝐼𝑞𝑔 (12) 

 

 

 
 

 
 

Figure 5. D-axis current regulator Figure 6. Q-axis current regulator 

 

 

The d-axis reference current Idg (ref) has been generated by the PI regulator. The PI controller 

receives the discrepancy between the DC link voltage Vdc and the reference DC link voltage Vdc ref.  

The reactive power component is removed to reduce power system disruptions by setting the q-axis reference 

current Iqg (ref) to zero. In (13) and (14) describe the dq coordinate control equations that take the 

distribution system side line resistance Rf into consideration. 
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𝑉𝑑 ∗= 𝑉𝑑𝑔 ∗ −𝜔𝑡𝐼𝑞𝑔𝐿𝑓 + 𝑉𝑑𝑔  (13) 

 

𝑉𝑞 ∗= 𝑉𝑞𝑔 ∗ +𝜔𝑡𝐼𝑑𝑔𝐿𝑓 + 𝑉𝑞𝑔  (14) 

 

Vdg* and Vqg* are the reference voltage for the d-axis and q-axis voltages respectively given by (15) and 

(16), both direct axis and quadrature axis voltage are derived using the PI controller gain values.  

The aim of any controller is to tune the parameters of the controller such that any dynamics introduced in the 

can be handled by the controller. 

 

𝑉𝑑𝑔 ∗= (𝐾𝑝 +
𝐾𝑖

𝑠
)(𝐼𝑑𝑔(𝑟𝑒𝑓) − 𝐼𝑑𝑔) (15) 

 

𝑉𝑞𝑔 ∗= (𝐾𝑝 +
𝐾𝑖

𝑠
)(𝐼𝑞𝑔(𝑟𝑒𝑓) − 𝐼𝑞𝑔) (16) 

 

The Vd* and Vq* components are then converted into three-phase time-varying AC components using dq to 

abc transformation as given in (17). This three-phase voltage comprises both the real and reactive power 

disturbances which needs to be nullified. Thus, this voltage is compared with the actual voltage and the 

difference voltage must be fed to the system. 

 

[
𝑉𝑎 ∗
𝑉𝑏 ∗
𝑉𝑐 ∗

] = [

𝑠𝑖𝑛(𝜔𝑡) 𝑐𝑜𝑠(𝜔𝑡) 1

𝑠𝑖𝑛(𝜔𝑡 − 120𝜊) 𝑐𝑜𝑠(𝜔𝑡 − 120𝜊) 1

𝑠𝑖𝑛(𝜔𝑡 + 120𝜊) 𝑐𝑜𝑠(𝜔𝑡 + 120𝜊) 1
] [

𝑉𝑑 ∗
𝑉𝑞 ∗

0

] (17) 

 

In the PWM controller, the signals Va*, Vb*, and Vc* are compared to triangular wave carrier 

signals to produce gate signals that activate the three-phase inverter switches. The DC link voltage and the 

Vdc ref error signal are inputs to the PI controller. Based on the values of Kp and Ki, the controller 

determines the Idg (ref) reference current. Refer to Figure 7 for a visual representation of this process. 

 

 

 
 

Figure 7. D-axis reference current generation using PI controller 

 

 

Then the ILd error is given to the comparator with the DSTATCOM direct current (Isd) to derive 

direct voltage (Vd) using a PI controller. This PI controller is tuned by the PSO algorithm to optimize the 

controller gains Kp and Ki. On the other side, the load quadrature axis current (ILq) is compared with the 

DSTATCOM quadrature axis current (ISq). The compared quadrature current is converted to quadrature axis 

voltage using the PI controller. This PI controller is also tuned with the PSO algorithm. From the distribution 

system RYB measurement, the sine wave and cosine wave are generated using the PLL control. Using this 

Vd and Vq, the VRYB is generated using DQO to RYB. 

