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ABSTRACT

In the event of a fault in the distribution system, the Provincial Electricity Authority
(PEA) must transfer the load or switching of the system in order to limit the power outage area
before correcting the fault. It is necessary to find the fault location beforehand in order to command
the switching system correctly. This process takes time and affects the PEA's reliability index that is
concerned with the time value criteria or SAIDI. In addition, the commander who orders the system
switching must be experienced and skilled so that the ordering can be done quickly and safely.

This thesis presented a method of planning the switching of 22kV distribution system with
artificial neural networks (ANNs) in order to decide the switching procedure. The data of Uttaradit
Power Station was used as a case study. Fault currents of 10 feeders are simulated by the
DIgSILENT program together with the ordering number of the feeders and the overcurrent
protection status that was used as the training set of ANNs inputs. The outputs or targets of the
ANNSs were the switching order procedure of each fault location which was obtained from experts.

From the experimental results that the fault simulation was performed and compared to
the results of the 5 faults that happened in Uttaradit substation, it was found that the proposed
technique could quickly provide an answer as to the switching procedure and tended to be the same
direction as the skilled operator gave. In addition, the method was also proposed to 10 experts to try
and give an opinion. The results matched those selected by experts when other faults occurred. It
can be concluded that the proposed method can help command the switching system quickly and

accurately.

Keywords: artificial neural network, switching diagram, DIgSILENT
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k4 2 ] A Ada K |l Y o I o w H
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anvaz Tagna lveslaseadszuudszamnedinewdansgl 2.18
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Dendrites

51 2.18 Tnseaframadlsgammadaine [12]

] @ Y (% 1 ] [
Tnseelszamimonazliansazaaenunsawnudyaalssamluauey

=)

4 9 1
YoIuYBe Ao IANua w50 lunITIuTINANLS (Knowledge) Taor1unszuaumsmstous
. Y 1 dy v 3 v ] v 3 @ . =
(Learning process) ltagAnuaiaggninnvedlulasaiieluzdunuanimin (Weight) &1
~ o ~ ' YA A a 9 '
mm‘mmzﬂﬁmﬂaauﬂﬂﬂmaum‘maugmiwm
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Taseadumsmauveslasaiedsamifionasgln 2.19 3 5 eeddlsznou
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2.4.1.1 Yoyatlowd (npun) Judeyamiuaay viimiudoyaFaamnin
wasslimsulasdoyanlnsenedszamiisueoninla
9 U A [ S A = 9 1
2.4.12 Yoyadieon (Output) Ao HAANTNINAIINNITEoUV0ITATINY
Uszaninen
A\ ) - A A '
2.4.1.3 A1 (Weight) Ain @97 1duininmsiSeuiveslnseiielszam
=1 1 dy < I o A )=\ 2 o ¥ A ~ (] =} o
dow ailvzgninuidluinuziie 19 lumsiSeuiraiidoyadug Neglugluunidernu
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2.4.1.4 ManFuUNasIN (Summation Function : ) 11l urasuuesdoyatloud
! ?)} @
uazANWIN
X . I o o o
2.4.1.5 Wan¥un1511)a3 (Transfer Function) (I UMsA1uI$1a09015111911

' = [ A 4 S U . . . I 9y
Vo9 Ins9else Aoy 1wy Fnuosalandu (Sigmoid Function) uau
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g 2.19 Tassadrumshauveslasaiedsganniion

v o v J [ J =
242 ﬂ’JWiJﬁiJWH‘ﬁigﬁ'JNL“])'aﬁﬂ‘igﬁ1ﬂﬂﬂlcﬁﬁﬁﬂ5$ﬁ1‘ﬂl°ﬂﬂu [2]
[ =1 g’; I [ AR A a ~ 9 o
Iﬂﬁ\ﬁﬂﬂﬂﬁ%ﬁTﬂL‘ﬂﬂuuulﬂuﬂﬁﬂﬂﬁﬂuﬂlaEIL!LL'U'Uﬂ'lﬁlﬁﬂugéﬂﬂém"llﬂ\‘]ﬁu@ﬂ
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JYBY IﬂﬂNIﬂiQﬁﬁWQWHﬂWH‘W?ﬂiﬂiﬂ&ﬂdﬁﬁl'UW]EJ‘]Jﬂ'ﬂiJﬁiJWU‘ﬁi%“H'J'l\il“]fﬁﬁﬂi%ﬁWﬂﬂ‘Ul“b’ﬁﬁ

