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ABSTRACT

The moment an unbalanced and nonlinear load is coupled to the distribution network, we
looked at a few of the power quality challenges that manifest. The reactive power
adjustment was also covered in addition to these matters. An application of distribution
static compensators (DSTATCOM) is used to address power quality issues. When the
proposed SRF control method is used using DSTATCOM, the issues of reactive power
and harmonics are mitigated. An optimization approach known as Particle Swarm
Optimization (PSO) is used in this study to fine-tune the DC bus voltage. We consider
here one application of PSO: tuning of a PI controller. In the nonlinear and unbalanced
distribution loads system, the PSO-PI technique is better than the conventional PI
controller as regards to effectively correct the reactive and harmonic powers in the system.
Compared to the Pl and PSO-PI controllers, DSTATCOM also analyzes and contrasts
compensating reactive power, regulation of DC voltage, and harmonic distortion

Particle Swarm Optimization
elimination.

1. INTRODUCTION

The Majority of industrial and commercial loads need high
quality reliable electricity. Thus, the power quality has to be
ensured. The increasing usage of power electronics
equipment exacerbates any power quality issues in the
contemporary electrical power system [1-4]. The reactive
power and seconders generated at the ac mains are being
supplemented by a wide variety of power conversion
devices, power electronic hardware, nonlinear loads, speed
drives, domestic appliances, transformer saturation, etc. [4].
Due to poor power quality, several power quality problems
have been contributing to harmonic distortion, including
motor and transformer overheating, sensitive device failure,
and interference with nearby communication cables. An
unbalanced voltage load may result in a negative sequence
current and a lower-order harmonic element of the power
system. [5, 6].

Specifically, DSTATCOM, an inverter-based
architecture with four legs, is used. To compensate for the
power quality issues outlined above, a synchronous
reference frame (SRF) algorithm technique is employed [7—
10]. Compensating devices are used for power factor
correction, load balancing, and voltage regulation. The
traditional PI controller is used to obtain the DC link voltage
of the P&I value. The DC link voltage of the distribution
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system's P&I values can be adjusted with the aid of the
particle swarm optimization (PSO) technology [15-20].
Upon experimenting the PSO-PlI  controller in
MATLAB/SIMULINK, the compensation in PSO-PI
controller was seen to work better as compared to
conventional PI controller.

2. SYSTEM CONFIGURATION

A Three-phase distribution transformers that convert 11kV
power into 400V can be used to provide a nonlinear and
unbalanced load, as seen in Fig.1. A distribution static
compensator (DSTATCOM) connects this load to a four-
wire, three-phase distribution system. There are harmonics
at the PPC, a nonlinear connection, and an imbalanced
(unbalanced) load. The DSTATCOM can decrease
harmonics in the current waveform both at the PCC and the
source, and it can also decrease features of voltage
waveform imbalance. An Lf filter inductance, a Cq; power
supply, and a capacitor for the dc link comprise the four legs
of the four-legged voltage source inverter (VSI) that is the
DSTATCOM. Vqc, the dc voltage rating of the capacitor, is
1.6 times the maximum dc voltage. The four legs on this VSI
are eight IGBT switches. The six IGBT switches can be used
to compensate the current harmonics and imbalance whereas
the other two switches can be used to compensate neutral
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current and imbalance. A better alternative to the use of split
phase capacitors is to utilize the fourth leg to make up the
neutral current which looks like a capacitor does. The
unbalanced load and the three-phase nonlinear load make up
the unbalanced and nonlinear. Cf, or capacitor filtering, is
used. The main advantage of this kind is that filters aren't
needed.
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Fig. 1. Suggested setup for the system in the presence of
nonlinear and imbalanced loads.

3. CONTROL ALGORITHM
This control algorithm of synchronous reference frame
(SRF) is divided into two parts such as
1. Compensation plan for harmonics
2. Compensation for active and reactive currents

The Block diagram of Harmonics current compensation
as shown in Fig.2.
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Fig. 2. Block diagram of harmonics current compensation.

