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Abstract

The widespread use of residential air conditioning (RAC) systems in modern power systems has
resulted in an increase in the phenomenon of fault-induced delayed voltage recovery (FIDVR). This
phenomenon leads to short-term voltage instability and sometimes even voltage collapse. To address
this issue, parallel FACTS devices such as SVC and STATCOM can be used. In this paper, a data-
driven hybrid approach based on volt-ampere reactive (VAR) placement is proposed to reduce FIDVR
events. This approach uses a new and efficient index for voltage evaluation after faults and determines
the optimal location and size of VAR resources considering economic and technical constraints. A
multi-layer perceptron (MLP) neural network is used to solve the multi-dimensional mapping problem
considering reactive power injections into buses. Then, a multi-objective optimization is proposed to
identify the optimal size of VAR resources to address short-term voltage instability and prevent
FIDVR events using intelligent optimization methods. First, optimization is performed for the single-
objective function with predefined weights by the PSO algorithm, and then the results are compared
with the artificial bee colony (ABC) algorithm, ant colony optimization for continuous domains
(ACOg), and differential evolution (DE) algorithms. Additionally, this paper focuses on identifying a
Pareto front of non-dominated solutions using multi-objective particle swarm optimization (MOPSO).
The proposed approach is tested on the 39-bus IEEE system considering a time-varying dynamic
model for residential air conditioning loads. The results show that this approach is highly effective in
solving reactive power optimization problems and reducing FIDVR effects.
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Figure (5): Flowchart of contingency selection
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Algorithm 1. MOPSO Algorithm

Initialization:
Fori=1:M
Create and randomly initialize the position in the rank
[Xrmin, Xeax]
velocity(i) equal to zero,
Evaluate functional(i).
Best_position(i) equal to position(i).
Best_functional(i) equal to functional(i).
End
Evaluate dominance and update archive.
Search:
For it = 1 : maximum iteration
Fori =1: N
Select glabal best from archive.
Calculate valocity(i)
Calculate position(i}
Evaluate functionalfi)
If position dominates Best_position(i),
then Best_position(i) = position{i)
End
Evaluate dominance and update archive.
End
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Figure (10): Results of training MLP neural network
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Figure (11): Iteration performance of the PSO algorithm compared to ABC, ACOg and DE for scenario #1
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Table (5): Parameters of MOPSO algorithm
MOPSO 3t ;951 (5o yuiio :(8) Jgor

Slade B Slade e
Vo) 9o 9 paRb x50k o o S e Se
v A ,e 0 b aSlil slass o+ 3,3 olass
B £25 E5 Y- Oy ol
v iy il lad g el 038
g oz T A el 09 @lee 5

FIDVR slaas Ly rals )0 5251 g mbe ol (sl p (solpinn ddumniz 5,559, a5 ans oo Lis gl ool pogdle
Shal ol eeie glacbsl plpls wnl Cglials o ol 5l (glacgomme iS4y ;08 MOPSO iy 631 .l 550
it o Gl 55T, Gl mline Sbl> jo alfais Blaal (23,5 a0 Coenl oaias lis gl aes oo 8 Al Slae

] 38 s o bl B 5 538 3Kk &

S5z -0

) FIDVR o..\.‘...»w,.al.f st_\. Jj“'\"""db L}"’j) )‘é))l.\. MK&B)JMLPM‘JPQA c}‘).o J.,olf kSM"))"L'
Gialih | ol pabl o LB 20l8 alor 51 shlacl ol Wlsi oo Uosy ol 51 esliial (S el ©y08 sloaSios

YY)




