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ABSTRACT

This thesis presents an application of the Discrete Wavelet Transform and Fuzzy Logic
for fault analysis of 500 kV power transmission network systems. The fault signals are simulated
using PSACD/EMTDC. Post-fault current signals are used in the analysis by mother wavelet
daubechies4 (db4) which is employed in order to extract high frequency components from the
fault current signals. The coefficients of the positive sequence current obtained from the wavelet
transform are compared in order to identify the direction of fault signals. The coefficient ratio
between buses that the fault occurs is calculated so that the proper protective relay sequence can
be selected. The variations of first scale high frequency components that can detect fault are
considered as inputs for the fuzzy logic. The results obtained from the fuzzy logic are used to
locate and identify faults. In addition to indicate that the new approach can be effective for the
fault location and identification in transmission network systems, a proposed technique is
compared with a combination between wavelet transform and probabilistic neural network. The
algorithms used to analyze fault signals is developed on MATLAB. The results show that average
accuracies for the identification of the direction and protective relay sequence are 100% and
99.8878% respectively. The precision for fault location is 100%. In addition, the average
accuracy for fault identification is more than 98%. Thus, this verification shows effectiveness of
the technique with a fast response as well as simplicity, and the technique can perform accurately
under various systems and fault conditions. Moreover, the new approach gives satisfactory
results, and will be useful in the development of a modem protection scheme for electrical power

transmission network systems in the future.
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1daumsIniilu

1 v o
LC &x* o’

(2.7)

& ] : " 4 =) [ A e w d
FIAUNITN 2.7 UGN © ’chJﬂWSﬂﬁulﬂu“ﬂN‘UBQﬁ1ﬂﬁ~3klUUﬂ’J1HﬁfylﬁUﬂ'] T HAANTUDY

o o =Y a @ W 3 dy
ﬂnmﬁmﬂuﬁaﬂ%umm X —vt uazuw%‘uﬁumusaﬂuﬂ&manﬂavlﬂu

v =f(x-vt) (2.8)

R-

¥
@ s

o =1 [] 9y = vy = c; 0 a' Y =1 [
mdﬂﬂﬂﬂfﬂuulﬂllﬂﬂﬂﬁ'P]‘ﬁUWUﬂ’J’IiJHﬂJ’]ULW’IG‘IENMﬂ‘ILﬂU’J 'Im‘nmm“n v ﬂmuwu’wni‘lumm

a ~ v =) " a = a o
ADIUMN 51 X ﬁﬂmmi‘lummuaznm 4 Nﬂu’]ﬂLﬂH?N“’l TTONTIUNADUVDITUNT

¥

¥
e

v H b
118 Taounuioywusvnddduaeaves v adluaumsn 27 Tumsmiary luvuusn
Z o g

' 4
Yudsaiimsnlaoudin)sriez 14

u=x —vt (2.9)
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X —vt =a constant (2.16)

v
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=V =—— m/s (2.17)
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v=Ff(x-vt)+f,(x +vt) (2.18)
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1) Reference or Polarizing Quantity foAugIAy (voltage polarizing) NIONTTUAVDY
32UV (current polarizing) ﬁi%’tfluﬂ?mmé’wﬁa
2) Operating Quantity ADAINILUA (current operating) Y935z VVHINNFouRouiy
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Position of operating current
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Operating Current

Negative Torque

Angle of

g o 5i 5
Minimum Pickup Current ——» Maximum Torque

. Polarizing voltage

L
\ or curerent

§ [ wa L4 a a
51N 2.7 nansnyuzguauAvoITaiNTTUAAUIIU AN [9]

- o a Ya Vv 1 Y - =] o o a
SaonszumAuuyinemaszsznou lldomiteesnunszuanumiiounuSadlng
' a = ° = =) a o A 3/ a
uazuuIvAILRURANIINIERIMaS vuouyu aveanszuanuussaui IdulSuw
Y A 2 % = o ° A v g v = éu’:
01903 (Reference Y30 Polarized source) 'smfm:w1:1mmawmmsmaﬂanﬂaqiuwﬂmmm
s wa o o a =) [ a
1 dnvazquavianisiinuuestiadnizumiuuun iamanaas1ddagli 2.7 1ingl
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3.1.2 mawna (Scaling : a)
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3.1.4 MsnszaguazsINnavveanvian (Decomposition and reconstruction of Wavelet)
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3.2 mstdaanylidauuuneiiie (Continuous Wavelet Transform : CWT) [14]
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Wavelet
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3.3.1 MIINTZHAYYIVUHNITZAVAINDIDA (Multi-Resolution Analysis : MRA)
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4.1.1.3 Tasaedszanmesnuutanna (Lattice Neural Network)
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4.1.2 MIMHUAMDISNIHIN (Setting the Weights) [23]
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MATLAB/ Neural Network Toolbox [26]
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¥
Tassnwlszammioustiannuhvzilugminausdeanselss Tvmivdng fail
" =3 : i s @ o [

1. msAngeuad i msdndeudig dldnaniuuniedianivoslnsate
szmmiiouriaunsmboundu (BP) gaunuilasmsiBouivsornaouiivioonin
Tuyarinaou
F =9 ~ ] =) ' o o 4 ]

2. voyarnaowiivine Tasaolszamifonsiiannuisugnivilsesiuiedhg

9 ~ 7 e"’ - v A A o kY o o o
wonsznnAIvIuIToU (Baysian) Nannsdaaaulamuanunelsfsudou duriug
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1 o=y v 1 d.y ] @ [T ]
sErAIMmesHndoutarmsullszan wat bigunsosvlsenuaiolnseiie
szeamiiouriaunsmdounay (BP)

a ' = ) T Vv 3/ - =

3. uuanalasaolszamiiesiiannuinaily oo lideyaiiunieavesnain
lc; = 4 9

garnaou Tavsirnnnsinaeulminldnanwinly Tuvaginisudly (ms

wasuuiay) laq garnaeuveslassodseamiiouriiaunsaidounay (BP)

o Y b, o = Y
Tavi lizdeshdnlunszuaumsdnaouninua

= E - 1 =1 =) Y w Y ) as a o o [

4. msBouivedlassvioianuainisolumsSouiadusuFeouduRusiuszuIng
o= ] P F U ns:
nAMosHnaouuazMs LU sIANNgNAD AN

=

al :;4 = n:; i1 @ 1 1 =} [ = 1 g o
5. vianmsnd ) BuynRadeiuua himdounu Tugarnaeumaiuezimsinuug

L=

v ¥V ¥
vouwamolumsuyslszinnesurinzay daiudoranatansonisinaoui lu
d A a - ] a (=1 ' o a
auysainsevoyasuyni imingaviuee liinansznulag aeanugndesdiniy

Msualsznm

1) Tassad
Tasaadavealasaiedszamifiouaiiannuiiiazdy (Probabilistic neural network
pNN) lunorfinusatuiilsznoudan %uﬁuwn (Input layer), Fugouniounniadoniiy
9153} (Radial basis layer) U GI?‘HLi‘)’lﬁ“v‘mﬂgﬂﬂmﬂ%ﬂﬁﬂﬂ’h‘%&ﬂﬂmtﬁﬁﬁﬁﬂ (Competitive
layer) ANHMULVDI1AT swriaiiiuInsstwidon et TasinndenToslundag
puuReRItunLA WuAe NN ﬁ’a'sauiu%yuﬁuwmm'aﬁfgmm”lﬂﬁmﬂq frseulusu
FIUSAN uaZYnY ﬁ’nau°lw§u§m§’ﬂﬁﬂ:ﬁaﬁiymum“lﬂﬁmnq ﬁamuﬁlu%mmﬁwﬂ 13

¥
4.5 uaaalassadaiiuguveslasanolssnniouriiaanmieiu

Input Radial Basis Layer Competitive Layer
N7 NS A\
oxRr | IW:

¢ a=-y
) g x1 M
| dist | | | =
X1 n: al = n

Val D rormig TA MW —p ¢

O x1 K x1
| bt

KxQ
K

o x1

© J

4 ; ; = i
UM 4.5 wanwnuiiaesvesinsselseamionytian ity [26]



2) uuIAA [23]

' =Y 1 =] 1 o 9 [ 1
Tassnnlszamimesiiannuisdulureganinaziinualeduialsznnue i

o [ ] oda Y &
WiEY (Bayesian) 1135 unalszinnnnmeisuyndignitsludeslszinn sz A uaz

y y A& a I . = R i
B) ﬂﬁgﬂaﬂﬂ?ﬂiﬂﬁﬂﬁiﬁﬁﬁ‘ﬁu A9 YUNITNTLDI0 (distribution layer) ﬂiﬂ1uv1\1ﬂiﬁliﬂﬂ31‘ﬂu

¥ b Vv
BUNN (Input layer), FUGULUY (pattern layer), FUWATIN (summation layer) uazﬂmmﬁw

1} 3 w A .. 3 1 3 a [
5un FuM3aadu 1 (decision layer) H50119ATUTUNNFUDINHT (Output layer) AULAA

Tuglii 4.6

DISTRIBUTION
LAYER
" PATTERN LAYE]
Za Zpy 7o
""""" SUMMATION
Q LAYER
Ss
DECISION LAYER

v Y
519 4.6 vaaspvihaesiiupudmiylasmsdsramifouriiannuinilu [27]

1 =) < | ad o o e a ' '
91030 4.6 MBI (Bayes theorem) 050U ITAIMS VA UTUNITHL52INNDE14

@ o o ' [T g ] Y
IHuUIZay ﬂgmimﬂ’du%mﬁ (Bayes) ﬂﬁ]')vl')'ﬂ l?ﬂ!ﬁﬂ?ﬂuﬂﬂﬂ?ii]SQﬂHUQﬂizlﬂ‘ﬂlﬂil’lgﬂﬂ

Uszian A M

Dlx)=60,4 &vhylf4(c)>hplpfplx)

4 @ a a
e D(x) Ae msdaduly (o1iym) veannmeiname x

04 foisuam A

] 3| { g o o '
h 4 fe anihaziluiidadiuveannmesdnasudmiulszian A Sauiy

= L4 ' ] o’a’ 1
14 A9 ANUgYITUINNITNIMA0s liuzaund1gdyseinn B aninlsey

mugnulszan A
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o a

£ 4(x) Ao Hadduanuvumivvesamnhesiiudmivdsznon A

hp . lp.fp(x ) nay g Idrilnuiimilounuudezszgnalddmimlszinn B

[ = = ] g w o ) o w ]
Taseavvdszamnifiousiannuieiulddlssanadmsuianuanumuuivues

¥
anuhaziludane 1l

(4.2)

A . A o o=
1o i A9 IUNNMBsHNAaU
- ° o o=
p Ao Tuvessntliznoulunnmeidngeay
o Ao awudsii i usey
A o o9
n, Ao S1uveanmasHnaeululszian A
A o ~ ° 1
X A9 NANDTNATIUNILIININLNTZIAN
=) o9 a . o a
Y, A0 nnmosHndouaini damsiulsznn A

Ai

@ o ) a
t A9 MIAAUAMHUIINADT (vector transpose)