The two-phase stationary frame is created from the three-
phase load currents of d-g-0 using the equation provided in
harmonics current correction Eq. 3.1.
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g 3 ILR
[iq = §| sinf sin (9 - z?n) sm 0 + [ILY] (3.1)
Iy Il 1 1 lLB
2 2

This is where the load currents of the R, Y, and B, phases
are represented by i g, iy, and ig, respectively. iq is the load
current within the direct axis component and iq is quadrature
axis component. An angle 6 is used to represent the
transformation. The voltage sources that provide cosf and
sin® are a three-phase PLL (phase locked circle) block,
which synchronizes the voltage and current. Equations (3.2)
and (3.3) demonstrate that the current components id and iq,

respectively, possess both an average and a fluctuating
value.

id=lgav+ idoc (3.2)
ig=lgav+ iqoc (3.3)

where, id av = average component of current of id and iq, id
oc = oscillating component of id and ig. You may think of
the oscillating part as waves. The average and reactive sides
of the active and reactive current values can be stated
respectively as equation (3.4) and equation (3.5) after the
oscillatory current component is removed by use of a low
pass filter.

id: |d av (34)
iq= iqav (3.5)

The final active reference current (id*) is obtained by
adding required loss current of ireq. The required current
component (ireq.) is getting from the Pl or PSO-PI
controller's output current. Added value of ireq to id av. The
overall active reference current with the equation (3.6). This
has been coined the id*.

i0™ =lgay +ireq (3.6)

The active reference current is denoted by ig+, and the
component of required current is ireq. The ireq helps keep the
DC link voltage constant and also provides DSTATCOM
with its required losses. As far as active and reactive current
compensation goes.
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Fig. 3. Displays the active and reactive current compensation
block diagram.
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Fig. 3 depicts the active and reactive current
compensation block diagram 3.
A formula for Vso, the source voltage's amplitude, may

be found in equation (3.7).

Vso = J 2/ (V& + V& + VZ) (3.7)

When Vso = volts amplitude of Source, Vso* =
Reference source volts, Vsg = phase-R source volts, Vsy =
phase-Y source volts, Vsg = phase-B source volts.

The difference between Vso* and Vso abundance of
source the Pl controller receives the voltage. Reaching the
PI controller will be the second phase.

According to the equation, the reactive current (igrq) is
the PI controller's output. (3.8).

Iarg(N) = fgrq(N-1) + Kpg(Vie(n) - Vie(n-1)) + KigVee(n)  (3.8)

The integral gain (Kiq) and proportional gain (Kyg) of the
PI controller, respectively. To maintain a steady voltage, the
i av is added to the iy, rq at the PCC. The reactive reference
current's ig* component is then derived using eq. (3.9).

(3.9)

where, iq* = Reactive reference current component, iq rq =
Reactive current. To obtain the three-phase load current
(isr*, isy*, and isg*) transforms using equation. (3.10) from
the components of the active and reactive reference current

(id*, iq™).

ig* = lgav + lgrg

cos @ —sin9Z 1 iy
I \ cos 9 - —) —sin (0 - ?n) \ lid*‘ (3.10)
cos ) —sin (0+2§) 1 iq*
With better VSI switching of IGBTs using hysteresis
band controller currents. A comparison is done between the
collected three phase currents (isr, isy and isg) and the three
phase reference currents (isg*, iss* and isy*) that is
measured. Hysteresis band controllers also offer the
following advantages particularly: Effortless
implementation, Unmatched Stability Faster reaction time
compared to other regulators (e.g., Linker based, miscreant,
feed forward, etc.). With better VSI switching of IGBTs
using hysteresis band controller currents. A comparison is
done between the collected three phase currents (isr, isy and
iss) and the three phase reference currents (isg*, iss* and
isy™) that is measured.

[u=y

4. RESULTS AND DISCUSSION

The proposed model of DSTATCOM of active and reactive
current-compensation control methods with Pl and PSO-PI
controllers, as well as the adjustment of harmonic currents
in a voltage source inverter, have been tested into the
MATLAB/SIMULINK environment under unbalanced and
nonlinear loads test the model. Harmonics, imbalances,
reactive power, and power factor may all be fixed by

connecting the proposed model at the power conversion
converter (PCC). We ran the simulation for 0.2-0.3 seconds.
To evaluate DSTATCOM's feasibility, the following
instances are used:

o Without DSTATCOM, it is nonlinear and imbalanced.

e Pl Controlled DSTATCOM is nonlinear and
imbalanced.

e The PSO-PI controlled DSTATCOM is nonlinear and
imbalanced.

