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Abstract

In this paper, a new method based on long-short-term memory neural networks is proposed for predicting long-term
voltage instability in interconnected transmission and distribution networks. Using the online information of the phasor
measurement units, the neural network estimates the stability of the network voltage and in case of any event in the
network, it estimates the long-term voltage stability status using the information before and after the event. This
structure can be used as an auxiliary tool to quickly inform the network operator of possible risks caused by voltage
instability after any contingency in the network. The simulation results of different case studies in offline mode have
been used to create the training dataset. In order to have different case studies, considering load growth in areas prone to
voltage instability, (N-1) and (N-1-1) contingency have been simulated. The Nordic extended network has been used to
evaluate the performance of the proposed method. Using the appropriate time shift, the occurrence of all contingencies
has been moved to the tenth second so that the neural network only learns the trajectory of the features. The accuracy of
the neural network in the 17th second (7 seconds after contingency) is 99.05%.
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1. Motivation of the work

The significant investment in the development of the
power grid has necessitated researchers and operators to
seek out novel approaches for the operation of power
systems at maximum capacity. This, however, makes the
system more prone to voltage instability in case of an
emergency. Consequently, the operation of the power
system can incur considerable risks, such as voltage
collapse in one or more buses that may lead to a system
blackout. Despite numerous studies conducted on voltage
stability assessment for transmission and distribution
systems as independent systems, few have considered
their effects on each other. Not taking into account these
mutual effects can lead to overestimation or
underestimation of the load margin in voltage stability
assessment.

To address this gap, we present an online tool installed in
control centers for long-term voltage instability detection
of integrated transmission and distribution systems using
long-short-term memory neural networks (LSTM).

To demonstrate the viability of this tool, it was used to
detect long-term voltage instability in the modified
Nordic test system.

2. Contributions

The offline training of LSTM was performed based on
the data obtained from the stimulation in the time domain
using the Digsilent 2017 software. (N-1) and (N-1-1)
contingencies were simulated by considering the load
growth in the areas prone to voltage instability in the
extended Nordic test network. The information obtained
using the simulation in the interval of 10 seconds before
and a few seconds after the contingency was used to train
LSTMs. Here, data from 1 to 50 seconds after the
contingency (in steps of 1 or 2 seconds) were used to
train LSTMs. The main contributions of this paper are the
following:

e Presenting an online tool based on LSTM networks
for the detection of long-term voltage stability in
integrated transmission and distribution systems

e A training approach for LSTM neural network with
different time intervals with the aim of reducing
estimation time, considering n-1, n-1-1 contingency,
and load growth in training data.

e Performing numerous numerical simulations to
determine the minimum time interval of information
needed by LSTM after the contingency to achieve
maximum performance accuracy.

e Reducing the input dimensions of LSTMs using the
clustering method.

3. Procedures

In this approach, various scenarios have been simulated
in the time domain using Digsilent 2017 software to
create training and testing datasets. The modified IEEE
33-bus distribution system with total loads equivalent to
the main network at 20 kV voltage has been replaced

only in the central part of the Nordic system to construct
the extended Nordic test system. The generated scenarios
including (N-1) and (N-1-1) contingency are simulated
by taking into account load growth in areas prone to
voltage instability of the extended Nordic test system.
After 1200 seconds of the contingency, necessary
measures like adjusting the transformer tap and voltage
generator are taken. In instances of (N-1-1) contingency,
it is assumed that one piece of equipment is out of
service; meanwhile, for stable conditions, (N-1)
contingency analysis is performed. Then, an LSTM
network with two layers of neurons is trained using the
generated scenarios in offline mode. The input features
include the buses voltage of the transmission system (16
buses) and distribution system (11 buses), the
incremental variance of the voltage of all buses (27
items), the position of the transformers tap-changer (13
items), and the reactive power and the voltage of the
generators (28 items). The proposed method uses the data
gathered by phasor measurement units to assess the
voltage stability of the system online.

4. Findings

If an LSTM is trained with data from 10 seconds before
and 7 seconds after the contingency, the instability
detection accuracy reaches 99.05%. For example, with
data gathered at a time interval of 17 seconds (10 seconds
before and 7 seconds after the contingency), the LSTM
fails to estimate only 63 items from the test set (6575
items). Out of 63 mentioned cases, the system is unstable
in 45 cases, and the LSTM could not detect it. In 18
cases, the LSTM mistakenly detects the system as
unstable. Indeed, the LSTM in 45 cases of the test set
(6575 items) fails to detect voltage instability (0.68% of
the total test data). The negligible error indicates the
potential of the proposed two-layer LSTM to detect
instability only 7 seconds after the contingency
occurrence.