14
s

o ar o [ ' = a T LY 1 [
duiusnmnuIassveilseamnoning mmmmlwuatnWﬂmmﬂumuiwm D914
o= 4 < < . a o o
nmﬂmdﬂﬁauuaznﬂmaﬁﬂﬂ’dauq'ﬂuaum"lam (normalized) Tunsdiuouas ladd

momend lwudoa Tuaumsig.2 envzgrib i lsdodu (X - Xg f (X - Xg; )

uazanninesueldiiy
t t t
' t t A uhrl o L o ¥ iy
wa X°X = Xp Xp; =1 1U03910015U0305 lay (Normalization) datiuaunisiinaeiiu

- 2(X’ Xpi - 1) (4.4)
mswnmfu

X' Xp, —1|_ 78 X' Xp; -1
R > Yexp| —E | @)
i=1 o

R
D(X)z Or i nZexp
i=l1 a
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] P o [ 1 = =) ] ﬂ ! Vli'
Taseaelugdi 4.6 dmsulnseinedszamimonsiiannuinazidudinsoniiaeanla
= 1 4 o
i 2 1lsziam Ao nnmeiounn X = (xq,x4,...,x, ) gauialszianieiiunisilszgna
¥ e b [ ¥
$1750u1UHUNITNTL0 (distribution layer) FuilmanzdmTuidlugaion Toamniu (isou
Tisimafm)
v : @ 3 =) ol o "
EAU0IM0 0 MmN F UV (pattern layer) HI3OUNAAININIADIHATOUTUINIZIA
¥ 3 ¥ ¥
azmnrnhmindasdlszneuveainmesiiv uennni aseutugiluuugaiaiungu
[ — ¥ o & a @ o @ o9 1 =Y x:
msuiadszani Padamaduiusiunnmesdnaon uaaztinsousuzliuy (pattern layer)
[ : v a =Y qs: [ n’: ¢ w ]
HATINAININIINUNDUWNIINNNG HITOUTUNTZW (distribution layer) AaviulFHandu 'l
WhuFadu 7 (e)ionasivaunszilszuianaemivn Z,; , iiodavesdusn () uana

n’: o9 oA @ 9 = p a 0’:
FuvpanmesAndouNyen los uazdieoians (i) uanatizsousuziuuy (pattem layer)

]

Asmnalusindy

Lﬂmmnﬁuﬂmaaﬁ1daa1§1ﬂﬁﬂﬁv‘§'aﬂuaﬁuﬁaiau;ﬂum} (pattern neuron) L@AAINI
inosHnaou Xg =(Xg1.Xp2... Xp, ) insougduvuaziinisfiuim
XRiX1 +XpoXo +..+ Xpy Xy = Xp\. WORMUUUYA (dot product) suiluitori 1y
Sufiumsfuaumsi 42 Z,; gnaudau 1 madae o2 nazdszynd 19iaiduend Tnu-

- ) . o v fa Y
1%0@ (exponential function) A3111 Hadwsaa 1A

1
XhoX; -1

2
a

Z =exp (4.6)

¥ v
' a [ - @ 4 R
uAazITou IUTUNATIY (Summation layer) 14510 IMYNFUFUUVY (pattern  layer)

o

q’: A Y Ad; ¥ Y = :j ' o
nanyaen loanudszannould &1 10 daseuludugduuy (pattem layer) ndazdIfiiuIw

d L4 o w 4 o z o
Handuens Inindoa dmivlsznni 1 emynduzluuy (pattem layer) Wanuagn
a 9 = q’: . & a s u’l‘ 4 " =Y
TIUAIAWHITOUFUNATIY (Summation layer) INEINLAUADY A91IIDIAYNVDALAALTINTOU

v

FUHATIY (Summation layer) Ao

t

X" Xpi —1
$: = Yexp + (4.7)
i=l a

3 .
Tuguaadula (decision layer) uAaziinzsoufiunuuaazlszinmziinisuliomion

° o YA A ¢§ - = U -~ 9 =1 " a
fneuayn Iiifivaniiudeazisuiiu 1 nanfe &1 S, Tvuaunnh S p veiiauilu
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P ) " ] P d g qy da L) F=Y qy
wita uadh e ianilugud Aomagi msuaaslszimvoannaeisuynilagiiu matiai
[ v ¥
asagmit lvevedisdion medadulasiviuvesdszinnlavmunguuestinsousu
v
UV (pattern layer) HaZHITOUFUHATIY (Summation layer) 115 UHARZY 3210
a Yy & a & 1 & '
nninandedu udunownaaiiugu ae luwiluvuneuveslnseviolszam

- - . da & e
mummﬂmmuwza‘ﬂuﬂuaqclﬂﬂmnsn MATLAB/ Neural Network Toolbox ¥3aivunau

¥

€

a1l

4 A v a o a v M
Vgl 4.6 edoyadunwnilsinguududunn (P, R =1,...,R) dyauniniu

= : ] A [V o' : ar '
duynnanuaszgnaanmumnson o lldairsowyaalusudalyd Tuyaesevusng

¥ ' ¥ v ¥
paaztlsoulusugiuial gmieulvedlonioaniminineg lusugusail
= 1.1 3 o o @ 4 =Y o 3 Y -1
(th’ r =0 =N)vueuu MNMIAMUINTYY IV IMYNVYDITITOUAA IUTUTIUS AL

") Tdnnaums

e -iwgall

a = exp| — - (4.8)
0

NAUMIN 4.8 eansou@euauns vy 1diu

R
a' =exp|—.| (iw()R -P, )2 *b (4.9)
R=1

J-10(0.5)  0.8326

Tavi by =
spread spread

J o ar = o A o 4
spread 710 MN3z90v0aRINFUNTEAUBTAT LA (WII5NMUAITIIN 4.1)

- @ o n’: s o { L @ n’: 1
o dygauoyn @) lusugiusad Lm‘ﬂwwﬁ"lﬁ’mﬂﬂvlﬂuwmmﬁww TauAazy

€

ot

miau“lu‘ﬁummwﬂ Qﬂtmaniuas’l’auﬂwnaau1ﬂuﬂ‘nag“luﬂmmmw‘n (lw ) LNING

ﬁwmmﬁmotmm?iumwmﬁaiamcnaaim?’ummwn Tavinaums

net y = ilwz" :
K = K.090 (4.10)



56

a 4 o o 2 g a 3/
Tlandunszduiadnaduaaneyym @) luduoiyneg 14
a’ =f(net ) (4.11)

ot L :, a o A o 1 & s kY a o
ﬂTi‘l]‘i’U‘ﬂ"lﬂ'NL!"i“r‘i‘LlﬂﬁlmjiUIﬂULWNﬂ'IN'JuiEI‘Uﬂ’Iﬂ'i3‘,i]1Uﬂlﬂﬂﬁﬁﬂ‘§uﬂiﬁﬁ]u%uﬂj1uiﬁﬁ
= 1 o \ 1 » " ' d” ﬁ' q'l
(spread) Nagsoy 1L'§1$ﬂ"lluuﬂTiﬂ‘i‘]Jﬂ111JﬂﬂL£ﬁ$ﬂ'lﬂ’N‘H'I‘Huﬂl“liuu vlﬂl‘iﬂtl"] IUNITVIVIUA

o A = =
NUIUTOUNHNADUIIIZHYAMTHN AU

A A
4.2 szuuHssladn [28,29]
=) P - = = 3 o3 3 =1
NOUAATTAA (Fuzzy set) uazilaagladnldgnaaduimiluaswsnluil a.d. 1965 Tau
= 4 £ o =y LV [ - A e
A3. apAH 10 FUAH (Lotfi A. Zadeh) FarluauoiurAan1s 1imnssneg1anquinse w3 oo
o a = a1 Qs = d oA ~ s
dmiveiuomgmsaaieg laoldnanmsliniigriasinzveungmsninernvziinnudauda
A A "o = w - YA Y o o) w 7q ¥ o
W3eAQUIAS0 ¥y Fanionasniniu laiginemgui lwannezlsygadldnuau
@ an =y o 4 4
szUUMUguszIanadyg IUATA0a, NMSAATITHMAATHIAIAAS LAZDUIDININIIY

1 = A o @ b4 an ¥
LU ﬂ?iﬂ?ﬂﬂuﬂmﬂﬂuﬂlﬂ%ﬂiEN'IJTU@']ﬂWﬁ, 'igll‘UTﬁﬂﬁcluﬂﬁ'ﬂﬂﬂﬂﬂﬂﬁ ri'fluﬂu

4.2.1 admwauaziluFian (Crisp Sets and Fuzzy Sets)
= 4 -~ | A A P 1 @ o "
ﬂsﬂmcﬁﬂﬂaﬂqum:mi’mﬁwquLmnmaﬂuiﬂmmmmmﬂﬂﬁznanaamfluﬂmﬂqu
J @ A [=¢ =Y 1 a o dw A A 1 o a
@199 nude aiuamndnuaz iduandn”  siammsamhmuaiansunGonin Haddu
ar .. . ] o w 3| a 3 @ w d
AMONEME (Characteristic function) nwioWanvuaNutuaasn lasld U t“ﬂumﬂﬂWﬁuWﬂﬁ
" ) < a a < o
(universal set) AR UTINTN 1, (x) yoanstdian A lu U sziiauilu {01} uazld
o " =y o =y ]
fmuamanuilumnin H(x)=1 81 x 1uaFnves A 15U xe 4 uag M, (x)=019

=) o3 Y ay
annsoweuiluaums laaa

1 Ifand only X € 4
/u.A. (X)= (412)
Ifandonly X ¢ A

H =1 [ = 4 = o =1 1
AsdFwarzinnuuanaianinasidmano luszvuasidaaszamisoven lamoai x
= 1 =Y I~ =Y ]
WumnFaveusa A @anudluansn=1) nsoluilumninveusa o @1nnumily
" k' ¥
711¥0=0) ualufladamiy wausasouiuamnsnilanyuzgnAouioaIdIUNS oRn

MBIU1eaIu nafe szlimszauanuiuandnegluagiaszning [0,1] dmsuiladiaa &
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o Y o @ ar g d ~ A A a
imuald v Wuealudnyuzioannding uasiladian A FeliauFnvousmily
A 1 = v w
Y cx, Taf x, (i =1,2.3,......,n) iumilsdaauds msuaasnnuduiugly
d 4 4 ; "
sinvvilsBsavesiladian A unuldlan u,(x,) Fmanguieaisoni HiFuanuily

@ o d

4
a = <] a @
@130 (Membership Function) insalsuiiudydnvainandiamans laaail

o

wa(x,): U - [0,1] (4.13)
Taoi u, (x,) Aeflsnduanuiluaindnvousa A

a & =
4.2.2 Hﬂ]ﬂﬂuﬁ]uﬂlﬂﬁﬁ“ﬂ“ﬁl“ﬂﬂ

@

Y] o 2 &
- UM 3.1 1PNANAUNNSD (Universe of Discourse)
s rv] o A c;cl a a :g d' ] a 3
IANNWTUNND AD !"ﬁﬂﬂﬂﬁll‘!“ﬂﬂlﬁuﬂHT’Hﬂ’ﬂQﬂuﬂ“llf]‘%“llﬂvleﬂﬁ‘ﬂﬂ"lﬂ1iW‘ﬂ15m1i]31“]f

o @

anyal U idmua x iumndnlanves U ssaunso@ouunu1ddn xe U

- Henw 3.2 : Awdian (Fuzzy Set)

