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this period, the PCC voltage increases from 110V to 132V. The PV-B-
UPQC compensates for the voltage swell, ensuring the load voltage 
is regulated at its set point. Since constant power is being supplied 
to the grid, the grid current decreases as the PCC voltage experi-
ences a swell.

D. Performance of Photovoltaic-battery–Based Uni�ed Power 
Quality Conditioner During Load Unbalance Condition
Fig. 15 shows the signals of the system under the state of unbal-
anced load. The captured signals are: the DC-link voltage (Vdc), 
phase “a” load current (𝑖𝐿𝑎), phase “a” SHC current (𝑖𝑠ℎ𝑎), and phase 

Fig. 11.  Salient signals during PCC voltage sag.

Fig. 12.  During sag in PCC voltage PCC and load side voltages.

Fig. 13.  Salient signals during PCC voltage swell.
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“a” PCC current (𝑖𝑠𝑎). Since the system operates to maintain continu-
ous power supply to the grid, these signals do not influence the grid 
current, which is captured when phase “a” of the load is taken off 
the system (0.2 to 0.4 sec). The required set point can be attained by 
controlling the DC-link voltage. Fig. 16 presents the three-phase grid 
currents under the unbalanced load condition. And Fig. 17 recorded 
among the signals are 𝑖𝐿𝑎, 𝑖𝑠𝑎, 𝑖𝑠𝑏, and 𝑖𝑠𝑐. Since the extra PV power 

from the lower load demand is being used for charging, the PCC cur-
rents stay balanced and fluctuate smoothly.

Table 1 presents a comparison of THD percentages across vari-
ous conditions using two control methods: a PI controller [22] and 
an ANN controller. Table 1 also shows the total percentage of THD 
reduction when using the ANN controller in place of PI controller. In 

Fig. 14.  During swell in PCC voltage, PCC and load side voltages.

Fig. 15.  Salient signals of PV-B-UPQC performance in load unbalance condition.

Fig. 16.  During load unbalance conditions, grid currents.
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the condition of grid synchronization, the ANN controller achieves 
a significantly lower THD of 0.07%, compared to 1.25% for the PI 
controller. Similarly, during grid faults, the ANN controller shows 
substantial improvement with a THD of 0.20%, whereas the PI con-
troller has a THD of 3.23%. In the case of variations in irradiation, the 
THD decreases from 3.25% with the PI controller to 0.24% with the 
ANN controller. For voltage sags, the ANN maintains a THD of 0.51%, 
in stark contrast to the PI controller’s higher THD of 7.30%. During 
voltage swells, the ANN controller again outperforms the PI control-
ler, recording a THD of 1.15% versus 13.44%. Finally, involving phase 
unbalance, the ANN controller achieves a THD of 0.32%, significantly 
lower than the 4.03% seen with the PI controller.

VII. CONCLUSION

The design and performance of solar PV and battery integrated 
UPQC using PI controller in SEC having slow response in dynamic 
changes of grid conditions and also THD limits increased above 
the IEEE-519 standard. According to IEEE-519 standard THD value 
should be below 5%. During sag and swell conditions PI control-
ler reduces THD only 7.30% and 13.44% which is beyond the IEEE-
519 standard. Implementation of ANN controllers in SEC in place 
of PI controller reduces THD value during Sag and Swell condi-
tions to 0.51% and 1.15% which are inside the IEEE-519 standard. 
Additionally, the system dampens power fluctuations arising in 
PV power generation from the effects of weather conditions. This 
enables smooth power generation. The system becomes more 
stable with these results. Both for the independent and grid con-
nected mode, the response of PV-B-UPQC is carefully evaluated 
and integrated into the PI controller. When tested under various 
irradiation changes, load unbalance, and voltage sag and swell at 
the PCC, PV-B-UPQC with ANN operates satisfactorily compared 
with the PI controller. Three-wire PV-B-UPQC with ANN is better 
suited for those systems that manage delicate loads with great 
importance. One of the major problems in applying ANN to UPQC 
systems is the lack of real-time experimental implementation. 
The ANNs work optimally in simulations, but achieving real-time 
control requirements in hardware is not an easy task as there will 
be processing delays, hardware constraints, and synchronization 
errors, and also the training process of ANN in hardware is complex. 
This may impact the stability and power quality performance of the 
system in real-world applications.