Y
Uszamienldaail

4 o =
wraalszam raalseaninegy
- éi’m«mﬁ (Cell Body or Soma) - g‘ﬁ@l (Unit)
- 191136 (Dendrites) - @ 5dunn (Input Layer)
o 4
- 1LBNLOL (Axon) - A111)5191919M (Output Layer)
- lapuald (Synapse) - 199U NN (Weight Value)

2.4.2.1 HUVI1ADIUITOU 1 BUWN (Single-Input Neuron)

W n
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p]
.

iad

3U% 2.20 yuuT1A9EHITON 1 DUNN
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9 dy a AN R a ~ a
1R85 NNUFIUV0NITDUNTHIUIBUNNAWFUN 2.20 BUNN X 29
9 [ ¥ Y . A ) . I A A Aa 3 Y A
A20A1029U NN (Weight) w 1aoli ludd (Bias) b ifludndunniiianimin Tagdunm
Y 9 I's I = ' S a 3 a Ju 1
nanuavzgnia Idomumilu n Gond1 wiadunn (Net Input) iudunnvesiandunieTou

v A
PN

A3

4 a §
(Transfer Function) f uazvglalominniingea Y awaunsn 2.14

(2.14)

Tagh  x Ao duwm
=\ 1 1 90’ (%3
w Ao e
b ae luda
) 1
f Ao Wanvuoielou

I3
y fo 01Wnn

1 1 %} Y] [ o 1 9 =} 9
UASATDNUINUD w uaz"lmﬁ bE"ﬁllTiﬂ‘]Ji‘]Jﬂ"lhlﬂ@nllﬂ;]fﬂiliﬂug

] o 1 "o S % °
sazAno MWz uegnulsndumelou f dsenunsadiualdTaodldau

2.4.22 1YUIABINITOUNAIGBUNN (Multiple-Input Neuron)

*s
X,
&) ;
T o 3
. 3P b
JUN 2.21 ppUTIRRIvRIHITOUNAEDUNN
1 Aaa a S Y 1o 1 Y
1A599181 5 MATBUNNHABUNNUY 29AANAIBAIN IR

] a [ ~ & = I a S YA [ a g 1 %‘ v Aa
UBDILAASDUNN ﬂﬂgﬂ‘ﬂ 2.21 G]i\iﬁ"lﬂﬂiﬂL‘llﬂulﬂulll@iﬂ‘ﬂfllﬂlﬁElﬂ’ﬂ WATNEAIDINUITUNNY

v W <3 Y o a Su A o &
dyanvaliu W azgnsmdnnuaunnvealansuaislou n aaunisi 2.15 agil
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no= W, X +W,X, +.c...+ W, o Xg +0 (2.15)
Wouegluglwas ndamaunsi 2.16
n = Wx+b (2.16)

~ a o 3 oA A 7 A
Iﬂﬁmlllﬁiﬂc]f w L‘]Ju Row Matrix UIWEI 1 4D7 ﬁ]%llﬁ}!,’fﬂVIWV]u’JiﬂuﬂuJ

qumsi 2.17
y = f(Wx+Db) (2.17)

L 1
2.4.3 Weansunie oy (Transfer Function)
s d o o ' 7 sd A < a
WensunieTowdudrdmuanuominn Taslsnsunldazdunuudadunso
1A 9 Y =) v =1 = ] a Aa 9 ]
pou lugaduld lumsinaouTasanelszamifonlognatesiiauazuuuiienldan
S a 4 ) ' a 4
Wanduaiglounuuaensnuesd (Log-Sigmoid) WaNTUMIa18ToULUUUNUTANOEA (Tan-
. . S a Y ) o &
Sigmoid) sazansuoe TouuyUEFIa Y (Linear) A9U
A a 4 . . A Y VA
2.43.1 Wanyua1slounyuaenGnNesa (Log-Sigmoid) 9zNAI1SzAUDEN

