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Frequent voltage instabilities in modern power systems are now
a concern for power system operators. Voltage stability of power
systems can be studied using static and dynamic analyses, based
on which voltage stability margins including static boundaries
such as maximum loadability and dynamic boundaries such as
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bifurcation points can be achieved. However, today, with the
increasing consumption of electrical energy in power systems,
the discussion of voltage stability prediction has become
significant. In this paper, using the multilayer neural network of
perceptron and a combination of time-domain simulation
analyzes, bifurcation analysis, and modal analysis, the dynamic
margin of voltage stability based on the Hopf bifurcation
boundary was predicted. In this regard, in order to increase the
accuracy and speed of training and testing the neural network in
predicting the dynamic margin of voltage stability, a feature
selection method called mutual information theory was used.
The proposed algorithm was investigated on a standard 14-bus
test system; and the effect of various static models of power
system loads including constant power loads, constant current,
and constant impedance were examined.
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EXTENDED ABSTRACT

Introduction

Today, frequent voltage instabilities in modern power systems are a concern for power
system operators. The voltage stability of power systems can be studied using static and
dynamic analysis, and based on this, voltage stability limits can be obtained including
static limits such as the maximum load capacity of the power system and dynamic limits
such as bifurcation points. In the present research, by using a multi-layer perceptron
neural network and combining time domain simulation analysis, bifurcation analysis, and
modal analysis, the dynamic limit of voltage stability was predicted based on the Hopf
bifurcation boundary. In this regard, in order to increase the accuracy and speed of
training as well as test the neural network in predicting the dynamic limit of voltage
stability, a feature selection method called mutual information theory was used

Methodology

The application of neural networks in voltage stability can be conventionally
summarized into two types of studies. These two types include the prediction of the
voltage stability state and the prediction of the voltage stability limit. In this study, in order
to reduce the volume of used features and increase the accuracy and speed of the neural
network in estimating the dynamic limit of voltage stability, the information theory
method was used to select more effective features.

Results and discussion

The proposed algorithm for predicting the dynamic limit of voltage stability was tested
on the IEEE 14-bus test system, commonly used in voltage stability studies. In addition,
training and test samples were created using dynamic analysis in DIgSILENT software.
Table 1 shows the candidate components of the IEEE 14-bus test system. In this table, Vi is
the system bus voltage, &i is the system bus voltage angle, Pi and QLi are the active and
reactive power of the system loads, and PGi and QGi are the active and reactive power of
the system generators, respectively.

Table 1. IEEE 14-bus system candidate components.

Variables Bus
\Y 1,2,3,4,5,6,7,8,910,11,12,13,14
5 1,2,3,4,5,6,7,8,910,11,12,13,14
PL, QL 2,3,4,5,6,9,10,11,12,13,14
PG, QG 1,2,3,6,8

Casel

In this experiment, all system loads were considered constant power types. After
calculating the correlation coefficient for all features, a limit based on trial and error was
used as a feature selection criterion. It is noteworthy that the test and validation errors
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were based on the difference between the actual values and predicted by the MLP neural
network. In this study, out of a total of 1912 samples created, 312 samples were used for
testing and 1600 samples were used for neural network training. Furthermore, out of a
total of 1600 samples, 100 samples were used for neural network validation. Table 2
shows the accuracy of the model according to different Mlths.

Table 2. Summarizing the results obtained for Casel.

MIth=0.001 - corresponds to not using the component selection method

test error Validation error filtering ratio
4.49% (14 out of 312) 5% (5 out of 100) 60/60=1
MIth=0.396

Validation error

test error filtering ratio
2.56% (8 out of 312) 4% (4 out of 100) 60/25=2.4
MIth=0.566
test error Validation error filtering ratio
1.6% (5 out of 312) 2% (2 out of 100) 60/13=4.69
MIth=0.671
test error Validation error filtering ratio
3.2% (10 out of 312) 10% (10 out of 100) 60/11=5.45

According to Table 2, it is clear that the MIth=0.566 criterion with a lower validation
error percentage was chosen as the preferred criterion. It can also be concluded from
Table 2 that the change in the number of selected features also plays an important role
in the accuracy of the model in testing and validation. By increasing the number of
features due to the high volume of input, the model learning process was not carried out
well. The accuracy of the model decreased and in contrast, by ignoring more features
because much system information was lost, its learning was also not carried out well.
Based on Table 2, it can be observed that from a total of 60 primary features, the
number of features was reduced to 13 features for Mith=0.566. The number of 13
selected features is presented in Table 3.

Table 3. Selected features in Case 1.

MI Feature MI Feature

1 56 0.714761 QG2
0.900203 V7 0.695834 QG1
0.842312 PG1 0.67109 58
0.828239 87 0.67109 V9
0.807421 V6 0.583158 89
0.756896 Vi 0.566468 V12
0.740498 QG3 e
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Case2
In this case, system loads were considered as a combination of constant power,
constant current, and constant impedance loads.

Table 4. Summary of the results for Case2.

MIth=0.001 - corresponds to not using the component selection method

test error Validation error filtering ratio
3.53% (11 out of 312) 4% (4 out of 100) 60/60=1
MIth=0.4
test error Validation error filtering ratio
1.6% (5 out of 312) 4% (4 out of 100) 60/19=3.16
MIth=0.55
test error Validation error filtering ratio
1.6% (5 out of 312) 2% (2 out of 100) 60/16=3.75
MIth=0.64
test error Validation error filtering ratio
2.88% (9 out of 312) 9% (9 out of 100) 60/10=6

According to Table 4, it is clear that the MIth = 0.55 criterion with a lower validation
error percentage was chosen as the optimal criterion. By comparing the results obtained
in this step and the results of the previous step, it can be observed that even with the
complexity of the system characteristics, the presented algorithm determines the dynamic
limit of voltage stability with acceptable accuracy.

Conclusion

In the current study, using a combined analysis, the dynamic limit of voltage stability
corresponding to the HB boundary was predicted. In order to reduce the amount of
information and increase the accuracy of the neural network, the component selection
method based on the mutual information theory was used. The results of different
simulation methods showed that the correct selection of the number of features increased
the accuracy of the prediction model of the dynamic limit of system stability.

224



d'dé)b 9 ‘_;d ol Kl ‘so.l.ﬂ PR HE]
FYI-VE0 & olad 4 090 V€2 ) 3l
https://Kkarafan.tvu.ac.ir/ :ay yis (w51

d :10.48301 /KSSA.2022.299963.1677

YOFA-FFY - 1 Sy Il sLLS
YYAY-AVAF 1 gla cLWS

ij Yo ;Sféés'?

3 oMl b )8 (el )3 Wy (5laly (Suoliyd uo (e

oewbo (5500

Yd).é.w.’} LS ylozs « ”"\)%.,.l: u.l:.wu

.Olﬁl‘o\)@‘dla.é?,géamb(éﬁ&.\q{co”f‘mla&[rmyé& =)
Oyl brindy (Glise Jlo jgel Aumsga o5y wdite 09)5 ole Olp guae =Y

LRVLES

Ao wleMb!