S rabe SOb o —ple] (g0 — (6 Rl 0 o 0 [ die Shl Sl (S S By, S

ot ile ge 58T, gt molie 5l eolasl ol ansls JWss a1y (SO Sl Llog 4 caml 5 )15 g canS jo Dl (5, aie
0,8 59, Sl las ul o0 0 alf 1) FIDVR olay 5, b lad o &MU 590 45k 45 wlgs oo STATCOM 4 SVC
s 9,5 Gl @ Y A MLP cac aSli G ol &l olayg ) pl b ablie cyz 5557, ol molie bl sl oS 5
Olst G,y Cad )b aS wd Ak leesls gumaiz 5l ln wigeSen B L Gl Glrogys 5 b @b L oz
S8y S rired WS o0 3l (29,5 loie 4 | RVSI (a3ld 5 43,5 (639)9 ploae 1) o0l (uosd (b 4w 9251,
szl leslain Tl SowolisS 5ls 6,laubl b ablis gl aolio agy <8 )b ololis gl p s x> wugiael
Bl o i e slo Cod )b 4 (oliws (61 PSO o 56801 ol il asedign (gslwaie slagts; eloly g 5y Sl
Gl w s L anslie (o 00,08 Ul las oy pla s mli s g ul (gilwosly Uas ojlge o Fasals ply jo 95T, les
S ol S RVSIE a3l 5 anils g0 gl wosl sads |2 dllis ol ,5 a5 DE 3 ACOR ABC ,.la5 Koo (55lwaige
Joo b Colasli gl 51 slacgoms g ol solaul ddangs (5l dlivs > (sl MOPSO 2,631 5l cpizmen .Conl
4 Wilgi oo (golgpiinn 0,504, aS ol lis ol alls be ol ) plu 51 5 Bas g0 2 0 ool e a5 e ol 4 0l
3y e hao dr g5 e s, (61,35 5 (Seslino o Slas (golpiiny (g, 0 ialS | FIDVR slasly g, jige job
Al oale s .Cewl pge Jlws FIDVR slaslasg,y Jobo o 5Ly (g lal 380 cwyp sl a5 cnlasd 3 )k ba g jlwass
25y el g B ysb @ ol cod b mono fad g lopl iz £55 Gt 50 380 5 S ) (555 el &S
Sloolaw 16 855 g SVC jloslain | SuaT ol 90 gl Bun mli 09l o ala > .0l Su o0 S0 4 piwmne
J= ol ol 4l ogs 0295 BB jsbas 009 FIDVR oayay 5l 30 S obisS 5y (6,laub b ailas (g1, STATCOM
L}. ‘)Q] L)‘?A'LSA Cypmod g d; JLQ.C‘ @l 6L®)L.>Lw l.: A_:)..\B GLDW ).\Lw ‘5‘).: u‘yc’.n ‘) X 45‘)| MT)[SB )95.41

Bl S pdiasass slasl sl 3985 g 4L ol sy Jlesd

2 loud
DE 3 ACOR ABC oz ;581 b yinlyl g0z
slade e ol St
Voo S olass
= 5 ey 5Le
ABC
Ve LU gl g5 sl
) YU oS ols gy
). S olass
AR IS e S Lo
€. Wges ol ACOr
<10 e
\ alola- 8l il s
o 3 olass
AR IS e 5o
Al oolite cny8 Gy 9> DE
1A uvLA-M N YL o>
<Y ably Jloas!

YA



Yo -YYVNEF ol /90 5 Cuads o lod fooplis Jlo /5 S 10 Jiadigd sl oy, il

References

&=y

[1] K. Zhang, H. Zhu, S. Guo, "Dependency analysis and improved parameter estimation for dynamic
composite load modeling”, IEEE Transaction on Power System, vol. 32, no. 4, pp. 3287-3297, July 2017
(doi: 10.1109/PESGM.2017.8273973).

[2] E. Hajipour, H. Saber, N. Farzin, M. R. Karimi, S.M. Hashemi, A. Agheli, H. Ayoubzadeh, M. Ehsan, "An
improved aggregated model of residential air conditioners for FIDVR studies”, IEEE Transaction on Power
System, vol. 35, no. 2, pp. 909-919, March 2020 (doi: 10.1109/TPWRS.2019.2940596).

[3] Z. Zhong, L. Guan, Y. Su, J. Yu, J. Huang, M. Guo, "A method of multivariate short-term voltage stability
assessment based on heterogeneous graph attention deep network", International Journal of Electrical Power
and Energy Systems, vol. 136, p. 107648, March 2022 (doi: 10.1016/j.ijepes.2021.107648).

[4] R. Bekhradian, M. Davarpanah, M. Sanaye-Pasand, "Current-based blocking scheme to stabilize distribution
network relays against FIDVR", International Journal of Electrical Power and Energy Systems, vol. 132, p.
107205, Nov. 2021 (doi: 10.1016/j.ijepes.2021.107205).

[5] S. Sundarajoo, D. M. Soomro, "Under voltage load shedding and penetration of renewable energy sources in
distribution systems: a review", International Journal of Modelling and Simulation, vol. 42, no. 4, pp. 653-
679, Nov. 2022 (doi: 10.1080/02286203.2022.2143191).

