2 _x .
fulhnomanan nszteanmaiangsily

av Y d
518311&?\133%851‘1]‘1]@'311‘_}5&)!

¢ [ a do v a d 4
matlszgnamsuasviiaanazifygalzasgdmsvimanziveanlu
syund e lidh
An Application of Discrete Wavelet Transform and Artificial Intelligent

for Fault Diagnosis in Distribution Systems

AT uManitnise as. o3sona nNnYna

UG Q

' Ve, [
éﬁ?ﬂﬂ1ﬁﬂ§]‘ﬂ1§é 3. THEIHE AU UTH

Yo U XY a 1 a o &
lasunuaiivayuanudssannduaudsananmuau dszditlalszanm 2555
a J
ANZIAINTINAANS

aminalulagnaZenaINUNHITANANIZU

TK

1001
!aq’”u _“.(?“:'}.5 4 ﬂ b.ﬂ%b@.}ﬂ}fi .........
mqmzmuu...i..g.:“..gz I AR it e sain

Juiheudl... sl A 2.557



i
i

Folasens (nenlne) nsvszgndnisslasaisuastiyyssfvgdmvivinsizivead

seuenaviinsifu_ 1 U faus._aanay 2554 fa_fluengu 2555/

Po-ana Maninlasams wasdsilasimside wieussy wissiusudeia
2/ ¢ Ly

-HYWANENINNIY AT, BITANG WInvinEna aqmﬂa‘ﬁ'ﬁﬂ’)ﬂiﬁlh"lﬂ’l ﬂmz"’manjwmam%

..................................................... B L T e e L A TR R L AR o o R A

UNANED

aﬂuﬁé’aaﬁuﬁﬁq‘lﬁﬁﬂLauamsﬂizqnm"l%mmﬂaqL'JWLﬁmLUULﬁwﬂﬁaé’mﬁ’ﬂﬂsij
Uszamifiusiamnuiasudmivssyussaneaiifetuvuluaneddldiy nmssaes
sUsuuweasitulusunsy ATP/EMTP Tnglduuusiassanedeiituagivaud isdnuvin
daubechies 4 (dbd) gﬂﬁmﬂ‘&ﬁmwnaaﬁﬂsznaummﬁqqmné’mumv'\;mnszu,awaa(ﬁ A
duusravisgeganisulasavianyeagnadunsuanduinwoading A, B, C wagaaAUszney
drviurudgnldidudunndmiuguuuuiingey nsdifnuiivainvareainszuusmieliau
UssinAlngldsunasmsreaauiaiuuuimiudnainsodinldiy saaguuandliidiuin
wnasRsiausausnszyUssaeamituiitmels

Aty : mawdasvidn Jyanvssvg Wesiziwead szuuimihelnih




Research Title: An App-ﬂlication of Discrete Wavelet Transform-and Artificial
Intelligent for Fault Diagnos ; in Distribution Systems
Researcher: Asst. Prof. Dr.Atthapol Ngaopitakkul and
Asst. Prof. Dr.Chaiyan Jettanasen

Faculty: Engineering  Department: Electrical Engineering i

ABSTRACT

|

This research proposes an algorithm based on a combination of f‘discrete wavelet
transform (DWT) and probabilistic neural network (PNN) for dassifyin‘g fault types on
underground cable. Fault simulations are carried out using ATP/EMTP program, with a
frequency-dependent transmission line -model. The mother wavelet daubechiesd
(db4) is employed to decompose high frequency component from these signals. The
maximum coefficients of DWT of phase A, B, C and zero sequence for post-fault
current waveforms are used as an input for the training pattern. Various cases studies
based on Thailand electricity distribution underground systems have l:i>een investigated
so that the algorithm can be implemented. The results show that the proposed
algorithm is capable of performing the fault classification with satisfactory accuracy.

|
Keywords : Discrete Wavelet Transform, Artificial Intelligent, Fault Diagnosis, Distribution Systems
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I~ ¢ a v P ] o w 2] |

aedaluguniaimiaveadliuinfgaluszuvdedneddalvin ewnanadadl
szggnsfisrihuiunnidlentaiavendls 1y g0, U sawlulsurunazuvds
gaamnTsuingg Wusiu deudednlusgrebeiosfosiigunsallunisdesiuiia wasszuy

o 1 & | o a : p & | as v & 2
aredsdnilvgiluaedaiiidneazidugy (Loop Line) Aeasdsiiamnsasullivisaasiu
iliweadiiausunsaiusnndu FuguundesiuaedaildluliagiuliseaziBundeil

2.1.1 msUssfiunuuszaznis (Distance protection)
MIMUTasSadsliniianfanisnavausensilasuilasueduiuauduasdvds 1ny
Rsannnnisdsuudamedesduiznauanudivugiu (50 w3o 60 Hz) ainnssuduas

wseRuMIENIsUUAiTeTAIUMANN15TeIRAAUAUNI 1 drumiafiinsesiagdeunfezeg
umeraseedianandunmi 2.1

1 L]
uneaiig - z, ! /]

——
pa—

"ll‘\ﬁ - X

hesinin
CT = wisudeimizun
PT = wlipulagussiu
. - manm

Tind

AR 2.1 LansmsinaanasrdnnnsvinauLedsiadseeevng (Distance relay)

FamduinauduesangdsiuliniandnsidiussinuseuLasnIzuafIaunsh 2.1
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Z=— ' 2.1)
I :

gussulumdndulavessiadezldmsiuiouifisuaduiuaudisiadnevausaiisunu
Adirualy (Z,) auReulurelull

i
'



1Z,1>1Z]  ip
| Z, |<|Z] block

’ )
time

\ - Post - Fault
Pre - Fault -

Pre - Fault

Voltage Current

A\

awii 2.3 wanaMslianziksiuLaznIvuadisnwawisosluannziianoas

PMNMIUTBUBUAIBURRAUDGTLEY IURT IRz onSladn nuwuuilin dufiuaud

- s

3188 (Impedance Relay) wagdwansanluszuiuidsgoumaiuaesalana (locus) aeiidnwe

Wwanaudisadl |Z,] Feezdudnsdiuveussdulasnszuaifiansunainiiad a sumsdi

fARalunIng 2.1 Iuamazﬂﬂaﬁ’u‘%Laéi}zuaamﬁuﬁLmusﬁ‘uaaamﬁaagjuamanau%’mﬁ

Z"
saduarliiinasddiiusainesvanians ualuanneiiinanuRAUNRTUNUAITDILSITUIL
ANAlUTUENANTDINILUANNTY D INANTUIINAUNITN 2.1 WUIAIDuRLaugILiiAanas

diaWisuivanmzundl aunni 2.2 uagfrAndufivaudanmannnniiall |Z,] Sadias

Buvhnumuilanmuall (wanvessiad As suRinauduesaisds) Feerdonisidsunwtas
YouRwAUTINaTUTHB YA S UNITRsIs U IR as Rs T uvS ol



NANTSaNAYRIBURLANTHa NI L wUSsUTsuTuAT B uRLA UG UENEUNR  was

ATBNRALAUTF BN U EAIILEIABINITONILAIUIUNIT LY NN T DR LNUIRL A Nean L6
AIANNISN 2.3

,
Location = Z = Y (2.3)
m ml

We m  AneduiLAugfRanUI8a eI (ohm/km)

fornnslddiadssesmedunuligmidunisnevauesitad Tasawizlunsdd
aedsdianusminnviesniifinneadeyinaarsmedanng dwrdmaliziadiiioginaga
‘71L'ﬁowslaaﬁﬁmsmauauaaﬁ«iau%a‘ﬁmdwL‘ﬁmﬁauﬁU%Laéﬁaﬁaé‘lnﬁwﬁtﬁvaaaﬁ Tuns
Ugummamemlaamu’tumaaa'ms’lmf] faudiadiivateiia 2 fuaisiiasriininouaues
stennsuierinreadiiintueenainszuy |

2.2 Mynsedyuuvsadfigntsulaaviiée

Tuynuunauasaug dnsiusensulumedyaimsiieg mnmwuuwaumﬂ%ﬂ,umi
AAseH 1L MsduvssiuAulvy Foayavowyed nsfuTesAIBIsun wazn1sudn
Fyanasuniu Wudy Msieseddanuneg mdwﬁ%'l%’mqwﬁnwLSmﬂuLﬂéaaﬁaﬁw%ﬁ
siuednvarlneviluvesdann fdauddyseaiuinisussnatadygyinsn Tuuni
Wumseiunevdnmsvesawids wasiwuUssgnaldlunisidela ‘