Sl SIS S e )8 Slagienn o Wy S e bl ol
) @8 slapiusw 55 )l S9dee gmime Dya8 lagiares Gl 05
ol ool g 055 anlls Saelis 5 oSl gloelos 3l oolitad b oy
9 838 e Sk aiedey wiile (Sl by e Jal 5Ly 5k slas e
GBI L sy b ol bl s S5lige bli asle Seelis (slajye
Wy sl plaat (cmghn Sou (0598 Glaptan ;0 (S 6551 Spas
aYaix ac aSd l eolaal b @lie cpl jo il 08,5 by (6 Kais Coenl
e Julow 9 (SSLogs S oo 039> (53lmannd sladedod S 5 5 (g
ol el ead i @l Ol G ulaly 5By s olul (Selins ws
9> (Saaitey 58 e 4B Oge3l 5 g Gigel S g g S0 I glates, L,
iz Sedol (55 lsie o aile DDl Lbg) o 5y (el Saslins
eyt Sl d b VF al st ol ko el ot osli
b s sl el 08 s sl Sl (slo e gl el 5 0,5

8 oy 3l o )sS) Skl Sl ol 5 <ol Gl

VE- PNV tallie cdl s
Ve AT e 6,505
VEe N YV sl ey

ISR

36y oyl (Sl s>
Wy ik i
e 5l gy
lize cleSbl

)9‘:1‘ ‘;Lc-\o?u Z‘J’M bM’sea

maalipour@tvu.ac.ir

©2022 Technical and Vocational University, Tehran, Iran. This article is an open-access article
distributed under the terms and conditions of the Creative Commons Attribution-Noncommercial 4.0

International (CC BY-NC 4.0 license) (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
https://karafan.tvu.ac.ir/
https://karafan.tvu.ac.ir/article_143524.html?lang=fa
https://orcid.org/0000-0003-0264-1082
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796

YYI-YEO ¥ o)lols «(1F+1) 1 (31,15 code aolilad BRGIPRT AT P WUOWIST {1 IS\ R V) PR SV FPRCE SNV )

Aodlo
lalas [N sl o Jiane S5y g odg Lialidl Jdoay 08 Glaptanes 755 5 Cupie 03954l
alllas g, ol 5l il NS5 atugnendy Glapinms 5l Kg, p Wlgoe sd ol &5 Gas e i
3 5y bl LAY] il o5gy 0395 ol liie i dmgisyge ©j03 slapieaw o Sy sl
Slapians (SenS ol Sl 095 Byl o5 (Sy90 0 Soled 0 9 S5 (2lg ) A e D08 slaptans
230 o (ole i Colio o finte ) 20y ol Y] 050 (g0 sl bigels 5 dsenay 0
oolSs i 5o logasls ol VY21 b o 5y (o2l e5ds sln oot it G5 sl i
FB i JS slo gl b L o5l & axtwd 5y CunSs alals 903 Gliae crnd 6l sikxe
Sealizs b Sestiad sla ulos 5l aslitul b o)lgi oo 1y )08 slaginnnw 5y (sl [VF Y] sl o i
o> bl ! 5l ookl b g wil o piames Jb GiSu e ol dulot o Stind glaulos 5,8 oy
oo o [0 55 aales slitws BB 08 e 6 pdu )b aiciy clea b 5ty o b St
@l 5 e Sl b aisle TS lags 655 5 Tole) eje> Siletned e o (Seelns
Sl (Sligs sloyye o Sealud slaJudo ululy ol ugurte 30540 pias adlllae 5| saliasod
Wb oo Shtwd BB 508 s Seolind — (5 5 5Ty 5l eolisiul b a5 LIB® s HB5.SNB' L3 5l 51,
ay b oo by, cnl anlllas cuiS 50 o Sealins o (Sebinl JIUT Sglis o Sptes [VVNVAD Wig oo (omo
JOVS RV IR SR P PUCTUITE GON PRV INCTIRT JPCTIUP P GON PR I 3 EOW [P P [ ISR 5
LGSJ.JL&‘ U”‘ )| salazwl L W g_-;’j‘j )LJ) aS b}...uu;o (Yo &9@9&1 LJ"‘ b}wu;a )Ja)g_ﬁfo e 9 g.))ds W
WS (50 Iy e Gl il Sl Gl i et S0yl o5 (AL 50 0598 9590 Ll 095 g (57
Sl s o wnil oo SHLigs (5,985 p e loges a5 Sealins slo Julos 51 ool ass o [l
Slados Gy g lul (Seolus Jlog dise) ol 00,5 oy (Gloo S 015 (508 slagiw 5Ly
SNB 5 HB o 3l )08 s 515 (5 huly cilises (la o «coWlio ol 5o LYVVAD ol ooty il alises
S50kl oaliul o 2)u8 il S5 (Sl Condy qopw g 530 (o sekiieds ojgyal el 0dd (g
b 358 Gl b Bk 51 LYE-YY] ol 005 oy 508 glaptans Slalllas 45 (slos s 5,5 (ouisle
308 i (3ol g J5S 58 6 SIE slaai oS 5l aslitul (03 slaptanms 5o 0aiSTy ol
L gPTSIY St (aslis olal 55 (5ol (Sastiwl o [YV 78] alio jo [VO] sl 005 oy dngs
9 A.o.ul.au;o )bu,...:u J.J?u )Jw PTSI ua}Lw Sl 00 s"“d‘*"‘ SVM 9 MLP s~as LgLQ:\&».MJ )‘ oolazwl
2 dlbiee V5l S Sge cnl 2 0 9 ) e (pl el oad (Alg )8 s e &S il o
el 08 i s PMANGINY 6551 g5 0> b idu  Ssbial Julos g MLP vae aSs 5 ooliiul b [YA]
P- (goe (Glay alail) 515 (o898 a0 oo )b o g e (a8 L (s Aol 55T (5w allie ol 5
it Y] e o FENNG e aSis ) oolinal b L Sl asls e ool oo a3 3 L o (V

! Maximum Loadability Point (MLP)

2 Time Domain Simulation (TDS)

3 Bifurcation Theory

4 Saddle Node Bifurcation (SNB)

5 Hopf Bifurcation (HB)

6 Limit Induced Bifurcation (LIB)

" Power Transfer Stability Index (PTSI)
8 Feed Forward Neural Network (FFNN)

YyY#



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

Ol g 5551 oy by asels ol grac aSl Uogel Glp ooy aid, Sa slaadlie Liwl, ol o Canl ool
2o GVl i oS 09l e alamdle wl ol assl bl Gl Wl oo wiaens o )gils 5 o)l 55T,
(ke 4 gl 5 g lul (Sbil do i Jo 4 ks 55 gyl 9> iy e
e S ool IYAVP] i e iy ) asle 505 5y (Sl ol (5
Sy, a5 (mlee dyazgi b g Wloo,S Son i 1) 5y (o )lul v ((Sliwl sla Jolo ool L oS S
TR VR XV Syt HB ;0 (ol 55ty o )lal o dllie ol jo wi)ls 5ty 5 Ml o S Seslinl
ke s oloj o3 (siluand ool b ome 4S8 Ggel 5 gl sl lisyse sladiged wg olase
s> MLPT _iac aSis g adlge Sl by, 5l eolital b colys 10 0,8 oo &jgo (Sewlnd lae j0 (2
ol slocs iy g kol Sl 5l (S cegdge (nl el 00l (e HB 550 Gl 5W5 (5l (Sealins
Je yts b osdsadll)l g, CubilB diwly ol 50 000 0929 dice) cpl 40 &S Canl (6,550 SVl b dunlie 4o dlde
S HB & 2eie (638 g pieems S 4k e alols Tl ool Saolisd 0o el o ol iaes
IN T asl o pinsw

s ¥ sy 10 s P-V o (a3ls ¥ sy j0 a5 (5,5b el onds (gamains dllie (sl bl o
PR Caled o g 0ad ple ileand mls 5 eoleriy plyssl 20 i 0 6F e i 0 g L
el KB5S j90 (5 S A