Data Availability Statement: The data that support the findings of this 
study are available on request from the corresponding author.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – K.K.B.; Design – S., Y.S.; Supervision – V.K.T., 
O.S.; Resources – O.S., K.K.B.; Materials – S., Y.S.; Data Collection and/or 
Processing – K.K.B., S., Y.S.; Analysis and/or Interpretation – V.K.T., K.K.B.; 
Literature Search – O.S., V.K.T.; Writing – S.; Critical Review – V.K.T., O.S., K.K.B.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received CST-UP financial 
support under CST UP Engineering student’s project grant scheme 2024-25, 
Project Id-1854.

REFERENCES

1.	 S. Singh, B. Singh, G. Bhuvaneswari, and V. Bist, “A power quality 
improved bridgeless converter-based computer power supply,” 2014 
6th IEEE Power India International Conference (PIICON), Delhi, India, 
2014, pp. 1–6. [CrossRef]

2.	 A. Ramadan, M. Ebeed, S. Kamel, and L. Nasrat, “Optimal allocation of 
renewable energy resources considering uncertainty in load demand 
and generation,” IEEE Conference on Power Electronics and Renewable 
Energy (CPERE), Aswan, Egypt, 2019, pp. 124–128. [CrossRef]

3.	 Y. Singh, B. Singh, and S. Mishra, “Multi-functional control of hybrid PV-
battery integration with single-phase grid tied Convertertor,” IEEE 9th 
Power India International Conference (PIICON), Sonipat, India, 2020, 
pp. 1–6. [CrossRef]

4.	 M. Chanakya, A. Ahmad, and I. Hussain, “Smart grid-tied PV-battery stor-
age system operation under dynamic conditions,” 1st International Con-
ference on Sustainable Technology for Power and Energy Systems 
(STPES), Srinagar, India, 2022, pp. 1–6. [CrossRef]

5.	 R. Pulikkal, and K. Rathi, “PV supported DSTATCOM using Icos& control-
ler,” International Conference on Power, Instrumentation, Control and 
Computing (PICC), Thrissur, India, 2015, pp. 1–5. [CrossRef]

6.	 K. K. Prasad, H. Myneni, and G. S. Kumar, “Power quality improvement 
and pv power injection by dstatcom with variable dc link voltage control 
from rsc-mlc,” IEEE Trans. Sustain. Energy, vol. 10, no. 2, pp. 876–885, 
2019. [CrossRef]

7.	 Q. Liu, Y. Li, L. Luo, Y. Peng, and Y. Cao, “Power quality manage ment of 
pv power plant with transformer integrated filtering method,” IEEE 
Trans. Power Deliv., vol. 34, no. 3, pp. 941–949, 2019. [CrossRef]

8.	 M. Rawa, H. N. Mohamed, Y. Al-Turki, K. Sedraoui, and A. M. Ibrahim, 
“Dynamic voltage restorer under different grid operating conditions for 
power quality enhancement with the deployment of a PI controller 
using gorilla troops algorithm,” Ain Shams Eng. J., vol. 14, No. 10, 102172, 
ISSN 2090-4479, 2023. [CrossRef]

Fig. 17.  During load unbalance condition response of battery bank.

https://dx.doi.org/10.1109/POWERI.2014.7117749
https://dx.doi.org/10.1109/CPERE45374.2019.8980092
https://dx.doi.org/10.1109/PIICON49524.2020.9112913
https://dx.doi.org/10.1109/STPES54845.2022.10006522
https://dx.doi.org/10.1109/PICC.2015.7455753
https://dx.doi.org/10.1109/TSTE.2018.2853192
https://dx.doi.org/10.1109/TPWRD.2018.2881991
https://dx.doi.org/10.1016/j.asej.2023.102172


Electrica 2026; 26: 1-14
Bharati et al. ANN, DC Link, Microgrid, Unified Power Quality Conditioner

13

9.	 A. Patel, H. D. Mathur, and S. Bhanot, “An improved control method for 
unified power quality conditioner with unbalanced load,” Int. J. Electr. 
Power Energy Syst., vol. 100, pp. 129–138, 2018. [CrossRef]

10.	 V. S. -P. Cheung, R. S. -C. Yeung, H. S. -H. Chung, A. W. -L. Lo, and W. 
Wu, “A transformer-less unified power quality conditioner having 
fast dynamic control,” 2017 IEEE Energy Conversion Congress and 
Exposition (ECCE), Cincinnati, OH, USA, 2017, pp. 2962–2968. 
[CrossRef]