Vv 3 A o o ~ a i
1 A Wulsdaaluenanduing U sgannsoilousa A nuuuenuasaundnla lugy

Y o o 3| a @ ay
vougoual x uazilandunnuitluamnsn g, (x) deil [30]

A={(x, 1, (x))/x e U} (4.14)
& u fudideiiiosns 14

A= IpA(x)/x (4.15)
il

U umnlunotiosns1d

A= p,(x)/x (4.16)

= o o3 =y Py
- Henw 3.3 : Wanduanuiluainanve sl wdya (Membership Function of Fuzzy Set)
v v ’
mua i A Whdsdes daiuadduanuiluandnvesiladiaa A ansouny'ld

3 = ] 1 ar s L4
A w1, (x) uazaziinogluuenanduing [0,1]

a a L4 a
- HENN 3.4 : EWNOTAU0IHl T (Support of fuzzy set)

@ o P A a o a v w oA
FNNOTAVDINBTI¥A ﬂf)ﬂﬁﬂﬁl“ﬂﬂﬂ]ﬂ\‘lﬁnrﬁﬂ X Glu!ﬂﬂﬂWﬂuWﬂﬁ 'ﬂuﬂﬂi’]ﬂ"l’lukﬂu

s r

a = 1 - Yy fou A
ﬁu]ﬂfn%ﬂQWGﬂcﬁlcﬁﬂn1ﬂﬂ')1Oﬁ'lll'liﬂl"dﬂuu“uvlﬂﬂ?ﬂ WanyMAIU [30,31]
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sup(d)={xe U/u,(x) > 0 (4.17)

do A = @A uag sup(A) = Fwnosavosiladion A

- Hen 3.5 : HaFFaunanu (Fuzzy Singleton)

ArFFanadu AoFnnesavoalsTEaNTaNTNINuIRNRY)

- 1003 3.6 : gUINAVD I E ( Centre of fuzzy)

- " 4 1 1 o s =Y
guinaavesilad AoAinnarsvesiladisa niomgigavosilansumsitiuaumdn

- He 3.7 ﬂﬂuﬁwaﬁmfﬁww (Crossover point of fuzzy set)

@

' - v @ o Aa a " o
vl Aogalan lwenandusing RildaianuiluamBnminu 0.5

- 41813 3.8 : 1A IRVl HwA (Height of Fuzzy Set)

~ A o o a
mmqwmﬂmmmm ﬂﬂﬂ’l’q%lﬂ‘llﬂdﬂﬂﬂ‘]fuﬂ"ﬂllﬁ‘luﬁNYh'ﬂ

- 9O 3.9 : @ — cut LIAVOIAWHYA (o — cut set of fuzzy set)
L 4

~ El ) d a o Ao = o
a — cut \EAUDIATHIFA AoATUT AV IFN x NInuANN oA 1AM UauIFn

YNNI MONAY @ 1 BBUINMUAY

A ={xeU/u,(x)>a} (4.18)

d as o5 ~ H
4.2.3 Wanvuanuiluasnisnveslsdian

o o o as = 1 { " [ o
dmfuiladduanuilumndonuuaieg AlFlumsdszinamszduanuiluaninves

" q’: =1 : A d o a Y [ o @ " A @ 1 d’
uaagmoualy Innilulansuuuu¥adu uaziainrunuuaoiios aeae 111

4.2.3.1 auMITuau

o @ = a 1 ar ot
HanvuanuidusndnuuvaumsFadulFlumsudasarnnuduivuion Tawwsly

o o o - @ e o = o ~
suddmiuteyanianudriuiihuuFadu vaaedsaunish 4.19

3
4.2.3.2 gilannwaoy
- o o o ay ) PP a =1 "o a o LT
moanranNvua lasansuilvzdsslimnminzaungafisanudorni ldan iy

A =S

' td
= 1 oo o o 3 o " 4 3 = -
TFUIFAUNINY 1 ﬁ1ﬂ5‘1_lﬂ'lfl)ﬂ‘]ﬁﬂﬂ1ﬂ1ﬂﬂ1ﬂﬂ’lﬁu1ﬂ!ﬂ1~lﬁ‘iﬂﬂtijﬂ1ﬂ?1”lﬂuﬂn‘l‘ﬂﬂﬁﬂﬂﬂ
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=

¥ ¥ ¥ ¥
Sooq naididmuald a, b uaz ¢ Wumvimueilaqlaoh a <b <c mansonans

¥
@ A

o v :ﬂ a 1] A nly
ﬁuﬂ'ﬁ‘“ﬂiﬂﬂﬂ‘ﬁUﬂfnul UTUYNZUTIUH ALY LAAIY

-

—l'*(t _a) . Y o
4 ;01 a<x <b oz a#b
b-a
. 2 o
#A(x‘):<c (c—x:) 0 b<x, <c uay b #c
0 ; dmMTuNstioun (4.19)

4.2.3.3 JUmvasumany

AanFuanuiumndnidmuadivaumsjldmasuaiany wiaimuizauuinigs

' [ A 4o " [~ a o‘/‘ - [ e :
agngurtanmh liannuiluaundnveunomamiug BAwdunte yenvIniuaz i
¥ ¥ ' ¥ v
anuiluangniesausovs etaviannveyanquil s muald a<b<c<d iioa,b,
o = o o a e A
¢ uaz d duinwousilan mansadmuasumisvesiliniuanuumngngldmaoy

3

Y A
many 1Aqatl

p

L (v -a)

.2 .
ba s a<x <b uaz a#b

1 it b<x <c
#A(Xi):

d-c (d-x) i) c<x, £d war c#d

0 ; IMTUNTOUY (4.20)

4.2.3.4 w@ulnaglaa s
o ar A Ao o
HanFuanudumngnismuadioduldaglda s (S-Curve, Sigmoid 30 Logistic) 11
o v o d [ o 4 ] a Y { -
msmvuanNnudnius sz lao T dasuinun ludwdadu Sulsimmneauios 14
doar b e » ;
Hanguiiaeninoignmis I9anuvesginsaiaieg, audstlsludunisdszuananin [32)
Y Y o v @ ' a = o - °
Wudu dudswaniidnegianudniusuun ludusadundugdd s wie s' Sidmuald
° = = < o
a, buag ¢ Wumvdnusalaglaoh a < b < ¢ sEnsangasaumsvesilansuniiy

anFnvoudulaazilas s 1ddaaunisn 4.21
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2
X —d
2(* } ;0 a<x <b

pa(x) =3

2
1H2(x'_c} i b<x <o

1 ;0 x, > (4.21)

4.2.3.5 gilszalanh

HAq ¥ d o a LY o ~ wa E7 v @
momaan 1FianFuanudumndauuuglszaan i wiquauifvesdoyandioniy
= A A % ~ o s =
aumsjluuuaumasuuazdivasuniany uadoyavosTawuiulaslddusudezi

@  w s [} a W ar o = Y [ Ve 9 o
anuduius ludnyae lithodadu aunmsvesjilszainhiidodunatoguuy uanl¥mu
= v @ " o a d @ 3 @ A o
niogdlenu 3 gUuny [32) 18un Aeddu 7, #anau Gaussian uazian¥u Beta &l

= ' o w ::lv
5WaziDuAvDILAazHINFUA Il

3
=1

ar 4 Vo oA d o o ¢ w
1) Awndu 7 il 4> 0 Wumsaiveslandu, ¢ Wuyagudnais Handuiivadl

2.

Auaniaveadoyandvaumsztaumaoy Aelimanuiumndamiiu 1 Smivdeyan

1 =] : o 1 L4 n’: ' o o
MINzauNgaAinIn 1A Aoiadoya x, AN o MUNLIAGUINAIN c wonUUMYIHINdY

v 4 1 " 4 Y Y
1zaAAUT 00T 1LDITULH1TEH Yoy auaL AgUINa1IaAal AuMsIaad 1Al

2
v ”x' _ L” " N i < "x! - c" <A
1 2
Ha (Xi): 2 P
. "x'_c” ;51 0<"JCJ—C||S5
0 s dmunsdioun (4.22)

o o e 4 ] ar >
2) Wen9HU Gaussian Huauianawanmsglaumdomsuiu Mvuaaums 1aaa

SRTEE)

M (x)=¢e (4.23)

A

1 ﬂ Y ~ a o 7w =N a 4
o K =——, o hudnudisnnnnasg Hyagudnansvesflandusgiinunie ¥ a9
g

Augansimnnuiluaingn = 1
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3

d [} Yo A
3) Mad%¥u Beta aunsaimua ldaati

,(x,) = (424)

1
—

Z,
(4]
A ' 9 - o —
1o Z‘ ndluixvm'minmmua X, DYAFUUNAI X

dmSuilandu Beta Hnuauiidvesdeyandwaumsjldmaouniany nanfesziisag

ypaveyanmInzauogngunila (lanunvesumiium ) imidamanuiuaunin
A 1 d4a o 1 =

vounouwatnIng 1 Taeiia p — o wnmilsnoai lideyalusia g Gaudrlnd 110

3 =1 o = —
Uy Tavllgaguonaisegin x

4.2.4 anlguamsilagin [30,31,33]
— a o A W a wn ] T a & Y 1 a o
Hrmaauazirauuusssun iddan) il §iams uandreiu a9 1dun dunes
\ AT (Intersect), Y104 (Union), AOUWAIUA (Complement) 404 A2)FiAN13A199 gn
W lFlumseumuiladesaioriolumsdadulsTasmsdszunamvesdanys d11d U
dhaaaenandining uaz A, B iihumeumalaq fioglu U mensammuadnlfians

y-4 ' Vo = - a 1
Wug e nuiadas laviiswaziduaninotl

- Hen 3.10 : MM UV IH¥HYA (Equality)

- v ow g 4 ~ n’: a v o o
Aymaxa A uaz B ilmﬂ’lﬂuﬂﬂﬂlﬁﬂ W“ﬁcﬂﬂiﬂﬂiﬁ@QQﬂHU1HUULﬂﬂﬂWﬂNWW'ﬁLaﬁnﬂulkfw

=t ¢ ar = A o o
Mﬂﬂﬂ"ﬁuﬂﬁl’ﬂuﬁiﬂ“]iﬂlﬂij’ﬁuﬂ‘u HURND

M, (x) = pp(x) VxelU (4.25)

- i 3.11 : Madluduans ontoove sla@iam (Contain)
4 [ - g 4 = a s s
Axdan A wwvssogluidadian B Adoiie au¥dn  x  yadaluenanduwng U
foananuiluamndnvesiladian A Yooni niaminudasianuiluauiFnveuss B

~ vy
mmmwvmmu"lﬂmu

Ac B fdeidlo g, (x) <, (x) VxelU (4.26)
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4
- 38N 3.12 : AOUNAILUY (complement)

¢ { i ¢ o a - ¥y
aounamunveiladan A Andansuanudumnsa g, (x) @wsadouunu lade

9

A'uazgnitouanuduiiug 1adail

p, () =1 1,(x) (4.27)

- $en% 3.13 : giloy (Union)
. o ¥
& A vaz B Wufladisaly Un1ssauainsnnanuavodn 2 e a2 a1 sououduns
183 40 Blaw

Haop(X)= mathg1 (x), 1 (x)] (4.28)

= a o o .
-UgNU 3.14 : oI YAYY (Intersection)