P-V oo (aslis

545 Al e 008 Glagi Wy 55k Curdy oy p sl gz () 3l (o PV (e
Oyt s b S (nl i 50 Dgy00 A D08 gl (GISL 0o e pglaledy i
Ot o S alal g 0,5 (o0 Djgo placnns LSy iz b s o lila s abge SRl slal> 5
5 i IS abadi loe alold oy 095 Sliny aladi 4y Jeie a5 WS o oy delol ol U Cuxdg (pl g o
3By ol Comdy et (1 (S loxe o5 S g0 15 SIS 0 s (IO 9> Glgreas Sl (29 ) abaks
L] ses o ts 1, PV iomie ) IS5 il o el

! Static Voltage Stability Margin (SVSM)

2 Continuation Power Flow (CPF)

3 Multilayer perceptron

4 Dynamic Loading Margin (DLM) or Dynamic Voltage Stability Margin (DVSM)

Yvy



YYV-YFD ¥ oylos (0F+1) 14 131,05 cole dnbilad e 88 U goiann 58 5Ly (6 )luly Kol s 9o (e

1r 1
1
:
’5 1
2
>05r 1
1
1
1
:
0 | | | | | | !
0 0.2 0.4 0.6 0.8 1 1.2 14
Loading P
PV (gioxin ) S
o8 G 53 5L S0
e (Solins sla )l g (SSliwl gla)l atws 9o 4 o)l pow e jsbd w08 glagiacw (o
Sl 54 s o

(P) ol g slayl glsil ol aF s Sl sl 08 slapionms slo)l pywye glsil 5l S
@IP Joa ) (oS 5 L Time & 90t il an bl 5l 95 ol wiiboo (@) b il 5 (1) 2ol by
Sz DY¥olan 90t Ygane 3y 5l 4 (Sliad slajl 55T, 5 52581 (slagly (Kidy igh Joo

I¥e] wloass (lo (1) 5 (V) alad; o Vol ol 45 Wig oo o0l ales

V 0]
P=P ()% (%)
o(VO) (wo) M
Q=0Q, (\\/’—W (2 ™
0 @,

ol 55,5 iy LB LS 3 4y 5351, 5 55T oy Sty Ygans 55 (s hul lalllas o 4z
"\‘“L’u‘" UBL""“’ LQ)L’ &‘5“ L§|)'~’ (aV ’ﬂV) )ﬁel'a"’ : (aa) ! ﬂw)

é..nbé sl Joe

Q.;J 3 RVE X PR u’S;)...ill W ygige |y & y0d o 5 Gi.),&ll Qljs Byan L;loej;;“f e 059yl
58 dliee 5By sylul Slalllae y3 calul (ol g p3Y (6 el ot Slalllas (6l ay5590 335 (05 e g,
Ive] s Sl slo)b 5l shiges (il slaygig0 asle S5 25U sla g 2l

YYA



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

@Oleiudin o )91 g 59 (55l (Seolud v (un sl Ao g P45

€5 95 ool 05 a4l adlhae g5 90 ;5 powye b Jlgiee | Sy (5l S (eras sleaSl o p)S
@ Gy Gl Cendy Gmiin )0 Bl SWs il v i 5 s ol Condy s JelS
laigas 4 b Sl 85 placns 50 35 (6l s (Jloiot 57 Al gl LI o5 mrdly oo gdge ool Sl
ooy 1YLY2,..ym} aSul (53 b i Sike 0,5 svalie [YY] o lgis 1) Slalllas £95 ol 5]
oEo] il oaad bigel (gras aSed (2o Z g sl W5 sl (ot splitedr seas 40D 4 G
SeZ ke ST ke sl S o patie ) S I ) ples Condg oS oo LS 65 (ke e
@ Gl gyl v gt 50 (Blae ddadi (o el bl s L 90 o] Jlade I gl e il
Lol liae 4w (Leritical) (s Jabl 500 B (LD) 04350 5 alaii yloo alols a5 puisl so > ol JLio
s ool osdise 00l g 55 PMaol 1o gedge (pl S Gy [ Hlde ul il (gras a0l (nl b
3o 5 6yl ;e w@lie ol yo ail HB L SNB awle  Saliss 550 L MLP aile  Ssliu 550 wilgs o
3570y e aliSte de zgy SO oSl b b blie HB  (Soligs dhai 00 0 48,5 ks o HB
o530 e (695 45 (Sde 795 (el Cond (Il cpl o INAT] 5,8 o )13 Laliss slacl amis egnge
Ely (09990 1570 S5 2 4 e (S e ) (S Cend Gl (Sl A5 998 o0 i wlanl 0n 1Bl
Gl Jols oS5 Ll S 5 enlil b 5y ol Seols oo calliio ol 10 055 ooyt el 00
S (Sl @ el 0als Sio sy (gmas A g adlie DLl by, o S0 (55955 ¢ Jloe Julot e 09>
3 olein iy O ylsls g ales i SIS abai 2 (gl DLM Jlaie MLP cac oSl g5
el 00 00,8l ¥ S

Yya



YYV-YFD ¥ oylos (0F+1) 14 131,05 cole dnbilad

[V.0,PL,QL,Pc,Qc]— Ignore

BRGIPRT AT P WUOWIST {1 IS\ R V) PR SV FPRCE SNV )

ol (58 g0 Jb gt (59 )L i

v

Silos gibw s LT

v

S 3w amd aiaTy3 (b 5o Jlae 5ILT

039 ylailo oo (A it

[V.0,PL.QL,Pc,Qc]— Save

|

A
4
B

|

Cellao gl adlgo ol

HB ;50 polsl 2 5Wg 55l (Saoliad ao (S Hgliiods (golediion iz yoI Y JSCo

Wgd oo e 2 bailgy JIA LB

FEATURE TARGET
[((V.8,P5.Qc.PL.QL) [ DLM;
V.5, P, Qc,PL,QL)>2 DLM>
—>
V.50, F6.Qc:PL.QL)n DLMp_ 4
| V.5, P3.Qg . PL.QL)n | DLM

Yy-

)



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

[MI{(V,5,Rs,Qc, PL,QL)1, DLM; 1} > Ml
MI{(V,5, Fs.,.Qg,PL.QL)2, DLM3} > Ml
)

MI{(V.5,FPs.Qg, PL.QL)n—1, DLM_1} > Mlt
| MI{(V,5,P5.,Qc,PL,QL)n, DLM 3} > Mltp

) o 2,55 sl 2SN ol Sy 5y S 2o e (S0 Y S
Sealind (5L v G lsiea HB 4 e )b g s )35 ,L 0 S 4S5 e ali>Do bl
Iy ogim Ol polie Bl grac a0 a5 wlil oo REXVS OFe Oled (6L a> (pl 4S ool iy x5 (DLM)
VOUKs e eadgly ladise I el wls rizmen e asis Togel claaisel lile
Lol Sl slasgomme b (ol 2 b i hlas 5 oloj 0392 (3kwane 5l oalital L ([V,3,PLQL,PG,QG])
Sl Wy amls V¥ SS9 055 0 Sjge HB 4y e (050 B by jlade 5 g (Solad &jg0a
05 QG 5 PG 5 s (slojly 551, 5 50351 5 st QL g PL i (slogly 5105 gl 8 poitons
S o 45 gl 3 ol loaile et Mnaile o 2o e slasgii5 55T, 5 53]
g0z LHB 5 )5 ahais (ol )0 gl slo )l (MVA) (5 ,0lb g5 ggemme LN 51,08 5 valys | 3 colarl
Sy 5oy S 2ol ot L 31385 b s 5 sl 22 HB 5y 4l 5 s sy 5,516 ol
338 (g0 i35 (1) bl Golil s IS alall (el (512

DLM =L, L, ©
L L *)

L, =\/(ZF1)ZH Q)N
Q)]