5. Conclusion

In this paper, a method based on recurrent long
short-term memory (LSTM) neural network
was presented to detect the long-term voltage
instability of integrated transmission &
distribution power systems (T&D). After
occurring a contingency in the T&D network,
the voltage stability is assessed within a few
seconds. Therefore, the proposed method as an
online tool can quickly detect voltage instability
and inform the operator of the control center.
The results show that using data with a longer
post-contingency time interval increases the
accuracy of the neural network at the cost of
more time to respond. Finally, the possibility of
reducing the dimensions (features) of input data
to the neural network by clustering them has
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been investigated, showing that the input
features can be reduced from 95 to 80, while
the accuracy of the neural network decreases
slightly.

VFY



Ol S Sl g (8 g9 (oot 49 il

VOA-VEA Slris P+ ¥ s ooz o5l o0 5 s JLo el S iSUl 5 50 (gt 5
DOI: 10.61186/|iaeee.21.4.148

&35 9 JUl sbvasiul yo jldg wuw wils (5,lwl (L)l
LSTM S b 095 ol AUl g (S Kiwigud R

T‘SSL'} &=zl “‘sdl’ Lo pde
Olpl —olaes -l Jegr oSiils - 50 cwaige caSails - Loliwl -)
hatamisharif@basu.ac.ir
Q‘ﬁ] —Q‘u\.c.b - Leews 6155.3 olKasls — B (gwgeo oaSlisle - Lg).‘lfa 69—7“““5 -Y
i.ganjkhani@eng.basu.ac.ir

o oy (55U (i sl (LSTM) iteolias lgh alidlo mas (baSd 1 Sine sy dlio cpl )0 TodaS
susly ks g Olelbl 51 soliiwl b amac 4l Cowl ool Slpoliony diwguy o & 2398 g9 JUWG! gldasil ;o 5L
SIS clelbl jl oolitwl b aSud )3 (uoliay Wjgo 53 9 WS (o0 woy [y 4l W9 (5)lwly Cumdg 5930 (5 pSejlul
3y A 931l o SaS 5yl Olgeds omas Al &8l 50 03105 00 SWy GHluly Cardy i)l 4T Sl oy g Slas,
Sl U sodls S5lwco ol Cus puay aSls )0 Slus ) woliey 51 W 5)lil 51 (LU gg ey Sl Ol
g s Sdgi (6ly1 a0l 08155 o0 (g3ludnnd (GolaS ) Soliuy LS I a3 el > )0 (o Al (390l
b3l 9 ilwansd (N-1-1) g (N-1) gloolas 5 woliay 5Ly 55l & aritus Bl 53 5l by (38,5 514050 b ciliseo
Pigel wialyd 50 ol oudh ooliiunl K0 ,98 Ablanuwgi aSud I (gOliuny omas A 3 Sdas (Sb5,l (sly ilonds
gl g pmns 45 U idly JUT w20 Al & Woutalieg plod 3y camlin (gilo) s 31 oolician] b o gmans ASads
Gl 3B a5 Conl ATl Gaos omas LA o3lgils I LSTM ceac aSeud o hisel 1) gylid, slagSIl
Gliso by Juolgd j3 (b (639)5 50 Ol ekl AgS b J (pl @ 035 Ldo g Lo |) Jlodol Wao SUsb gy Smls
2 Ulg 51 ooliiwl (Il Jloj slo s pw 42 59 Wi Wiy 55labl 53 69955 Gl (SR e b Cald Bgb o0 JLs
V) phais sl 5o snas 4Kadh sy B3 ol 00,5 walyd Iy o ¢ yhan Alius Jo (sly2 SIS Bros smas A5
69933 We3ld Guinadss b mas aSd slagogyg LR 1l uiaen (ol woyd A3/40 (S1us ) oy 3 w4l

ol 43855 51,8 oy 32 990

(L AS (g oy & 597 3 JULS! aSeud 5Ly gl tguadS Glals

gy dllie g5

VEV LAY bl s

VECYL YN e 5550

VYR Dy

o Loyl 1150 Jghamne (g0 ob o

B 09,5 — (it (oaSiils — L Jegy olStils — gy (goa! hlaas gl Eb)lez— laer — olnl i) gl (godiaun gi (LS

] QI)?.‘ &5)&]' 5 (B2 Omwkigee (ye30 5l callie Oi‘ il © \Fe¥ el ‘_'j ng-wi? Y 5Lm SR [)i‘ sl &>
sl Jlre g5 gyl 53 g ysie bl coley b g dlie 4 gusmo Sl byyie ()] 51 (6 0 odlitul g5 4o g odib puiiio pj alsS cos dlie oyl
Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/)