 

2.2.  Conventional Ziegler-Nichol’s method for PI controller 

The Ziegler-Nichols method is a commonly employed technique for fine-tuning P, PI, and 

proportional–integral–derivative (PID) controllers. In this approach, the integral and differential gains are 

initially set to zero. Then, the proportional gain is incrementally increased until the system reaches instability. 

At the point where the system becomes unstable, the value of Kp is referred to as Kmax, and the frequency of 

oscillation is denoted as f0. After that, the approach reduces the proportional gain by an amount that has been 

previously determined, and it configures the integral and differential gains so that they are functions of f0.  

The gains for P and D are adjusted (18) and (19). 
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𝐾𝑝 = 0.45 𝐾{𝑚𝑎𝑥} (18) 

 

𝐾𝐼 = 1.2 𝑓0 (19) 
 

After getting the new value of Kp and KI place the values in the controller then ach ve the new 

K{max} and f0. Then repeat it again till the response is better. With the obtained gain values the system is 

made to work with the derived gain values. The derived gain values are capable of managing the dynamics 

introduced in the system and power quality limits are maintained. 

 

2.3.  PSO tuned PI controller 

A well-known and simple technique called PSO uses the particle’s velocity as the updating equation. 

With kp and ki values as the independent variable, the PSO generates the values of both these gains to iterate 

such that there is power disturbance mitigation in the power system. The populated gain values are updated in 

the succeeding iterations such that there is a convergence towards the minimal THD and power factor.  

The optimization procedure is given in the form of the flowchart in Figure 8. 

 

 

 
 

Figure 8. Flow chart particle swatrm optimization 

 

 

The objective is to minimize the THD. The constraints are the inequality constraints of the kp and ki 

values. To get the objective, the simulation setup is run and then the THD value is obtained. The flow chart 

of the PSO algorithm, which is used for tuning the PI controller, is present as a flow chart as shown in  

Figure 8. Any optimization algorithm is built on the objective function and constraints. 

 

2.3.1. Objective function 

The target attribute or objective is to minimize THD. The THD value from the Simulink diagram is 

measured using the THD measurement block. The average value of the THD is taken here as the objective 

function. It can be represented as the following expression as given in (20). In (21) and (22) is the constraint 

that decides the gain values range in the optimization algorithm. 

 

f(kp, ki) = minimize  (
∑ THDn

i=1

total number of samples
 )    (20) 

 

0 < kp < 1200 (21) 

 

0 < ki < 1200 (22) 

 

The values of the final results from the simulation were not much when kp and ki varied more than 

1,200. So the maximum value is selected here as 1,200. The gain values are populated and updated using the 

PSO algorithm and checked for the minimization of the objective function given in (20). The number of 

iterations is decided as per the convergence obtained from the PSO algorithm. 
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3. RESULTS AND DISCUSSION 

In the MATLAB/Simulink environment, the suggested technique for creating PSO-PI controllers for 

DSTATCOM control is implemented. MATLAB’s wind turbine model with a PMSM is used; it has a 300 V 

voltage rating and a 4,500-rpm rotational speed. The system’s solar panel is a 1Soltech 1STH-245-WH, 

which has a 37.2 V open circuit voltage, a 30.2 V maximum power point voltage, and an 8.62 A short circuit 

current. The system includes both linear and non-linear loads, with the non-linear load being represented by 

an RLC configuration made up of a 20-ohm resistor, 0.1 H inductor, and a 500 uF capacitor. The suggested 

system’s specifications are shown in Table 1. 