FEN9 0 U 1 uasianudunusaaunsn 2.18

: 1
logsig(n) = ) (2.18)
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a = logsig(n)
3 ﬂﬁ 2.22 Log-Sigmoid Transfer Function [11]

S a J . . a Y 1A
2432 Wanvue TouLUVUNUTNUD YA (Tan-Sigmoid) Iﬂﬂfﬂgﬂﬂ"ﬁZﬂ‘UﬂQ“ﬂ

FEUIN -1 U 1 Hazianudunusauaumsn 2.19

_al-m
tansig(n) = % (2.19)

a = tansig(n)

3 1 2.23 Tan-Sigmoid Transfer Function
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S 1 a 1 @ I a
2433 WanruoeTounuuudy (Linear) Iagaztiarszaudluuuindaudu i)

ANUFURUTUEAUNIN 2.20

purelin(n) = n (2.20)

a = purelin(n)

gﬂﬁ 2.24 Linear Transfer Function

2.4.4 annlaenssuved lasanedscainien
) 1 =1 = k) % )
MnanyazYedInsavelseammey ¥elszneu lddrednusadsiuiuuin
A 1 Y] =< A [ 1 I 1 [ ~ ?x‘/ I g’; v Y 9 A %]
Wouaeny Famsyeuastteenilungudes Tastisunsn Hususudeyailowd fo dauls
a ~ 2 Yy & ¥ a9 PR 7
BUNN (Input Layer) tazlyugamailusudivoyason Ao A21l51919%n (Output Layer) t1ag

) A RINE oy A~ 14 . & &
FEHINTUTUVVDYAUINUFUAIVDYADDN ISHTUNLIYNI FULA4 (Hidden Layer) %QI@EJ‘V]'JII‘]J

U
Y

Y
' v 1 1
p1lnnd 1 Funld Aaomaiitesaunsontalsanvelaseielszamiionld 2 uuy Ao
Y Y
TASIV18UUUFUIAYY (Single-Layer Network) N1 1ASIU100 VU a18%Y (Multiple-Layer
d[ 1 a = v d‘ \ %
Network) Fuaazwialinuanyaziuanalenu i
Y
1 = o = . <
2441 Tassvrelsea mNouuyusUIAe) (Single-Layer Network) 11] 1
1 = ' ' { s = = 1 gl; 1 1
Taseielszamiionednirenilsznou ldamaalseamiionsaEoseglusuaie 1dun
g}l a g.}l o A o Y I ? = A v & 4 )=
FUBUWNUAZFULIMNN A uraNva Tasea Sl uuusume) HeaunniusueIMuniie
3’, = J g’; 3’, a T = 1A T3 3’, 4
FuAenn iy mszyuduynz liiimsdszuianalaq 39 lddnsurinidusuveusad

1 Y Y
Uszenn mwihiuafisssudoyariuaz deae ludasuda Tmniu
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Inputs Layer of S Neurons

vl !

W

1,1

*;

-l f,

— - f, [

4
g 225 Tassadalnsanelszamionnnauibo

' = g’l =S 4 d' a a d‘ !
Iﬂi\‘]"lﬂﬂﬂi%ﬁWﬂLﬂﬂﬂJLLUUGﬁulﬂﬂ’Jﬂ\‘lgﬂﬂ BUNNVATIDIUNNICITIUADUUIY
[ a 1 [ v a o a 1o " W
NUHNATY) miauuumaﬁqﬂuﬁm Ld‘iﬁlﬂ’ﬂ “s UITOU” mummmauwﬂmuﬂuﬁmmmu

a 2 ¥ a 4 =
wasouluruiu R= S uaasluziwesngamuannmsn 2.21-2.23

= 2.21)

b= (2.22)
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W, W W
w=| 0 2R (2.23)
WS 1 WS,Z WS R
9 4 a dy d'
i]z”lmamwmmmiauummumm 2.24
y = f(Wx+Db) (2.24)