YFA



http://dx.doi.org/10.61186/jiaeee.21.4.123
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:i.ganjkhani@eng.basu.ac.ir
mailto:i.ganjkhani@eng.basu.ac.ir

VOASVEA St VF ¥ s ylez o)bod o 5 ot Jlo oLl g 20l 5 52 omsciidpo sy 23

el imies ad 35 gl (o lp Sl 5y b &0
Lf] sg8 00 5ol Olaslrs jo slalas Haslsgsga

2 Sbwl 5Ldy golaly b)) oS Sl o8 e
Lol 3G 5l g wlosds oy al8lan jsbo 4y aj95 9 JWnl sloaSiass
o JUanl aSrs &l i, 55,18 el ol Ao K0Sy
iy b JUsl a5l ol plsl ple )0 SouSe » mjes
S b i el @8l g0t )l able 098 o Wl o
1] D5 00 (yredd o28lg Jlade

SaaSed (g5l 9 55100 42 e 53 (s30ae Slindow
33 Oml m oglde sl oad Al VAt wg o paey @8 5 JLi]
U el 1 55 [FITISGAN 4 [8]'NERC 51 sla i 155
&g 9 JUST laased o 5l g uilS B J S p oasSTy Sladgs
el 00l O ST g oy

a5 Oy Wlidxd w5 90 —V-)
o s |y 55 e sl 5l im0 88,58 50 lallns
5o 5y @ aily sl byl sl s 50 10,5 il diwsgd
LYV E] il ous plosl wlSlas & jg0a @9 b JUil sloasSis
Sl o Jol diws o LIye-vol ccutoas plosl diwgn pody #3595
@l G555 slabs, ol il st 5 55 sl (b))
G=sb 5l e Joles o il 4 le5 o0 L] ko 5l ol 00
5 e Jolae jlace anwbs IY] 7936 6 1Foslal asly (slaosls
Coles o as s b a e Al (LG a8 5 b
ol s o] i s [ eas oy sl o 5y 2l 8
Oles pled e (S alayl ) 5l oolainl b 5Ly g bl a5
5,8 o Ll [V ] L5135 ST,

51 S5 50 3 o5 bl B st ol sy Y] o
adadi lasis (LS alads alold wilg co a5 cuwg il auloes (3,1 5
Sl g, VY] o ol ot @il iy cpeass 1) 55 3y,
Sl oaSTy Cladss jgas 10 aje8 GlaSid [b Cond donle
S bl ) s aSes )k Olsiee O Gasb 5l g sl ens
59 55 Il bas b)) (sl el S 03 g, 51 DVF] 5o
316,50 08,5 sl 00 3 0 44 00iS Ty ladgr jeh> Ho el aSll
Sae iy byl 5o oeiile (6,50 0l 4y aid F O g0 Dlddow
Dyo-val wlasts p Jlasl sloasios 5y

3 S sleesls degaze 4 Usans (Groe 65k slagsts,
g ol cdl g0 ;o 0 aSi U s e sleosls Joli aS a5 )lo
I3 el Hob jlows JlLU Cansg sloools ¢ Jas jo ol SlauLl
& o S 8 5 (cBlg 8 il e b ©y0d e IS Al
L)l Sl g 055 (oras 4SS (e g, o [V0)]
IS | AV PSSR PRV AP N IR IFC IO LI PR KW

YF4

Golbais | pille g boles

oy ol

S99 br  xtemyM
t1gth blie 295 by h',h"F e RN
| ssald oilsys siledled Sy fleRY
"5y 05lay0 il b oy it e RN
vuaiwo 6L‘°"}|5)° )lo):\ Cle ‘RN
f sk el abibl> s Cle RN
b szs oilays gilw]lad o, 0 e RN
croeb ®

WgeSew &b
Sl Sgymm &6 tanh
oloj slon
o3lay s slp oy 03y mile WU
oils® 2 sl 1ol bk sl D
lsog,9 olos M
g5 olaws N

douddio —)
alowo (820 —)-)
(et s Plos JoIo 4 ndynsans 6550 @l anwgi 3929 L
@A il lp Gl cSlen; plsea Gn Jil gleass
S 4 e JUl A s anwgl sl it Coeal Pl Lores
Jusl ased cud bl a8l el ulply el Lo e
IV el s )10 oo 5 liizes Hlaios o)lgen

