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Abstract

Power quality disturbances such as voltage sags, swells, and harmonics significantly affect the reliable
operation of sensitive electrical loads in modern distribution systems. Dynamic Voltage Restorers
(DVRs) are widely employed as effective custom power devices to mitigate these disturbances.
However, the performance of DVRs largely depends on the employed control strategy. Conventional
PI controllers suffer from poor adaptability under nonlinear and varying system conditions. This paper
proposes a fuzzy controller—based Dynamic Voltage Restorer to enhance power quality in
distribution networks. The fuzzy controller dynamically regulates the DVR injection voltage to
compensate voltage disturbances effectively. The proposed system is modeled and simulated in
MATLAB/Simulink, and its performance is evaluated under various power quality disturbances.
Simulation results demonstrate that the fuzzy-controlled DVR provides faster dynamic response,
reduced voltage distortion, and improved compensation capability compared with conventional PI-
controlled DVR systems.

Keywords— Dynamic Voltage Restorer (DVR), Fuzzy Logic Controller, Power Quality, Voltage Sag,
Voltage Swell, Harmonic Mitigation.

1. INTRODUCTION Custom power devices based on power
The increasing use of sensitive electronic electronic converters have emerged as
equipment and nonlinear loads in modern effective solutions for mitigating power quality
power distribution systems has intensified problems. Among them, the Dynamic Voltage
power quality issues such as voltage sags, Restorer (DVR) is one of the most efficient
swells, harmonics, and flicker. These devices for series compensation of voltage
disturbances can lead to malfunction, reduced disturbances. A DVR injects a controlled
lifespan, or complete shutdown of critical voltage in series with the supply to maintain
loads, resulting in significant economic losses. the load voltage at its nominal value during

disturbances.
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Conventional DVR control strategies primarily
employ PI controllers, which require accurate
system modeling and constant parameter
tuning. Due to system nonlinearities and
operating condition variations, PI controllers
often fail to deliver optimal performance. To
overcome these limitations, intelligent control
techniques such as fuzzy logic controllers
(FLCs) have gained considerable attention.
This paper presents a fuzzy controller—based
DVR for improving power quality by
effectively mitigating voltage sags, swells, and
harmonic distortions.
2. DYNAMIC VOLTAGE RESTORER
CONFIGURATION

The DVR is connected in series between the
distribution supply and sensitive load. The
main components of the DVR include:

e Voltage Source Inverter (VSI)

e Injection transformer

e Energy storage unit

e Passive LC filter
During voltage disturbances, the DVR injects
an appropriate compensating voltage to restore
the load voltage to its rated value.
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Fig 1. Dvr model
3. MATHEMATICAL MODELLING OF
DVR
The DVR operation is based on the injection
of a compensating voltage V;, such that:

Vioaa = Vsource T Vinj

The control algorithm calculates the reference
injection voltage using a synchronous
reference frame (d—q) transformation. This
approach enables effective decoupling of
active and reactive components, facilitating
precise voltage compensation.

3.1. DVR Mathematical Modeling
The Dynamic Voltage Restorer (DVR) is a
series-connected compensator that injects a
voltage to maintain the load voltage at its
nominal value.
3.1.1 Voltage Injection Principle
The DVR injected voltage is given by:
Vinj = Vlf)ad ~ Vsource
where
e V= DVR injected voltage
o V4= reference load voltage
*  Viouree™ supply voltage
Thus, the load voltage is maintained as:
Vload = vsource + Vinj

3.2. Synchronous Reference Frame (SRF)
Control

To decouple control variables, the three-phase
voltages are transformed into the rotating
dqOframe.

3.2.1 Clarke Transformation

[1 —1 —l]va
Wl=3 s H
B 3 3 3

0 5 -5

3.2.2 Park Transformation
[Ud] _[cos8 sin 9] [Ua
—sin@ cos@!|Vp

Vq

where 6is obtained from the Phase-Locked
Loop (PLL).
3.3. Voltage Error Computation
The DVR control is based on voltage error
signals:

eq =Vy— Vg

eq = Vg — V4

3.4. Reference Voltage Generation
The reference DVR injection voltage in
dqframe:

v:l,inj =Uq

Vg.nj = Uq
Inverse Park transformation is applied to
generate three-phase reference voltages:
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These signals are fed to the PWM generator
for VSI switching.