221 mauUadamidn (Wavelet Transform : WT) [9, 10]

nswdasaidmiuninuvunieeanssuiunisussalanady gy (Signal
processing) ﬁlﬁﬁmsﬁ'&ummmﬂmsuUaaé’mugmﬁugmﬁﬁaQLﬁu (nsudaIiSesuasns
wasyosavd) uldiaunamuuulFianmngautunsldnuemizmannddy
nanfe aunsauFuldsuvuantisas  (windows) 18 vanaadntewilede awnso
vFudsudisnaliinanzfutisanuinesinseile Tﬂaﬁﬁmmmmmﬁaﬁu%ﬁ‘&aa
AuaUM IR IEidosasluvue wammmmmnmawuumamun’—n“lums'al,ﬂ'iﬂ ¥R
Fu

22.1.1 nguijtawida (Wavelet Theory) \

nufjitaidn (Wavelet Theory) Wunmuuunndineansiidesuislnseaiiaves
ssuuﬁmmwmﬁﬂixﬂauﬁwﬂfjmaqﬁmunpml,amsmnuﬁ'mﬁué’zymmwﬁa Tnudyaiuanie
fosdundudng fdondn “Lwidn” v maqL’JwLﬁmvlffjum‘%‘uﬁﬁnmﬂﬁauuﬂaaasm
soilles (Oscillatary) mmmLmuuuuuau‘ummaaﬂamvamaaaﬂuammamumnuauﬂm
avsteTmIn i 2.4 dafunmsesuedyanolay Femsuwatamidafenmsiingures
Eadilesedanniteifudofuiuineiue fulviduinduniidaduindai
Bunit “Lrlaaud” (Mother Wavelets) IﬂEJ‘VIﬂa‘UL’JWLaﬁ\LLG]a“’E]‘LﬂUﬂaﬂJiJuLﬂﬂﬁ]’mﬂ']'ial,ﬂa



(Scaling : a) viaiflunistanievasmaewividnuituies wagnsideumuvie (Translation
or shifting : k) Faufunsdsusuvtsuuinun

N

\V4 t

AW 2.4 LLﬁﬂﬂé’ﬂBm?ﬂax‘iﬂaunWLéﬂLL‘U‘U Morlet

il () Duiaidunvidnuiazidouaunsuansnnuduiusuaiwaisiingg dail
lod 5 hmk
1) = ——y(— (2.9)
l//a,k( ) J; W( 4 ) |

w (1) Duiddunidauininsuiufoudnatasdumialagwisnfines a  uas k

o o =3 v < = LY o X ' '
muaey TaeinwianuiazinadsundadnuvaslumunisiudouiUaween a uag k un
o < o o/ v €W 1 a ] d‘ v a:l a Qs
Fensagluwavdalinuduiusivaidawiiiueg wasiielilwiaangnainaluiindaany

'V a d et Y ° ¢ ¥ v 1 o 9y a [
whiunidanuaifsavimsusuaslad (Normalize) 038 = wue s liunmwalla
a :

o iy 4 - o Al A — :
YALIUYIVU QL"UEJEJSU’\EJQGL’JWLﬁﬂﬂllﬂ'ﬁﬂmaLLaSLa?J‘UG]'ILmu\‘iﬂx‘lu ;

2.2.1.2 msawna (Scaling : a)

nMsiATsiidnszuandiiuiaaiuasmnavesdyann nsawna (Scaling) ae
wneiansnaudn (Compressing)  wianisugneesn (Dilation) Tustesld “a” unuie
wimesveansanieveedesiunsivdsuauiiveuavidauidules vieeaden

H.o»

a”  udusmiussnavwun (scale factor) wazdrfansandygialguniisausznaueuin
wanANeUIsTianwuEALanslunwh 2.5

NN s =+

/\/\/\/\/\/ sn2y > a =§

Sin(t)—> a=1

1 1 | 1 !
T 1 i T

A 2.5 uanenuautRAn1sanavesdyy il



fusEnavaue (a) axdnaluniaiediudunnids Bedsnusenavunatasauriile
=4 a0 W ~ & A a A w \ o v
nvianvzgniudaunnduviny deRansuvidadilisiuszneuunnaneiuasusinganuue
FaLanlunIwi 2.6

7

(40> a 1 '
t = — :
W 4 |
Y@y a 1
2
|
Yyo> a=1 ;

l ! | -

|
1 T 1 i

= Qs ¢ o
AN 2.6 LLaﬂﬁﬂmﬁNUﬂﬂqiaLﬂa‘U@ﬂWﬂﬂ‘UunWLaﬁ

22.1.3 msdeusumit (Translation or shifting : k)

mMadeusumisetidnasiauvanedio fie madeudyyinlunndanans
%anwsﬁawmﬁaﬁ%’u Wit e k wwuanslalag Ytk n'lstaauml,muwvmmﬂ‘[ﬂs
wisiines “k” Seasvnels madeusuntinnafsrduniEnuuuny mawmimnwmw

o

ummaauwmmuﬂm mmsnwmsmﬂwmmwm 2.7

1\ W)
AN\ A ; ; ' > |
VV

4

[\ I
: <D —
vV

A ‘

A

2w 2.7 LLam@mamTé\nmﬁaus‘hLLmiwaaWaﬁ%uL'Mtém

2.2.1.4 NSNIEBUALTIUNAUVDLINER (Decomposition and :reconstruction of
Wavelet) L

dliovhdanalag mshummﬂaanWLﬁmﬁLU‘%UULaﬁaum‘sumé’mmumﬁ?uaaﬂmag
unmwesitaidunnidauififimumimenauazanaiunndaiusenty Tnsiavidausas
fhasifmimiin (Weight) ARIBE %@mMLnu‘lnnﬁLmﬂﬂszm_&Jé’a;munmﬁyﬁéﬂiqmsnssmauw

\in (Wavetet decomposition) fsuanseglunnil 2.8
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Signal

And 2.8 wamansnszaedunassnsulatavian

[

Iumané’uﬁ’umis'sundu‘uamwLémwiazé’auwﬂsznau%uﬁué’agmm@uL?EJmfﬁ s
sundUTiEn (Wavelet reconstruction) #siirenisudasndugeaavian (lnverse wavelet

transform) Tagazdunsuiuendulsznaudes wiahinSsameiuieusznouludyau
Ry fananseglunwi 2.9

B
N, B 2

_/\/\,\__

i 2.9 uaninisaiunduiainmensuUasamdn

-

“Reconstrction. -

2929 msulanamidauuuiiuniae (Discrete Wavelet Transform : DWT) [10]

mn‘uamnﬂmmmsLuJam'NLamu:u*umaLuaaﬁmumswwmmwLLU'umimJaamhamma
mMsulaaniEauuuiiiumioe Afidnuas ennseilasasuainanaznisaeusuvidly
Snusdutae Wdeidestu “luiﬂsmuauuulﬂmnﬁuﬂﬁmﬂmmmumuvimaml‘dmmu
ATIATIY mammmﬂaammnmuuumaLm'ua Fevinnsuenenlsy nanmmaaqaanumma
19A210d (ana) u.a'awmsmwmauaﬁlmmﬂauﬂsvamLwamlﬂ'nmw vyipall wardmiuns
Laamamamuulmaaﬂl‘uLUubL‘U‘U daubechies 4 (db4) \iewwnianuwang aﬂumﬁmswﬁ
ammwmluaﬂwmwsﬂuwaum iy ead uarlimaiugmisania eaanniidulsy am‘é‘?i