Ldo  JLil glaaSed 5l (6,0 eyt ) ptee Bl 5 (S0
PUEIWORISTIY | B VS I WP K (PRI | LI PRIR PRI - KW
a88s Wiz U asl wir Slej o3b 5o 5Ly o aily (g laubl « jud
68 0 e 5Ly Se w5 ,lubb slas ) & ygo o [Y] s jalls
WSl s 9 99-B s alge (258 BB Dl bl b Ll a5
IYT s5le ol 3 1) 4t 5 03,208 slacbgels sl (slains)

i)l Gy 3l el Glamly 618 e e 51 ploebl 10—
2 Gy s (Sealins 2Lyl )0 0ad oo oolatul ¥ (Sl
I8 oy p st Pt glasslig 5l Glasgeme 4 lej 055>
ol szl s col pgles 5 oz aliee (Sools (b3l 025 o0
Olssis ) 5 oluly (2l ol (Soepud (8Bly oy 90
gl ay ol jo a8 cals @508 g (Solns bl 51 glasls
2510 s0 5y 6 bl b Lo e slaolas,

&5 8= Gl pompe Dygoa Sy Dol iy pw 0
2 S Jloye el oo sile e Jll mhaw ;o peine &g
b o @y 4D By 3l g oaSTy O g o)l Ay slos
Sl geizme S0 598 4 Jb (50,5 Joe it e Jlal
Juisl el (g5l o = g Jlisil ass 5lady (o laly () 2



VOASVEA Slomio VF- ¥ s aslez o)bod o 5 ot Jlos oLl s 20l 5 52 omsciidpo &g p23

b sy S 511, L i Sy Capnsy el 31 oy o5n ol
- lie Coxdg pole Al )0 oglle oS oo (S Gl 5)ILL
A GINLL 5 sk 5 0 s (S sl ol e &S
sledelawody slaoslo Uy bas 118 & jgods gmac aS0S g0l
Dgdiss plodl CabluSos S8l 5 bawgi (o 0592 50 (lwansd
L S35 S 4 (59, 48,58 j5—0 (g3lwdnd 5o
slaslas ) weliny o5 Il wxive bl ;o )b ol (28,5 8350
Sloads byl 5lady e auly (55lal Bl 51 (N-1-1) 5 (N-1)
Ols= 9 Lo ygile sl 5 o Laslily (o2l Gl g daase 5Ly
loas as)S LA )0 (6995 Olsredn Laygil 35 oy 52251,
Wl deles oold bl i dwliing Sy j0 AS (5 shilen
sy aaly ol 5 L Sy ol L e 455 g
ools rae a5 aly Ba plyie ) g - oliel b a5 4y 45
Dy
Al 4 basliog plod olas ;) ccanlin gloy cads 3l oslaul b
ol 3l ol (6,153, slogSl s | me s b azily Jli] gmo
3 esmas a5t (bisel sl ot (a0l 1) cilizes (slaolas,
ol ol 51 s 4l iz g dlas aeliny 51 L8 asl Ve olelb
Plo oSt yo 5k slanbl a v ais STyl el o
Slelbl lojios s gl (goa e Olallas (cwl Coonl
Ol &y )0l 48,5 B jg0 olas; sl 5l Gy 5l
1) 4l B0 U al ) 5l e gloaSds bjsel (sl lalllas
UL o Shae 8o Sl gl ol s plol (46 ¥ L ) slapls
ST e izmas el 0l ol 51 ey 4l B L5 as s A4
Slellel o3l b omaalou;}”.ci eras a0l 4y by e o0 Sloe Cdo
L 45 59 so o0l Lt aslol o el 3o, wsling I ey 46 VY
A Ay (69959 0ols slsl le co (guiadigs ST 3l eolatul
ols (2als 1 Shas 53 5ss (g 1) (oras
Sl ailole )55 allie slacsgly aolls b 4
CoscalssS U aLiilr (oo Sty e g, G o
5 5y wame a6 lnbl @ 2l sl (LSTMD
Awsnead @59 5 JUEl slaass
sloolaiwl b laz pyyd &0 (golpidy (oras 4l (hj5e] @
slaslas ) waliey (o) 0392 15 3lwancd | Jol> slaosls
Lb o, Bld b (N-1-1) 5.5 4 (N-1)
35 9 (N-1) slas ) aelin 4 by slo ools (g5luiluon gl @
Joe 851 585 0550 528 (09 £, &j90 4 a5 (N-1-1)
L 5 ol 4 ol ot ool loj i 5l el o
wlaz ) aslioy on 35l an 4l iz g J8 4l wiz clellll
ol 00 oolitl oas a5l gl (sl