4.1. Nonlinear & imbalanced without DSTATCOM

Figure 4.1 illustrates how the harmonic current and
unbalance in the source current (BUS-1) and PCC (BUS-2)
waveforms are introduced by the nonlinear and unbalanced
loads being interfaced to the suggested distribution system.
Refer to Fig. (a). the source voltage waveform with an
unbalanced and nonlinear load. Fig. (b) Should make it clear
the nonlinear and imbalanced load causes harmonic
distortion and an imbalanced source current waveform (bus
1). Itis evident from the Fig. (c). the PCC current waveform
(bus-2) is not balanced and creates harmonics, besides
giving source current harmonics, in the nonlinear and
unbalanced load. The Fig. (d) IHlustrates nonlinear,
imbalanced load current waveform when there is no
DSTATCOM. The Fig. (e). Shows the current waveform of
phase-R in the per-phase at PCC.
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Fig.4.1. a). Supply waveform voltage, b). Supply waveform of
current, ¢). The PCC waveform current, d). Load current, (e).
The per-phase current waveform of PCC condition, without
DSTATCOM, under onlinear and imbalanced load.
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Fig.4.2 —a). Source voltage waveform, Fig. (b). the source
current waveform, Fig. (c). Present waveform on PCC (Bus-2).
Fig. (d) Shows the waveform of the load current. Current
waveform of phase-A in fig. (e). At the PCC. Fig. (f) Vdc bus

voltage, with DSTATCOM controlled by PI controller.

4.2. Nonlinear and imbalanced with Pl controlled

DSTATCOM

The Pl-controlled DSTATCOM is linked to the PCC. The
analogous diagram to balance source and PCC current
harmonics and waveform imbalance is shown in Fig. 4.2.
Reactive power is being injected into the system via the
DSTATCOM. To maintain a steady DC-link voltage, it
makes use of a relative basic (PI) regulator. The source
voltage has changed after the Pl-controlled DSTATCOM
has been connected, as seen in Figure 4.2(a) of the figure.
DSTATCOM corrects the source current waveform. Figure
(b) shows the corrected source current (BUS-1) waveform
using SRF-PI controlled DSTATCOM. The impact of the
SRF-PI driven DSTATCOM on bus 2's (the PCC) current
waveform is seen in figure (c). The Figure (d), the load
current is seen after connecting the Pl controlled
DSTATCOM. The R-Phase current that is depicted in figure
(e) indicates the adjustment at PCC. The figure (f) presents
the value shows the DC bus voltage while the 600V DC

source inverter is being corrected, and the voltage value was
kept constant.

4.3. Nonlinear and imbalanced with PSO-PI controlled
DSTATCOM

The PSO-PI controlled DSTATCOM is linked to the PCC.
The DSTATCOM also reduces supply current harmonics by
injection of the reactive power necessitated to counteract
current harmonics at the PCC. To regulate the voltage at the
DC interface, a PSO-PI regulator is used. In fig. 4.3, you can
see the associated diagrams.
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Fig.4.3 (a) shows the supply voltage waveform. Fig. (b)
Waveform of the supply current source, Fig. (c). Present
waveform of PCC (bus 2) as in Fig. (d). Fig. () Shows load
current wave of the system. The existing waveform at the PCC
in phase, as seen in Figure (f). The DC-link type is its voltage,

which is managed by a DSTATCOM and a PSO-PI controller.

The source voltage waveform is shown in fig. 4.3 (a), and
the PSO-PI algorithm is used to control DSTATCOM. As
illustrated in fig. (b), the corrected source current (BUS-1)
waveform is shown using a DSTATCOM controlled by
PSO-PI. In order to view the corrected current waveform at
the PCC (BUS-2) with the assistance of PSO-PI controlled
DSTATCOM, one can refer to fig. (c). When DSTATCOM
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is controlled with PSO-PI the current load waveform
appears in fig. (d). the present waveform at the PCC when
PSO-PI controls the phase-R can be viewed in Fig. (e). the
dc bus keeps the voltage source inverter at 600V. DC bus
voltages that the PSO-PI based DSTATCOM controls see in

fig. (f).
4.4, Total Harmonic Distortion Analysis (THD)

The overall harmonic distortion issues in the suggested
distribution system are seen in fig. 4.4. These issues are
caused by a nonlinear and unbalanced load running without
the DSTATCOM, with the DSTATCOM, with a PI
Controller, and with Controlled DSTATCOM with PSO-PI.
Illustrations 4.4(a) and (b). Displays that, in the absence of
DSTATCOM, PCC is measured at 26.78% and source
current harmonic distortion at 16.46%. Diagrams 4.4(c) and
(d). The results demonstrate that the PCC is 5.26% and the
source current harmonic distortion is 3.43% when using the
P1 controlled DSTATCOM. Diagrams 4.4(e) and (f). Using
a PSO-PI driven DSTATCOM, the results reveal a PCC of
2.29% and a source current harmonic distortion of 1.79%.
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Fig. 4.4- Indicates the distortion in PCC current and supply
current (BUS-1) shown in fig (a) & (b). Without DSTATCOM,
the overall distortion in PCC current, denoted as fig. (c) And
current distortion of the supply current (BUS-1) as fig. (d)
With Pl controlled DSTATCOM, The overall distortion in
PCC current, current distortion of the supply current (BUS-1)
in fig. (e) and (f). With PSO-PI controlled DSTATCOM,