LHB = \/(% pi)zHB + (ZI;:Qi)ZHB

ST ool b eJts sl sl e 55 b Bliie HB. (gl s 1 )b il (550l o a5 ol 83 oLl
alaii 5 S abdi o G alold ol (ol Jsbo 5o Cnlpl 05 oo et HB g5dg b bl Jlade U 4l jlade

258 0o Bl b s 65w (3] 12 DLM G lgie 4 HB g3

! Target
2 Test Samples
3 Features

AR



YYV-YFD ¥ oylos (0F+1) 14 131,05 cole dnbilad e 88 U goiann 58 5Ly (6 )luly Kol s 9o (e

Bifurcation Curve
1.2 | |

DLM[{)=MW(HB) - MW[1)

4

éo,s = DLM(2)=MW(HB) - MW(2)
S «

— i

MW
o S alalis 32 9 )b (599 )b 32 (5l DLM ppusi’ (S Y S

Al VF g ;0 (Jlio (6l S ooyt 5 ad)he Sluei anlllans 9o i 03Il o 3 00 19w 3

5551 g5 aidge YY ol ailge £+ ([V,8,PLQLPGQG]) s s gbailge uloolyy brailze IS sluws IEEE
oS Cel sty 2Bl o0 Lol g auly 5 ojlail adlge YA o o ygil 55 9251, 9 05T g5 adlge Vo )l 05T,
5 ohisel Oloy Gl pedle deadle pze (Ll Al e il QL‘?UO‘ ol e S et
oijeal jelaiedy joS e sloadlie ol jl eolatul wond 1o g el JAF ST 50 Al GBSy o gmac aSD (905
oy 5 5o sleadlie bl sl (S ! Ghg, 5l cplplh 1o Cgllae iz pvae sladSid el L

W W 09y

Oledbl (5565 Lo (5329 LS|

O (St 50 gmas ASUD ey 9 SES il g oolaiulsjge (sloadlie por alS jslateas dlis oyl o
ol oleol el 00 ol 5 e (slaadlie Ll gl (M) Y ledlbl (6,95 by, 5l 5y (s b (Selis
A Jlosl sl Ll 5l 50,5 Sl wjls 1) Jaw (29,5 b (Siaaad O yiden a5 sloadlie o)lg5 oo andb
Dgus oo 00lawl XY psie 90y M acuil (gl (M) (28b ) alal, 510 S solaiul suase

p(x) q W\

d
pOOp(y) Y

XY @lo e plg Jloil &b 55 PXY) 5 XY slopiie Jixl @y oo ga PX).P(Y) (M) abad; 5o
N 5 oadolnl ladiges slass | o yile nl jo ol i adgl G ile (X1 Xi2,- . Xin} 908 (28 by oo

1(x;y) =1 p(X,y).log

Aib oo DLMj Jlade G glhls onds olog! diges dsgorme 2 550 gow | Gl diged o (gloadlie olos

I Mutual information
vy



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

L ble (Seolas s 5 OG5 IZ1IN) Wiged j2 adlie 12 (oo (Soan az 0 W DAMb (5,955 o258 bl

g Uyl solaieds (owas aSLh 4 g O e WLt Cglhe sladle e o) il i (DLM)) 4ges )]
S 0391 1, (1) alaly by a5 el Oogllas (slailhe ¢ ke 4 09 0 Jloe! g3

MI (x;i, DLM;)> Ml @)

Sliee ST a8 cudd pes (MISI>0) 058 o0 Gt )5 &S ol glailin] jlade Ml A alal, o

@ oglhe gloaalie o yile wioly j0 0l dalyE Bl adlge o] Wil Ml Jlade ) oS adlge o S

8o o MLP eac a5 lomo 00 oo Jlosl 55 (ool (Seoliys 0> ot gl MLP oac oS

el 00 od)jj ¥

999 4 ) (e 4y Y e aY o aY

oo 4Y 954 MLP piae oS S sl ¥ S

Al 4y (6999 L ple (JSE (pl 4 azgi bl oals ools lis MLP iac oSl Jlisle F S o
Oiee 568 e &0 (29 Pl 5 wilies (VBPLQLPGQa]) aiS iy sloaddie (lop (oae
283 e il o pius DLM floo (293 o ilo bl o anilioe 69959 5 il MDL (oo i

ADLM; = (PredictedDLM); - (Real DLM); )

o Judos olusl a8 ol |‘=|j digad ly 5 g Il (Solns o> a8ls Jlade (Real DLM); )+ alayl; yo

(oot el 0del Cawdts DIGSILENT 5810 5 5l eolitl b g (SLigs (5,95 9 e cjloj 059> (6 jlwdanid
FLOW L_5.'~>5):'> uul.wb.g aS Sl f"j Hgos 6‘)‘.’ )U3 ‘_;)‘..\.‘a‘L‘g. Lss‘:"L‘“b Q> cmgu.aw )L.\.SA (Predicted DLM)j
S o las il i Th bl Jlade G 5l ADLM Jlade (51 b .l odnl sty oayd joj90] cnae

vy



YYI-YEO ¥ o)lols «(1F+1) 1 (31,15 code aolilad BRGIPRT AT P WUOWIST {1 IS\ R V) PR SV FPRCE SNV )

S il gl
ssbas a5 IEEE aul V¥ 09*"}—' e (S Sy g Il (Seelud v S sl eadadl)l v ,6X!
Sealind g Seilind Sledlbl ¢ paizmen b walgs ialesT LYY] 00 o ool 55 (6 ol lallas ;5 pou s
Juloss 3l oslital b a3l 5 35eel (slodises cnl pogdle 0,5 Cudlsy ate Sl lgisn ) jo5 3 903l it

ool 05 Loyl DIGSILENT J581a 5 45 Soaliys

)U9 V| ‘JB» L)"‘ 5 ) 0 o0l ul.w) ‘IEEE Mb \'f L)?A)—‘ W \.\JAJlS LSLQMJ}Q ) Jj» B
Qai 9 Pi 5 piaemsr 5183k 5551 9 5551 ()l o 52 QUi 9 PLi ot (slo ol 515 4195 8 icpimnns sla by
bl oo i sl 53135 5251, g 98T g5

IEEE 4wl V¥ ot 0y lils’ (goadlge ) Jaus

ook e
V-V-Y-F-0-F-V-A-2-1 -V V-V Y- PN F \Y
VoY Y- F-B-F-Y-A-9-) =) 1=\ Y- P F A
Y-Y-F-0-F-9-1 .=V V- V=AY F P_Load, Q_Load
V-Y-Y-7-A P GQG

Ve 5 o905l (6l diged YAY coniiadgs aiges VAVY ggeme I MLP uae aSis (5051 5 (o590l j5laneds
Mg jsbateds sl 48 S g0 B3l SIS g0y a5l ol s oslitidl e 45 el gl diged
Y Jsoz 5o Jlae! (slags s 5l 3y laidl i Lilike (lags i 5 whacems (Ll o ol aiges 1ANY

el 00 UL"’

IEEE awb V¥ pouonws 50 digos adgi calio slogy )Luw .Y Jguo

FoV ¥ lagpwl b s Y ool sl e Olo3od O ygu0ds i (5151 plod i
Yool b s VF oV ol b s VY 590 glo b )b s
YoM e b lapl by VY 5 ol )b s T ok b s
W sloul )b s W g7 lagl b s 7 b b s
W ool b s Vo ool b s A bk s
Vb b s MWW ool b S W osb b s
Y e wlbosl