[6] H. Yang, N. Li, Z. Sun, D. Huang, D. Yang, G. Cai, C. Liu, T. Zhang, W. Zhang, "Real-Time Adaptive
UVLS by Optimized Fuzzy Controllers for Short-Term Voltage Stability Control”, IEEE Transaction on
Power System, vol. 37, no. 2, pp. 1449-1460, March 2022 (doi: 10.1109/TPWRS.2021.3105090).

[71 Q. Li, Y. Xu, C.Ren, "A hierarchical data-driven method for event-based load shedding against fault-
induced delayed voltage recovery in power systems"”, IEEE Transactions on Industrial Informatics, vol. 17,
no. 1, pp. 699-709, Jan. 2021 (doi: 10.1109/T11.2020.2993807).

[8] Q. Huang, R. Huang, W. Hao, J. Tan, R. Fan, Z. Huang, "Adaptive power system emergency control using
deep reinforcement learning”, IEEE Transaction on Smart Grid, vol. 11, no. 2, pp. 1171-1182, March 2020
(doi: 10.1109/TSG.2019.2933191).

[9] S. Nourollah, F. Aminifar, G. B. Gharehpetian, "A hierarchical regionalization-based load shedding plan to
recover frequency and voltage in microgrid”, IEEE Transactions on Smart Grid, vol. 10, no. 4, pp. 3818-
3827, July 2019 (doi: 10.1109/TSG.2018.2837160).

[10] M. Ghotbi-Maleki, R. Mohammadi-Chabanloo, H. Javadi, "Load shedding strategy using online voltage
estimation process for mitigating fault-induced delayed voltage recovery in smart networks", Electric Power
Systems Research, vol. 214, p. 108899, Jan. 2023 (doi: 10.1016/j.epsr.2022.108899).

[11]A. Haji-Mohammadi, M. Abedini, M. Sanaye-Pasand, "Novel relative slip based under-voltage load
shedding protection scheme to mitigate FIDVR", IEEE Transactions on Power Delivery, vol. 38, no. 1, pp.
277-286, Feb. 2023 (doi: 10.1109/TPWRD.2022.3184356).

[12] M. Ghotbi-Maleki, R. Mohammadi-Chabanloo, H. Javadi, "MILP-based load shedding strategy for
mitigating FIDVR phenomenon in smart networks", International Journal of Electrical Power and Energy
Systems, vol. 146, pp. 108736, March 2023 (doi: 10.1016/j.ijepes.2022.108736).

[13] M. Taheri, M. Abedini, F. Aminifar, "A novel centralized load shedding approach to assess short-term
voltage stability: a model-free using time series forecasting”, IEEE Transactions on Power Delivery, vol. 38,
no. 5, Oct. 2023 (doi: 10.1109/TPWRD.2023.3266265).

[14] M. Ghotbi-Maleki, R. Mohammadi, H. Javadi, "Load shedding method aimed fast voltage recovery to
prevent interference of FIDVR with UV relays", IET Generation, Transmission and Distribution, vol. 17, no.
11, pp. 2667-2686, June 2023 (doi: 10.1049/gtd2.12846).

[15] Q. Li; Y. Xu; C. Ren; R. Zhang, "A probabilistic data-driven method for response- based load shedding
against fault-induced delayed voltage recovery in power system", IEEE Transactions on Power Systems,
vol. 38, no. 4, pp. 3491-3503, July 2023 (doi: 10.1109/TPWRS.2022.3206839).

[16] S.M. Hashemi, M. Sanaye-Pasand, M. Abedini, "Under-impedance load shedding a new preventive action
against voltage instability”, IET Generation, Transmission and Distribution, vol. 13, no. 2, pp. 201-208, Jan.
2019 (doi: 10.1049/iet-gtd.2018.5851).

[17]A. Gargoom, M. Elmusrati, A. Gaouda, "Enhancing the operation of smart inverters with PMU and data
concentrators”, International Journal of Electrical Power and Energy Systems, vol. 140, p. 108077, Sep.
2022 (doi: 10.1016/j.ijepes.2022.108077).

[18] M. Ahmed, N. Al-Masood, T. Aziz, "Optimal selection of single tuned passive filters to enhance post-fault
voltage”, IET Renewable Power Generation, vol. 17, no. 7, p. 1747-1767, May 2023 (doi:
10.1049/rpg2.12710).