Ypeiies 4 A T,ﬂULwamsmm’stamWLamu'ﬂ“n'aLmﬂwammmmamaamﬂu 2 SuRBU
MefunD

1) msuenadryszneuvesdyyiu (Wavelet decomposition)
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'lu%v’umauﬁﬁ] Wunswenesause naummmawaaawmmﬂivuaua Ltsmuaanuﬂu
anai 1- 5 ‘lj\‘ﬂ,uwuf\]“’Laaﬂ‘wf\]’lim']LalW%ENﬂUiuﬂE]Uﬂ’NQJQHQ (detail) m’mu
2) mITunaudyge (Wavelet Reconstruction)
Lﬁaﬁ'm'miﬁaULﬁUU‘ﬁaga’lﬁﬁ‘uumﬁa'gﬁ’w%‘aagjuugmnauﬁmﬁ’uﬁaﬁaqﬁqmﬁw
né’uﬁmzywmlmwiagaLnalﬁﬁai’wmué'uﬂssﬁwéwhﬁ'uﬁngmnmﬁmmuﬁﬁﬂhﬁ"’:Lmﬂ::v? GH
uenaniiitelimsfvsanfuauanianniuienddeedulsyindlusavaina 49
é’wszﬁwé‘ﬁwmn%ag’lumumn ImﬁswagLﬁaﬂﬁqwumaxlﬁﬂdwaagiuuwﬁ 3

2.3 lasevneussamiiey [11]

Iuﬁ'«muulﬂ:unmJiuanmuﬂﬂiamaﬂsuamm&mm’bﬂuaﬂnsmmm‘lmmaq 1 STUU
tindudaluif® (Auto pilot aircraft), indesfionvan (Sonar) AifimnuaaIANINTUTY a13nT0
vanlein Naﬂmwmaammw@auumuﬂawuﬂlm Suruils Hudy ‘UGLﬂ’iE]\‘l?,JE]LLa“’E]UﬂSm
199 'wmLmimwwﬂsvmwmaum‘l‘ummmemumvumwamﬂmn‘uu wazliszuy
mmﬁmmmsmmu’luaﬂwmuﬂmaﬂuuwa inddeinlridedduunfniivszgndld
lassheUssamiflendhanuitamifestulnimdmaneSymeneiu iy Ugymilvianiviad
(Load flow), Mswennsaimusiaenslglnin (Load forecasting) LLasﬂzymmsmaIwaﬂama
fiuse@nBam  (Economics load dispatch) 18usu lusdetidunisedurendnnisuas
lasangUszamiiion Tagaznanilnnainveslastieyssamifioy, YavaImsisoudves
lassingyszamiiioy saluiadassineussamieusiianieg Lwammﬂiuanﬁ‘lﬂums
Anzvineanluauds

lnsstngusvanmiiesdunslivsslovdananuiwiweanaluled Wussuuns
Uiumawa%’auaﬁﬁwqﬁﬂiﬁumaa&mmﬁauﬁ'uiﬂsaﬁdﬂaﬂizaw%amw Fand17ladn
lassneUssamiiiey Lﬂuaanaimmaauuwmmausmaaauamuw InadinsAusznou
‘uaa‘[maaiw‘wumuwmﬂmmuﬂa gila (Unit), AU AU (lnput layer), muﬂnmmw
(Output layer) wagAtheiwTn (Weighted valtue) WaARIFn WA 2.10

Inputs Neuron with bias
p(1)

p(2)

X n a
Summation ‘»@—o

I b a = F(w"p+b)

AW 2.10 wanslassasisnugiuvedlasielssanifioy

annsoagUanuduiusssninlaswheuszamiinmiulaseingussamiioulaad
laseneyseamianm lasangUssamiiiay
Awaa (Cell Body) gl (Unit)

wulasa (Dendrites) | Aulsdunm (nput layer)
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Wanwau (Axon) " RuUstewinm (Output layer)
lauuud (Synapse) ATt (Weight value)

lasstheussamifinenafiosanlifufuneniinendamand (Mathematical
algorithm) eadlasevrgusezamIinw Iﬂaoﬁv’muﬁumuﬁaﬁ
1. wihgUszananaisendy 1seu msdsutoyassriiiewhldlasms
Weulossgwinaiisou
msdenlsausasduasuogiuaniadenlsmiemeinimin
Teyatenanngnivuadeileidunsydu (Activation function) Jsunf
anuduiussvimasuesdeyadunniinuieinmsdenleatudayaiesivn
WuarnuduiusuuulidiuBadu (Non-tinear)

AuauTRvedasseussamifionisgnimunisesdusznauniaudau tufte duusn
Tude 1. Wunmuvumsdelesssmnsdiseuondiuiiin lassaduvedassdieuszam
iy dquselulude 2 \Wumsmwuavssmadeileadendiui funeudsnisfinaey
viemsoug daugeviedede 3 neatumstuundeyaieiylneilsidunsedu

2.3.1 Tansasrwweslasetneussamiiiey (Architectures of Neural Networks) [11]
Tunsafravadusvamfismilarad Tnelduurmuinenigadussamianm
nMssingaduszamionsldaulai maa'lfmaaﬂsumwmawmzuanwmumaﬂ Y (A
mmmunmm’tmmauummLsaaaﬂ'sumwmauLmauwaauﬂmanwmvumnmanu‘tﬂ ) 11
waumamaaﬂmmwmaq mvznmanu'lwmﬂLﬂuanwmvmaﬂﬂsa‘uwmuwf] wiofiSunin
taas (Layer) mL%aaﬂsumwu,maum‘wagﬂwzjummnmulmmsmamamnu UseLnvnves
TassadumadeusolasstheUsvamidion weasudeeniiy 3 wuufe Tasstneussamiiey
wuUtwien (Single Layer Neural Network), lasetneussamifisnuuuvanedu (Multi

Layer Neural Network) waglasetngussamiisunuuwaniis (Lattice Neural Network) &4
winzsilandnudnvasauiunnsisiuly

232 mim‘wummmau’mun (Setting the Weights)

Fdtiviin farudutusiverls wasiimswisuuasesisls? Sufituiontuiu
Winfinaenssninfifiavsaudusanesdbiniaduinfsmouasdlsildiunsinasuuas
Fous Lﬁﬂ%ahjamwmﬁ']ﬁanssu‘lm Iithesies uusfanssufisssurfadannieudu
nstdafiSonin “dyvfngio” Sasssue m‘laﬂmanwmwmqaEmimsaaaamaamaa U
mmmsnmmmu‘lmaammmsm LT swumummsma’tfa mmansaamam A
a0 Wudu WnagfauinisSeudluauduney ndeeniy auavanearlifunis

Anasu wariasydulaluniouny maaauaamlmumiUsUﬂmaﬂwmvaamﬂaaanumi
Anaeu wazasasydulaidulaswinsaonndasiu



Tasstheuszamileniiaiadunidnvausduiontu fo Woadwadeudazivad
Ussamiiadedunniiu slsifinudnuaslag s esnddhiinstmunmduuuuindine
fomnzaufunuigesnsliiuiy Swesdinsinasuiolilasssussamiiouiiaseiudl
AudnwuzmuiFeIns nsiinasuvedlaselssamiflenaznszylasnisuiundsue
Fuwuldndnaiiellassnsussamiiisinsiamuuuamnuduiudss #nINBUNNAUD4
'vg‘wlm Tnelutunouusnerasmundudiduleq (Random weight) Aeuudfisuudeud
maumunlﬂmuaaﬂaswuaumﬁwu vangq sevauninaslfiondnwnvedaseeussamifion
wilsuftuiediymreslassedsvamiiouiiveints Tudoulvnrufawanaiisonsuld

dlesinmsiwmusidsninfidurdulag TasseUszamifiondediannsa
wamquanuvuelasanuy nvinasulilasedienfe msﬂ%’umdfmfmﬁ’nwnq AN
aanAfosfiuduynvaneq wuu Wielildiowwrmuniusesnstuies nstlnasulasatng
ﬂsumwmam fesussafanssunumadilafiugrudeteu fe mmau%‘lu‘lﬂswwﬂsomw
mauuunmﬂmnﬂ Tymeneq dldnssaauilunou LLa'su'mauulﬂmamamsumsﬂsuﬂsa
Aghaimin 'viaqmﬂﬂsuaulﬂmmwa'mwLmmwmmEJ‘Unmmmwmﬂmmauaaauﬂuw
wa'La]LLm IﬂmnUﬂiuammamuunwsaumu’sLﬂﬁvuauwwLLa'"'lmmmwmmuaﬂwmvmama
'VlLﬂEJL'sausm msLiausﬂvumsﬂsvmmamwuﬂvxma‘| s8v quddiniminasnadoeiu
MoE1A1YY fegnniarannsaiedylanudons wmﬂﬂsamaﬂizammauﬁlﬂ
mamammumsﬂsuaaumnq Iﬂsamanmumwmmumaa‘uu umn%‘lmnm‘lumsﬂsuaau
WLTuLuny

lasshedsvamifenaansausesntu 2 Usuanlvg g audnvuznsdeudde ms
ISujuuumun (Supervised Learning) uazmsi3euiuuudass (Unsupervised Learning)