1 ¥
81 A way B uiledmalu U nissauausnn 2 ma szweuladiu 4~ B Tay

1, (x) = minfg, (x), 1, ()] (4.29)

a = i
- HENH 3.15 : NHUVDIAUDLUNUA (Demorgan’s law)

o 1 ' = o = 1 @ a
ﬂg]‘llﬂﬁﬁll'ﬂllﬂuﬂﬂﬁ’n?‘l ﬂﬂﬂWﬁ!Nuﬁﬂ@ﬁ‘wﬁﬁ“ﬁlcﬁﬂﬁ@ﬂ%“ﬂﬁﬁfjlﬁﬂuﬂuﬂgﬁﬂuﬁﬂﬂﬂ'ﬁ

a a V) ' a a J — A A
ﬂ‘u!.ﬂE]'iL"]Iﬂ‘b’ﬂﬂui31’1'JNﬂ'mJ'WﬁL%J‘LI‘VH]E’NLLﬁlﬁ$W“ﬁ“ﬁl“ﬁﬁ“ﬁﬁlﬂ]ﬂu!!ﬂu]’lﬁﬁ‘ﬁﬂ

AUuB=ANB (4.30)

- 4N 3.16 : S — Norm (Triangular co-norms)

Sualyd S :[0.1]x[0.1] = [0.1] WumsswleuiledFuanuiuandnvesfladian A

[ =1 = P [ P=1 9 o
1oz B ﬂ'lﬂfnillﬂuﬁu1“§ﬂ%3lﬂuﬂ1§ﬂluﬂu FEHINALAE B ﬂ1u15ﬂlﬁlﬂu1ﬂlﬂu

SL“A (x), 45 (x)]:' Haus(%) (4.31)

Feaunsoutaoon 1@y 4 Gou'ly Ae
1. Boundary condition : S(1,1) =1, §(0,a)=S(a,0)=a
Commutative condition : S(a,b) = S(b,a)
Nondecreasing condition : s(a,b) < s(a',b") o a <a' waz b < b

Associative condition : S(S(a, b), C) = S(a, S(b, C))

Bowo
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- 1813 3.17 : T — Norm (Triangular norms)
W 1:00,1]x[0,1] - [0,1] WumsaeTouilasiuanuilumninvosiladian A uaz B

1 =Y = o ar ' =1 9
mmmﬁ‘luﬁmmmmﬂummuma‘snn}m%mzmw Aunz B mmsnwuu"lmﬂu

i GO0 s ) | =t 4,50 (4.32)

aunsauvsooniu 4 fou'ly fe
1. Boundary condition : £(0,0) =0, f(a,l)=t(l,a)=0
2. Commutative condition : t(a,b) = 1(b,a)
3. Nondecreasing condition : #(a,b) <t(a',b') o a<a waz b< b

4. Associativity : t(t(a,b),c)=t{a,t(b,c))

-0 3.18 : A oNAIFIAEA a

o w ' o o v w
A Uﬂﬂ]ﬁ\‘lﬁ?ﬂﬂ’!&’ (A%) tmmnmﬂuﬂrﬂuﬁumsmmﬁuwuﬁ«lﬁ’iﬂu

()=, (x))"; Vx, eU (4.33)

- 34813 3.19 : Concentration YDA A

muaduaums1dlae

CON(A) = fegn (%) =, (x, ))': Vx, eU (4.34)

- {813 3.20 : Dilation YDA A

fmuailuaumslalae

DIL(A) = ppy (%) = (/UA (x; ))OS; Vx, €U (4.35)

- #1873 3.21 : Contrast Intensification YD I¥A A

Smuaitluauns1diag

2pe,(x)) 38 0<p,(x,)<05
INT(A) = pipron(x,) =

1=2(1— g, (x)) 58 0.5 <, (x)<I (4.36)



4.2.5 fudsmuynn3eandann (Linguistic Variable) [29]
& w Ao ' A a a o o 4
1’1'}]1Uﬂﬂﬁ3llﬂ51’lﬂ1'ﬂuﬂﬂnl 'ﬁ’iﬂﬂlu’lﬂﬂﬁu’]mﬂ?ﬁﬂﬁﬂﬁ‘nﬂ’\“15ﬂﬂ‘lﬂuﬂlﬂuﬂ]'ﬂ’lﬂuﬁﬂ
' a = d w v
Wy omAdeu”, “quugiige”, “solanwiige nie “anusmhunaie iudu lae

Psinmaneg mariez 1iluddmuavevesilanduanuiluaundnvoailas

o Ly ¥ a dao a
4.2.5.1 ﬂ15ﬂ]‘"uﬂﬂmﬁuuﬂmaQﬂ:‘!lﬂsaQﬂﬂaﬂn
o wa (Y] 3/
ﬂ15ﬂ1ﬁuﬂﬂmﬁnﬂﬂﬂlﬂﬂﬂﬁuﬂﬁ ﬂ:ﬂlﬁﬂ‘ﬂu (X, T,UM)
a A w a daqy ' o ¥
X ﬂﬁlﬂm Hiﬂﬂ'\llﬂhﬂ1ﬂﬂﬂﬂﬁﬂ1‘huﬂu LU AT L“ﬁ‘uﬂ‘u
@ n’l‘ o 1 3 d
T l‘ﬁﬁﬂlﬂQﬂjllﬂiﬂQﬂuﬂﬂlﬂﬂﬂquﬂi X 1B {0, ﬂTUﬂa.N, 137}
U IADWAUIMS Y03 X151 [0, V,,,,]

v w  d ' "
M ANUAUNUDIUDY T Laazn

mnnandumindn

y 4
n thunaa 13

LRRLTERRT]

3 . e . ) @ o L] <
31N 4.7 uaAd linguistic variable M5UMMUAGIUAIIMGIID

| o w a = = o
13109 4.7 Uszroudreilaniuanuiluaudnilegyonnmsise 3 Aaddu Ae 4,
= § " . e 5 1 .:1’, ' A o w o a
Yunans agi57 ¥ Linguistic variable a1l nedniludsddauazdumssuuniiunw
=y L]

oy a o ) =Q o - o 3/ ~ A 1 a
maddnd Tavanuianvoauyud nselszaunsanngiFemny ieneirvhihlsziiuna

P ga X 4 a4 £ =
VINUGNTTUANITNNAUVU Wi@tﬂﬂﬁli;klﬁﬂﬂﬂﬂﬂ

s =3 dd  a . . e
4.2.5.2 vouwnvenmlsasndann (Linguistic Hedges)
o ' w a o' a o Y =
MIMuuaduLazveuavoIRIlsasnsaan uvenanzdmuailuszduvoslSuin
o ' @ @ A oA @ Y8 ¥ 3 9

1d7 uaazd s GImuTovIe niomuanszAUNNANUEAN 1A 19U 507, “Hn”,
“11una1e” Tasnaliisezdimuaseduvosdns1é 3 sedu

1 aulsuan sy <9, <dhunaie” wie “¥unn”

U 3/ ] ] -~ -~
2) Masany sy <lu.  “nse” wse “uaz”

il 9/ -~ U 3/ £
3) VDULUA LYY “H1UINT WID “ADUVIIT”

3
MINMMUAVDVIUA m%n"muﬂmﬁmqmmtﬂu ﬂlﬂ%ﬂulgl’ﬁiﬁ
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Hierpa (x) = [/UA (x)]2
He () = (12, (0))2 (4.37)

4.2.6 ng‘uaaﬁcﬁc?; (Fuzzy Rules) [29]

Tuszuuvesilad vifunisaglonmquaznaningiuanudvesnyud Taois1as
smualdoglugivosyas da IF - THEN (%u IF <fuzzy  proposition>THEN <fuzzy
proposition> 1A 111300T U3 WazBAmMANRLIRUMsonuUng ludnBuzd e 181w

virveoa

4.2.7 UYsznoviupula® (Fuzzy Proposition)

Ld 1 a e 4 I o o
Y3zl Hawdanmsna1nnnnuIsIneguanta viemlsiuvesiagla nieduls

@ & P ' a
ladaualsniia Uszwainuudedozuna @ity 2 siia

3.
4.2.7.1 Usznarifen
=3 wa @ = o as J yﬂ x = gz "
‘HiﬂﬂﬂﬂﬂﬁUﬂﬂﬂmﬁﬁﬂﬂﬂlﬂﬁﬂﬁuﬂﬁﬂﬂﬂﬂﬂ IﬂUﬂ?‘HUﬂﬂ’JLHJTHCIHL U linguistic  L¥U
° # 5 3 . " o v ° '
Amuald X il linguistic variable YBIN1U137 1AL S M. F i linguistic variable 31UNYTU
o a o a
Mﬂﬂﬂ'ﬂiﬂ‘i’)ﬂf)ﬂlﬂﬂ%? (Slow), 1hunang (Medium) 1azi3d (Fast) A1uaiay ilzﬁ’liﬂiﬂﬁjtlu

Aldd X is S, X is M, X is Fiiludu

4.2.7.2 Usznarinpuman
=S 4 .:i d -~ 1 é ' Y a wa
MU M3smsenniiaes 2 dsennd niounni TaoFoudloanlfiianis “AND”,
=) d'l d'. 3/ @ -ﬁl k) ar a wa
“OR” 130 “NOT™ woumialfiilumsagilmauazma anBuzMsNAILAIURIAMIIE
] 3 = Y o Y [ a da a ' a a o
e ldvatwwiia didmuald X uaz v iludulsdssdadnegluenanduing U uaz v
MudIey g A uaz B iiludesdaay 1§
A Y
- MIABUAIY “AND” :
X is A AND Y is B n3oimouldiu a0, , (x,3) = [, (x), 15 ()]
- MIBOUAIY “OR”

X is AOR Y is BuSoon 18ty u, ,(x,») = S[u, (x), 1, (0]

4.2.8 wpudaeaviaaladn [28,29)
o - ' = my ﬂ ar 3 i A
puvdavIlaFnnanatziuaInIuguuuuldgiunnug (Knowledge base) N30
o Y A & ﬂ - g ¥ A
Uszaumsainngisoing sutunguionuamanldlunmsaiuguszuy 103U 4.8 uaaq

=] § ° ° = o [ v
naaﬂ‘lﬂazun‘mﬁuj}mmiwNmmmnmnmaaaﬁmm (Fuzzy Model) [34] @ HTUAIUUDING
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UszanarauazmisdadulanuuilasTadn 5zisondina lnmseyuuilad (Fuzzy Inference
{a 4
Engine) wionszuIuMIdaadumlosisud (Fuzzy Inference Process) ) Fuzzy Rule based
& a ] 1 o =
System ) Fuzzy Reasoning ¥9510021088 TuLAAZ AUV IV VIIA0I T1WITNOTUIY

o Ed 13 = -g @ 1 dy
AU ll'ﬂ:ﬂ”liE]E]ﬂll'U‘Uaﬂ‘me'IﬂNﬁi'N"IJENLL‘U‘UiHﬁBQ Tﬂumuammﬂa"hlu

ESFEEREE

Linguistic Rule |
Knowledge Base

T ‘ X R R e

- Crisp Output

Crisp Input

Fuzzifier | Fuzzy ‘ Defuzzifier
' ’ Module # »

Inference Engine Module

- < e 5 -
5UM 4.8 uamavdonlaezunsuiuguvesnuusaesilesd [34]