CARY)


https://doi.org/10.1109/PESGM.2017.8273973
https://ieeexplore.ieee.org/author/37085422958
https://ieeexplore.ieee.org/author/37272338400
https://ieeexplore.ieee.org/author/37272338400
https://ieeexplore.ieee.org/author/37272338400
https://ieeexplore.ieee.org/author/37272338400
https://doi.org/10.1109/TPWRS.2019.2940596
https://doi.org/10.1016/j.ijepes.2021.107648
https://doi.org/10.1016/j.ijepes.2021.107205
https://doi.org/10.1080/02286203.2022.2143191
https://doi.org/10.1109/TPWRS.2021.3105090
https://doi.org/10.1109/TII.2020.2993807
https://ieeexplore.ieee.org/document/8787888/
https://ieeexplore.ieee.org/document/8787888/
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165411
https://doi.org/10.1109/TSG.2019.2933191
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5165411
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=8741221&punumber=5165411
https://doi.org/10.1109/TSG.2018.2837160
https://doi.org/10.1016/j.epsr.2022.108899
https://doi.org/10.1109/TPWRD.2022.3184356
https://doi.org/10.1016/j.ijepes.2022.108736
https://doi.org/10.1109/TPWRD.2023.3266265
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=10155498&punumber=59
https://doi.org/10.1109/TPWRS.2022.3206839
https://doi.org/10.1049/iet-gtd.2018.5851
https://www.sciencedirect.com/journal/international-journal-of-electrical-power-and-energy-systems/vol/140/suppl/C
https://doi.org/10.1016/j.ijepes.2022.108077
https://doi.org/10.1049/rpg2.12710

S rabe SOb o —ple] (g0 — (6 Rl 0 o 0 [ die Shl Sl (S S By, S

[19] A. Boricic, J.L.R. Torres, M. Popov, "Fundamental study on the influence of dynamic load and distributed
energy resources on power system short-term voltage stability”, International Journal of Electrical Power
and Energy Systems, vol. 131, p. 107141, Oct. 2021 (doi: 10.1016/j.ijepes.2021.107141).

[20] A. Dalirian, A. Solat, S.M.J. Rastegar-Fatemi, "Smart control of photovoltaic static compensator system
based on fuzzy logic control to improve voltage stability”, Journal of Intelligent Procedures in Electrical
Technology, wvol. 13, no. 49, pp. 119-134, March 2023 (in  Persian) (dor:
20.1001.1.23223871.1403.15.60.7.2).

[21] M. Abbasi, M Nafar, M Simab, "Management and control of microgrids connected to three-phase network
with the approach of activating current limitation under unbalanced errors using fuzzy ilntelligent method
with the presence of battery, wind, photovoltaic and diesel sources”, Journal of Intelligent Procedures in
Electrical Technology, wvol. 15, no. 60, pp. 55-66, June 2021 (in Persian) (dor:
20.1001.1.23223871.1401.13.49.4.3).

[22]H.A. Villarroel-Gutierrez, J. Morales, M. Molina, "A novel methodology for dynamic voltage support with
adaptive schemes in photovoltaic generators”, Electrical Engineering, vol. 104, pp. 4103-4123, July 2022
(doi: 10.1007/s00202-022-01600-w).

[23] A. Alzahrani, R. Shah, N. Mithulananthan, "Examination of effective VAr with respect to dynamic voltage
stability in renewable rich power grids", IEEE Access, vol. 9, pp. 75494-75508, May 2021 (doi:
10.1109/ACCESS.2021.3079292).

[24]H. Sun, Q. Guo, J. Qi, V. Ajjarapu, R. Bravo, J. Chow, Z. Li, R. Moghe, E. Nasr-Azadani, U. Tamrakar,
G.N. Taranto, R. Tonkoski, G. Valverde, Q. Wu, G.Yang, "Review of challenges and research opportunities
for voltage control in smart grids”, IEEE IEEE Transactions on Power Systems, vol. 34, no. 4, pp. 2790-
2801, July 2019 (doi: 10.1109/TPWRS.2019.2897948).

[25] S.R. Ghatak, S. Sannigrahi, P. Acharjee, "Comparative performance analysis of DG and DSTATCOM using
improved PSO based on success rate for deregulated environment”, IEEE Systems Journal, vol. 12, no. 3,
pp. 2791-2802, Sep. 2018 (doi: 10.1109/JSYST.2017.2691759).