11.	 D. K. Dash, and P. K. Sadhu, “A review on the use of active power filter 
for grid-connected renewable energy conversion systems,” Processes, 
vol. 11, no. 5, p. 1467, 2023. [CrossRef]

12.	 J. Kotturu, S. Kothuru, and P. Agarwal, “Simplified predictive control of 
unified power quality conditioner,” 2018 9th IEEE International Sympo-
sium on Power Electronics for Distributed Generation Systems (PEDG), 
Charlotte, NC, USA, 2018, pp. 1–6. [CrossRef]

13.	 A. N. Deshmukh, and V. K. Chandrakar, “Power quality issues and their 
mitigation techniques in grid tied Solar Photovoltaic Systems-A review,” 
International Conference on Computer Communication and Informatics 
(ICCCI), Coimbatore, India, 2021, pp. 1–6. [CrossRef]

14.	 V. Khadkikar, “Fixed and variable power angle control methods for uni f 
ied power quality conditioner: Operation, control and impact assess-
ment on shunt and series inverter kva loadings,” IET Power Electron., 
vol. 6, no. 7, pp. 1299–1307, 2013. [CrossRef]

15.	 J. Sukumaran, A. Thomas, and A. Bhattacharya, “A reduced voltage rated 
unified power quality conditioner for harmonic compensations,” 2016 
IEEE 7th Power India International Conference (PIICON), Bikaner, India, 
2016, pp. 1–5. [CrossRef]

16.	 S. Devassy, and B. Singh, “Implementation of solar photovoltaic system 
with universal active filtering capability,” in IEEE Trans. Ind. Appl., vol. 55, 
no. 4, pp. 3926–3934, 2019. [CrossRef]

17.	 V. Gamage, N. Withana, C. Silva, and R. Samarasinghe, “Battery Energy 
Storage based Approach for Grid Voltage Regulation in Renewable Rich 
Distribution Networks,” 2020 2nd IEEE International Conference on 
Industrial Electronics for Sustainable Energy Systems (IESES), Cagliari, 
Italy, 2020, pp. 163–168. [CrossRef]

18.	 T. Patel, and P. Chauhan, “Seamless transitions of variable-speed wind 
generator in standalone microgrid,” IEEE 10th Power India International 
Conference (PIICON), New Delhi, India, 2022, pp. 1–6. [CrossRef]

19.	 S. Kumar, and B. Singh, “Self-normalized-estimator-based control for 
power management in residential grid synchronized pv-bes microgrid,” 
IEEE Trans. Ind. Inform., vol. 15, no. 8, pp. 4764–4774, 2019. [CrossRef]

20.	 V. Jain, B. Singh, and S. Seema, “Grid interfaced two stage solar system 
with seamless transition and multifunctional capability,” IEEE 10th 
Power India International Conference (PIICON), New Delhi, India, 2022, 
pp. 1–6. [CrossRef]

21.	 Q. Xu, F. Ma, A. Luo, Z. He, and H. Xiao, “Analysis and control of M3C-
based UPQC for power quality improvement in medium/high-voltage 
power grid,” in IEEE Trans. Power Electron., vol. 31, no. 12, pp. 8182–8194, 
2016. [CrossRef]

22.	 L. B. G. Campanhol, S. A. O. da Silva, A. A. de Oliveira, and V. D. Bacon, 
“Single-stage three-phase grid-tied PV system with universal filtering 
capability applied to DG systems and AC microgrids,” in IEEE Trans. Power 
Electron., vol. 32, no. 12, pp. 9131–9142, 2017. [CrossRef]

23.	 S. Devassy, and B. Singh, “Performance analysis of Solar PV array and bat-
tery integrated unified power quality conditioner for microgrid systems,” 
in IEEE Trans. Ind. Electron., vol. 68, no. 5, pp. 4027–4035, 2021. [CrossRef]

24.	 M. K. Senapati, C. Pradhan, S. R. Samantaray, and P. K. Nayak, “Improved 
power management control strategy for renewable energy‐based dc 
micro‐grid with energy storage integration,” IET Gener. Transm. Distrib., 
vol. 13, no. 6, pp. 838–849, 2018. [CrossRef]

25.	 M. K. Senapati, and R. C. Khamari, “Improving power quality with intel-
ligent control in electrical energy systems,” JES, vol. 20, No. 10, 
pp. 3118–3130, 2024. [CrossRef]