As we have seen in the above study of the total harmonic
distortion, the PSO-PI controlled DSTATCOM offers
minimal levels of harmonics distortion as opposed to the
controlled DSTATCOM controlled by PI.
controller.
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Fig. 4.5- demonstrates the output of the comparison between
the changes of the DC-link voltages, examined by Pl and PSO-
P1 controllers.

4.5. Comparison of DC-link voltages

The Fig. 4.5. Show the analysis of the DC-link voltage in Pl
and PSO-PI controlled DSTATCOM. Evidence may be seen
in Figure 4.6. Compared to Pl-based DSTATCOM, PSO-PI
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DSTATCOM has lower rising and peak-over-shot times and
it has lesser settling times.

5. CONCLUSIONS

By employing the Harmonics current compensation and
active and reactive current compensation approach, we
study nonlinear and unbalanced load conditions in
connecting the DSTATCOM at the PCC. Our goals are to
minimize reactive power need, mitigate harmonics, and
increase power factor. We evaluated the suggested system's
performance with the use of Pl and PSO-PI controllers. The
dc link voltage is robust against environmental disturbances
thanks to the two controllers. In nonlinear and unbalanced
loading conditions, PSO-PI controller clearly out compares
with Pl controller in the compensation. The Pl values

obtained using PSO computing provide superior
compensation when contrasted with traditional PI-
controlled DSTATCOM. By applying the

MATLAB/SIMULINK program, the output results that
were produced are validated.

REFERENCES

[1] Bose JB. “Global energy scenario and impact of power
electronics in 21st Century”, IEEE Trans. Ind. Electron,
Vol.60, 7, pp.2638-51,2013. https://doi.org/10.1109/TIE.
2012.2203771

[2] Om Prakash Mahela, Abdul Gafoor Shaik, “Power quality
improvement in distribution network using DSTATCOM
with battery energy storage system,” International Journal of
Electrical Power and Energy System.2016; Vol.83, pp.229-
40, 2016. https://doi.org/10.1016/j.ijepes.2016.04.0113.

[3] Zaveri N, Chudasama A. “Control strategies for harmonic
mitigation and power factor correction using shunt active
filter under various source voltage conditions,” International
Journal of Electrical Power and Energy System, VVol.42, pp.
661-71, 2012.https://doi.org/10.1016/j.ijepes.2012.04.0104.

[4] S.R.Reddy, P. V. Prasad and G. N. Srin vas,“Design of PI
and fuzzy logic controllers for distribution static
compensator,” International Journal of Power Electronics
and Drive Systems, vol. 9, no. 2, pp. 465-477, 2018. DOI:
10.11591/ijpeds.v9.i2.pp465-477.

[51 S.R. Reddy, P.V. Prasad, & G.N. Srinivas, “VSI Based
DSTATCOM for Compensating Nonlinear and Unbalanced
Loads,” International Journal of Engineering & Technology,
Vol, 7(3.3), pp.54-59. 2018. https://doi.org/10.14419/
ijet.v7i3.3.14485.

[6] M. Srinivas, I. Hussain, and B. Singh, “Combined LMS—
LMF-based control algorithm of DSTATCOM for power
quality enhancement in distribution system,” IEEE
Transactions on Industrial Electronics, vol. 63, no. 7, pp.
4160- 4168, Jul. 2016, doi: 10.1109/TIE.2016.2532278.

[7]1 Choukri, Benhabib, Philippe, Poure and Shahrokh, Saadate.
"Zero-Sequence Current Control of Modular Active Power
Filter for High Power Three-Phase Three-Wire Electrical
Networks," International Journal of Emerging Electric Power
Systems, vol. 7, no. 3, 2006. https://doi.org/10.2202/1553-
779X.1320.

[8] S.XuandJ. Xu, "Decoupling control strategy of single phase

(9]

[10]

[11]

(12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

SPWM parallel inverter,” The 2" International Symposium
on Power Electronics for Distributed Generation Systems,
Hefei, China, 2010, pp. 210-213, doi: 10.1109/PEDG.
2010.5545864.