U5 oo cal> po oyl (sl gy 50 s i8S L p0 ol g5 g9 3l e slob pled ialojl cnl

dolno oy 0 o0liisl oae a5 y905] jakaieds diged YIY olaw ol 5l a8 cend VANV onioloe] (sladiges
Ve ey 3l sk (99,5 e IS8 Gy 4 Ml oS el 03V ly i @ ol sl o
e dfgazme ;0 A iigel dgezee o B0lal O jgods o wlul (pl p .08 5 soliul Fold Cross-validation
ol g ol Gl hieel dAcgerme dbdcgame a5 b 4235 i o Validation Set < e game ) ,o .0
6‘;.1 ad.n"wéda )JQLM 499.0.7@0 Mbso l) Va||dat|0n Set » L;Ua} 9 MOU’J: u-d)j-ﬂ‘i l) 4&.,..: ‘uul...u‘

YY¥



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

glas a5 ol S5 bl gl o Sletl Colys o wawy |, Validation glas- oy 26S 45 sadle slo el b
U”'“'” MLP (as ASMA) .]a..:y om‘sww 9 @3‘5 )ﬂ;)LQA UI"“’O d)&?‘ uuLwljJ u,.MJJ..JB 6Ua> 9 054)]
ools &y las G il i (41410 byl 40) eddidy a3 Uas § e b aS Th 5l s ol Jode 31090 o
Oiel sgkiieds digas VFe v g yg03] slateds diges YT woadolm! diges VAVY ggemme 5l calllas ol 4o el
ool puac aSd pioads jolaieds digad Voo diged VP ggezme flpiren 00 5 e colaiul ac 4SS

Des e lis it glMIth slila 1) Jae C8s ¥ sz ol dalgs

1314 59 (5l (Saoliad Camdy S (sas 9 ST yilid Comd 3l ol cawday gulis (gasge Y Jgu
ol 0‘9:’. b ol p bz ‘_glbl\/“

Ao Ll ey 31 99555 esliswl b yBLxe -MI1n=0.001

o903l slas s lel slas Sy il Connd
£.$9% (¥ outof 1Y) 0% (doutof )+ +) $2/5=\
Mlge- .¥45
o sllas i e gl Syl Comnn
Y.05% (Aoutof 1Y) % (f outof ) - +) IR
Mly-- 055
o903l slas s lel glas Sy il Connd
V.5% (b out of 1Y) Y% (Y outof ) - +) . /1Y=F.54
Mlge- .5V
o903l slas (s el sl Sy b Connd
¥.Y% ()~ outof¥\Y) V-% ()~ outof--) $4/11=0.%0

ol e Glpreas oS (i liel sllaS o3 b MIEG= 11077 JLne a5 395 00 pateian ¥ Jpu b

55 Jde 85 5 (LB (la Sy olas ;5 ki a5 0,5 bliwl (g o0 ¥ 9oz 5l aizmen 098 0 Sl

Joe 559k Jos 097 69909 VL 7 e 4y o Shg olaws Gl Lol o G5 s izl 5 (903

B! 5 ()l 97 i Sl Ty (R8T ol b S 2 5 b oo 1S Joe 085 355 o plonl a5

Sy oddosygl 55 O JSb 50 o5 wSolen 0ghi i plml ot 35 o] 6Tk 3gyse sl s

Y ogas ol (i liel gbvools s 1y sl o 95 (g yiien Jlael 51 Jaw Y (S olaws LY il
ol 0y 00ls lis Jaw <o o Fhg oo 36 0 JSS ail go aoyo

YO



YYV-YFD ¥ oylos (0F+1) 14 131,05 cole dnbilad e 88 U goiann 58 5Ly (6 )luly Kol s 9o (e

10

% Accuracy of Validation Set

1
1

1

1
1
1
1
1

0 | | | | | | | |
10 15 2 25 30 35 4 45 50 55 60

Number of Feature Selection
oo 88 p by S olani 30 .0 JSo

U"’j) )I o&Lw‘ L: 54.\.15‘ <\.n.]§.o ?’ &5.4240 )l as 05...:‘5‘0 4.]9?)'{.4 CAMJ‘ AW UL.J f Jj..\> )é 47;1" U‘JL“" >
03,9l (B) Jgoz ,0 a5 b zals adlge VY 4 ladiges olows MIgp=+/08F Lao (slsl oniadl )| adlge ol
Q}w‘sa u}A)T 9 X0 Q"’)B‘J Gl m nL{Z)M;c L)“‘ )l oolawl l.: el 00

Y edl iwlojT yo Target ylado g powsw Wadlgo o Kwos .F Jouo

Mi adlgo Mi adlgo M adgo
) 6 CEYVY e A CFTYOF) Vs
Sy v - OATVOA S0 - FYAAYS Vs
S ASYRYY Per  -.085FFA Vi SFYEVE Vs
- AYAYYQ &7 - OYAYAY 12 SFYEVE Vs
L ASYEYY Ve - OVYYES Vi YAV &
- YOSAQF Vi - OVYYES S5 S YYAD-$ PL1o
- YE-FAA Qe *-0)YAA Vi3 YYD Quio
-~ YYEVE) Qe  --Favfio 5 S XASD-Y PLs
- SADATE Qa1 --FYFYYa Vs S YAYOFY Qus
<FYY-] S - fOvSOY 13 - YAYYFY Vi1
YFND) PLs S NAFVPY Quiz CFVYA 1
SYFOER Pui - )aFVpY Qas .. OVAAS PLisa
YFOER Qui - \Yarsy Qas NGV Quis
- YOAYYE Qus - VIFYY PLi Y2 Vio

\Ai4



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

Mi adlgo Mi adlgo M adlgo
..YfanaY 810 CAVY-FY Qui2 CFYAF P
L YEPVYS S1 CAVeSYY Pws N Y QL2
- YTAYY) Pa - \VesYY Qus C VAN Pcs
- YYVOVE Que  -TYAY Quo YA Pes
C YAYAAE S14 < AYOVEA PLo oo eYEYY Pes
S AAEYSY Pliz  -.-SAFYF 52 ..o YAAR Pe2

Y edlo s bl cbailde b sz

M adlso Ml 450

\ 36 < YVEYEY Qa2
LERS B3 V7 - SAOAYE Qa1
< AFYYYY Pa1 AR s
- AYAYYA o7 AR Vo
< ASYEYY Ve <. OAYVOA 8o
MINZ8Y4 Vi - OFPEEA Vi
< YELFAA Qcs —

2 0903 9 (misliel slaosls (sl M=+ Y35 Jlxe (sl (ouae a5 5 Slos dasiin ige sy

laws Gl oo ools lis Jlxe cpl (glp 50 ¥ Jaaz 50 aS ais¥ ylen ol odd ool oles Vg £ sla IS

YAY 5l digas A 051 sloosls (sl g aiged Voo 5l digad Yoz e liel slaosls 51y owas a5 slallas
wilge 10,55 2 oglhae el jlnosls nl sl (ol (srae 4t ooy 3l o0 Aiged

YYy



YYI-YEO ¥ o)lols «(1F+1) 1 (31,15 code aolilad

0.03

BRGIPRT AT P WUOWIST {1 IS\ R V) PR SV FPRCE SNV )

0.02—~

Threshold

0.015

0.01~

i

(Predicted DLM)-(Real DLM)
=)
-
b
—
o
T

Threshol

10 20 30

40 50 60 70 80 90 100

Number of Validation Samples

o 53 MiITh=+/¥a5 (g1l DLM sus sius sions 3 5281y y3lie yloo S| SS1,5 ialos § JSCb

w ysel
0.1~ -
0.08 —~ -
0.06 —~ -
s
)
O 004 -
<]
Q
[
§ Threshold
S o015
: |
L2
g 0 I 'rl' I|I | Loy | - Iu S
-0.015 Threshold
-0.04 - s
-0.06
0 50 100 150 200 250 300