233 ﬁdﬁ‘ﬁ'unizﬁ:u (Activation function) ‘
idunszduusiiiiend feidudieleu (Transfer function) WWushivuasadinm
ﬁan%unszmuﬁ‘lﬁumi‘c‘]naau‘lﬂsa‘maﬂs“ammamawma‘duﬂ ‘nuyelaidunszeu
wumuaan‘tmﬂu 3 winfe
1. #eiumsalaad (Threshold function %58 Hard limit function %38 Step
function)
HerduBadudasi (Saturating Linear Function %3 Piecewise-Linear Function)
Herdudnuews (Sigmoid function)

nleidunseiuiiugiuis 3 4in feifuinuesdduiteiduilizuaudomiunld
Duileidunszduredassieuszamisniunnn dWewnduileiduiifutiuedwainaus
(Smoothness) uaﬂmuamnﬁwmmsumuwumumam wadananmhanudiiusssning
mﬂmaualumwuwau‘] wilueitunseduld dodrau ﬁamuﬂivmwwmammwww
(Competitive function) ‘

Iﬂaﬁ"'ﬂﬂﬁaﬁ%’unsxﬁuﬂsﬁwﬁ’ﬂﬁmmﬁwmg'{%?uwi 0 fie 1 lumsuszgnaldauunensdl
pnafinnudndudeddilaidunldmennuusnivietiadnan Wudpansewnnegiug
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Aaus -1 s +1 dmdunisinrsaudenlifendunszguuuulatuduitiagiudalsd
Tofmuniuiuoy useRaziiansaniinesdilsznou seluil

[ a 1% < Ve - v
Autugadu viselidudai
ANYUEYDITBYADUNY
YULYATIFBINTUALANYUEYDITOYAIDIANY

AN

UadpduniitudrAgysonanauaussvasinseunsolasewioussaviiioy
QR ‘

234 fuguwndavedaseioUssamiies (Basis Algorithm of NNs)
Tulpssdngussamiiion deyaniediogne  (sample) gnuendestavoidiluluga
Andou (Training set), YAnTIva8Y (Validation set) uazyanaaoy (Test set) AMNUANANS
'sw'i'la‘qﬂsjaamdﬁﬁﬁmmﬁﬂﬁﬁgmn ARSI Larnaaeugninliduauvesq 39
Suluseshmusdowmmminetuieranudile

YeRnaeU (Training set) :
YaresiegaliiveFeusinimnilinesvaimisuuaUszammzey

anTIaaey (Validation set) : | -
gavessnadliusumiiwesvosnsuseinn dususiognidonsiusuvesdu
doululaseieUssamiiioy
gannaay (Test set) :
wvewhatliusudiumsdineivasmauenuszmiissylyiui

diovihaudhlatuwisdiweivall fsasnanisiugiuvedasitneUssamiiioy
<
iloglulusunsu MATLAB/ Neural Network Tcolbox

2.3.4.1 lassinavszamiisnsiaanuuiazidu

watg Usslevi(ven) iauslaglaseineysvamiisn (ANN) lafin1snsgsuainy
nenenuifteusnUssLamiieisunedoy (Bayesian) iluguuudtaosily Tassdeuseam
Wignwiinaruu1asidu (Probabilistic Neural Network) filaseasralagldmnudnainngud
Auaziunisuususzian (Classical probability theory) 141 n1IRUSUSEAVVBIULY
(e (Bayesian) waz filasisinusssiandmsuianduainumuiwiusssanuitasdu
(probability density functions : PDFs) waviunmuuuliiulaseeUssamidiondmiu
mMwiuumsuission Inssieussamiisusdinnnuinsdugnldegssauauduia
Rendumsuitigvvannvanenguuesdgynsuialssan S Tasidreuszamifion
glarnuinazsfudibiveUssfiuedasdfuiifisioufisutumeiniu dilaseneussam

Wenrliniujifnuauaudd laswedssamidsnsiannuminsduitvesnisidandmiu
Jaymnsuuslssinniunnsneiu



15

Tassa$avadlasaneyseaviiie ’fumn’l gy (P ob(' bilistic ngural network :

PNN) Use mumu %’u%imm (Input lg\/or) d‘wo»nm Founendadeni ‘numusﬂu (Radial

basis layer) wag mummwmmamamman mw DULAATIAN (Corﬂpetltlve layer) anweug

ENIﬂSG‘U’]EJ‘UUﬂULUUIﬂ setreftouluirami lnsfimsidenlodundazdunuusaiaiunun

uuﬂa nne uasau‘lwuauwmvaaacummhlmwnf] maau’tu‘uummﬂu wazyne seulu

‘dumusmm dedyaauludamng msau’twmmmwm NN 2.1 LLﬁﬂxﬂﬂiGﬁS’NWUﬁ’m
veslasaneUszamifisuviinauitazidu

Input Radial Basis Layer Competitive Layer
N7 N A\
oxr IV
P distd : . Kxl
| b1 3 KxQ
R ) X ) 0
[ PN R\

AT 2.11 Lansluuinasweslasitisussamisustaaluinazidu [11]

awit 2.11 uanslasstnasvamidieianiuiiandu fuwn R g, Toseuludy
gIuinll Wi Q basfllewivn K a mundnvesunninined P ukassaezgnieudniu
ﬁdsauudazﬁasau'lu*ﬁu’ugwu%’ﬂﬁﬁaamdwﬁwﬁn W' (Genda Input weisht, W) Fadu
wAsnduunm Ox R wazuinnes a \uradvdvesdugiuies Taoiunn Q ssfiudunmues
furouuiniivinviotumein andnuasimvemnmesa sxgnieutdiriuliseuusas
fhsouludunenufinfifin druardrniviin W (Senin Layer weight, LW") Faduumin
A K x Q Wuiieaduduiuguied lned awes a® suduweinduing K sudunadng
vaalassteUszamiiion
NN 2.11 Lﬁaﬁagaﬁuwmsmguwﬁv’uﬁuwm (Pz.R =1,...,R) oy nuanty
?Juwm'?mum ana'ammumsJL%aulmlﬂﬁaﬁasaumaa‘lu%’uﬁmlﬂ Tugaesauusn 9
usay uqsaulumumusﬂu gnidenlesdroardrciminiieg luduguiad

(zw e =0 = N)‘U:u“uu Y 'vnmsmmmammmLamwwuaqmiaumaeﬂwumumu

) 1m1naumi

1 IP’ g Rll

a, =exp| - (2.5)

'Q 'J

/
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IINENNSA 2.5 ansnsarhundeuaunisindlady

al = exp| — Z (IWQR PR)Z * le “ (2.6)

5 4/-In(0.5)  0.8326
Tnei b, = -

spread spread
spread  fie fnsyanevesilsridunseuaiingrusad

e dyaonedinm @) ‘lwuumumu mewwlmaamawawumeww lneunay

2

Tseulutuiendnm zmwa;ﬂmm&Jmmaumunwaﬂwmmmwm (lw ) 1113

A mammwzuauwmaamsauwaé‘luwmegw lﬂﬁ]']ﬂﬁll 13

net y = Z w}! 090 ' . @n

v Y Yy o o o 2 & ¢
lifsidunszdudernadyyiaedm @ ) Tutuendm
a’ =f(net ) ) : (2.8)
msﬂsummamwuﬂmﬂsﬂﬂaqummusaumniumamaﬁamuﬂsvmwuﬂmusﬂm

