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Fig. 11. Salient signals during PCC voltage sag.
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Fig. 12. During sag in PCC voltage PCC and load side voltages.

Fig. 13. Salient signals during PCC voltage swell.

this period, the PCC voltage increases from 110V to 132V. The PV-B- D. Performance of Photovoltaic-battery—Based Uni ed Power
UPQC compensates for the voltage swell, ensuring the load voltage Quality Conditioner During Load Unbalance Condition
is regulated at its set point. Since constant power is being supplied Fig. 15 shows the signals of the system under the state of unbal-

to the grid, the grid current decreases as the PCC voltage experi- anced load. The captured signals are: the DC-link voltage (V,),
ences a swell. phase “a” load current (i, ), phase “a” SHC current (i, ), and phase
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Fig. 14. During swell in PCC voltage, PCC and load side voltages.

éLmAAAAAAAAAAAAAAAAAA‘

-20 \J \NJ

0. ()ﬁ () 1 2 U 2 )35 0.1

N W AWAWAWAWAWA AT AN AN/ANANYA SANYAN/ANYANYA WA WA\
SV VV VMV VVV VMV VVVVVVVVVM

o 0. 05 0.15 0.25 0.3 0.35 0.4
Time (wggouds)

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

S TUTT T T T 1T T 1
S L VI VW VA Y | |
NNNNNANANANNNNNNN
/ \J \J \/ \/ \J \/ VvV VUV VNV IV

o 0.05 0.1 Q.15

AVAYAVAYAYATAVAYAVAVAYAVAVAYAYS

0.35 0.4

0.1 0.1 0.25 .35 0.4

= /\/\/\/\/\/\/\/\/\/\/\/\/\/\/
ﬁ.s_\/\/\/\/VV\/\/\/\IIVV\/\/\/\/\/\/VV—

0 0.05 aa .15 0.2 0.25 0.35 0.4
Time (sceeonds)

Fig. 16. During load unbalance conditions, grid currents.

“a” PCC current (i ). Since the system operates to maintain continu- from the lower load demand is being used for charging, the PCC cur-
ous power supply to the grid, these signals do not influence the grid rents stay balanced and fluctuate smoothly.

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 ~ Table 1 presents a comparison of THD percentages across vari-
controlling the DC-link voltage. Fig. 16 presents the three-phase grid ~ ous conditions using two control methods: a Pl controller [22] and
currents under the unbalanced load condition. And Fig. 17 recorded ~ an ANN controller. Table 1 also shows the total percentage of THD
among the signals are i, , i, i, and i_. Since the extra PV power  reduction when using the ANN controller in place of Pl controller. In

11



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

i
0 0.05 0.1 0.15 0.25 3 0.35 0.4
o | | | | | |
=
Z,
= m
-2 1 1 1 1 1 1 —
0 0.05 Ol Q.15 0.2 0.25 0.3 0.35 0.4
20 | AN AN NS AN TN A A A NI N 2 W
5 —\"/\/\/
E . |
40 = 1 1 1 1 1 1 —
0 0.05 .l 015 0.2 .25 a3 0.35 0.4

1
0.05

0.2
Time (scconds)

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

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 Pl con-
troller has a THD of 3.23%. In the case of variations in irradiation, the
THD decreases from 3.25% with the Pl controller to 0.24% with the
ANN controller. For voltage sags, the ANN maintains a THD of 0.51%,
in stark contrast to the Pl controller’s higher THD of 7.30%. During
voltage swells, the ANN controller again outperforms the Pl 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 Pl controller.

VIl. 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 Pl 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 Pl 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.
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