2442 laseelseamfiounuuraloyu (Multiple-Layer Network) 133419

o w A

=\ g’/ = 3’; = Y 1 o Y AA o 9 9
Usea ey UTUIReINUIENUD910A ﬂ@lli]ﬁ']i]WﬁﬂuW‘ll']LlﬂVlellaluUWQﬂﬁmVlclfﬂ"lf@uulﬂ
v Aawv K 1 = g’/ 2 A U @ 4
uﬂ')%ﬂ%Q!ﬁuﬂgﬂllﬂﬂﬂlﬂﬂiﬂﬁﬂ"lﬂﬂﬂﬁgﬁ']ﬂlﬂfJiJ!L‘U‘U‘Hﬁ']fJG]fu “]Niliﬂﬁ\iﬁﬁ']\‘]ﬂl@\?@'ll“]faa
H J ¥ X (Y ya o 9 Y
Uszamaaua 2 sudu 1y (hituswgusunn) Taggluuvvesnsiauazdouludreand

g { 1 J Y a J 1 H 1 X o
(Feedforward) uazwﬁegﬁxmwwu’auwmmzmmwm Gﬂﬂﬁ? “%U¥0U (Hidden Layer)” “?NL‘]_]H

Q

Yy 9 Y
v A o R

guduanuaso liun Iassiedszaniney NN UFauaInsadl lauinni 1

g’l 1 ?{J A o a A 1 [ é‘ [ 79 ¥
FU memaz%umwmmumsaummﬂmaﬂumu@gﬂumiﬂizqﬂ@h

Inputs First Laver Second Laver Third Laver
P 1 a1 2 2 \7 3 3 343
Wit ni YAy "y Ny Wy, n, 1
=7 =7
— [ 1, ~ [ ] [
i 3
s ", 7 ", »,
= e £ 2 e S e
l b, ' l v,
J'ISI s y'js" ws’ J'jss
v
L [ —- -
ws’,s’! 1 i’

= Y [ = H
JUN 2.26 Taseainalasenielszannimeuunuraissy
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A ) ¢ Any ¥ A Vg v @ a 0o w
a1l 2.26 yadeyaeivni lannsun 1 wgnasliitludeyadunnd sy
3’; [ 1 4 g’, Y A o 1 =~ = 1 g’: =~ a 4
w@la"lﬂiﬂﬂmmmwﬂwqwm ﬂ@!@Wﬂﬂﬂﬂl@\iIﬂi\i"lﬂﬂﬂi%ffme‘VlEIZJ SFAULADS FUHIS WA T NEY
A ¥ o o S A o y Z ] ]
A029unin w luda bifiaduun nuazemun Y vesyuiug Iaseielszamiionsu

= a ] ~ = 1 a J A =3 2 Y 4 J 2
DUNN U R DUNN FUN T U S uﬁi@uﬁ'ﬁ)llﬂliﬂﬂc]ﬂuﬂﬂ“ﬁuﬁj’ﬂ‘ﬂWﬂ LAagDIMANLAAS TUATY

AUNISN 2.25 - 2.27

First Layer y' = f'W'x+b") (2.25)
Second Layer y> = f*W?y' +b?) (2.26)
Third Layer y’ = fPW’y* +b) (2.27)

[

PMNNAINT0H IanInaun1sT 2.28 fail
Vo= FIWFRW 2 W X+ b')+b%) +b%) (2.28)