(spread ) Viazsou wazanlunisuSumludanasaasaimngui IULsaa 9 unIEI
: wmmmusauﬁﬂnaaumﬁ]maﬂmsﬂﬂaau



e e e ST A
dinnodyANAN NIzeeNINA11ANTZIN
Unii 3
N1531889as AT VN B e

3.1 N1531899

MATsatuiildinissiasmeasuuansdsdielusunsy ATP/EMTP e nweamiy
?iaﬁ'c‘mﬂnﬁlusvuulwﬂﬁalumaﬂfjﬁaLLﬁahjaﬁmmmaaﬂuawvm‘%ﬂﬁ wazielddmsy
N1SANYIANYY wqmnssum‘smavauaqmamummmUumuaﬂmauumaas UuUd1a04
Wasuly Wsunsu ATP/EMTP fiauannsalusiunisdiassssuulniimds wagiwvangay
dmivitasnansvausudlamunaiwueviuiivulaeg1auwiiugn (Time Domain
Instantaneous Responses) Wiauwﬂﬂﬂmniu MATLAB / Wavelet Iummmﬂwammﬁm
Woan IﬂamuamuaumsauLaamaamsmaaqmamLLanﬁnTnmmmammmﬂaammmalﬂu

3.1.1 Ms97a9sTuvaas
nsitaesangdunlalafvazldareddlunsdfnwidwadaldduiiianiiuen 5.8

Alalng sraulsaiulnit 115 kv vinasdassszuvdsinglnfadelusunsy
ATP/EMTP

115kV 50 Hz Load
S00 MVA Underground Cable 5.8 km- 225 MW 0.8 pf
SHSIEIRRT) £] I l
VIBHAVADI Fault - SAMYAN

d , U o I.l o
3U% 3.1 sruudenemalwitlumssnaes

nmsiassszuuiloiianoadaneasiuua A asiu (A-G) Tussusvnenunnataiulay

a v o a a v 4 v ' v a a
Susui 1 Alawms ypdaiEusiuil 1500 nastauds Tagbiga A unadeds siinvesans
wlasn 5.8 Alawns ‘

Rl =0mm

Ground surface

R2=17 mm

R3 =38.5 mm

R4 =41 mm

R5 =445 mm

3U¥ 3.2 ninavesmaiadaldpuildlunisdass

131071
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A A eaulaEIWTS (permittivity) (&,) vosane §ien 2.7
A1 ANENIsaluNsTuRule (permeability) (4, ) vadansiien 1

ihjuaduresnszuanldinnissiaesaniusunsy ATP/EMTP anusnnesrUssnauldegly -
U nszuasauUIn NIsLadiuaU uag nssuadiugug ntulnguadunldulaimidn
laslusunsu MATLAB higUaduiildenidsasazldsurdunvinyosisassuatomasmu
Auag B

K]

Phase A Phase B Phase C

T B
0 20 40 60 80 tims}
7-SENDA -LNIA 3:SENDB -LN1B G SENDC -LN1C

Ui 3.3 uaneguadunssuatia 3 wiafitlsds (Sending end)

v

Phase A Phase B Phase C ,/\\ ~

T
0 20 40 €0 30 tims]
TG LR - RECVA 11:LN66 - RECVE 12 LW5C - RECVC

UM 3.4 uansgumdunszuans 3 iaiilelu (Receiving end)
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3.2 NMTAsIERd Y WDJWE)ﬁGm'JEJﬂ’]iLLbﬁ\‘iL’JWLaﬂ

v

Q’]ﬂVli]‘I?){]‘ﬁU%’]U‘U@Jﬂ’liLLUaGL’JWLa(ﬂIUU“/}W 2 nuidpaduiidslminisuszgnanis
wasvidauuuisuming (OWT) indieneidyanueasminiuuuaondaldiu 1ay
auyRguAlddmiunshnsidyaiudoadie Tuanigunfdgyuiunszualwiiaglaill
aaﬁﬂszﬂaummﬁgaimaaj uwiluanmeiineasdasiinsasuulaweesdlsynaunud
auﬁﬂsﬁuuavmsﬁ] LU?{auuﬂaammﬂLLUU‘U@@WaaﬁﬁLﬁﬂ%uﬁaEJ LU uuﬁﬁlmﬁﬂwaaé
Muvsiiiin vsewaniianeas Wudu Tuneunsiase wiynnureanfivatsaeddluns
arenu IﬂauwamuaaaujmwwnszLLaWaamw“LmnmwumaaaWaamwamwmsqm (Sampling
Rate) 200 kHz wwihnrsuilasiegluesdusznaudiiumneg(Network  Sequence) fig
psAUsEnaUdIRuLIN (Positive Sequence), sadUsznaud duau (Negative Sequence) hay
83AUsENOUAWUALY (Zero Sequence) mﬂﬁu’uﬁﬁﬁzyzyﬂmmﬁﬂizﬂaunimmﬁﬁﬁumn
(Positive Sequence Current) wdnilunisutasamidauuuifiuviie - (OWT) ilewen
aaﬁﬂsznaummﬁqﬂumnaﬁ 1-5 sonun laensldnidnusiaiin Daubechies 4 (dba) A
finrsanaduyszaninisiudsuilawesusazaina teniduneariiinduluwdavana
wﬁaawnﬁuﬁﬁauﬂuamaLLsnﬁms'm{]'UWBaﬁlﬁm%Lﬂiﬂ”ﬁ‘dswmmaawaaéﬁlﬁwﬁuuuma
wila wazsumisiiioneasuumealaldiusield Tnesoay Lasﬂ“uaams'smﬁ 699 9
wansluiideialy

3.2.1 MSATIITU

as

JUwuureInIsaIsduneaslunuIsatulllihdygrunssuaneannyimsinsies

<
v

Wesagufsaioandiwaulumsiiansitasanududoulunissenuuutunounisiiasisy
TuneumTinssinvianssihdyanunssuaneaniildanluiunsy ATP/EMTP Tuusasiwa
mnﬂmaawa’qLwiaxéhumv'hmmﬂaa'lﬁasi‘lusﬂ‘uaaaaéﬂszﬂaué’ﬂé’fwm6] (Network

Sequence) lngldiunsnduainmsuuas (Sequence Transformation Matrix) Ssaunisnisudas
Iuansegluaunsi (3.1) 112 ,13)

I0 ‘ I‘a .
I |=[T]-| 1, (3.1)
I2 Ic

da 1 wineivesrUssneudiugud (Zero Sequence)
I, vinefsasfusznauduuan (Positive Sequence)
I, nuefisesnusznauiiuau (Negative Sequence)
T vinefaun3nnsuuasussnszud (Phase Current Transformation Matrix)

nidvatulidenldunindnisutasvesnanin  (Clarke’s Transformation Matrix)
ijaamnmzmnl‘ﬁlﬁﬁ’umﬂLmﬁaﬁmuuimﬂﬁaﬁumaLmuamugniuaxhjﬁnﬁlﬁaﬁuaw
Tngun3ndnisuuainasmuinduiunsuumedevedssuuitaouandlddamnsei 3.1
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A19519% 3.1 LLamLm'%nsz?msLLUaaLLazmmL%’;ﬂﬁmﬁumwumaéwaaszw [10]

Scal Frequency Range Traveling Wave Sequence Transformation
cale ‘
(kHz) Speed(km/s) Matrix
1 50-100 294,747 i ]
2 25-50 296,988 1 1 1
1 e
3 12.5-25 296,748 — ﬁ —
4 6.25-12.5 296,464 V3 i V2 2
0 ﬁ N7 3
5 3.125-6.25 296,411 ﬁ ﬁ

nminsdurdeadaunsahlslasmaihdygiunssuareadluudasiva wasdygin
NIEUANDaAY8IIRUTENDUAFUANAY ‘uaaﬂmamaa'aLwiauﬁ'mmN"mmiuﬂammﬁmmu
mwma‘[wa‘lmuﬂamm%um daubechiesd (dbd) [14] LWEJLLEJﬂENﬂ‘UiuﬂE]Uﬂ'J"IiJﬂmaamﬂ 5
anasefuantiuniunenidass LLam'lwmulﬂﬂaiUw 3.5 uag 3.6 mumﬂwﬂmmavama

ﬁ'llniﬂLLﬂﬂ\‘lﬂ’]‘U@ﬁﬁ')\'iﬂ’J’]iJﬂﬁl’N‘] GN‘L!