ool wl b ¢(6,la5 )L ails acwle 3,k 5l 5Ly o wils (5,lab
DV am o ams oo @il ) ile 6 oS0l cilises (sla oSS 5
ool al L 35Lly o lanl arils Jlaisl o i @l oS5,
2ol e DAL & pe j0 asS o @il V7 bl 31 (6,50l ceile
Ao ;0 il (6,850l (6,50 H8 oals plol Clalllas oy Sogas
‘Lgr.:LM: Slles ua.:..?tm.: 3o 0)93 L u)J.S W LQ)LXJL 9 M‘
59 el ool @il Sewlips cosel obsyl s VleT cuanS Slalllas
JLasil slaasis o 5Ly e ail g )lanl byl Vel gz e
el oo Slginy Soe oS Ush alibls cac aSes v
4&.-».».7 QHLSA o—w aS Gl ol 4.»3; }.Ia.l BL L;OLAJ O yg0ds
©99,9 lools (6ol sl Slasd 4y (65:50k bl sy (orae
305 60S L pmas 4SS Uiigmel dnlyd ams o il s jls
obes 55 )laml (2bs)l sl 9 098 axle JWSTL S)lge (S
Ogige Jol los b L UL ol gbs) cal 5L SUsb

o, (68 ls0 4y g5 g0 g0 Alws ;o 48 5L 0 Dliasg (o
3=l Ol 4 oty gl [v-] 59 1¥gd oo lo daldl o aS s S
Slallls )5 Ahgeyany g5 5 JEI SaaSd (5 i 4o poe
e (SN g (1] BRIRUNW P LES AU PRI VIR IR KV
sloasi s o )L ity Gl Gl oo yB g dtanly Slowlse 5
Slbe [YY] 50 ol sacs slpiiny atwgmpan @ ¢ Jl!
59 5 JLal glaaS s (Slos (s5loand sl slse 5 s
ol 00l Slgiing dingu ey

Sl 1 )kl 31y J S sl (sidy sy o VYT )
Loy 55le j9amil 5 5 g oS g5 slanaly J 508 (5l lojen
4 by asls acwlxe sl (bg, [YF] o ol ouss 4l
L mssmpnts i 5 JUl slaasnd o 3y S il (sl
St ool ] s oslle sl s L)) g5 Jobes Slote 51 eslial
L Jlaslases an Lo ye 5Ly (55l 00t (ot 0> andeits
SaaSs ol 1 35,5 a5 5o g0y i 0ah sleriny @i
4o @y D @ by Slilllae o )b andle ke crje 9 JUi!
JLasl aSs jo Sldllae g (28l Jlode 5l o (sl 31,E1 & y90
LY0] 058 oo 05 et adly jlade ) y1eS b anils laie

dlio 6,908 —Y-)
Slsb alddls pae &L 5 Sie by, ol Alle o
@loased o 5ldy wae aily gyl by o)l sl MoaedlsS
olering by Cesl ol olpiiny diwgmpsd @y g JU
Lo p oot Szl Sl 0 (S5l o plyea
Slellsl @8l b gmae oSl 0,5 o0 13 o115 colaiwlsjge
Iy ypolo Condg 958 (6,Sojlul slasly hwg Jlu)l s>y

Blaz 55 gpi wllazd 5o 55 o )lml (Guin @ 9005 b))



VOASVEA St VF ¥ s ylez o)bod o 5 ot Jlo oLl g 20l 5 52 omsciidpo sy 23

L wloass u.a).fal} ‘5)"5.4 259 sleasis )l ey Slass b Ls}fj.a

Iy sl
HE PV System
@ Diesel Genarator
........ Tie Switch
n Inflexible Load

(M) Induction Motor Load

[¥e] oois Wol IEEE (ol ¥Y' 1595 itammmas :(Y) JSs

o el 9 6okauioy (oras 4l Y

LSTM asils 0 (55900 —V-Y

2 dS Cewl S 5L ceae sloaSs ool SILSTM oae oS
Gk 3 992 g alidle ol Jol8 pgn po slaaSt SIS
oty 51 ams JUil goe Al o a5 5 05,5 (5,145 laolS
S (639,5 S 3 1) otes (g S adsl Jlye 10 LSTM
dite SUsb s S o 1, Slelll ol Wlgi o iy oo
sl e 1, Jhas! wae glsh sla Siwly JS& cpl 4 L¥Y] s
s cows ases aile glos )5 6l LSTM S e Lias
Sl o (sl pasds 5 [YY] LS asis osnzoan,
Lo Sy sanaih Grizres 5 (IDS) (3585 lapitnn b 4t
A Sols o B Jlaged (F) UKo 0gd g0 eolatwl Sloj (6w
a2 o Lz [, LSTM e