Number of Test Samples

Q,.nﬂ Il o MITh =+/Y4% glilas DLM suis Sussions 9 (28lg o olio (SCd1,8 s lod .Y i

ool ol el oas ool s alisee > g0 slilar mas aSed (g0)] sl peS F Jsax o

09y 5l &5 el ol e coads oolanl adlge Sl g, 5l aST Sl jo yge)] (gl 4S8l e ali>dlo
Sradlie plos wais oolaiwl (glaalie Gl g, gd 5l a5 Sloj i )0 .l 00uls ool adlge bl
285 uals Jlazol oSl 5 ole 550 ol g o Jlasl e 4515 & 5059 e & oadais S b 4o
abadi ;0 0es so il osls (YU po> Jdoas 1) puac 4SS u:’)'s"’i Sy 3,0 ol e 4y |y oac 4SS

YYA



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

Eao30 ol 45 058 o Jlosl (cras a0l (63959 (lyiear (5505 (slaadlie slaws «soloiioy (b, (ol ( bilie

L o] PR{ IV COCIRP Y <  PRES
addgo Clil g b (53l (995) 450 Ll b b

oseil las aops (@) (hjeel s opgejl glbtasys (Al (Bigel lejae

f.%4 YA V.2 )

Y el Lialosl

as)S i 5o Col el g <l bz b Glg sla )l Sl oS S D jg0h mlas sla)b wdl )l o
M)o VeooV U”JL )lg GLJL/.A Lgl).a el 00 QL..) )lg JAA Q"’L“’|)" W LgL&b)lJ u.\s].: & Jﬁ“\> )Q I PR W

Cindz 50 abl o ol Guilagel Sl ol s a0 B g il g sy B0 Y b b cizmen el Sl lg

oz llyl o 5y il (Seeliod v w50 00l gy Ll gl po ol Sl So
Agai VO-» olawi cpl 5l aS Wl VAVY caliady sladiges IS olaws clo ! )0 yizman ail oo )b sl Joe

ol 00 00littunl s a5 903l (Sl Aiges Y g 390l g1y

Y owlejl 5o e (5B L cus )i .Y Jaur
b ilel bl clbgly wboyleds

V--% Y

0-% . 0% Y
Ve-% ¥

V% I\

V% 14

0% 0-% q

V% \

V% AR

Ve % VY
Ve % 'Y
V--% V¥

Wy soadlge dlaxs MIn=+ .00 5 it 1  Sacod Gliae 4 a3 g5 b Conl 0ael A Jga 0 azsl sillas
il 00 03,51 4 Jgar 40 5 lscil 03ls Bam yuie 1y b o i oS

yva



YYI-YEO ¥ o)lols «(1F+1) 1 (31,15 code aolilad BRGIPRT AT P WUOWIST {1 IS\ R V) PR SV FPRCE SNV )

36s 5ol (Saolind by (g (slaS 5 S yilid Comnd 1 ool oty s (uivgox A Jgux
ol ilasal 9 Cali 2 ol lgh 31 (oS 5 b sl gl e SLMIT (sl

adlgo Ol gy 3l 90,55 oolw! b yBlae — MIth=+ .« )

o3l s Crinods glbs JESHCTIEYONN:
Y.0v% (V) outof YYY) % (foutof)--) Fo/fe=\
Mlg=-.¥
S iy sl g il Cannd
\ﬁ%(&outof\“\\’) 'f'%(\‘outof\..) £./\4=Y.\§
M-+ .00
ool sl ey sl oy yilad s
\.#% (dout of ¥\ Y) Y% (Y outof\- ) Se/VE=Y YD
Mly=- .5¥
093l sl ey sl S il S
Y.AA% (3 out of 1Y) 1% (3 outof \ - -) Fo/N e

wollas Jlre loieds jaS s jliel slas s o L MIth=1/00 JLas 45 050 0 asein A Jgdz b
30 Joe &8y g bl sl Shg olawd o poss a8 o8 blasul (gl o A Jgaz 5l cizmen 055 co ol

el 0l Dol Cgllas (F5ig olawi « S5 £ 5l (Shg 1 eyl 10 aS o )ls coge 28 o liel g g0

Yedbs islojl yo Target jludio g o BAd50 (e (Koo A Jouor

M ailjo M ailjo M ailje
) Pas - SYY-0F Qo1 - YAGFY Pes
- AYYAYD 36 < SVFIA 35 CYAIVY 10
- YavFY g A -.03Y00 Vs - YSAESA S
- VO¥VYTY 5 -ONTYY V, STV Vi
-.Vfoq- 5 S - OAAYSY Vi SYYE-0 Pl
-.Vfq-5 (VA - .00FFY] (A CYYF-0 Qw
SY1-FAq S - .0fYfoF Vs AT Vi
- SO0AYD 813 - OYFYAY & -180Y8Y S12
- SO0AYD Vi < FSYAY Pe2 < AAOYYF dut
- ¥4 3 -.¥aBTYY Pas S ASYAD Vi
CABYYYO Qes CATYYE Piis <4200 &
CAYYY-0 Vi CATYYE Qus LRy Quu

Yf-



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

M adlao MI adlzo Ml adlzo
AYSYAY V, S NIVE Qe - A AT PLia
-AYYORF Pis Y P - SOYYY Piio
SAYYHAS Qs -\ -a8tF Qus - ASOYYY Quo
SAVYYYS Pin Y Qcs RN ATE) Vio
CAVFVYE Quu S FEYE Pis < AOYEYA Pl
SAVEYYS P SYYYY Qus < AOYEYA Qus
CAVFVYE Que - +R3AY Pus PR INTN Pa
S AYYYE 5 < 423AY Qu CVYSYA Qcs

0 el 53 bl e o Al IS ailge 5+ adlge 1P olass ] Lo )+ iz 1 45 jsbolen
w‘owwbswu)yda Mlth w)o

¥ GhslosT — MIth=055 (gl3la suuibnlocsl cbaailze Ve Jouz

Mi 4dlgo Mi adlgo
) Pes - FOOATD Vig
- AYVAYD 5 SRARAEYY 5
- YavfIe Vs AN Qu
- YOTAYY 5 AT 5
- YfO- S -.09Y80 Ve
- YfO- Ve <O YYY Vi
AR AL S - OMFY v,
- FOOAYD b1z <. O0FFYY Ve

s awlio b ocasl oals ools las MIg=-/00 shlay cadscobedl Callae sbhadlie Ve Jouo o
M) (o GLQL;)"S L)‘A‘““ oduy La = aS ‘>5“J<5‘° ala>de ‘J.d 41?;4 GL" 9 4J.>JA U"‘ 5 oAA"w\)A;
P PRRPLN-I-L R T S UOUS I 1] PR3 KV PR WON RN S POT- I P B L PR WU B AP P 3 Y GRSUN g K
Jdody (im0 Comdg st ol bl g culb b > aiile Koo slo e 4 <ol g8 5l e (sl b a5
Eo9a ol 30 9 e 50 (S pd (185 b T 4 e il 5 4 Ll wisS nl slagly (S
o 5 1) Sy solal (Seslod > (i WS o otz 1) G5 (ol (Soelns Jlod Sl ogdle
2 09e5] 5 (e liel sloosls gl MIn=+.00 Jlas sl crae 4l o Slos dasiin S35 o )8 f.’l.,
olawd Cawl oals ools L Jlxe (ol lp 35 Y Jgaz 40 a5 aigS les el 0ol ools ioled @ g A gla IS
D303 YVY 5l digai O (y905] (slools (glys g diged Vo v 3l diges ¥ omiaw Litel (sloools (glys smae a5 (slallas-
il o S0,95 5 ogllas jLiel ST laools cpl gl (goloiing orac Al Jow w il o0