Scale 1

Scale 2

Scale 3

Scale 4

Scale 5

awnafl 1 wansdygaiitennilugae 50-100 kHz ' )
amaffi 2 uansdynaiiiianudlugag 25-50 kHz

amaw 3 wanedynnniitaaulugie 12.5-25 kHz

awnaf 4 uansdaygaiiianudlugag 6.25-1255 kHz

aunaft 5 uanad wzyﬂzu"mmﬁluma 3.125-6.25 kHz .

positive sequence negative sequence zero sequence
10000 5000 5000 )
-10000 5000 -5000 !
0 0.05 01 0 0.05 .01 0 0.05 0.1
20000 2000 5000
10000 4L 1000 —L L
0 i} 0
1000000 100000 200000
500000 l 50000 L 100000 l
0 0 0
40000 10000 10000
20000 4& 5000 5000 !! !g
0 . o . h o :
1500000 200000 20
1 100000
om0 | I} ol
] 0 0
200000 0000 100000
100000 M 20000 A,L 500000 M
.04

Q 0 0 -
0.0385 004 0.0405 0.041 00395 0O 0.0405 0.041 0.0395 0.04 0.0405 0.041

UM 3.5 sUrduwdnenidaesinuds (Sending end) |
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positive sequence negative sequence zero sequence
2000 2000

1000
M DN V)
-2000 -2000 -1000
0 0.05 0.1 0 0.05 0.1 0 0.05 0.1
0.2 0.02 0.1
Scale 1 0.1 l 0.01 ‘ } 0.05 l
1
0 i A 0 L n A 0
4 04 1
Scale 2 2 l 0.2 l | 0.5 L
0 | S 0 b 0 ; A
10 2 2
Scale 3 5 L l ! h 1 E
o DY o i A o 1
40 10 10
Scale4 % !ﬂ ﬁ M . I h s A!
0 0 0
200 20 40
Scale 5 100 10 20 AA
JL\ Air] 0 AA/V\MAA[ q

0 0
0.0395 0.04 00405 0.041 0.0395 0.04 0.0405 0.041 0.0385 0.04 0.0405 0.041

5U7 3.6 UnauINdnenitdsaesuiy (Receiving end)

<

muﬁa‘faaﬂ'uﬁlﬁﬁmuﬂnmﬂ‘%aumausijwﬁﬂaaamﬁaaﬁuﬂszﬁw‘éluma Y% lefa
Maamnmvmlaamu,a.ummamaaauﬂiuam‘luamauﬂaumﬂwaamﬂummmm Tuudazaing
gaenszuaivatvaedusiasfn Lazifelnnsfiansandeiuiuhduussandineniaans
v"a”lvimummLmnmawumwmnawumLLam'lusﬂw 35 way 3.6 NEaMsLUaIian
aunsodunaléitluannefiduiivead (£ 0.04 sec) wmwmwaqamﬂsuawﬁluLmauaLnaﬁ)u
umqwuamammsfaLLaumnmwﬂwaqauUs sAvsluannizneuinvieast (t < 0.04 sec) srafu

ﬁaawmsné&auuﬁmu‘tﬁdq “Eadalszanslugae ¥ lodandainiinneadeasainalaging
wilsveense LLamwummua'memamaaumwmuann"m,ﬂaaml,ﬂaqawumnn':'l 5
Windasaniierouianaad uansindiauiaund  dnduluaeiedalddur e
annsansadureanlaug’ mnﬁuﬁﬁagamsm?{auuﬂawmLmazmqmmmma%vﬂﬁﬂ
WoamuninTziUssiaviidarearuuaeaailaldfusiely

3.3 nsduunusznnueadflelaseinelssannsy

nfindnnudaluunii 2 Wenfunguijuguvedaseisussamidlendn Tassie
UszamifisuiuwAndsunuunsyinauvesaresiinin lneileuiuazAnyinsingues
aupE N R fVUALLIME MU UUSaestun WAINEEURNLRF LAY
msvnaulagsrasadutuusiassndinmanifitdnvuziorfuudididunmsiuinlagly
pavfnees Smnlassteaansasnaiaiduluudneasiidndaauduiusssring
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'a‘uwmnw odymlulassing Asdadyiiviiisidiung mnmwunLﬂumammsmaau‘[ma‘ma
I uuﬂaumw nsinszimelassngUsramiisusuiusesdinisinasudunay
Luaamﬂmmﬂaaulmama svamiisuluneiduazld Neural Network Toolbox

[11] v0elUsunsu MATLAB EnasulassingUszamiiion fuiuesduseneuuseinisinase

nsiiguiveslasenoyusramiion WUsunsy MATLAR  Lévinisiavualiuds sndu

peAUsENaVUNYTAY nauvaIgULUUBUWTLAZIB N, Juiuresteyarnasuuas

Yoyanaaay (Wudu Mginaourniludimunies gaamnsnisiinaeulassioyszam

visnluaidede Anaeuiialildiondnmiidenisite Ussiavneadiiingu daiduneuns

AndounarnIsiaseieai

'Lumu’maulmmmsLaanmLLUsauwvu'Lumu‘uadmssuwsvmwﬂaam laglgrrasan

YoIduUsy awsmnmmﬂamﬂmm‘luamau,sﬂwmawumasﬂmaansuuameWa A B, C uag

psiusznoudwiuaudlutas v ledanaainnoadnmdinu mgﬂw 3.7 ludududsiondwn

sediinduiusiuma (A, B, ©) wasninin (G) viseuilanoaniitiatuluansds laeiizunuunis
fAnaeuiiesylsziamveanearssioluil
neutnaeuveslasstisyszamiiiousiinaaiuinasdu - (PNN), Tassadaneufinasy

Usznaulufmesnnuiiaseuluusaydusil 'lwuauwwu 4 msaumuam’lusﬂw 3.7, ludu

Youil 540 Uasou (mu'mmiau'lu‘uwaw.,umm'mummu'mﬂnaautaua) ua.flu'aulmm

Wil 1 sy mmtaﬂmwmaa‘iﬂﬂmws.,a'mmauummauuuUaoaﬂsm'm 18410 39

ileduiusivlssnneasinaiuluaeds fuanduasei 3.2 ﬁan'uunsmuwaa'lwu

douarldyiingusail (radial = basis) mu‘uumewm"'l'uﬁan‘uuns LAUYUAADUUNATTIN
(competitive)

Phase A cumrent at VIBHAVADI
40

) ks
o | B P )
20 I

o
0.039 0.0385 0.04 0.0405 0041 0.0415 0042 \
\

Phase B cument at VIBHAVADI

0.4 e

L4

LS R e ¢ U
02 {

3

0 X

0.039 0.0395 0.04 0.0405 0.041 0.0415 0.042
Phase B curmrent at VIBHAVADI

Competitive Layer

04

o
s L) roms)
02 '[

0
0.039 0.0395 0.04 0.0405 0.041 0.0415 0.042
Zero sequence at VIBHAVADI

20

% e
10 \1‘! (2117)

0
0.039 00395 0.04 00405 0.041 0.0415 0.042
Time (sec)

3T 3.7 wwudaesduwnveslassgusramitsusiinanuinasiiy
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< ' < 1 - An " ' <
A19190 3.2 waeeAneawvedlasttessamiisu idinaminandy

Output of o

NN Classification of fault type Types of fault
1 Phase A to ground fault AG,
2 Phase B to ground fault BG
3 Phase C to ground fault CG
4 Phase AB to ground fault ABG
5 Phase B,C to ground fault CAG
6 Phase C,A to ground fault BCG
T Three phase fautt ABC
8 Phase A to phase B fault AB
9 Phase C to phase A fault CA
10 Phase B to phase C fault BC

sgwinansiinaeulasstiyszamiisneiinanuiasily, Sududisnisduainis

W mtn (Random initial weight) waztuAINTZI8AAITN (Increase spread) TIFUWRUSAUAN

0.8326

luda (b= ) Tudugau WinulassasrauSunuradlasiinedssaniigunsilanain

Spread

wudludedu nikseumsiinasufimsduirdaiminuasuuldsudinssaemasilog
Busiudl 0.0001 iNeAMMALeEuARAWaInIAEEIY 0l (MAPE) Tasyn doyaviadey
fidian pndurnmiudnsgneaasiluiuseudntuaias 0.0001 9uds 0.1 (lew
Tnssasvedlassinessamifieniiiussdniamgaiian) visaunitAuesidudiiawann
wadeduysal (MAPE) wihfu 0 udvganisiinasy dumeumsiinasuuandugud 3.8

n¥aniinasulaseteussamifisuadaiu waaa;ﬂsuaqﬂﬁsﬂnaauiﬁu.amlumiw
il 3.3 laeldalunsfinaeuiidfigaussuia 62 Junii uazainszargarasiitiu 0.001
nndudshmaiminlududeutazduodnmdafumnindyuin (540,4) uaz (9,540)
ady wagAluneaivinlilasseyssamiiiouiussdvsamgeiian snneaeufudeya
neaauAuasyn (Haagunmvieaaulivandtuuninly)