.
.
.
ht 4
-1 t ct
L] >+ >
=
ht||h*
L] >
t t f
f i ot
hf
‘Forget GaleHIﬂpm Gme”Tanh HOmpm Gate‘

_* 5
x'T

tJ

LSTM Soby jlsle ol iy 9 Suilods (V) JSi

AT

Sl o3 oloy JBlas s (6l daie (g00e Dldlas ploxil @
slas ) seliiny 3l ey (omas 4l Lio, 90 Slelllsl il yo
&St o Slos oo jolaieas

ool wl Ly oae sloaS i slagogyg ol ol s e
(GAaby>

WS (Byre pg i el odd @l 2 pd 4 allie (glyins

i Ol iael 5 oleiiy (omas A pom (A5 (o395

el (6 S A ey B g sale 5 leaned @l el

b b))l sl (A5l (orae 4D (S by lie (0l o
Sl g @598 g Jl sloasis jo 5y Sae aily g5lal
S8 ialesT 0,90 SG0,9 Jlanl 4 (g9, eras 4l el oald
g g0 0318 sy ool wld g Cand ASLD dnlol jo ool 48§

o Jeiine a5 w0 lad |y S35 4l dsags aSis (V) S
Ivel el g9 g Jlal asess

22075
g Egq. ”
1021 1022 §
P -

8% 4031

2032 2031°%

1 S I I
& ¢ %  South o Sl -
+* g18(a/b) 816(/b) ¢ + ¥ 8D

[YV] 09 i asois (1) Jsio

ol &S (ile Jolao 9 (92 o635 o (Lot A Jold 4t
9 98 e i |y el S gl PYO - gg0zme ;3 (555 50 A5
8 et g gl el 55 e il (55 lLL wxis
Sy s 5o ol a5t Jobes layl ggoma b [YA] o st
Wlodd (0 30Le S48 )95 4D (635 p0 S 50 Lo (SdgelS Y
sbo,5l5 e Jod sloadlie ol (30l mjes oSt
5 Szs5 $LaDG (sud o> slody ssile Szs8 ol

Ival colons sols olas (V) JSi 40 a5 ol taio slagig0
@lr [¥] s 00t 75l lagos 5l 413 50500 (s5luand y

ptn sla b colyd o o | oo oalazwl cuul{.—)lijﬂl ‘_gL(::”Sl)_i')"



VOASVEA Slomio VF- ¥ s aslez o)bod o 5 ot Jlos oLl s 20l 5 52 omsciidpo &g p23

Sloekass 9 boygile gl 5 G yosd ol a0 5Ug elas 61
Slole Ve laaly ;o 5l o) e 095 o0 &30 oyl 55 5Ly
@)l (N-D) (omsaling 59,5 o0 S50 655 50 im0
G5y ot an Slle Ve JLad, al Ve il osd e
L Gl laaly jo calisee cl> FYV e Coles )0 5 998 o Jloc!

el 0als b)) g asdllas (N-1) mwdaling ;o bl 79,5 4

(N-1-1) szmimscnobidegs —¥—¥-¥
3l JHe a4 Loy aSs Olgan 51 (S JLsl sleass (o
50 bl o s conl S adols> Ly Ol pasy 8
aSls Dliges 5l (S oS cwl cpl o 2,8 (N-1-1)  oriwanliny
‘Ssl_a))‘ nc\i._w 6)L\_al.: u)s_,a BLE] Sl 00 C)L> )‘J_A )‘
(N-1) owdoliny aiilen (N-1-1) ol (gjlwans
\e O yg—ods )la~ .\_.'fa) Jj‘ 4_14 9 s(N'l'l) WMLM B |
30 el ol e 10 B iuli8l L Ko aly A aalol o 4 Sl
GSlabl 55 cpaz vald aSd anl b o (N-1-1) sl
L L aals slaaly csly jb 5l 5eS slo,b (sl ol by cpminn
] 00l a8LS! LS""’)?"J AL gomo 4 ‘k}"j J‘S} ‘5,..]0 915&4 ‘R C).)
sl bl ity «wllie (S p jo 8,50 50 (g5luad )
< (V[>1.00pu) ool Ll Jols calisn o, aw 4y Jlil
s Ll 5 (095 V| <1.00pu) o—ts Ll
el Joria bul, b o2y ool st (V] <0.9pu)
@leddle Gl iloand g)0nl 5logd o0 aSl )5l nl (gaF 50 5
Aol oo aalolasli Y. -
Ll 55 ol 4 05 polnn 0 90 Sl 5l b s oy
@l (295 9 ond el (5)1k3l 5 Jlop ulyd 4 55 e
Sl ammgny ol el LU Ll o )lse Jol L (g5luand
() 5 (F) JSis ool oacd 1SS 50 (N-1-1) o (N-1) sl
5 (N-1) mewonling co3g0] sloosls sl ogms &lgld o 3
A2 o olad 1y (N-1-1)