[26]S. Devi, M. Geethanjali, "Optimal location and sizing determination of distributed generation and
DSTATCOM using particle swarm optimization algorithm”, International Journal of Electrical Power and
Energy Systems, vol. 62, pp. 562-570, Nov. 2014 (doi: 10.1016/j.ijepes.2014.05.015).

[27]J. Qi, W. Huang, K. Sun, W. Kang, "Optimal placement of dynamic var sources by using empirical
controllability covariance", IEEE Transactions on Power Systems, vol. 32, no. 1, p. 240-249, Jan. 2017 (doi:
10.1109/TPWRS.2016.2552481).

[28]W. Huang, K. Sun, J. Qi, J. Ning, "Optimal allocation of dynamic var sources using the voronoi diagram
method integrating linear programing”, IEEE Transactions on Power Systems, vol. 32, no. 6, pp.4644-4655,
Nov. 2017 (doi: 10.1109/TPWRS.2017.2681459).

[29]W. Wang, M.D. Aguilo, K.B. Mak F.D. Leon, D. Czarkowski, Member, R. E. Uosef, "Time series power
flow framework for the analysis of FIDVR using linear regression”, IEEE Transactions on Power Delivery,
vol. 33, no. 6, pp. 2946-2955, Dec. 2018 (doi: 10.1109/TPWRD.2018.2832852).

[30]R. Bravo, Y. Xu, D. P. Chassin, "Fault induced delayed voltage recovery (FIDVR) model validation”, IEEE
Transmission and Distribution Conference and Exposition (T&D), Dallas, TX, USA, May 2016 (doi:
10.1109/TDC.2016.7520045).

[31]Y. Liu, L. Wu, J. Li, "D-PMU based applications for emerging active distribution systems: A review",
Electric Power Systems Research, vol. 179, p. 106063, Feb. 2020 (doi: 10.1016/j.epsr.2019.106063).

[32]H. Saber, M. R. Karimi, E. Hajipour, N. Farzin, S. M. Hashemi, A. Agheli, H. Ayoubzadeh, M. Ehsan,
"Investigating the effect of ambient temperature on fault-induced delayed voltage recovery events”, IET
Generation, Transmission and Distribution, vol. 14, no. 9, p. 1781-1790, May 2020 (doi: 10.1049/iet-
gtd.2019.1025).

[33]S. Nekkalappu, V. Vittal, J. Undrill, B. Keel, B. Gong, K. Brown, "Synthesis of load and feeder models
using point on wave measurement data"”, IEEE Open Access Journal of Power and Energy, vol. 8, pp. 198-
210, May 2021 (doi: 10.1109/0AJPE.2021.3079724).

[34]WECC dynamic composite load model (CMPLDW) specifications, Western Electricity Coordination
Council, Jan. 2015.

[35]H. Bai, V. Ajjarapu, "A novel online load shedding strategy for mitigating fault-induced delayed voltage
recovery”, IEEE Trans. on Power Systems, vol. 26, no. 1, pp. 294-304, Feb. 2011 (doi:
10.1109/TPWRS.2010.2047279).

[36] “WECC dynamic composite load model (CMPLDW) specifications’,
https://home.engineering.iastate.edu/~jdm/ee554/WECC%20Composite%20L 0ad%20Model%20Specificati
0ns%2001-27-2015.pdf, accessed 11 June 2019.

YY)


https://doi.org/10.1016/j.ijepes.2021.107141
https://dorl.net/dor/20.1001.1.23223871.1403.15.60.7.2
https://dorl.net/dor/20.1001.1.23223871.1401.13.49.4.3
https://link.springer.com/journal/202
https://doi.org/10.1109/ACCESS.2021.3079292
https://ieeexplore.ieee.org/author/37277694600
https://ieeexplore.ieee.org/author/37284237500
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=10155498&punumber=59
https://doi.org/10.1109/TPWRS.2019.2897948
https://doi.org/10.1109/JSYST.2017.2691759
https://doi.org/10.1016/j.ijepes.2014.05.015
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://doi.org/10.1109/TPWRS.2016.2552481
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://doi.org/10.1109/TPWRS.2017.2681459
https://ieeexplore.ieee.org/author/37086364646
https://ieeexplore.ieee.org/author/37075556400
https://ieeexplore.ieee.org/author/37086523504
https://doi.org/10.1109/TPWRD.2018.2832852
https://doi.org/10.1109/TDC.2016.7520045
https://doi.org/10.1016/j.epsr.2019.106063
https://doi.org/10.1049/iet-gtd.2019.1025
https://doi.org/10.1049/iet-gtd.2019.1025
https://doi.org/10.1109/OAJPE.2021.3079724
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://doi.org/10.1109/TPWRS.2010.2047279
https://home.engineering.iastate.edu/~jdm/ee554/WECC%20Composite%20Load%20Model%20Specifications%2001-27-2015.pdf
https://home.engineering.iastate.edu/~jdm/ee554/WECC%20Composite%20Load%20Model%20Specifications%2001-27-2015.pdf