¥\



YYI-YEO ¥ o)lols «(1F+1) 1 (31,15 code aolilad BRGIPRT AT P WUOWIST {1 IS\ R V) PR SV FPRCE SNV )

0.12~

0.1

0.08~

0.06~

0.04

Threshold

0.015 [#0000s000ps0c00e0seonessecensesesoncospsonsosecesessesenseiecelionsessssssesessssscesssse seeeseses

(Predicted DLM)-(Real DLM)

0 . =B . all n

-0.015 [90050:0009005000050/000000:0090005000009:900000509005050000(95080000590005079009005000000/8000000000-

Threshold

0 10 20 30 40 50 60 70 80 90 100
Number of Validation Samples

s o MlTh=+/00 shila DLM 0l et g 9 (g ol 4o LS ‘;.al)f oo A S
7oyl

0.1

Threshold
0.015

-0.015

Threshold

-0.05~ -

01 -

(Predicted DLM)-(Real DLM)

-0.21~ -

-0.25~ -

-0.3
0 50 100 150 200 250 300
Number of Test Samples

9031 <l 35 MITh=+/80 (53l DLM o0 st sions 3 55515 y2lie cyloo SSLS SL1,F st los & S

el 00 QL"' UT )‘ oalaiwl

YFY



& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

Y el losl 50 sowlcawsd gls 3 Jgao

adlgo il g b9 (&3 Weions, 09 5) addgo LBl b b9
oseil o aops (@) (hjsel lajine opgejl glbtasys (Al (Bisel lejne
Y.or . V.5 3.

5 5 4
0dds (i HB 50 b bl 5ty (g lul (Seols oo oS5 dos SO 5l oolazl b allie ol (o
0357 Siloerd <S5 3l srae & (jgel g (igasl sl o yge sladised sloml jglitea; Ly cnl o
SleMbl x> 2alS jglateds o ol ooliiwl DIGSILENT Jf3dle 5 baze 1o Jow Julod g (S3Ligd (5,95 oylo)
ol VF s gl ples 4 il o LSy oabolon) (clodiges «solyiing oisysS bl oy soliteds
S ol ol la e 5 e 55 e 03] s sl 85 e 5 LSy 5 sy cab ol IEEE
@l olelp 285 )15l g (higel 0y90 mae 4D ol el 5 0wy wilesgy b uilaal g ol
odliiul (golgiiy pi sl 5l &S (o )5 (orae 4l (903] 5 el a1 g 9] sl wedaliamse

od.cz..: l.: ‘U”‘ By os)Lc d}m‘sm oolarwl 6‘4&]5@ ul?b..:‘ 045) G:.b )| oS w‘ LS’LQ) )‘ }uAS w‘)AA.: 4w‘ W)
Gl (Sealus 0> 585 i )0 eyl vl o8l Sl Y Sl ialej] o s sla)l g5 o
D1 JeB B o 55 wiledgs ol (g3 £98 5 e byl T 0 a5 Y o jles iale;l ailen 5Ly

References

[1] Isaac, S., Adebola, S., Ayokunle, A., Katende, J., & Claudius, A. (2021). Voltage collapse
prediction using artificial neural network. International Journal of Electrical and
Computer Engineering, 11(1), 124-132. https://doi.org/10.11591/ijece.v11il.pp124-132

[2] Alipour, M. (2017). Optimal allocation of SVC and TCSC in power system by means of
fuzzy estimator with the approach of increasing the static stability of the voltage.
Karafan Quarterly Scientific Journal, 14(2), 95-121. https://karafan.tvu.ac.ir/articl
e_100507.html?lang=en

[3] Ibe, O. G., & Onyema, A. I. (2013). Concepts of reactive power control and voltage stability
methods in power system network. International Organization Of Scientific Research
Journal of Computer Engineering, 11(2) ,15-25 .https://doi.org/10.9790/0661-1121525

[4] Larik, R. M., Mustafa, M. W., & Panjwani, M. K. (2019). A statistical jacobian application
for power system optimization of voltage stability. Indonesian Journal of Electrical
Engineering and Computer Science, 13(1), 331-338. https://doi.org/10.11591/ijee
cs.v13.i1.pp331-338

[5] Mobarak, Y. A. (2015). Voltage collapse prediction for Egyptian interconnected electrical
grid EIEG. International Journal on Electrical Engineering and Informatics, 7(1), 79-
88. https://doi.org/10.15676/ijeei.2015.7.1.6

[6] Saha, G., Chakraborty, K., & Das, P. (2018). Voltage Stability Prediction on Power Networks
using Artificial Neural Networks. Indonesian Journal of Electrical Engineering and
Computer Science, 10(1), 1-9. https//:doi.org/10.11591/ijeecs.v10.i1.pp1-9

[7] Sridhar, J., & Prakash, R. (2019). Multi-objective whale optimization based minimization
of loss, maximization of voltage stability considering cost of DG for optimal sizing

Y¥Y


https://doi.org/10.11591/ijece.v11i1.pp124-132
https://karafan.tvu.ac.ir/article_100507.html?lang=en
https://karafan.tvu.ac.ir/article_100507.html?lang=en
https://doi.org/10.9790/0661-1121525
https://doi.org/10.11591/ijeecs.v13.i1.pp331-338
https://doi.org/10.11591/ijeecs.v13.i1.pp331-338
https://doi.org/10.15676/ijeei.2015.7.1.6
https://doi.org/10.11591/ijeecs.v10.i1.pp1-9

YYI-YEO ¥ o)lols «(1F+1) 1 (31,15 code aolilad BRGIPRT AT P WUOWIST {1 IS\ R V) PR SV FPRCE SNV )

and placement of DG. International Journal of Electrical and Computer Engineering
9(2), 835-839. https://doi.org/10.11591/ijece.v9i2.pp.835-839

[8] Zamani, M. K. M., Musirin, 1., Mustaffa, S. A. S., & Suliman, S. I. (2019). Optimal
SVC allocation via symbiotic organisms search for voltage security improvement.
Telecommunication Computing Electronics and Control, 17(3), 1267-1274. https:/
[doi.org/10.12928/telkomnika.v17i3.9905

[9] Acevedo, L. F., Bothia-Vargas, G., & Candelo, J. E. (2018). Dynamic voltage stability
comparison of thermal and wind power generation with different static and dynamic
load models. International Journal of Electrical and Computer Engineering, 8(3),
1401-14011. https://doi.org/10.11591/ijece.v8i3.pp1401-1411

[10] Danish, M. S. S., Yona, A., & Senjyu, T. (2015). A review of voltage stability assessment
techniques with an improved voltage stability indicator. International Journal of Emerging
Electric Power Systems, 16(2), 107-115. https://doi.org/10.1515/ijeeps-2014-0167

[11] Lee, D. H. A. (2016). Voltage Stability Assessment Using Equivalent Nodal Analysis.
IEEE Transactions on Power Systems, 31(1), 454-463. https://doi.org/10.1109/TP
WRS.2015.2402436

[12] Pérez-Londofio, S., Rodriguez, L. F., & Olivar, G. (2014). A Simplified Voltage Stability
Index (SVSI). International Journal of Electrical Power & Energy Systems, 63, 806-
813. https://doi.org/10.1016/}.ijepes.2014.06.044

[13] Canizares, C. A. (2002). Voltage stability assessment: concepts, practices and tools.
IEEE/PES power system stability subcommittee special publication,(SP101PSS). h
ttps://scholar.google.ca/citations?view op=view_citation&hl=en&user=NglpnMk
AAAAJ&citation_for_view=NglpnMkAAAAJ:9yKSN-GCBOIC

[14] Nor, A. M., Sulaiman, M., Kadir, A. F. A., & Omar, R. (2016). Voltage instability analysis
for electrical power system using voltage stabilty margin and modal analysis. Indonesian
Journal of Electrical Engineering and Computer Science, 3(3), 655-662. https://doi.org
/10.11591/ijeecs.v3.i3.pp655-662

[15] Amjady, N., & Velayati, M. H. (2009). Evaluation of the maximum loadability point of
power systems considering the effect of static load models. Energy Conversion and
Management, 50(12), 3202-3210. https://doi.org/10.1016/j.enconman.2009.08 .026

[16] Chen, H., Wang, Y., & Zhou, R. (2001). Transient and voltage stability enhancement
via co-ordinated excitation and UPFC control. IEE Proceedings - Generation,
Transmission and Distribution, 148(3), 201-208. https://doi.org/10.1049/ip-gtd:20
010189

[17] zhihong, F. (1992). The static voltage stability analysis methods for many generators
power system-singularity decoupled method. Proceedings of CSEE, 12(3), 10-18.