4.FUZZY LOGIC CONTROLLER
DESIGN
4.1 Structure of the Fuzzy Controller
The fuzzy logic controller consists of:
e Two inputs: voltage error and change
in voltage error
e One output:
reference control signal
Triangular membership functions are used for

modulation index or

simplicity, and a Mamdani-type inference

system is employed.

4.2 Rule Base and Inference Mechanism

A set of linguistic rules is formulated based on

expert knowledge to generate the control

action. The defuzzification process uses the

centroid method to produce a crisp output

signal for inverter control.

4.3 Advantages of Fuzzy Control
e No requirement for

mathematical modeling

precise

e Robust performance under nonlinear
and uncertain conditions
e Faster dynamic response compared
with PI control
44 Fuzzy Logic Controller
Formulation
4.4.1 Inputs and Output
e Inputs:

o Voltage error e

(FLC)

o Change in voltage error Ae
¢ Output:
o Control signal u(modulation
index or reference voltage)
4.4.2 Fuzzy Rule Base
Typical rule structure:
IF eis Negative Large AND Aeis Negative
Small
THEN output is Positive Medium
The defuzzified output is obtained using the
centroid method:
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where
e ;= firing strength of rule i
e z;=rule output
The fuzzy controller uses:
e Errore
e Change in error Ae
Ae(k) =e(k) —e(k—1)
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Fig 2. Control methodology
5. SIMULATION RESULTS AND
DISCUSSION
The proposed fuzzy-controlled DVR is
simulated in MATLAB/Simulink under

various operating conditions.

5.1 Voltage Sag Compensation
During voltage sag events, the DVR rapidly
injects the required compensating voltage,
maintaining the load voltage close to its
nominal value.
5.2 Voltage Swell Compensation
The fuzzy controller effectively suppresses
voltage swells by injecting a voltage with
appropriate magnitude and phase opposition.
5.3 Harmonic Mitigation
The DVR significantly reduces harmonic
distortion in the load voltage, maintaining
Total Harmonic Distortion (THD) within
IEEE-519 limits.
5.4 Comparative Performance
Compared to the Pl-controlled DVR, the
fuzzy-controlled DVR exhibits:

o Faster settling time

e Reduced overshoot
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e Improved voltage regulation
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Fig 5. Fuzzy based dvr controller circuit
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Fig 6. grid voltage load voltage and dvr
injected voltage in sag condition
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Fig 7. grid voltage load voltage and dvr
injected voltage in fault condition
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Fig 8. grid voltage load voltage and dvr
injected voltage in swell condition
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Fig 11. %THD Value durlng fault using fuzzy

controller.

COMPARISION TABLE

CONDITION PI THD% FUZZY
THD%

SAG 4.18% 1.82%

SWELL 2.32% 1.47%

FAULT 4.37% 2.06%

6. CONCLUSION

A fuzzy controller—based Dynamic Voltage
Restorer for power quality improvement has
been presented in this paper. The proposed
approach effectively mitigates voltage sags,
swells, and harmonics under diverse operating
conditions. Simulation results validate the
superiority of the fuzzy-controlled DVR over
conventional Pl-based methods in terms of
and robustness. The

dynamic response
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proposed system offers a reliable and
intelligent  solution for power quality
enhancement in modern distribution networks.
Future Scope

e Extension to ANFIS or adaptive fuzzy

control
e Hardware implementation using DSP
or FPGA

e Integration with renewable energy—

based microgrids
7. REFERENCES

A. Fathel Ali, W. H. Zayer, and S. S.
Shukir, “Fuzzy Logic Controller
Based DVR for Power Quality
Improvement under Different Power
Disturbances with Non-Linear Loads,”
Iraqi J. Electrical & Electronic Eng.,
vol. 15, no. 2, pp. 50-60, 2019.
ResearchGate
2. Y. Siregar, A. A. A. Nasution, M. K. S.

Tial, N. Mubarakah, and S.

Soeharwinto, voltage

restorer performance analysis using

fuzzy logic controller and battery

“Dynamic

energy storage system for voltage
sagging,” Int. J. Electr. Comput. Eng.,
vol. 14, no. 2, pp. 1215-1227, 2024.