2.4.5 szmnmsieuivedlaseielszamiion [12]
2451 M538U31UDUAIUAY(Supervised Learning) Toya91Usznouale
Y " Ay o Jda Y o 1w = A A ' A 7
A10819NADINTAOY LASHAANTNABINIT MUUARNUUBINTHNAOUNTINI “UNTULIUNT
4 ) (% [ I [}
(Training Pairs)” talimsiimsideyaludnsaz@ornuuiiudoyailowd Taseelszam
= o 1 o oA I Yo Y 9 U @ 1 =
Wenszimuammadnsnimthmineldnudeyatfowduaazd naglInseelszamiion
o " A 1 @ v (% S 9 N D A a dy 9
wihmAanaaszrauthvuenuawaansila maanaeinayuazgniowd 1yl
1 ~ y Y @ s @ . 4 1 v A o
Taseviedsrariniion e 19 lumsUsuanimin (Weight) it 1viawadnsnlnaimeany
A Yy A A o g A v A ~ 9 Y
Whuweniniiga @ulSewiisunuuysdnmiioumsaominSeoulasliagdaounosli
9
o o ] = 1 I~
Awuzi) Iaseiiedsearminoutsgiantiazuisooniil i Feedforward Neural Network 4@
. . . R a ) Y 1% 1 E .
Radial Basis Function Network G]Nuﬂnu11ﬂllﬂﬁﬂgﬂ1aﬂﬂm8ﬂ1‘iﬂi$1ﬂﬂ!ﬂ1ﬁﬂﬂ“ﬁu (Function

Approximation)
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Training

Parameter (Adjust Weight)
Input Neural Training
—_ -
Data Network Output
Target
Output

= = ¥ a9 Z .
g‘]J‘Vl 2.27 u@adIMIlseuUguuUNAaoU (Supervised Learning)

= 9 (=) . . ~ 9 dy

2452 mmﬂugsmu”lmmﬁmuqu (Unsupervised Learning) NMILTYUIHVUU
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v v ¢ Yo 9 Yy 1w o 1 3 o ¥ o )

msaenmadnsihineldnudoyatdoudumazas TasmslfuanihminivazalSuanndoya

9 @

dl o [ 1 d’d 9 280 P~ = [ d‘ o
NnuIWIgOU Tﬂaﬂﬁmmﬂqmay‘am NHUSADIIAAINU (L‘]_GEHJL‘VIEJ‘LIﬂ”LIﬂﬁVIﬁ?J@Q?JlgHEJLS"I
4

o o o

o  JdA o 1 @ Y Y @ and [l

AWNTOUENLEZRUTNY WHFdad muanvazgdiveiy ldareaaes) msaouTasitig I
Y1 9 J <3| 9 ! 9 9 I3 1

awnsnszy landeyamnn Inualadudoyangulvu gléauszdesimuams aAwnnms

Y d' 1 4 9 1 1 1 =1 dy
dounuuiauguiasasynquievinn laedaiuen Taseelszamiionisznniioy
] I 1 a @

ugeemilu 2 Uszinn'ldun Kohonen Network fiou 14 lunisundymidnyaenisuonuey
. . b =Y 9} o ' T

(Classification Problem) 1ta% Hopfield Network @ationlduntymianyaemsmafimuizan

(Optimization Problem)
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Training

Parameter (Adjust Weight)
Input Neural Network
— =
Data Network Output

i 2.28 uaasmsiFouiuvnlifidaon (Unsupervised learning)

2.4.6 Tasesnelszannifensiiaunigound (Backpropagation)
< ' { < g
WHulaseredseamionnilassairaiuuyuvaledu (Multiple-Layer
% A T 2 2
Network) sznoudie FUOUNN (Inputs) FULOU (Hidden Layer) LA FUIDINNN (Output Layer)
=S d’ 1 g‘/ 1 = w a g’: a 1 U v
Taglimayon loeluuaazsunuuaenanurua Iagnnagirsoulusudunnzasdyara el

Y
%

' 1 1 gj/ 1 1w o ?z}/ 4 A o v
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=he

. é o 1 J d' Y [] =1 ~ =1 [ 1 J
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8 o A ' ' ' ) ~AtD)] g 1] o 1
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Aanarau lsituailsuaraiin Tagazlidansinudmsulsuainrnimiinuazan luda
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Hidden Hidden Output
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51U 2.29 TaseainelasenelseamnNouuyuEnNIAgoUNaY 2 FuLaU
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Perceptron 1Az NYN13i3 80U 1YY Widrow-Hoff N 1% un1sinaouTnssiielszamifionni