Colleet all Select
available N-1 Ctgs first Ctg

S 4y wilad F 18 Jade bayll o aS

Run sim
for 3000 s

Save data to
database

(N'l)w“w Wools udgi (gl w W laodd :(F) JSS&

VoY

it =o(W,x' +U,h +b,) )
f'=ofW,x +Uh* +b, ) ™
c¢'=f'®c+i'®tanh (V\/Cx' +U 't +bc) )
¢! :tanh(WCx'+Uch"1+bc) )
c'=f'®ct+i'®C ()
o' = oWt +U " D) @)
h' =o' ®tanh(c!) )

2l [¥Y] o g oo ) omae 4ty JS1s Lulg, po i olsye

g0l sesls udgi —Y-Y
slaosls o dgi ¢ pmac s b rono 0 Sles 40 pie Joloe 51 SO
‘) J_o.».’z.c L_sl.b;»ll} ’QLQJ ‘ML‘LS'O Gw)}nT 61.600‘& ] st)s.c.“
Sy50 0y Slas alie byl i b axlge jo cnac a0 U ogd Jolls
Ay LS o Gl lacdls sl gl eyl jo ol asls Jgud

Sl 0als oolawl Jlozxl slaslas ) awlay 51 5L

Jb oy g adgl bl -V-V-Y
SLETIYY] o ons syl adgl bl 5 a0y b & a2 g5ty ol 520U
LT 25y ol Ked 9 5l ey Al 5o 52 (5ilotend ol 0
b b gileysinl s 9155 @o s Jold Jleaat aslivy 090 oo
9 e do SBd i obgS Jlasl & jgods cbglas deliny .l !
Slas ) sl ey el oads asd 3 a5 o a sl oY 5l ey bas g >
loggo (B lae 5l ) iloand (UL U Sais 90 jpa sl
Oygody aSel glaad )b ol il slagy b oy sl
ad)S A s el (65 nbl asites oS (35 e 25 sl slaly
Sy A (655 o i o bared b Lial3dl do s ol 0
plosl )l ol ol a8 50 Ul cupd (ol 2 (28 5 03g
ool Ll 8 )Lt o 4y a2 5l ol yo5 55 ples (o 00
Sl )y g o0 (ol Lo 551535 Jangs oaile Bl jlade 5 090 oo
oS olosil 5logd Jlosl aS plos 4y gl aly ©)j90 4 Wiy (oo
gy )i Sl 581 6y el (6,0 L 0 s (655 yo LS
O (oL b e (A g L (63,5 )0 Sl s 188 (o2
4,k o0l Shcwloads Jlasl (35 0 adlaie 4y Jadd )L ol (> lg
2l s aSs 3 Shas 6l o Jlasl aSis S

(N-1) ormwdolig -Y-Y-¥
Jolts S0y 4t slagloll 5050 £) caalllans jge oSl o
(N-1) (imaneling sl JLiil slo il 5 Loyl 55 gl
gl Ll s b aSes aly Jb po (N-1) omnwasliny ilonss Gl

Jlesl aSb sy pl £ 0l o )b 25y (oS 5l g g 0ol SO
U Sleladl adls VY- o Sloj o3l 50 wolas ) dalig 5l G 09 e



VOASVEA St VF ¥ s ylez o)bod o 5 ot Jlo oLl g 20l 5 52 omsciidpo sy 23

Lus 07y (53959 Lus 9 Gloy 2 yeS 55 5MLL oS sl
S50 pgd delinn Slam 4l ) Jsb a1 gras 4l 4y (5995
o pg0 deling 5 LB 4l Ve Clelll el S5 4y o3l 00 15 oo
b cuae a0 0 Slos Como 0,5 o0 I8 onae 4SSl (Lo o
adlac ;0 068 oo bl ped delivy jlam adli ) g J8 a4l Ve
o ol 4l g0 4 seliy 5l o lelbl gloj o5L Jsbo cgom
Shom 4l Fe b angn cal 055 o0 S5 L)l anld s ol

] 00 )‘)S) £9o J.ALMM)

a0 sl Jsb ) e G (V) U5 loges o

Lo Jobo cnl 88 (oo 0L 1y (5 MLL (a5
5 olas; aelig 5l 8 asl Ve ((o,b (2d8) cols condd ol
ol Slaz ;) delig 5l e 4B e BV 51T (2d) pasie Cend