4.2.8.1 Jassarawemvudasaiad
¥ o Fl 1 o @ [ @ qy
Taseadvoayuiaes wilsznoudlvdudidy 4 dau asae Tl
1) ‘W%%ﬂlﬂ%ﬂiuﬂﬂ (Fuzzification Module)
2) gmmmi’ (Knowledge Base)
3) ﬂﬁ‘lnmsaumu (Inference Engine)

4) adlw¥inguluga (Defuzzification Module)

a day d
4.2.8.2 Avlaounn uaziomyn
=y s o - a S8 o a & J [
BuW /10mynuoanuuiasals® lavn naoaulsvesledia Fuaazdau)sauise
= ] o 5 < - o
Hldnaomeuan Tauduymaailudnilsvoaszun (State Variables) Aausodl ldnaloaa
‘5’ 1o 1 @ 4 . . o 1 '
n1ls Taeduegnuszuy @audulsveae My (Action Variables) ihudulsiignilszunmai
Tasuyusraeaflsdlain o )15 Tunmseenuuungilad nanldveegluglvosnsdd
s s w W ' a o w Ay o ® A dA ° °
myndwmsulrlumsaruguszuuae 11 ded iy idesdiiistanfenmssimuasiuiumey
avenaazadns immzauduszuu e limseyuuaidulsve s iyniinag
Y A [ 1 a — Y = ~ é JSJ o A 9 =1
Indifvaduarvesdnlsiuieiwnniga dayaiidesnuvuszuusiaosiladazdoinimg

NUINUIZVVINNOTUAIT

4.2.8.3 VlwFVin¥uluga (Fuzzification Module)
asmsuasdutsteyasunnuvuaiadia llidumsedvanuiusnsnvenday

A ﬁ 1 - o _ o = ' [ o
monta Fudumuudymaa Tasvzihaudssuynuiviasiszavanuduaundnlu
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L% = =) 5 = 3 7 o
HasFuainFnuedunm (Degree of Tnput membership function) Tav1dnsanduanuilu
a 1 P " @ o o
auFnuvuaregai ldndrnudaniudndas madenlFiluuuvesilandunnuily
a n,: Vv A 3 ¥ o wa o 1 A Y w - wa a
andniudeudon iz ausvguauiavesdanls nanfedidnsiguani@iluga
iduszdousenlFilanFunnumiumndandludady wu aumsglammaon neauns
~ 4 1 o ~ e [ a o W a
qu@masuaavy uaddulsiguauid iidhufaduszdoudon¥lendunnuiluminin

[ = " o @ o & . 14
puulidhaFadudao wu HaddugUda s, 7, Beta M350 Guassian 1iudy

4284 § 1‘1!?11!1335 (Knowledge Base)
1 ) 3
aulszneuueegiunnugIzlsznouny
¥ A4d oy ' Hq ¥ ' °
1) §1ud0ya (Data Base) : Whuifudeyanisg nl¥ludnilszneuveanuuiians
o [ ¥ — 1 ~ [ P = W o o w '
W 151 mnanvesdudadinguluga, ng, Alasingu luga nazilangunieg
& A d A4 '
2) §UNY (Rules Base) : Hunifungmiiniugy $3019vzeyluzives IF - THEN
A @ @ d = 3
wiolumsuaasanuduiusuuuls s uwamalunmisesnuuugiung szlsnalnms
DYWL HAZVINNHANTTUATADUAUDIVDITZUURzAUAY JUuuyTaona Tvesngns
~ P a 4
AuguuUUAsElunTEve Tz VU0 UYNUALH T 101V W (multi-input-single-output

-
system : MISO) A9

v ' 3 v
W x,......y naz z hogluenan U,...., V uaz W mud ey uenainiudngiadeiseziioy

Wt £ oA
Taonuuuniia Ao

R':1Fxis 4,,..., A, AND yis B,,....,B, THEN z = f(x,...,») (4.39)

3 —q ¥ P Y 3 < o v o
ﬂ15ﬂ3TQﬂQ"YIGI.‘Bﬂ'nJF]iﬁ5‘1]1]ﬂf]ﬂbl‘lﬂflQﬂ')'l‘ll;llazﬂixﬁﬂﬂ'lim ﬁmsu%1u0ung1uszuu
n:; = ré -g "o o ar = o o L)
ﬂlﬂ@ﬂ“ﬂ“ﬁiﬁﬂﬂﬁzﬂﬂﬁ‘lmﬂ ﬁ]%‘lﬂ,\lﬂ(}ﬂ'ﬂiﬂu'.luﬂ?!,llj‘iﬂuﬂﬂlmﬁTI”IH'JUWI?J?JL“IW\‘UBQﬂ']H'ﬂ? 1B

Y o =l @ ' (Y] - Vo 3 1 e v
D1DUNNY 2 auls nazuaazaalsi 5 INDULERA i}:"lﬂmmuﬂ;]mﬂnmmnu 25 Ny ﬁ']um‘u

4.2.8.5 nn'lnm‘smgmuﬂmﬁi (Fuzzy Inference Engine)
miaumuﬁumﬁnmmuﬁﬁvmngﬂ'nq FanszinTaomsswmanuilumnin (u)
A1&vnmsiiladfinduanua TavlddTenlesisimasnIadlfiianis e1veziilu min
W30 max MMIANI M (Firing Strength ¥30 Weight) Tunguaazde winutiailududonly

v 1] .
] 3 [ LY 1 o "
dafiszalsznou lidwamdinlsnuya (Linguistic Variables) 191 @1, g4, g4 104 1Hude
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'
[ L) 1 =

AF3hamenvos Aadmaidousuag mdeqiiuglaumasuiond “Hadduanmiy
AU1FN" (Membership function) ¥auAouIABAIUNITAATU 19 Favznsziilaoldan
Tonlosismedniefisuniiinfan1sveaudazng (Decision-Making Unit) daufin1voans
aumuﬁ‘lé’fmmnmsﬁ%’nmmﬁ’mﬁ’uﬁszwjnﬁuwmmmmﬁwmﬁ"um msoyuILTaTez
mﬁ'uﬁﬁ'ﬂmsmmﬂgﬁcﬁéia%’ﬂﬁlugﬂuw IF-THEN mﬂgmmmi’vmuwﬁmmﬂmé ngﬁmc‘i’;
(Fuzzy Rules) ﬂizﬂmlﬁauﬂa:mﬁmmﬂcﬁ A9A20019% U IF X is small THEN Y is positive
iy da9nda0ne X naz Y iHududsled dou small  waz positive Fhumemaai
aoandoafudans X uaz Y dtlsenaivesilaFiaaiio X is small uaz Y is positive 1ag
Ysgnadimmd IF szfudon luiiGundung (Antecedent) Bsitnodunnuoanuusiana
A drlsenniinunds THEN 30n71Ha (Consequent) ARDAIMBIIYNYDALLUF A0

o/

o [ o 1 1 3
Uszwninaumds IF n3omg aunsndsenon lldronarnsznal Tavtuegivimau

A5V IDUNN 1AZIIUIUVDUNDUTFAVDIATUARZAD AIDUIAFU NTUNDUNNY
s =] =1 S A [ A s o I
@3 Antecedent N9zd 2 Usznanildoudanulu 1 ng Tasmsirounuvealsenarszoiry
s 4 o ' o =3 a 4 a o w o
Andou Allagaloiu 2 uuy NAe gilow (OR) 1A DUABSIANTU (AND) dImSuiiuIung

. s a 4 T w = a
voauuuaoafly® 1ainsz Ui 3LANBYAUIINIUA YT VBIDUNNLAZ IIUINDUITA

o & = = w A a -2 A a 9 o
voaa s FaswaziduanoinuEestimunsoansuiuan 1dnn [35,36] dnumzveanaln
msoyuIuIMINalHa (consequent) 1INIMY (antecedent) Tavefons¥on Tosvoungna
-& ~ v =Y Y o =
FIVTHDY 2 YUAAWNU AD [37,38,39]
» -
- Generalized modus ponens (GMP) A9 msaiﬂ%mma"lﬂmwa
- Generalized modus tollens (GMT) Ao mmzﬂnmwa"lﬂmma

¥

3 ada s w 1 =4
siiuumseyiuuesns 2 5iidsne 1l

GMP :
Permise . x is A’
Implication : if x is A then y is B
Consequence y is B

GMT :
Permise : y is B
Implication : if x is A then y is B
Consequence x is A’

Tao

AA, BB = Audadan
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o a da a
X,y = aulsasnadan
1 = v @
Hp(x,y) = manuiumnFnvosnnuduiuiuns A uaz B
1, (x), 115 (V) - Mmanuiluansnvoanns x , y
as a a @ " - i o @ 4
fin - HanFunsdunanTY (implication) M3 oHengunsiFon Tua
U a @ o o —
A nuiluandnvasnNuduius s
Ha (%, 3) = [y (14 () 115 (M) x €Uy eV (4.40)

Taoia h Tumsadawufiaesilamezionldmason Toswwy GMP uazly £, A2073

AT (Mamdani) [40) Tava$ruilung 14l

R

:IF X IS A, AND Y IS B, THEN Z IS C,

R,:IF X IS A, AND Y IS B, THEN Z IS C,

° ¥
fmuali
d o =] a Py
A,B,A,B, = Hanvuanuiluaanynveadunm
d w = o
C, C, = Handunnuiluasdnve s iy
o o o -
R R, = ANANVTURU T
o a da a q v o d
z = annlsdsndadnluonandusing U, v, w
€50y = szeuaNiluauFnues 2 Sun (fire strength)

v ldmanuiluaninvoanaagyl (u,)

a, = min(g,, (x,), 22,4, (1))
a, = min(z, (xo), 45 (¥,))
1:(2) = min(e, . 1. (2))
#.(z) max (g, 44, )

= aay v . .
4.2.8.6 ANBFTAYY (Defuzzification Module)
o A 4 A a o " - o
Amhindasmanuiuandnildnnna lnnmseyuundvunduamuuasy dian
[ " o« 1 @ o "
n300gluglvosnnomynlunszuiumsiszuanivesdnseyn nMseyuiuaInY

v391uduve9 Antecedent Tunuiraeailaoaladn A ldszidudnavimaussaneglu

[
=

[y L8 1 y ' ar s : v
Tawuvoadu)siomym uazariiiluaimanda (Expected value) ¥oad s ladisainonay



70

v ¥
Wl Fauquszuvae ll dmsumsmmaan lavesiladiesa Taonmsmadesdinguiiv i
(5 o ey A 1 ad s n’)‘ ' Qs c!y
E}Qﬂ’wﬂuﬁmm‘ﬁ PFARAASAIDUUVUADUATIIN AU
D 358 IMUATINAIANLTINTAIAIAUDY Antecedent (1FA DM BMAATITU
¥
AINFNNTU (2, (x,) > 0)
2) IFM5ANAIGITANS0AIAA (Mean of Maximum : MOM) Wumsidon

a 13

' "o 1 Y q’: ¥ o
ﬂWQQﬂﬂH?8ﬂ1ﬂ1ﬂﬂ%’Oﬂﬂﬁ$ﬂ1_lﬂ’ﬂllﬁjuﬁni“ﬁ'ﬂﬂ1ﬂﬂ15ﬂ3:ﬂ1ﬂEﬂch] A3 llﬂ’}ﬂﬂlgﬂﬂﬂ’li

° E] a o A a v e 1
niziufioanilagpduuy dmamamsnszimadannuiuandn ¢ gagamiiuaeen
W ¥ % A e ) Y — ' J - oA _
vranalgguumsunilymonanyunitsfe 15AIRAVeIA U IMYN HIBIADNNITNIZHIN
v @ dw " ar 3
AUNUFAVATZAVVOITZ VDALY
¥V " .
ad ' o @ . Yy ° o
3) IMsmiAnhminnge (Weight Average) 92 1¥aunaoveamsnszimann
o 1 [ = 9 k) 9 nqﬂ; " £y o =
mimmuamszavvesnnuiuadn liaramiundy Hudsndouaz1dmssiaaio
[~ k7 " Y L Y
anou na lvia liaeu e
¥
=Y U 4 1 o o 5 g
4) 3FMIMIANAFUOINA1INITINIIMIIN (Center of Gravity, Centroid: COG
' d Av o dw o 1 . o [ i o
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@ ' & a a
SnvazilunuugUnialniavio (Network) ¥aiinnue1d 183 flawas, 62 flawns uaz 104

= o w & P o Y 4
Alawns muddy saanmsonaaszuunldlunissianladegdn 5.