'
o v A

¥y ¥ a A 2 Ny ) A a ¥ yy 1 ¥ A
Taseadyufeavatsinson dellvedinaneamsouddymidludaduldmiiu taziie
I Y Y o w dyd = o = Y 1 o w a R 19 o
Aumsunifaymidedinal Bamsiannngmsizeu] v Taensidanss nuunsgdounauun

2 { 1 a3 a @ a
THnaou uazausouddymr lavaronaneyundilywin bidludsadu vag ldsuanution
v Y

agaunIvare annedaauisalyiu Inseviedszamfesuuudou lddanimareyu'la
o Aa R g o = =y ¥ A Y o = I Y < lg 1 .
ganosnuunsmdounavazlingnisioudine liwannnisseud 1a59a159U 1% Conjugate

. | a . A , I @ 1
Gradient Lﬂugﬂuuumu‘wﬁ‘n 19189 Conjugate Y178 Quasi-Newton gﬂugﬂuuumiﬂium

I o w

Tas1)5zu1909 Hessian Matrix 118 Levenberg-Marquardt (Ju31)u11v09wa31M1a3a0391n

o . .3 Y a a s vq ¥ ~ 9
N3N UA Hessian Matrix 1 uau ’JTIEJTLJWH‘ﬁuhlﬂblGHﬂ;]ﬂﬁliﬂugull‘u Levenberg-Marquardt

= Y 3 anAa a a <
mmmzuiu Neural Network Toolbox User’s Guide 7131235 nNsc@nsamuazanusiaEgalu

msinaeugega TasiimsiSumarniminuaza luoaauannish 2.29
T 1T
X =X =[3T 3+l ] e (2.29)

g=J"-e (2.30)
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d' d 1 1 90’ %) 1 U
Tash X @o ADWUINUN (W) wazan luoa (b)
A = a 4 . . o J 1A
J Ao M laoumuaIng (Jacobian Matrix) ¥999YWUTUDIAIHANAIA
(e aza) e X (Laagal)
g 10 Performance Gradient

J7 Ao Transpose Matrix U899 J

a 4 1A v o o
e ﬁ@ WATNHUDIANANAA (Error) 5EHINAOY (Target, t) NU

A lasevedseaniendiunla (Answer, y)
A ' A
L Ao MAei

I fo Identity Matrix

= a o
- N IADIUILATITUDI (W)

| Oe,  Of oe |
a\Nl,l 8\NI,Z 18!
oe, o, 0k
J(w) = Wy, OW,, awz,sl (2.31)
5 ) oe,,
| 7Sl $22 aWs2,s‘ 1
[ 0
ob,
2,
J(b)=| ob, (2.32)
o€,
b, |
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Command Window

>» SwitchingDiagram?
Enter the Value for making switching diagram
[1.40:8; 2]
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Command Window

>» SwitchingDiagram?
Enter the Value for making switching diagram
[2.48:2; 2]
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Command Window

»>» SwitchingDiagram?
Enter the Value for making switching diagram
[2.748:2; 2]
Elapsed time is 4.200080 =seconds.
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Command Window

»>» SwitchingDiagram?
Enter the Value for making switching diagram
[3.130;4; 1]
Elapsed time is 0.049%9424 seconds.
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Command Window

»» SwitchingDiagram2
Enter the Value for making switching diagram
[3.853:1; 2]
Elapsed time i=s 0.050936 seconds.
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Abstract

This paper presents @ switching order planning for load
transferring of 22KV distribution system using  Artificial Neural
Networks (ANNs). The ordering steps have to be done quickly and
corectly in order to ensure the safety of the cmployees while they arc
making the clecirical operation. In this siudy. the switching decision
information obiained from Uttaradit substation which 1s fauli current
data, feeder circuits, overcurrent protection siatus and switching plans
that make by skilled operator, is used fo train ANNs. DIgSILENT
program is used for determine simulation fauk current of 10 focders.
The output of the ANNs is the switching order procedurc of the
distribution system according to fault positions. From the experimental
results, it is found that the proposed method can provide sccurate and

quick answers of switching order and tend to be the same direction as

the skilled operator gave.

Keywords: anificial neural network, Switching Diagram, DIgSILENT
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