A15199 3.3 wanwaasunilainnisiinasu uaznanldlunisiinaeay

Jaya PNN

AINTZRIBAIAAT (Spread) 0.001

rnuseuiiiinaau (Iterations) 300
panidlunisfinaeu (unil) 1
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mnﬂfj’umaumﬁmmzﬁé’zgnpmﬂaaﬁﬁwn’liﬁmimwam’lnmswaqnwﬁmmu
WamiesndulassieUssamionilfosueiudidiediu wani measuisauufgiures
FBmsdananiihnismedeudygiurean iidnuus unnsaiy wan1sneaaulauanalily
undaly :

Start

A

Obtain maximum coefficients details (cD1)
from DWT (Phase A, B, C and zero sequence
for post-fault current) in first scale at % cycle

I output (value range 1-10)
corresponding to the types of faults

\ 4

Normalization of input and
output pattern

for i=10.0001

| Random initial Weight |

Adjusting Weight [« ,

bias=0.8326/ i
Compute outputs of PNN

and the number of error
in test sets

v

Compare the number
of minimum error in
test sets

calculate the number of
minimum error

( Store Weight and bias that can g

No

1>0.1 or
the number of
error =0

i=1+0.000!

Yes '
Store Weight and :
bias I‘

End

U7 3.8 uansUNUNIWNSSE UsSELmMWeadiIe T aue
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d' !
UNN 4

WNEN1INNas

o o qy o o : a dao L4

dwmFvuntifumsduaueranisnaaseisldvnnisinseidyaiuveadainms
o Y an s o 4 & v g
T1mene Tsunsy ATPEMTP awguuunasismshuaweluuni 3 dadoyai1luns

o o @ Jd o @ g
nagoudmivmasturend Nytuuylumsivaueasi

4.1 lupumsiivaue
4.1.1 slmmainaueveuaaznnranisnaass
MIUTAIHAN I NARBITEUTAIR URT IV IHANITNARD IS vaA M TiRaoan Tay
Usudumismaifaread TnoszoznififaneadezAnninanil In¥d1uds (Sending end)
Wugadededesuazdoazlsznoulddae
1. Msasnsurlead Fwwad ldnnnnsaiuiunans e eidensulaianisa
NI Aot
2. miGeadduesFosmuseinnuesriead fie AG, BG, CG, ABG, ACG, BCG, AB,

o w Py s i 3’1
AC, BC, 1182 ABC muda tacinis insiennamInaasi lansvua

Han1INITIR0Y

v
1nMssiaseszuvaanelunsfidnei 1dtuuuvssmedaunms Wi uasvans
nMstassmaweadnina luszuudateluunaz saseodanua luudaz $29n15 5180495

] 14
ﬂ’lﬂ'ﬂllWﬂ‘Wﬁ']ﬂ'VILﬂﬂuﬂﬂﬂNﬂuﬁ’\iuﬂﬂdﬂﬂqﬂu
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4.2 HanInaaoy

4.2.1 nsannareanNIza=Ma 1 7 aINAT Y9 IANUE1IMHT (5.8 Dlang)

nsasIsuread
°/° o
100 ) Fre
] fss
80+
60-
40-
i b
204 ; g
0
SLG DLG L-L 3-p
sznnread
‘v d
(a) MIATIVVUNDARA
nssaplsznmioon
°/°
1
B Wavelet and PNN
80-
70+
60-
40
30
20
104 P Bt ) ot
C B% g S —' - .‘;M "’ N o
SLG DLG LL 3p
1hzammiean

(b) Myszlszinnwend

a s d o v 4 A a P -
31.'71 4.1 LLfTﬂ\‘ILlIﬂik“ﬁu%ﬂﬁnngﬂﬂﬂﬁmﬂﬂ Womnareaanszeznig 1 Alawas

@ a a d Y o ‘:

MAHAANS IU3UN 4.1 TnsaTinsIzna laaail
[ <
msaszaduvliean

@ o o a £ ] IS4 ' '3
asoasttuveannIndulszansmsudasnviaauuuwunilsusinsnlszney

nszuamauuIn luanausn uaangii 4.1 (a) AundonnugnAnl 100%
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d
maszydszanvesvlead
mslFdulszansrnmauasdidainiudoyaduyn i Tas wiodssamisiy,
a ' <1 4 o o =Y
slianmnizituiiessydsannvend munsaszylszinnvesvload Taslfifoadoyaly,
a & o < ¥ ) v 4 -
anahi 1 39317 4.1 (b) 2zmu1dN aunsaszydsunnvesrloadiinnugndosi 100% i
Jd a a a ' d a
voadwiia 1 aasdu (AG, BG, CG), Weaasznnara-ia (AB , AC, BC) uazoanasiia 2

aa3du (ABG, CAG, BCG) luvaiziivlond 3 ila (ABC) finnugndoangil 66.67%

a a al al ' X a
4.2.2 nsaunanpannszezma 2 niamm VIINNUYIITIUT (5.8 ﬂjamﬂi)

- L4
nMIAsIvuNDaA

(| Wavelet

SLG DLG e, v

Yszinnvoad

u 's
(a) M350 UNeaA

nminlszmiean

Wavelet and PNN

I EARH SRS TSRS ST N e

SLG DLG L 3P
1hunmioad

(4
(b) m3szylszinnvead

) ¢ d o v a A a o as
gﬂﬂ 4.2 LLﬁﬂQL‘lJ@‘EL“ﬁu%ﬂ?WUgﬂﬂﬂ%ﬂaU Lilﬂlﬂﬂ3'l'ﬁ)ﬂﬂ1’13$0$°ﬂ1ﬁ 2 nlawas
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o 79 ~ a o MY o
VINHAaWS lugdii 4.2 aunsodngizvina ldaail
[V <
MsnsIvdUvioan
@ o o a £ < ] ' ¢
MsAsIvUNeanIndulszansmsulasviaauuuunuIsveI9Inlseney

nszuadAuyIN luanausn uazngili 4.2 (a) aziinundonugnAna 100%

m3szylszanvesloan
mslddulszninnmauasaidauniiudoyadunnlisulas wiolszamidion
yiiannmingihuitessylszinnvead munsaszydszinnvevlead Tasldifvedoyalu
anadi 1 c‘fiamﬂgﬂﬁ 4.2 (b) v21iin 1471 dinmanoadriia 1 ilaasfiu (AG ,BG , CG), Hoan
ssnnuna-e (AB | AC, BC) Weadwiia 2 ldashin (ABG, CAG, BCG) azonad 3 i
(ABC) snsnszyilszianvosnondiin1ugnansdl 100%
4.2.3 nadinavoadiiszazma 2.9 Alamns YesnueTIEwd (5.8 Dlans)

- o
AT eaR

%

Wavelet

80

60

204

SLG DLG L-L 3-P

Ysznnvioad

@ d
(a) Msas9unNpan
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ninplzamioad

Wavelet and PNN

SLG DLG L-L 3P
Usznmvivad

) msszydszinnload

~ ¢ d o Y LA P =
31]7] 4.3 uﬁﬂuﬂaswummmgﬂﬂmmau WemnaneaAnIZozN192.9 ﬂimllﬁi

YL pai a Jd @ d’
VINHOANT IU3UN 4.3 M3 InIIEna lanall
[ d
mMsnsnduvean
Y o @ a 4 (=1 1~ ' o
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act:

paper proposes an algorithm based on a combination of
¢ wavelet transform (DWT) and probabilistic neural
ck (PNN) for classifying fault types on underground cable.
ations and the training process for the PNN are performed
ATP/EMTP and MATLAB. The mother wavelet
chies4 (dbd) is employed to decompose high frequency
ment from these signals. The maximum coefficients of
of phase A, B, C and zero sequence for post-fault current
rms are used as an input for the training pattern. Various
studies based on Thailand electricity distribution
ground systems have been investigated so that the
‘hm can be implemented. The coefficients of DWT are also
wed with those of PNN in this paper. The results show that
oposed algorithm is capable of performing the fault
ication with satisfactory accuracy.

ords:
“ault  Classification; Probabilistic
ground Cable; Wavelet Transform

Neural Network;

ntroduction

previous decade, several techniques [1-6] have been
ed in the literature for fault classification on
sround cable. Based on the transient-based techniques,
plication of wavelet transform is used [7-9]. In [7], based
: methodology of wavelet transform and analysis of
mposed components, two detection and classification
es are proposed and tested for the detection of incipient
in underground cables. In previous research works [9],
1sidering the pattern of the spectra, the comparison of
sefficients from first scale that can detect fault is
ered. The division algorithm between the maximum
sients of DWT at % cycle of phase A, B, C is performed.
dentifying the phase with fault appearance, the
~arisons of the maximum ratio obtained from division

algorithm have been performed so that the types of fault can be
analysed. Although the wavelet transform is very effective in
detecting transient signals generated by the faults, but it may
not be adequate to complete characterization.