JECE
3. S. Gopal Reddy, S. Ganapathy, and M.
Manikandan, “Power quality

improvement in distribution system
based on dynamic voltage restorer
using PI tuned fuzzy logic controller,”
Electrical Engineering &
Electromechanics, 2022. EIE KhPI

4. A. Fathel Ali, W. H. Zayer, and S. S.
Shukir, “Fuzzy Neural Technique
Based Dynamic Voltage Restorer for
Power Quality Enhancement under
Different Voltage Variations,” Wasit J.
Eng. Sci., vol. 7, no. 3, pp. 2940,
2020,
doi:10.31185/ejuow.Vol7.1ss3.135.
Wasit Journal of Engineering Sciences

5. B. Samhitha and T. Gowri Manohar,
“Performance Analysis of Fuzzy Logic
Controller Based DVR for Power
Quality  Enhancement,” [Int. J.

714



https://ijerst.org/index.php/ijerst
https://www.researchgate.net/publication/340106831_Fuzzy_Logic_Controller_Based_DVR_For_Power_Quality_Improvement_under_Different_Power_Disturbances_with_Non-Linear_Loads?utm_source=chatgpt.com
https://ijece.iaescore.com/index.php/IJECE/article/view/33813?utm_source=chatgpt.com
https://eie.khpi.edu.ua/article/view/245959?utm_source=chatgpt.com
https://ejuow.uowasit.edu.iq/index.php/ejuow/article/view/135?utm_source=chatgpt.com

Int. J. Engg. Res. & Sci. & Tech. 2026

P

International Journal of Engineering Research and Science & Technology

10.

11.

This article can be downloaded from https://ijerst.org/index.php/ijerst

Scientific Research in Science and
Technology, vol. 10, no. 1, Jan.—Feb.
2023. IJRST

S. Parida, M. P. Behera, and M. K.
Sahu, “Power Quality Enhancement in
Grid-Connected PV Systems Using
Gaussian Membership Function Type
I Fuzzy Logic Controller and
Dynamic Voltage Restorer,” Afr: J.
Biomed. Res., vol. 27, no. 6S, 2023,
doi:10.53555/AJBR.v27i16S.5113.

of Biomedical

African  Journal

Research

K. Parmar, S. Rathod, D. Kende, and
S. Welanjakar, “A Fuzzy Logic
Controller and Dynamic Voltage
Regulator Based Power Quality
Improvement in Transmission Line by
Using Active and Passive Power
Filters,” ESP J. Eng. & Tech. Adv., vol.
3, no. 4, pp. 1-6, 2023. ESP-JETA

N. Mallick, C. K. Shiva, S. Sen et al.,

“Adaptive fuzzy-P1 controlled
dynamic  voltage  restorer  for
mitigating voltage sags,” Sci. Rep.,
vol. 15, article 16817, 2025,

doi:10.1038/s41598-025-01414-3.
Nature

“Fuzzy logic-controlled three-phase
dynamic  voltage  restorer  for
enhancing voltage stabilization and
power quality,” Int. J. Electr. Power
Energy Syst., 2025,
doi:10.1016/j.ijepes.2025.110517.
ScienceDirect

“Fault Detection and Power Quality
Compensation Using Fuzzy Logic
Based DVR,” in Proc. 3rd Int. Conf.
Futuristic Technology (INCOFT), vol.
3, pp- 106-113, 2025, ISBN: 978-989-
758-763-4. SciTePress

“A new control method for Dynamic
Voltage Restorer with asymmetrical
inverter legs based on fuzzy logic

controller,”  Simulation = Modelling
Practice and Theory, vol. 18, pp. 806—
819, Jun. 2010,

12.

13.

14.

15.

16.

17.

do0i:10.1016/j.simpat.2010.01.017.
ScienceDirect

“Design of PI and Fuzzy Controllers
for Dynamic Voltage Restorer
(DVR),” AASRI Procedia, vol. 2, pp.
149-155, 2012,
doi:10.1016/j.aasri.2012.09.027.
ScienceDirect

G. Ramya, V. Ganapathy, and P.
Suresh, “Power Quality Improvement
Using Multi-level Inverter based DVR
and DSTATCOM Using Neuro-fuzzy
Controller,” Int. J. Power Electron.
Drive Syst., vol. 8, no. 1, pp. 316-324,
2017. IJPEDS

C. E. Thenmozhi, C. Gopinath, and R.
Ramesh, “A Novel Method for Voltage
Sag/Swell ~ Compensation  Using
Dynamic Voltage Restorer,” in /[EEE
Int. Conf. Advances in Engineering,
Science and Management, pp. 333—
338, 2012. Publishing
Corporation