 

 

Table 1. Specifications of proposed system 
 Parameter Value 

Distribution system Voltage 400 V 

frequency 50 Hz 

line R 0.001 ohm 

line L 0.05 mH 

Linear load Real power in W 5,000 W 

Reactive in VAR 3,000 MVar 

Non-linear load Resistance 20 ohms 

Inductance 0.1 H 

Capacitor 500 uF 

PV specs PV panel model name 1Soltech 1STH-245-WH 

open circuit voltage (Voc) V 37.2 

maximum power point voltage (V) 30.2 

short circuit current Isc (A) 8.62 

no, of parallel strings 2 

no. of series-connected modules per string 20 

Wind generator specs phase 3 

torque 6 Nm 

DC voltage 300 V 

speed in RPM 4,500 

 

 

The study is initially conducted without the DSTATCOM and four cases are taken into 

consideration. A system without DSTATCOM is represented by case 1, a balanced loading situation with 

DSTATCOM is represented by case 2, a three-phase fault state with DSTATCOM is present in case 3, and an 

unbalanced loading condition with DSTATCOM is present in case 4. The transmission line’s load bus system 

is coupled to the linear and nonlinear loads. To supply real power support for the DSTATCOM, PV, and 

wind power generation are implemented at the DC connection. By comparing the PI controller with the  

PSO-tuned PI controller, power quality and stability are assessed, as well as feasibility, by looking at power 

curves with faults and imbalanced loading. Figure 9 shows the convergence of the PSO algorithm. It can be 

seen that the final results of THD are shown as less at the 9th iteration. The convergence criteria taken here is 

when the results are nearly the same in consequent iterations. PSO algorithm thus used will progressively 

reduce the THD values for each iteration to obtain the global minima in the PI parameter estimation. 

 

 

 
 

Figure 9. Convergence graph-PSO algorithm 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Enhanced proportional integral controller for DSTATCOM with particle swarm … (Parag Vijay Datar) 

1371 

3.1.  Case 1: system with no DSTATCOM 

The MATLAB Simulink-based simulation circuit is rigged up using the specifications mentioned in 

Table 1 without DSTATCOM. Without the DSTATCOM, Figure 10 displays the distribution system voltage 

and current characteristics. At 0.25 seconds, the DSTATCOM will be connected. Hence, the distribution 

system current of all three phases can be seen to be distorted for 0.25 seconds. The fast fourier transform 

(FFT) analysis of distribution system current as measured without DSTATCOM is shown in Figure 11.  

The figure makes it evident that the distribution system current’s THD is 21.88%, which is extremely high. 

 

 

 
 

Figure 10. Voltage and current at distribution system-case 1 (STATCOM connected at 0.25 secs) 

 

 

 
 

Figure 11. THD response-case 1 

 

 

3.2.  Case 2: balanced loading condition with D-STATCOM 

Case 2 deals with the linear and non-linear loads that are connected to the transmission line’s load 

bus system. For real power support for DSTATCOM, PV, and wind power generation are integrated at the 

DC link. Figure 12 displays the power factor in case 2 following the connection of DSTATCOM. It displays 

a unity power factor; however, PSO-PI performs better than PI. 

Power regulation on the distribution system side is executed by applying the dq control with the 

conventional and PSO-PI controller. Figure 13 displays the actual distribution system side power in watts for 

case 2. In comparison to PI, the PSO-PI adds more power to the distribution system. It demonstrates that the 

PSO-PI injects 17.5 kW while the distribution system receives 16 kW. The distribution system’s power 

injection is shown by the negative sign. The distribution system’s reactive power in case 2 is then shown in 

Figure 14. Negative and nearly 0 in value, reactive power. It is positive in the PI controller, indicating that 

the compensation is not perfect. Figure 15 displays the actual power that the DSTATCOM in case 2 supplied. 
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It demonstrates how better DSTATCOM injection is in PSO-PI. Figure 16 displays the reactive power 

provided by DSTATCOM in case 2. Reactive power is again superior in comparison. Figures 17 and 18 show 

the FFT analysis for a proposed system with a conventional controller and PSO-PI controller respectively. 

The THD obtained is 2% less THD produced when the PSO-PI controller is used. 