26.	 J. K. Singh et  al., “Active disturbance rejection control of photovoltaic 
three-phase grid following inverters under uncertainty and grid voltage 
variations,” in IEEE Trans. Power Deliv., vol. 38, no. 5, pp. 3155–3168, 2023. 
[CrossRef]

27.	 A. Saxena et al., “Intelligent load forecasting and renewable energy inte-
gration for enhanced grid reliability,” in IEEE Trans. Ind. Appl., vol. 60, 
no. 6, pp. 8403–8417, 2024. [CrossRef]

https://dx.doi.org/10.1016/j.ijepes.2018.02.035
https://dx.doi.org/10.1109/ECCE.2017.8096545
https://dx.doi.org/10.3390/pr11051467
https://dx.doi.org/10.1109/PEDG.2018.8447813
https://dx.doi.org/10.1109/ICCCI50826.2021.9402581
https://dx.doi.org/10.1049/iet-pel.2012.0715
https://dx.doi.org/10.1109/POWERI.2016.8077367
https://dx.doi.org/10.1109/TIA.2019.2906297
https://dx.doi.org/10.1109/IESES45645.2020.9210645
https://dx.doi.org/10.1109/PIICON56320.2022.10045293
https://dx.doi.org/10.1109/TII.2019.2907750
https://dx.doi.org/10.1109/PIICON56320.2022.10045246
https://dx.doi.org/10.1109/TPEL.2016.2520586
https://dx.doi.org/10.1109/TPEL.2017.2659381
https://dx.doi.org/10.1109/TIE.2020.2984439
https://dx.doi.org/10.1049/iet-gtd.2018.5019
https://dx.doi.org/10.52783/jes.5728
https://dx.doi.org/10.1109/TPWRD.2023.3266898
https://dx.doi.org/10.1109/TIA.2024.3436471


Electrica 2026; 26: 1-14
Bharati et al. ANN, DC Link, Microgrid, Unified Power Quality Conditioner

14

Kamlesh Kumar Bharati received the M.Tech. Degree in Power Electronics from the MNNIT, Allahabad, India, in 2009. 
He is at present a Ph.D. Scholar in Electrical Engineering at AKTU, Lucknow and currently working as an Assistant 
Professor in Rajkiya Engineering College Kannuaj (UP) India. He has published numbers of research paper in reputed 
international Journal. He has more than the 10year Teaching and research experience. His research area includes 
circuit Analysis, Smart Grid, Demand response, distributed generations and renewable energy resources.

Sachin is an Electrical Engineering undergraduate student of Rajkiya Engineering College Kannauj (U.P.) India affili-
ated to Dr. A.P.J. Abdul Kalam Technical University Lucknow with expertise in renewable energy and microgrid sys-
tems. He has worked on projects in microgrids and showcasing his technical skills in MATLAB. He gained practical 
experience during internships at UPPCL and through certified training programs.

Vijay Kumar Tewari received the B.Tech. degree SRMCEM, Lucknow, India, in 2006, the M.Tech. degree from the 
Indian Institute of Technology Delhi, India, in 2014, and the PhD from the Abdul Kalam Technical University, 
Lucknow, UP, India in 2023. Since December 2017, he has been with the Department of Electrical Engineering, 
Rajkiya Engineering College Kannauj UP, India, where he is currently working as a Assistant Professor. His fields of 
interest are power electronics and applications, modeling and simulation of large power electronic systems, design 
of power supplies for spacecraft systems, control theory application to power electronic systems, and intelligent 
solutions for power supplies

Yogesh Shekhar received the M.Tech. Degree in Power and energy system from the Institute of Engineering and 
technology, Lucknow (UP) India, in 2023. He is currently working as an Assistant Professor in Rajkiya Engineering 
College Kannuaj (UP) India. He has published numbers of research paper in reputed international Journal. He has 
more than the 1year Teaching and research experience. His research area includes Fuzzy logic controller, Interval 
type-2 Fuzzy logic, Power System, Electric Vehicle, Smart Grid and renewable energy resources

Omveer Singh has a rich experience of teaching as well as research. Currently, he is an Assistant professor in the 
Department of Electrical Engineering, Gautam Buddha University, Noida, India. He did his BTech and MTech from 
Dayalbagh Educational Institute, Uttar Pradesh, India. Also, he achieved PhD degree from Jamia Millia Islamia 
University, New Delhi, India. He has published many research articles in the peer refereed journals and conferences. 
He is supervising several PhD candidates. He has diversified research interests in the areas of electrical power sys-
tems, soft computing techniques, and hybrid renewable power generation resources