R. H. Salimin and M. S. A. Rahim,
“Simulation  Analysis of DVR
Voltage  Sag
Mitigation,” in Int. Power Engineering
& Optimisation Conf., pp. 261-266,
Jun.  2011. Publishing
Corporation

C. R. Thenmozhi and R. Ramesh, “A
Fuzzy Logic based Dynamic Voltage
Restorer for Voltage Sag and Swell

Science

Performance for

Science

Mitigation for Industrial Induction
Motor Loads,” Int. J. Comput. Appl.,
vol. 30, no. &, pp. 1-9, 2011. IJCA

R. Cardenas, M. Molinas, and J.
Rodriguez, “Harmonic Reduction in
Grid Connected Wind Energy System
with Dynamic Voltage Restorer Using
Fuzzy Logic Technique,” Appl. Mech.
Mater., vol. 626, pp. 197-201, 2014,
doi:10.4028/www.scientific.net/ AMM.
626.197. Scientific.Net

. L. G. Gyugyi and E. C. Strycula,

“Active AC Power Filters,” in Proc.
IEEE Ind. Appl. Soc. Annu. Meeting,
1976, pp. 529-535. ESP-JETA

715



https://ijerst.org/index.php/ijerst
https://ijsrst.com/paper/10742.pdf?utm_source=chatgpt.com
https://africanjournalofbiomedicalresearch.com/index.php/AJBR/article/view/5113?utm_source=chatgpt.com
https://africanjournalofbiomedicalresearch.com/index.php/AJBR/article/view/5113?utm_source=chatgpt.com
https://www.espjeta.org/ICI2ETM-M109?utm_source=chatgpt.com
https://www.nature.com/articles/s41598-025-01414-3?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0142061525000687?utm_source=chatgpt.com
https://www.scitepress.org/Papers/2025/136095/136095.pdf?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/abs/pii/S1569190X10000298?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S2212671612001266?utm_source=chatgpt.com
https://ijpeds.iaescore.com/index.php/IJPEDS/article/view/6160?utm_source=chatgpt.com
https://sciencepubco.com/index.php/IJET/article/view/11282?utm_source=chatgpt.com
https://sciencepubco.com/index.php/IJET/article/view/11282?utm_source=chatgpt.com
https://sciencepubco.com/index.php/IJET/article/view/11282?utm_source=chatgpt.com
https://sciencepubco.com/index.php/IJET/article/view/11282?utm_source=chatgpt.com
https://www.ijcaonline.org/archives/volume30/number8/3672-5120/?utm_source=chatgpt.com
https://www.scientific.net/AMM.626.197?utm_source=chatgpt.com
https://www.espjeta.org/ICI2ETM-M109?utm_source=chatgpt.com

Int. J. Engg. Res. & Sci. & Tech. 2026

575" ntemationlJoural o Enginering Resarch and Scence & Technology

19. N. Mohan, H. A. Peterson, W. F. Long,

20.

21.

22.

G. R. Dreifuerst, and J. J. Vithayathil,
“Active filters for AC harmonic
suppression,” in [EEE Power Eng.
Soc. Winter Meeting, 1977. ESP-JETA
F. Peng, H. Akagi, and A. Nabae, “A
New  Approach to  Harmonic
Compensation in Power Systems — a
Combined System of Shunt Passive
and Series Active Filters,” I[EEE
Trans. Ind. Appl., vol. 26, no. 6, pp.
983-990, Nov. 1990. ESP-JETA

H. K. Al-Hadidi, A. M. Gole, and D.
A. Jacobson, “Minimum Power
Operation of Cascade Inverter-Based
Dynamic Voltage Restorer,” [EEE
Trans. Power Deliv., vol. 23, no. 2, pp.
889-898, Apr. 2008.

C. Meyer, R. W. De Doncker, Y. W. Li,
and F. Blaabjerg, “Optimized Control
Strategy for a Medium-Voltage DVR
— Theoretical Investigations and
Experimental Results,” [EEE Trans.
Power Electron., vol. 23, no. 6, pp.
2746-2754, Nov. 2008.

This article can be downloaded from https://ijerst.org/index.php/ijerst 716



https://ijerst.org/index.php/ijerst
https://www.espjeta.org/ICI2ETM-M109?utm_source=chatgpt.com
https://www.espjeta.org/ICI2ETM-M109?utm_source=chatgpt.com