183 km, 500 kV

W »
l o Complete Transposed : ’l
B Section T -3

Complete Transposed

Section O

104 km, 500 kV 500 MVA p.f=0.8

\‘ 62 km, 500 kV
[«

-

WNIT - CBGIT = swdadn T 23057 1 WN2T - CBG2T = awdadau T 19939 2

SNO

WNIO - SNOIO = @wdadiu O 19954 | WN20 - SNO20 = awaiaiu O 19959 2

SNOIN - CBGIN = awdidiu N 2395 1 G3 SNO2N - CBG2N = @waddiu N 19930 2

51U 5.1 naasszuiaesvesszuudswsas ooy lasshoamiaeesg 500 kv [43]
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Y11A 0.55 MVAR, ¥13790 0004 Insiien (62 A lawns) AR TILOAINDIVLINIIA 55 MVAR
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ADFULIUUUIA 55 MVAR 119015003 10A1003 3118 0.55 MVAR A du
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Hot Curve
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35U 5.3 uaasszozndou (sag) veamwdni @y DL #l¥iuaisdaiansg 500 kv

Tﬂuﬁﬂ’fauaﬁumzmmﬁwﬁaﬁa{’:

- Tasead1ued (Tower) UV DL tangent 3 ©

- waudanihmomlda 4 47191 (4 bundle)

- lszinais ACSR 795 emil (A154/St7) 1@ ACSR 1272 cmil (A142/St7)

- szinnvesawanyh (Over head ground wire) 3/8 inch, EHS GALV (St7)

- AUAIUMUVBIAIOAI (DC resistance) ACSR 795 cmil = 0.07185 Toviuann lawas,
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0.016955 1uA3

9 ' s 1" a
= ﬂ’JHJFI"INYI'IN'U'BQﬁWﬁﬂﬁW 4.19 Ii)‘}‘lijﬂﬂﬂiiﬂmﬂ‘i

= "

- Salvesawaeih (Ground wire radius) 0.00457 A5

|
(¥ ]

2uzn Iz INA NN TunuIunuueUYeIa 1AM 18199 (Horiz. Spacing between lowest

conductors) 24.698 1173
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520819531 TN uUuYeId 8RN (Horiz. Spacing between middle
conductors) 22.498 1UA7
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. aq U ' Yy L4 o o " A
matrix) N1 lumsu)asmveanszualundazia Teglumenvesesnsznenddunisg ¥
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I, 1,
I |=[T]| 1, (5.1)
]2 lc

A = 4 o o o
o 1, MuwdI0In)sznoudIAUgUY (Zero sequence)

= 4 o @
I HuwnIeInlszneudiauuIn (Positive sequence)
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L Hu1ﬂﬁ%®ﬂﬁilixﬂﬂﬂﬁWﬁUﬂU (Negative sequence)

T MuwHauasnN3n1laavoanszid (Phase current transformation matrix)
a o o 3 o ~
wasngnsuavesszuuiianuaal laain1s1an s.1

4 : a U ' v a o
VTI‘S'N?I 5.1 Lm’ﬂQﬂ'JTIJ!%'Jﬂﬁul,ﬂu‘ﬂ']ﬂlluﬂ’lﬂﬁﬂﬁ')uﬂN”]lLﬂ?,mﬂ‘iﬂ“ﬁﬂﬁllﬂﬁQﬂJﬂQSSUU

Frequency Transmission | Travelling wave Sequence transformation matrix
Scale
range (kHz) Line speed (km/s)
100-200 Section T 294759 05773 0.5773 0.5773
100-200 Section O 294747 0.5773 -0.2886 - 0.2886
. 0.5773 -0.2886 —0.2886
100-200 Section N 294759

J
5.3.1 M3n52199U¥ean (Fault Detection)
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o o A 1 1 1] H 1 v ¥
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2.

o

Anan 1 naaadyauninudluge 100-200 kHz

Mmnan 2 aasdgyanuntanunluge 50-100 kHz

o 3 naasdygruninnunluge 25-50 kiiz
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WNI1T Phase A WNIT Phase B WNIT Phase C Zero sequence WNIT  Positive sequence WN1T
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f L 1
if ]P max( post ) 2 SXIP max( pre)
then
£ '
})(hk(posl) = I (52)
L
])('hk(prej = O (5‘3)
else
L
Prhﬂ;mn =0 (5.4)
L
})(‘Mc[pre) = 1 (55)
end
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L _ L
Sum(p{)sr) - Z‘Pr:hk(pusr) (5.6)
L=l
) 5
A L.
Sum[prf.') - Zj)rhk(prt’) (5-7)
L=1
. L L
if  Sum paist ) > Sum e
then
Abnormal condition
else

Normal condition

end



84

A o o A ) | vy ¥ 4
mammmuﬂaummmw1Wlu%uﬂmnnmﬂmmzuﬂﬂmumuaﬂmma:muum N

° =) o W () a o d o W Aa a a
1‘]1ﬂ151'iU<'Ifﬂﬂ‘Uﬂ1ﬂiJ'LJS:ﬁ’cTYI'ﬁ‘UBQENﬂﬂizﬂE]‘]Jﬂﬁmlﬁﬁ"lﬂU‘U’]ﬂ‘ﬂiJﬂ’J'HJNﬂﬂﬂﬂ (abnormal)

'
Ay

Y J n’: Y A A [ a a o o
inavy Tavtuaeuganivionsinenmdulszanivesesnlsznounszuadinuulnnim
nnngamvIgesmnmedinianuAaUndinavuuiimsag haedsdn lailuaiods
v v ¥
inavead Taoldvoyaluanai 1-5 Asneliil
a o =] o 1 o
. tewnsansvivveasluanala aunsoailldindavean lumods uazii
¥ : B o N ¥ 0 a v o w
dJoyalumnausnianninnsnivead 1 s umismataziasiny
s = o u‘; ¥ o q VYo ] =)
msfloaiuvesiiad sawiadludeyaduyn i Tasevio)szemifouas
nuuanaflyd lasnae i
1 o e A ] 1
2. Mldaunsaasteivvead luanalamnaniiald awnsoagd1dh luiivead

¥
navu lusoas

A : o S = (3 ' [ sy ¥
THOLAAITUADUMIATIITUVBAANTAIL T9vaunaI001voIdyaIuHDaAn 1A1INNTS
©° Py £ g o = - = [ []
haealugi 5.1 sutluroadnla A a9 (AG) Nizuzn19 36.6 N lawAs VU 0AIdIU T
‘=| ar 1 [ d a
29937 1 3anntarodudivesaods (20% veaszoznany 183 A lawas) Taosansouaas

MINATIZH 1ARINITIIN 5.2 - 5.5

- ) = A a 3 ¢
MN151494N 5.2 LLﬁﬂﬂﬂWﬂi')i]ﬁ'ﬂUﬂﬁLﬂﬂUULLﬂﬁJLNf‘JW‘BW‘B-!"INﬁﬂ"]‘iLlllﬁﬂl’)ﬂ!ﬂﬂ‘llﬂﬂﬂﬂﬂﬂigﬂﬂﬂ

nszuaaaunnawmedlunaazdn

Positive Wavelet Scal (L) Positive Wavelet Scal(1.)
Substation Substation
Value Max | 2 3 4 5 Value Max 1 2 3 4 3
Max (pre) |3.20E-12] 7.28E-12 1.17E-10) 2.09E-09] 4.96E-06 Max (pre) |2.08E-11] 1.90E-11|4.87E-11]7.78E-10] 1.15E-08
Max (post) | 0.0223 | 0.0491 | 0.0353 | 0.0331 | 0.0443 Max (post) |5.82E-04] 0.0019 | 0.0047 | 0.0045 0.005
WNIT CBGIN
P—Chk (post) | | 1 1 1 P—Chk (post) 1 1 1 1 1
P-Chk (pre) 0 0 0 0 0 P-Chk (pre) 0 0 0 0 0
Max (pre) |3.20E-12]727E-12] 1.17E-10] 2.09E-09] 5.68E-07 Max (pre) |2.08E-11] 1.90E-11{487E-11|7.78E-10] 1.15E-08
Max (post) | 0.0025 | 0.0055 | 0.0046 | 0.0091 | 0.0394 Max (post) |5.82E-04] 0.0019 | 0.0047 | 0.0045 0.005
WN2T CBG2N
P_Chk (post) 1 | 1 1 | P_Chk (post) 1 1 1 1 1
P_Chk (pre) 0 0 0 0 0 P—Chk (pre) 0 0 0 0 0
Max (pre) |[3.10E-12| 548E-12]5.06E-11]6.87E-10]5.14E-07 Max (pre) |2.79E-11] 1.34E-11{4.65E-11] 7.56E-10] 1 25E-08
Max (post) | 0.0024 | 0.0054 | 00039 | 0.0038 | 0.0095 Max (post) |3.87E-04 0.0017 | 0.0051 | 0.0036 | 0.0047
WNIO SNO10
P-Chk (post) 1 1 1 1 1 P—Chk (post) 1 1 1 1 1
P-Chk (pre) 0 0 0 0 0 P—Chk (pre) 0 0 0 0 0
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M3199 5.2 (70)