Anirban Sinha Ray, Avik Bhattacharya, “Improved tracking
of shunt active power filter by sliding mode control,”
International Journal of Electrical Power & Energy Systems,
Vol. 78, pp. 916-925, 2016. , doi: https://doi.org/10.1016/
j.ijepes.2015.11.015.

Essam A.Al-Ammar, Azhar Ul-Haqg, Ahsan Igbal, Marium
Jalal, Almas Anjum, “SRF based versatile control technique
for DVR to mitgate voltage sag problem in distribution
system,”Ain Shams Engineering Journal, Vol.11, no.1, pp,
99-108, 2020.

Y. V. Ninghot and V. P. Dhote, "Particle swarm optimization
based DSTATCOM with reduced DC-link voltage for load
compensation,” 2017 Innovations in Power and Advanced
Computing Technologies (i-PACT), Vellore, India, 2017, pp.
1-7, doi: 10.1109/IPACT.2017.8245133.

K. Chenchireddy, V. Kumar, K. R. Sreejyothi and P. Tejaswi,
"A Review on D-STATCOM Control Techniques for Power
Quality Improvement in Distribution," 2021 5" International
Conference on Electronics, Communication and Aerospace
Technology (ICECA), Coimbatore, India, 2021, pp. 201-208,
doi: 10.1109/ICECA52323.2021.9676019.

S. K. Pandey and B. Singh, "Single Phase PVBES- Small
Hydro System for Critical Loads with Synchronization
Capability," 2021 IEEE 6th International Conference on
Computing,Communication and Automation (ICCCA),
Arad, Romania, 2021, pp. 902-907, doi:10.1109/
ICCCA52192.2021.9666262.

Chremk, F.G., Medhaffar, H. “Power Quality Enhancement
in High-Voltage Transmission Systems Using STATCOM
by Type 1 and Type 2 Fuzzy Logic Controllers,” Int. J.
Comput. Intell. Syst. 17, 238 (2024). https://doi.org/
10.1007/544196-024-00636-z.

M. Muthusamy and C. S. Kumar, "New STATCOM control
scheme for power quality improvement in wind farm," 2014
International ~ Conference on  Green  Computing
Communication and Electrical Engineering (ICGCCEE),
Coimbatore, India, 2014, pp. 1-5, doi: 10.1109/ICGCCEE.
2014.6922323.

S. Vasiha Anjum, S. Mallikarjunaiah, G. Balakrishna, Aruna
Bonasi, Ramesh Matham, “Efficient power system operation
through fuzzy and PSO algorithm for power loss reductions
and voltage profile improvement by optimal placement of D-
STATCOM, "E3S Web of Conf. Vol. 547, 2024.
https://doi.org/10.1051/e3sconf/20245470101.

Shadangi, P., Swain, S.D., Ray, P.K., Panda, G. (2023). PSO-
Based DSTATCOM for Harmonic Compensation under
Different Load Perturbation. In: Panda, G., Alhelou, H.H.,
Thakur, R. (eds) Sustainable Energy and Technological
Advancements. ISSETA 2023. Advances in Sustainability
Science and  Technology.  Springer,  Singapore.
https://doi.org/10.1007/978-981-99-4175-9_40.

Gowtham G, Lakshmi Devi A. “Power loss reduction and
voltage profile improvement by DSTATCOM using PSO,”
International Journal of Engineering Research and
Technology (IJERT), Vol.4, issu.2, pp.553-57, 2015. doi:
10.17577/ijertv4is020483.

Fereidouni A, Masoum MAS, Mehr TH, Moghbel M.


https://doi.org/10.1016/j.ijepes.2016.04.0113
https://doi.org/10.1016/j.ijepes.2012.04.0104
https://doi.org/10.2202/1553-779X.1320
https://doi.org/10.2202/1553-779X.1320
https://doi.org/10.1051/e3sconf/20245470101

S. R. Reddy et al. / GMSARN International Journal 20 (2026) 304-310

“Improving performance of shunt active power filter with
hysteresis-based direct current control using particle swarm
optimisation,” Australian Journal of Electrical and
Electronics Engineering, Vol.11, issue.4, pp.357-65,2014.
https://doi.org/10.7158/E13-154.2014.11.414.

[20] Parimala V, Pandian SC, Ganeshkumar D. “An efficient

particle swarm optimization technique for 4-leg shunt active
power filter,” Circuits and Systems, Vol.7, pp.1546-1559,
2016.https://doi.org/10.4236/cs.2016.7813515.


https://doi.org/10.7158/E13-154.2014.11.414