Yo -YYVNEF ol /90 5 Cuads o lod fooplis Jlo /5 S 10 Jiadigd sl oy, il

[37]1Y. Xu, Z. Y. Dong, K. Meng, W. F. Yao, R. Zhang, K. P. Wong, "Multi-objective dynamic VAR planning
against short-term voltage instability using a decomposition based evolutionary algorithm", IEEE Trans. on
Power Systems, vol. 29, no. 6, pp. 2813-2822, Nov. 2014 (doi: 10.1109/TPWRS.2014.2310733).

[38]Y. Dong, X. Xie, B. Zhou, W. Shi, and Q. Jiang, "An integrated high side var-voltage control strategy to
improve short-term voltage stability of receiving-end power systems", IEEE Trans. on Power System, vol.
31, no. 3, pp. 2105-2115, May 2016 (doi: 10.1109/PESGM.2016.7741250).

[39]Y. Zhang, Y. Xu, Z. Y. Dong, R. Zhang, "A hierarchical self-adaptive data-Analytics method for real-time
power system short-term voltage stability assessment"”, IEEE Trans. on Industrial Informatics, vol. 15, no. 1,
pp. 74-84, Jan. 2019 (doi: 10.1109/T11.2018.2829818).

[40]R. Sellami, F. Sher, R. Neji, "An improved MOPSO algorithm for optimal sizing & placement of
distributed generation: A case study of the Tunisian offshore distribution network (ASHTART)", Energy
Reports, vol. 8, pp. 6960-6975, Nov. 2022 (doi: 10.1016/j.egyr.2022.05.049).

[41]C. Mokhtara, B. Negrou, N. Settou, B. Settou, M. MahmoudSamy, "Design optimization of off-grid hybrid
renewable energy systems considering the effects of building energy performance and climate change: Case
study of Algeria", Energy, vol. 219, p. 119605, March 2021 (doi: 10.1016/j.energy.2020.119605).

[42]D. Kosterev, "Composite load model development and implementation”, NERC-DOE FIDVR Conference,
Alexandria, VA, USA, pp.121-128, 2015, https://eta-publications.Ibl.gov/sites/default/files/3-composite-
load-model-development.pdf.

[43]A. G. Gad, "Particle swarm optimization algorithm and its applications: a systematic review", Arch.
Comput. Methods Eng., vol. 29, p. 2531-2561, Apr. 2022 (doi: 0.1007/s11831-021-09694-4).

gy
1. Fault-induced delayed voltage recovery
2. Residential air conditioners
3. Stall
4, Short-term voltage stability
5. Graph neural networks
6. Graph attention deep network
7. Fast voltage collapses
8. Output feeder relays
9. Side relays
10. Load shedding
11. Short-term voltage recovery criterion
12, Particle swarm optimization
13. Deep reinforcement learning
14, Under-voltage load shedding
15. Mixed integer linear programming
16. Distributed generators
17. Voronoi diagram
18. Volt/ampere reactive
19. Multilayer perceptron
20. Artificial bee colony
21. Ant Colony Optimization for Continuous Domains
22, Differential Evolution
23. Multi-objective particle swarm optimization
24, Thermal overload protection switches
25. Distribution phasor measurement units
26. Composite load model
27. Western Electricity Coordinating Company
28. Root-mean-squared voltage-dip severity index
29. Voltage-dip severity index
30. Deviation voltage index
31. Sensitivity index
32. Total sensitivity index

33. DIgSILENT Simulation Language

AARD)


https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=59
https://doi.org/10.1109/TPWRS.2014.2310733
https://doi.org/10.1109/PESGM.2016.7741250
https://doi.org/10.1109/TII.2018.2829818
https://doi.org/10.1016/j.egyr.2022.05.049
https://doi.org/10.1016/j.energy.2020.119605