[18] Jiang, T., Wan, K., & Feng, Z. (2019). Boundary-derivative direct method for computing
saddle node bifurcation points in voltage stability analysis. International Journal of
Electrical Power & Energy Systems, 112(3), 199-208. https://doi.org/10.1016/].ijepes.2
019.04.039

[19] Neves, L. S., Alberto, L. F. C., & Chiang, H-D. (2020). A fast method for detecting
limit-induced bifurcation in electric power systems. Electric Power Systems Research,
180, 106101. https://doi.org/10.1016/j.epsr.2019.106101

[20] Rao, S. D., Tylavsky, D. J., & Feng, Y. (2017). Estimating the saddle-node bifurcation point
of static power systems using the holomorphic embedding method. International Journal
of Electrical Power & Energy Systems, 84, 1-12. https://doi.org/10.1016/}.ijepes.2016.04.
045

YFE


https://doi.org/10.11591/ijece.v9i2.pp.835-839
https://doi.org/10.12928/telkomnika.v17i3.9905
https://doi.org/10.12928/telkomnika.v17i3.9905
https://doi.org/10.11591/ijece.v8i3.pp1401-1411
https://doi.org/10.1515/ijeeps-2014-0167
https://doi.org/10.1109/TPWRS.2015.2402436
https://doi.org/10.1109/TPWRS.2015.2402436
https://doi.org/10.1016/j.ijepes.2014.06.044
https://scholar.google.ca/citations?view_op=view_citation&hl=en&user=NqIpnMkAAAAJ&citation_for_view=NqIpnMkAAAAJ:9yKSN-GCB0IC
https://scholar.google.ca/citations?view_op=view_citation&hl=en&user=NqIpnMkAAAAJ&citation_for_view=NqIpnMkAAAAJ:9yKSN-GCB0IC
https://scholar.google.ca/citations?view_op=view_citation&hl=en&user=NqIpnMkAAAAJ&citation_for_view=NqIpnMkAAAAJ:9yKSN-GCB0IC
https://doi.org/10.11591/ijeecs.v3.i3.pp655-662
https://doi.org/10.11591/ijeecs.v3.i3.pp655-662
https://doi.org/10.1016/j.enconman.2009.08.026
https://doi.org/10.1049/ip-gtd:20010189
https://doi.org/10.1049/ip-gtd:20010189
https://doi.org/10.1016/j.ijepes.2019.04.039
https://doi.org/10.1016/j.ijepes.2019.04.039
https://doi.org/10.1016/j.epsr.2019.106101
https://doi.org/10.1016/j.ijepes.2016.04.045
https://doi.org/10.1016/j.ijepes.2016.04.045

& 2825 Lb yanmo g yaude Levosro YYI-VFD Y o,leds ((0F+)) 18 (030,15 cole anliliad

[21] Roque, M. M., & Pessanha, J. E. O. (2020). Methodology for Voltage Stability Analysis
Using Hopf Bifurcation and Continuation Power Flow Simulator. Electric Power
Components and Systems, 48(12-13), 1211-1220. https://doi.org/10.1080/15325008.
2020.1854382

[22] Amroune, M., Bouktir, T., & Musirin, I. (2018). Power System Voltage Stability Assessment
Using a Hybrid Approach Combining Dragonfly Optimization Algorithm and Support
Vector Regression. Arabian Journal for Science and Engineering, 43(6), 3023-3036.
https://doi.org/10.1007/s13369-017-3046-5

[23] Naganathan, G. S., & Babulal, C. K. (2019). Optimization of support vector machine
parameters for voltage stability margin assessment in the deregulated power system.
Soft Computing, 23(20), 10495-10507. https://doi.org/10.1007/s00500-018-3615-x

[24] Villa-Acevedo, W. M., L6pez-Lezama, J. M., & Colomé, D. G. (2020). Voltage Stability
Margin Index Estimation Using a Hybrid Kernel Extreme Learning Machine
Approach. Energies, 13(4), 1-19. https://doi.org/10.3390/en13040857

[25] Sabri, M. (2017). Stabilization and control of the power system using meta-heuristic
algorithms. Karafan Quarterly Scientific Journal, 14(2), 33-55. https://karafan.tvu.
ac.ir/article_100504.html?lang=en

[26] Nizam, M., Mohamed, A., & Hussain, A. (2010). Dynamic voltage collapse prediction
in power systems using support vector regression. Expert Systems with Applications,
37(5), 3730-3736. https://doi.org/10.1016/j.eswa.2009.11.052

[27] Zhou, D. Q., Annakkage, U. D., & Rajapakse, A. D. (2010). Online Monitoring of Voltage
Stability Margin Using an Artificial Neural Network. IEEE Transactions on Power
Systems, 25(3), 1566-1574. https://doi.org/10.1109/TPWRS.2009.2038059

[28] Kamalasadan, S., Thukaram, D., & Srivastava, A. K. (2009). A new intelligent algorithm for
online voltage stability assessment and monitoring. International Journal of Electrical
Power & Energy Systems, 31(2-3), 100-110. https://doi.org/10.1016/j.ijepes.2008.
10.011

[29] Sanchez, Z., Gonzalez - Cueto Cruz, J., Sanchez, G., Hernandez Herrera, H., & Silva,
J. (2020). Voltage collapse point evaluation considering the load dependence in a power
system stability problem. International Journal of Electrical and Computer Engineering,
10(1), 61-71. https://doi.org/10.11591/ijece.v10il.pp61-71

[30] Hanchuan, P., Fuhui, L., & Ding, C. (2005). Feature selection based on mutual information
criteria of max-dependency, max-relevance, and min-redundancy. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 27(8), 1226-1238. https://doi.org/10.11
09/TPAMI.2005.159

Y¥o


https://doi.org/10.1080/15325008.2020.1854382
https://doi.org/10.1080/15325008.2020.1854382
https://doi.org/10.1007/s13369-017-3046-5
https://doi.org/10.1007/s00500-018-3615-x
https://doi.org/10.3390/en13040857
https://karafan.tvu.ac.ir/article_100504.html?lang=en
https://karafan.tvu.ac.ir/article_100504.html?lang=en
https://doi.org/10.1016/j.eswa.2009.11.052
https://doi.org/10.1109/TPWRS.2009.2038059
https://doi.org/10.1016/j.ijepes.2008.10.011
https://doi.org/10.1016/j.ijepes.2008.10.011
https://doi.org/10.11591/ijece.v10i1.pp61-71
https://doi.org/10.1109/TPAMI.2005.159
https://doi.org/10.1109/TPAMI.2005.159