GOl (omae Aol jlslw -Y-Y
il (gl (95 4l Ly goleriny LSTM oSt Lzl
Al (6999 Sl 00l oaly L (A) S o (699,5 slaoals
QLo VD) @5 5 Qlowl V7Y JUisl s slasldy ol (oae
PRV ESPUIN 40N PRV FPDVNE TP | f J IRV [ I B
9 (JLasl g )L sle—sl s Jold 0,90 VT) 85290 sloyg5la g0l 5
()90 YA Laygil 35 (o295 L9 5 92551, Olgs 4 b o lellle]
Sl orae 4SS (63955 Olredr (S A0 o (nl 4 Bl
Ut oo g 90 s bogypo lellll 51 adlio (pl 45 sl o

S5 aSD (655 p0 B 5o )k Ol Al VY ol s o
L as oad Jol> (N-1-1) wasling 5l Slllas 5,50 YA+ -
3y Y¥e o v dga > goommo ;0 (N-1) omiwanliny olwcs!

0,8 zlmenl a5l Sldlas

Stable N-1-1 Ctg for
™ Cases P All Step Load
YeeT
CtgN-1 N Emergency 3000s Is Stable
Output Cases sim Cases
Nol
N-2 Ctg for All
Unstable N 5
— Step Load with
—> Cases » o

10 s interval

(N-1-1) somiawaolion odls sl ogmi @l old : (D) S

S50 5l gl diged o e lasl Wb Uy lade (B) IS o
(GB axls 25,5 3o 5 FeFFFYY Lt 255 ) bl Sl
g >z o)k b 5y s3ges jemme lewl oul esls L
9 lade slo Sl plg (oo el 458 o Oloj (Bl y97ee
selig Jloel gloj ogei odmline SS& @ 1) bl 5 )kl
et Ceond (oled Iy (V) ojleds Ko 0l o paseine pgo

Sl (7) o Loy IS0 0 K5y s o plo b onds

11 Bus Voltage

1
. Emergency

Warning

!
4
- 1
. S s 1
o=t isel sln loygileygindli g bslas s y00 Ol eizmen g
20 1
ol oot ooliinl pae T ! . .
I o7 ! Applay Ctg N-1-1 =
[ [ 8
> > > > > ! g
Sequence LSTM LSTM Fully Connected  Softmax Classification ! 0.6
Input Layer Layer 1 Layer 2 Layer Layer Output Layer ,’ 1041 1042 1043 1044 1045
LSTM syl L 1(A) JSoi g
Sloooi W S W ' 1 O = 0w N 2 © ©w O [ T T TR Y|
O =0 g5 | ® 285565 K 8888 88 3
| Time (Second) T T 7T
FO TP Y “wl s \
)Lol_w 9 u,u)j.al A...)|)3 L ooL‘L.....J‘O)}A LsLQob‘é g_;L..v):> (\) JB» \

wos oo slid |y golpiing puac 4

GPigel wiglyd 50 ooliswls 90 S5 :(1) Jgur

Tu M Gllae )50 Sy 50 sl sz Sy :(F) UK

~

PARAMETER VALUES AND SIZE
Simulation interval (Second) 1200 - 3000
Feature dimension 95,80
= Target classes 2
g Training cases (N-1+N-1-1) 4,270 + 29,000
Validation cases (N-1/N-1-1) 0
Test cases (N-1/N-1-1) 741/ 5,834 (20%)
LSTM layers 2
E LSTM sequence length (Second) Variable 1 to 50
5 FC activation function Softmax
= Number of hidden units 1 Variable 80 to 300
E Number of hidden units 2 Variable 30 to 90
x LSTM Activation function Tanh
Gate Activation Function sigmoid
[C) Max Epochs Variable from 12 to 20
g Learning rate (%) 0.001
E Optimizer Adam
- Gradient threshold method L, norm
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VOA

8 Vector of The Candidate gate

4 Cell State Memory Vector

5 Activation Vector of the Output Gate

6 Long-term Voltage Stability

" Dynamic Security Assessment (DSA)

8 Contingency

9 Static Voltage Stability

©ntegrated Transmission-Distribution Systems (T&D)
11 North American Electric Reliability Corporation
12The International Smart Grid Action Network

13 Phasor Measurement Unit (PMU)

4 Autoencoder

15 Voltage Stability Margin (VSM)

16 Extreme Learning Machine (ELM)

17 power Quality (PQ)

18 Long Short-term Memory(LSTM)

1% Incremental variance

2 Correlation

2 Trajectory

22 Retrain Neural Network