In recent years, the artificial intelligence has been often
employed for fault classification ‘[10-14] “due that the
algorithm can give precise results. There are many types of
artificial neural networks, only a few of these neuron-based
structures, are being used commercially. Back-propagation
neural network (BPNN) is the most well-known and widely
applied today because it can solve almost all types of
problems. In practice, BPNN is partly limited by the slow
training performance. In order to overcome this problem,
other neural network algorithm has been developed. The PNN
is selected in the algorithm because it uses less training data
and time compared with BPNN, which is normally employed
in previous research work [15].

Hence, the objective of this paper is to consider study
the decision algorithm of PNN used to classify fault type in
underground distribution cable. The simulations, analysis,
and diagnosis are performed using ATP/EMTP and MATLAB
on a PC Pentium IV 2.2 GHz 3GB. It is noted that the DWT
is employed in extracting the high frequency component
contained in the fault currents, and the coefficients of the first
scale from the DWT that can detect fault are investigated.
The construction of the decision algorithm is detailed and
implemented with various case studies based on Thailand
electricity underground distribution systems.

2. Simulation

The ATP/EMTP [16] is employed to simulate fault
signals, at a sampling rate of 200 kHz. The system employed
in case studies is chosen based on the underground
distribution system as illustrated in Figure 1. In addition, a
cross-sectional view of a cable is shown in Figure 2. To avoid



exity, the fault resistance is assumed to be 10€. Fault
15 in the simulations are performied with various
>s of system parameters as follows:

Fault types are single line to ground, double lines to
1, line to line, and three-phase fault.

Fault locations are from 1 km to'S km (each step = 1
f the underground cable length measured from the
g end

Fault inception angles on the phase A voltage
orm are varied from 0° to 150° with a step of 30°

Load
225 MW 0.8 pf

Fault

AVADI SAMYAN

Figure 1. The system used in simulation studies [17].

Ground surface » R1=0mm
A
4 =17
rafl i R2 =17 mm
H R3 = 38.5 mm
4 4 R4 =41 mm
3 T D
) R5=445mm
- R4 B
\Sa 02a )

igure 2 The configuration of cable in simulation studies

:xample of ATP/EMTP simulated fault signals is
ated in Figure 3. This is a fault occurring in phase A to
lat 1 km measured from the sending bus as depicted in
~ 1. The fault signals generated using ATP/EMTP are
ced to MATLAB for the fault detection algorithm.

fonmeganr

Eavsmann

Tare (soc
Vi {sact wre (sec)

} Example of ATP/EMTP simulated fault signals for AG fault
at sending end.
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3. Fault Detection Decision Algorithm

Fault detection decision algorithm is processed using
positive sequence current signal. Fault signals generated using
ATP/EMTP are imported to the MATLAB/Simulink in order
to analyse the high frequency transient components, which are
superimposed in the fault current signals, by discrete wavelet
transform (DWT) using the wavelet toolbox. The Clark’s
transformation matrix is employed for calculating the positive
sequence and zero sequence of currents. With several trial and
error processes, the fault detection decision algorithm on the
basis of computer programming technique is constructed as
shown in Figure 4. The mother wavelet daubechies4 (db4) is
employed to decompose high frequency components from the
positive sequence current signals.

Fauk sgwsls generated ming
ATPEM(P
Wavciet Scale |:X

Poritive sequence vuirers

PL |+ cveflinas fovm Worvried e b the
B Crtive sevpeence comen 3t the tome ol 1-Spy

pt - coeflivicnt frum Wavelet wumaformm for
o0t the pouth ¢ TANONCS CRITON af e b
tiom 59 tied oS
PE SomPamen sk ¢ 2 Chamor m bl ders
A from Windet b, tod la scpeistach berecen
ol cooditroas and taaks

L the wale uf Waseket Franafum

Yault condivion

Figure 4 Flowchart for fault detection.
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faults. This sudden change is used as an index for the
occurrence of faults as shown in Figure 5. The fault detection
decision algorithm has been proposed that if coefficients of
any scales are change around five times before an occurrence
of the faults, there are faults occurring in underground cable.
The coefficients of the first scale from the DWT that can detect

fault are investigated for training and test processes of the
PNN.

4.  Decision Algorithm and Results

From the simulated signals, DWT is applied to the
quarter cycle of current waveforms after the fault inception.
The mother wavelet daubechies4 (db4) [2, 4, 10, 15] is
employed to decompose high frequency components from the
current signals. Coefficients obtained using DWT of signals
are squared as shown in Figure 5. The coefficients of scale 1
obtained using the DWT are used for training and test
processes of the PNN.

A training process is performed using neural network
toolboxes in MATLAB [18]. Before the training process,
input data sets are normalized and divided into 300 sets for
training and 150 sets for tests. A structure of the PNN
consists of 4 neurons for the inputs and 1 neuron for the
output while the number of neurons in radial basis layer is
300 neurons (due that the number of neurons is always equal
to the number of training sets). The inputs patterns are
maximum values of DWT at % cycle of phase A, B, C and
zero sequence for post-fault current waveforms as shown in
Figure 6. The output variables of the PNN are designated as
value range from 1 to 10, corresponding to various types of
fault as shown in Table 1.
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Figure 6 Probabilistic neural networks with input patterns



BLE |. THE OUTPUT OF PNN FOR CLASSIFYING THE FAULT TYPES

gr\l;g)m of Classification of fault type gﬂﬁ% of
1 Phase A to ground fault AG
2 Phase B to ground fault BG
3 Phase C to ground fault CG
4 Phase A,B to ground fault ABG
5 Phase B,C to ground fault CAG
6 Phase C,A to ground fault BCG
7 Three phase fault ABC
8 Phase A to phase B fault AB
9 Phase C to phase A fault CA
10 Phase B to phase C fault BC

aining process of PNN involves two stages as follows :

ut values are propagated to each neuron in the first layer.
adial basis layer computes distance from the input vector
ight vector, and produces output in radial basis layer as
ssed in Equation 1.

4 2
— 1V,
(0(p)=exp —"p—azi (1

J
the input pattern vector
is the center vector of radial basis layer
the spread constant for radial basis layer, which

sponds to bias value (b = O'Sﬂ)

Spread
'is the output of radial basis layer

sh neuron in the competitive layer receives all radial basis
outputs associated with a given class, and produces, as its
'utput, a vector of probabilities. Finally, a competitive
tion function on the output of the competitive layer picks
aximum of these probabilities, and produces a 1 for that
ind a 0 for the other classes as shown in Equation 2 [18].

0/ Payy = f4(LWz.l *(P(p)) (2)

= weight vector between radial basis layer and
stitive layer

competitive activation function
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Obtain maximum coefficients details (cD1)
from DWT (Phase A, B, C and zero sequence

for post-fault current) in first scale at % cycle

1 output (value range 1-10)
corresponding to the types of faults

A

Normalization of input and
output pattern

for i=0.0001

L Random initial Weight |

-

Adjusting Weight

bias =0.8326 /i

v

Compute outputs of PNN
and the number of error
in test sets

v |
Compare the number
of minimum error in

test sets -

Store Weight and bias that can
calculate the number of
minimum efror

1>0.1or
the number of
error =0

Yes
Store Weight and ‘
bias ;
End

Figure 7 Flowchart for the training process
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