Positive Wavelet Scal (L) Positive Wavelet Scal (L)
Substation Substation
Value Max 1 2 3 4 5 Value Max 1 2 3 4 5
Max (pre) |3.11E-12]5.50E-12| 5.06E-11]6.86E-10] 5.14E-07 Max (pre) |2.79E-11] 1.35E-11|4.66E-11]7.57E-10{ 1.25E-08
Max (post) | 0.0024 | 0.0054 | 0.0039 | 0.0038 | 0.0095 Max (post) |3.88E-04] 0.0017 | 0.0051 | 0.0036 | 0.0047
WN20 SNO20
P_Chk (post) 1 1 1 1 1 P—Chk (post) 1 1 1 1 1
P-Chk (pre) 0 0 0 0 0 P_Chk (pre) 0 0 0 0 0
Max (pre) |2.07E-11] 1L.61E-11| 1.22E-10] 2.13E-09] 3 26E-08 Max (pre) |2.74E-11) 1.99E-11] 6.14E-11]9.70E-10{ 1.53E-08
Max (post) | 0.0053 | 0.0169 | 0.0088 | 0.0215 | 0.0432 Max (post) |3.86E-04] 0.0016 | 0.0052 | 0.0037 | 0.0054
CBGIT SNOIN
P-Chk (post) 1 1 1 1 1 P-Chk (post) 1 1 1 1 1
P-Chk (pre) 0 0 0 0 0 P—Chk (pre) 0 0 0 0 0
Max (pre} |2.07E-11] L.61E-11{1.22E-10] 2.13E-09] 3 26E-08 Max (pre) |2.74E-11| 1.98E-11] 6.14E-11]9.68E-10] 1.52E-08
Max (post) | 5.88E-04] 0.0019 [ 0.0052 | 0.0044 | 0.0108 Max (post) |3.86E-04] 0.0016 | 0.0052 | 0.0037 | 0.0054
CBG2T SNO2N
P—Chk (post) 1 1 | 1 ] P—Chk (post) 1 1 1 1 |
P-Chk (pre) 0 0 0 0 0 P-Chk (pre) 0 0 0 0 0

" 1 a (% a & =]
ﬂ]?]ﬂﬁ 5.3 HasIuveanInIaouMIavulasvesdulseansonnmsudasian

Positive Wavelet Positive Wavelet Positive Wavelet
Substation Substation Substation
Value Max | Scall-35 Value Max | Scall -5 Value Max | Scall-5
Sum (pre) 0 Sum (pre) 0 Sum (pre) 0
WNIT Sum (post) 5 CBGIT | Sum (post) 5 SNOI1O | Sum (post) 5
Result Abnormal Result Abnormal Result Abnormal
Sum (pre) 0 Sum (pre) 0 Sum (pre) 0
WN2T Sum (post) 5 CBG2T | Sum (post) 5 SNO20O | Sum (post) 5
Result Abnormal Result Abnormal Result Abnormal
Sum (pre) 0 Sum (pre) 0 Sum (pre) 0
WNI1O Sum (post) 5 CBGIN | Sum (post) 5 SNOIN | Sum (post) 5
Result Abnormal Result Abnormal Result Abnormal
Sum (pre) 0 Sum (pre) 0 Sum (pre) 0
WN20O Sum (post) 5 CBG2N | Sum (post) 5 SNO2N | Sum (post) 5
Result Abnormal Result Abnormal Result Abnormal
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Wavelet Coefficient of Positive Sequence Value Max (post)

Scale (L) Wang - Noi Substation Chom - Bung Substation Sai - Noi Substation

WNIT | WN2T | WNIO [ WN20 | CBGIT | CBG2T | CBGIN | CBG2N | SNOIO | SNO20 | SNOIN | SNO2N

I 0.0223 | 0.0025 | 00024 | 0.0024 | 0.0053 | 5.88E-04 | 5.82E-04 | 5.82E-04 | 3.87E-04 | 3.88E-04 | 3.86E-04 | 3.86E-04

[35]

0.0491 | 0.0055 | 0.0054 | 00054 | 0.0169 | 0.0019 | 0.0019 | 00019 | 00017 | 00017 | 0.0016 | 0.0016

3 0.0353 | 0.0046 | 0.0039 | 0.0039 | 0.0088 | 0.0052 | 00047 | 0.0047 | 00051 | 00051 | 00052 | 0.0052

4 0.0331 | 0.0091 | 0.0038 | 0.0038 | 0.0215 | 0.0044 | 00045 | 00045 | 00036 | 0.0036 | 0.0037 | 0.0037

5 0.0443 | 0.0394 | 00095 | 0.0095 | 0.0432 | 0.0108 | 0005 0.005 0.0047 | 00047 | 00054 | 0.0054

Result Fault | Un-Fault | Un-Fault | Un-Fault| Fault | Un-Fault | Un-Fault | Un-Faul | Un-Fault | Un-Fault | Un-Fault | Un-Fault

w AN Y v I | 3o o - P {‘J Y a Vo
AIN ﬂﬂﬂ13h11qu1‘3ﬂu leqllﬂﬂ'lﬂuﬂ%ﬂmcﬂ'ﬂﬂzlﬁaﬂﬂlﬂa‘ﬂﬁzl UﬂﬂuﬁﬂuﬂﬂiﬁﬂU

TnsalseamiiounasilaaTain 1 laolddoyalumnansninumaldoundasves
o a 1 1 = d 0o w "
dulszansunni 5 m nnanznavesesnliznounizuadauuinvesdatediodaly
[ 9/ - cs' =1 U ] : A'l =1 =1 a " e a n"' 3 d‘ é
uAazdutazianngamssaesnimiionSoufvunumdauilszans luaudue &9
3 ' = A A = ' a d :
Tuyanserve: binulumnad 1 wietinsnlasundas b lawauyagiufeziaeu Ty

T¥luemnanigana 18 (mnah 2, 3, 4 uaz 5)

A

91n31UN 5.9 -5.10 1azA15199N 5.2 - 5.4 wunwennssMsasuulasvesduilseans
= 4 o w - l 1 v ¥
miaulaaidgasinesnlszneunszuamavuiniawmodiuaazd i uazaniaszy 1a
A d a 3 o o d' a
Niieadinatunazasiviuoad 1d1auldanai 1 vonvnvznsvdeyamsndsuas
' ' = @ ' A g oa A al A 4
YOWAALFNANVILATI@INToNTIINMsldsunasfifatuiy Sudu a nailag ¥
Y 1 g o o s ~ ﬁ(
goyamanatanninih 1145z Tomide 1114 venninmiudieusmideyadulszans
" z:‘ 9/ dau o o 4 -] @ e @
uazAwran 1d hidlumasidadula lumaidoyalumnai 1 s wramnsiadidums
{1 ar = 9 a‘.‘: = Y = Y [} =1 o
PANUUATITYNANI WIounuuveyadunnlviny lasainolszamiion naziuuiiaes

AxdTadndmivszydumiiazuonlszinnvoadasly

a d
5.3.2 M332YNANIveIviean (Fault Direction)
u d o ¥ s =) l:hn‘til Y a

Mn1IasIuead i ldnsivvuiavesdulszdninldvinmsuondyyiu
4 _ o w n’: o ' s a " oA
panlsznevnnudgilunszuadiduuan aniuthaigegaveaduszansaoenin
ar o ] = @ oA o U
asdunead Idlumnausnvesofdizneusaa 4 ImAandunanoas vulSvuioudusm
d S Q“ 1 1 1 ] o = o 1 s _ ﬁJ L 1 d'
dudszansvoamod 23936199 NeguuiimAvanu (Fonmiduilszanimmemodadiun

= d q’: o ~ é‘l ¥V o F :i ar =] u’:
wavleadmniuuimsnlSouion) e liamsosianuhlanonuswaziBuatusou

= '3 =Y 1 A ¥ =
M3InTEHveImsszyirmavead 1d1101n0adu Saensoesuegluuunisnlvuiou



87

T o

—y Q’ =) =Y d. 1] 1 H
Adulszans nsannadoadia A aau NT2eeNI 20% VUMEAIdIu T 29959 1 420013

¥
Jinnz lavlFuuuvesmatiouTisunsu 1Adat

WN20*!

If WNIT.,,, > max(WN 2T/, ,WN1O}, )

(post)* (post) ?

then RELAY wwzir TRIP

WN10"  WN20"

(post) *

clseif WN2T!, > max(WNIT®

( post) (post) *

(post) )

then RELAY wa2r TRIP

elseif WN10%,,, > max(WN1T.,, \WN2T/,  \WN20/. . )
then RELAY wamo TRIP
elseif WN20/. > max(WNITL,, \WN2TE,  JWN1O,, )

then RELAY wa20o TRIP

end (5.8)

4 - 9 = d ad
Wo L =ananlylunsimiizinvhan

BUS WN - Positlve Sequence Current BUS CBG - Positive Sequence Current BUS SNO - Positive Sequence Current
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ond | (oam) Wang - Noi Substation Chom - Bung Substation Sai- Noi Substation

WNIT | WN2T | WNIO | WN20 | CBGIT | CBG2T | CBGIN | CBG2ZN | SNO10 | SNO20 | SNOIN | SNO2N

90 00592 | 0.0067 | 00065 | 0.0065 0014 | 00016 | 0.0015 | 0.0015 0.001 0.001 0.001 0.001

150 00223 | 0.0025 | 00024 | 0.0024 | 0.0053 |0.000588 | 0.000582 ) 0.000582 | 0.000387 | 0.000388 | 0.000386 | 0.000386
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Positive Sequence Current Signal
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Positive Sequence Current Signal
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1 =1 Aw 1
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A 1 w a o\ ' = @ A oA
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Auaa (WNIT) Tumnai 1
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T1/51n53 MATLAB/ Neural Network Toolbox [26] Iassaf1aiugiuvesiasstiot)szam

= ~ ' =3 g . i
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Location (9)
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m (5.11)
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Membership Function of Time Hecei\rlng E.nd (Tb) Inpul Variable for Transmission Line Section T : WN-CBG
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Membership Function of Time Sending End (Ta) Input Variable for Transmission Line Section O : WN-SNO
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A 5naNAINHAY THEN 50n71M8 (consequent) H 1D IMHNUDINSE HauDIN1THIA
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Y ~ o a ° v L4 DR
ﬂ151&ﬁ 5.12 ﬂamﬂ\ﬂﬂcﬁcﬁﬁ1ﬂﬁﬂﬂ1333”@“11’1“37\]@51@ (Toe3aIu T, O 1ag N)

ANU ngilrd Anol
Wood (%) Vol
10% If(Tais VVL) and (Tb is VVH) THEN (Location is 0.1) 1
20% If (Tais VL) and (Tb is VVH) THEN (Location is 0.2) i
30% If (Tais VL) and (Tb 1s VH) THEN (Location is 0.3) 3
40% If (Ta is M) and (Tb is VH) THEN (Location is 0.4) 4
50% If (Ta is M) and (Tb is M) THEN (Location is 0.5) 5
60% If (Tais VH) and (Tb is M) THEN (Location is 0.6) 6
70% If (Tais VH) and (Tb is VL) THEN (Location is 0.7) 7
80% If (Tais VVH) and (Tb is VL) THEN (Location is 0.8) 8
90% If (Tais VVH) and (Tb is VVL) THEN (Location is 0.9) 9
3147 5.13 Lm%‘ﬂcﬁmaaﬂgﬂméﬁm%’nmisxu@inmﬁmgaﬁ
mfs mfs mfs Weight Connection Output

Input 1 Input 2 Output (AND) Variable

1 3 1 1 1 0.1

2 5 2 1 1 0.2

2 4 3 1 1 0.3

3 4 4 1 1 0.4

3 3 5 | 1 0.5

-+ 3 6 1 1 0.6

4 2 7 1 1 0.7

5 2 8 1 1 0.8

5 1 9 1 1 0.9
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L B.C max( post )
]f'l,rmx(;xm) - L (518)
C.Amax( post)
L
L _ C. 4 max( post)
IF‘}_max( post) L (5.19)
AB max( post )