 

 

 
 

Figure 12. Power factor with STATCOM connected-case 2 

 

 

 
 

Figure 13. Real power-distribution system side-case 2 

 

 

 
 

Figure 14. Reactive power-distribution system side-case 2 
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Figure 15. Real power from STATCOM-case 2 Figure 16. Reactive power from STATCOM-case 2 

 

 

 

 
 

 

Figure 17. Current THD with PI controller-case 2 Figure 18. Current THD with PSO-PI case 2 

 

 

3.3.  Case 3: three-phase fault condition with the presence of D-STATCOM 

The real power on the distribution system in case 3 is depicted in Figure 19. The PSO-PI is also 

more effective at injecting power here. The actual power at DSTATCOM in case 3 is depicted in Figure 20. 

The reactive power at DSTATCOM in case 3 is also shown in Figure 21. When compared to PI in case 3, the 

PSO-PI injection of real and reactive power is superior. The power factor in example 3 is depicted in Figure 22. 

 

 

 
 

Figure 19. Real power at the distribution system in case 3 
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Figure 20. Real power at DSTATCOM in case 3 

 

 

 
 

Figure 21. Reactive power at DSTATCOM in case 3 

 

 

 
 

Figure 22. Power factor in case 3 

 

 

3.4.  Case 4: with DSTATCOM unbalanced loading condition 

The distribution system voltage and current in case 4 are displayed in Figure 23. For the sake of 

simplicity and to prevent repeating figures, other results from case 4 are not included here. The results of the 

other power graphs are identical to those of cases 2 and 3. The performance of the proposed PSO PI was 

validated by comparing the results with an existing optimization approach. The specifications of wind turbine 

is tabulated in Table 2. The updated kp and ki values for Ziegler Nichols and PSO approaches are displayed 
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in Table 3. Active power, reactive power, THD, and power factor obtained for the proposed cases 1-4 with 

PSO and PSO-PI controller are given in Table 4. From the table, it can be inferred that PSO-PI gives better 

results when compared to the conventional tuning method. 

 

 

 
 

Figure 23. Voltage and current response in case 4 
 

 

Table 2. Wind turbine parameters 
PI controller Speed (rpm) Power (kW) 

Case1 10 8.6 

Case 2 15 12.4 

Case 3 20 15.3 

 

 

Table 3. Identified kp and ki parameters 
PI controller Zeigler Nichols method PSO method 

Case 1 Kp 

Ki 

800 

120 

1083.3 

1133.7 

 Kp 800 1083.3 

Case 2 Ki 120 1133.7 

 

 

Table 4. Comparison of performance of the proposed system for four cases 
Case Active power (KW) Reactive power (KVAR) THD in (%) Power factor 

 PI PSO-PI PI PSO-PI PI PSO-PI PI PSO-PI 

Case 1 50 50 50 50 21.88 5.69 0.7 0.99 

Case 2 -16 -17 0.300 -0.300 7.39 5.34 0.99 0.99 

Case 3 -16 -17 0.300 -0.300 7.39 5.34 0.99 0.99 

Case 4 -16 -17 0.300 -0.300 7.39 5.34 0.99 0.99 

 

 

Thus, the implementation of parameter estimation using PSO on the PI controller has improved both 

the THD and the power factor of the distribution system-connected PV system with DSTATCOM. Further 

analysis of the optimization can be checked with different ranges of gain values and different maximum 

numbers of iteration values. Additionally, newer optimization algorithms can be implemented for the 

optimization algorithm. 
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4. CONCLUSION 
In order to explore the performance of a D-STATCOM system under various operating situations, 

this work integrated the particle swarm method coding with MATLAB simulations. Case 1 (no D-

STATCOM), case 2 (D-STATCOM with balanced loading), case 3 (D-STATCOM with three-phase 

defective conditions), and case 4 (D-STATCOM with unbalanced loading) were the four cases considered in 

the analysis. Results from the use of the PSO-PI control indicated notable improvements for each condition’s 

THD, power factor, real power injection, and reactive power injection. A 1.5 kW increase in power injection 

into the distribution system was also made possible by the adoption of the new control system. Additionally, 

the successful 2% reduction in harmonics was a noteworthy accomplishment. And in the future different 

optimization algorithms can be incorporated to obtain competitive results. 
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