) w A a ' s A J " = ) l: o - 3/
’dW‘iS“UNE)‘LIhl‘Uﬂ"I'ﬁWi]TiilHTW‘lBﬁﬂ‘Yllﬂﬂ‘lmUuﬁWﬁ\if‘NﬂNWiﬂvllluu fﬂiJ’IiﬂVHvlﬂIﬂﬂﬂl‘ﬁ

AUNITAIN [14]

L

L max (post)
Egrmey — (5.20)

max (pre)

14
@ A

¥
el ludnvazvesnsWouTdsunsy 1Al

it (75, o 2 5% 75, ) or (21, 20.00005)

then [, oo =1 (5.21)
else 1P4::nax(;mﬂl = 0 (5'22)
end

- q,: =y P LT w = Y [l Y o
wonaasiuaouminazind v ldeoidanu Savesndledndygruvesoana
= = o 1 o 1 a
[AUIAIAU (AG, BG nag CG), Woaaszvnund (AB, CA waz BC), eaasznnavaasau
(ABG, CAG 11a¥ BCG) uazvoadmuia (ABC 1ag ABCG) N3285N19 20% (36.6 1 1aiuas)
P Pe & o w3 ' o P °
vumedadiu T 29954 1 Fuilureadiifarunumedinuszuusasslugli 5.1 Tami

o - [ o a o n’z’ - U 3 P

dyaraunszuandarsdudanniinsinsiziautuneun lanaund vy e
v

HAAINITAATIEN lamane 111



§ 1 w a =1 v a
M13197 5.14 naaamgegavesdulssanimaudaanvhianluge % lmda

l5z1am Mgegavesdnlszanimanlauavida
oo |/ ]R,max(posn ! g,maﬂposl) 1 é,mu(posg Zn[;mposu Z!n;ax(pre)
AG 00533 | 7.63E-04 | 7.63E-04 | 00103 | 1.19E-14
BG 3.04E-04 | 00212 | 3.04E-04 | 00041 | 1.19E-14
CG 0.002 0.002 0.1418 0.0273 | 1.19E-14
ABG 0.0391 0.0062 0.0014 0.019 1.19E-14
CAG 01377 | 2.11E-04 | 02285 00028 | 1.19E-14
BCG | S530E-04 | 00785 0.2023 00071 | 1.19E-14
ABCG | 0.1042 0.0415 02771 | 8.19E-13 | 1.19E-14
AB 0.0038 00038 | 845E-15 | 255E-21 | 1.19E-14
CA 0.1936 | 9.07E-15 | 0.1936 | 2.55E-21 | 1.19E-14
BC 899E-15 | 0.1431 0.1431 | 2.55E-21 | 1.19E-14
ABC 0.1146 0.0456 03049 | 2.55E-21 | 1.19E-14

109

) J ,
ﬂ'lilﬂ?l 5.15 LLﬁﬂQNﬁﬂTﬁﬂ'l@flﬂﬂ‘llﬂ\?ﬁll'lj5$ﬁ'ﬂ‘5Lm%ﬂ'Iﬂi‘)i]ﬁﬂ‘l]ﬂ'lilﬂaﬂullﬂﬂﬁﬂl@ﬁ

4 o o o =] 1 a
pantlsznoudinuguivesmsuaaavianluyie v Imda

szinn mqaqﬂmaaﬁ’uﬂsxﬁﬂﬁmmﬂmmh?m
vloa A A8 ;:lax( post) | * BC ilax( posty | €A ;HX( post) Z;‘k
AG  |69.8961393|1.00001311|0.01430675 | 8.62E+11
BG | 0.01432217 | 69.8241223 | 0.99996707 | 3.43E+11
CG 1 0.01410437| 709 2.28E+12
ABG 6.30645161 | 442857143 1 0.03580563 | 1.59E+12
CAG [652.173913 | 0.00092403 | 1.6594045 | 234E+11
BCG 0.00675516 | 0.38803757 | 381.496568 | 5.94E+11
ABCG | 251084337 |0.14976543 | 2.65930902 | 6.86E+01
AB 1 44958E+11| 22243E-12| 2.13E-07
CA 2.1345E+13 | 4.6849E-14 1 2.13E-07
BC | 6.2818E-14 1 1.5919E+13 | 2.13E-07
ABC 2.51315789 | 0.14955723 | 2.66055846 | 2.13E-07




d' af = Q(W L) -3 o [] ﬁ; =)
M5199 5.16 uaasduilszansaulssuyndmsvuuuiaosilaxladn

Yszian ﬁﬁuﬂ’s%ﬁm?mmﬁ";uﬂﬁuwwﬁm‘i"uﬁcuféuw

Wload . t Lt -
Plmax(pos) | £ P2,max@osd | £ P3max@osd | £ P4, max@posd

AG 69.8952227 | 69.8979726 | 0.00020469 1
BG 0.00020512 | 69.826422 | 69.819523 1
CcG 70.9 0.00019893 709 1
ABG 142403746 | 123.683673 | 0.00567762 1
CAG 705795.866 [ 0.00055684 | 0.00254442 1
BCG | 0.01740852 | 0.00101715 | 56474.8446 1
ABCG |16.7651735(0.05631742 ] 1.05912979 1
AB 2.2243E-12 | 2.0212E+23 | 2.2243E-12 0
CA 45561E+26| 4.6849E-14 | 4.6849E-14 0
BC 6.2818E-14 | 6.2818E-14 | 2.5342E+26 0
ABC 16.8039878 |1 0.05621272 | 1.05865154 0

¥

110

1015190 5.16 Funa lamaulszansueduseziimhaoudnegs Jafmuadi «o

maulszansveanmlsla (7

L

P1, max (post) *

7 L

P2 max (post)

ay /

P3, max (post)

) NAIGADUNI 100

v 3 Vo a -::f o @ ' :.'/ = v T ar A o W q Y
1ad ﬁ:ﬁi]nl1‘5ﬂﬂ11‘i1-!ﬂ1ﬂﬂ1i\’N“lJ‘SSﬁﬂﬁﬂlﬂ&ﬂi!!ﬂiﬂ&ﬂﬂTJuu Hauninu 100” LW?JUQ?]U”IM‘I'H

' @w w  J o Aa - 3 = = & =) 3/
U1HL@ﬂﬂWﬁNWﬂﬁﬂJ@QLLUU‘ﬂ]ﬁﬂﬂ'ﬂ%’“ﬂﬂﬁﬁjﬁﬂﬂ?T&lﬂUﬁ]uLﬂu}lﬂ WQﬂ]iJ1§ﬂL‘llUutﬂuﬂ§Jﬂ1iulﬂ

3

Aatl
it (7,," Ly =100
Pl max (post) 2****? = P3 max (post) /] =
then
L L
(Tl Tt )=100 (5.23)
else
L L L L
(I - R (5.24)
end
- P - o o Voo w3 = L L
1azINAITIeh 5.16 nsinaeadmuWaMaNsE @S0 1, oo Lo max oy
L a1 e A A A u‘ﬂlnd’.’:\d? rooqs a = ¢
W2 Loy ooy VMR IDININE RO AAYTRTIARYY Ardusz@nTvetesndsznon

¥ {

nszualuma A, B nag C vwiimgaduainanizlnfuazanaums 5.14- 5.16 mdauilszans
o @ ° 3 [ y a "o ]

vzgmimnmisnu wwi lesdiszneulunrazaionaeadauaiiannd Tiawse

o 9/ U ar LY 4 q’: = ]
fmuaveulwavesdoyaldediatany vinmsdunaiiosduismusodaauyfigi 1



111

LIK7] y d -]
«psanarleanmua drimaniszansvesesnilsznounszualula A, B uaz C 3im

' ' 1 v a ¢ A 1w a a L L
mNnms mﬁnﬂ‘tﬁ)&ﬁﬂ]})zﬂﬂu!ﬂﬂﬂﬂﬁﬂ mamauﬂisam‘um !

L
uaz 1P3,n1ax (post)

4 ]
L =

14 HAWMOY 1007 AIAUNITN 5.25 - 5.26

P1, max (post) ? P2 max (post)

= 1 v v o ¥ e = ‘; e u ¥
UMUINNI 0.01 !!ﬁ3ﬂ$ﬁ1ﬂ15ﬂﬂ1ﬂuﬂ1ﬂﬂ1ﬁﬂﬂ‘53ﬁ‘ﬂﬁ'llﬂdﬂ?ll‘ll‘iﬂﬂﬂﬂ'l?

. L L
if (]Pl.max (post) >**""? ]n"3,max (post) )2 0.01 or
L L L L
(]-4.max (post) **"""? [(—,max (post) )2 Sx (]-4.max (pre) 2****? © C max (pre) )
then
L 1
(1,05 el )=100 (5.25)
else
' L L L
( Bli o g 2T PY )— (Il’l,mux (post) """ 2 [f'3,mnx (posl)) (526)
end

3 :/' w a o = a v 1
VINTUADUNIMIA dIsouaaInulsouynvoauuiaealed lasn laniua1ien 5.17

=; as a e = ° ~ a g o
M3 5.17 uaaaduilszansanlsouynveauiiaosilas lavnne 11 Ysunnveas

szinn ﬁwz‘i’uﬂ‘s:ﬁm"ﬁ"ﬁumﬁmﬂiﬁuuwﬁm%’uﬁﬁwm
vioad e R e Pl
AG | 69.8952227 | 69.8979726 | 0.00020469 1
BG |0.00020512 | 69.826422 | 69.819523 1
CG 709 | 000019893 | 709 1
ABG | 1.42403746 100 0.00567762 1
CAG 100 |0.00055684 | 0.00254442 1
BCG | 0.01740852 | 0.00101715 100 1
ABCG 100 100 100 1
AB | 22243E-12 100 2.2243E-12 0
CA 100 4.6849E-14 | 4.6849E-14 0
BC | 6.2818E-14 | 6.2818E-14 100 0
ABC 100 100 100 0

A'l 9/ = c; =) Y = = 3
o lddoyaduymiluiisonoouds (adlainvziigadoyaduynianun 7128 yamu

Y L4 [ 4 4 " [
anvazvoaeaduaazlszianuazezisduvunmsasuulasvesnszuaiuanaiaiu)



112

3 1 o | A o o o (7

dupause laemaafruwuiassilsaglatndmiumsszylszinnvesoan lavnsaing
0 = a o o ¥ a J

puvsassfladladndmsumsszyvla Jlassaredsenoudlo 4 Buyn 1 ©1MYN uaz 20

o 4 a Ve \lvw ' ul g
ﬂi;] ﬂ\?ﬁﬂﬂ 5.24 Hazﬁ‘lu'ﬁﬂ@ﬁﬁ'lﬂﬂ'ﬁﬂﬂﬂllﬂﬂiu“ﬂﬁg‘uu@]ﬂu ARANAD ﬂu

7I(
1 (3) hy
o LI'_ Kentify phase

P2 (3)

(mamdani)

- : 20 rules -
IP3 (3) A output (11)

P4 (2)

System phase1: 4 inputs, 1 outputs, 20 rules

§ o Y a o @ { a o
5UM 5.24 uaaalassadivesusaesilyd laindmivmsszywlaiinavoas

5.5.2.3 Wy Bvlintuluga (Fuzzification Module)
= :1‘ a a 4 " o a =
uvupoumsulasdunnuuuasddisavesmgigavesdulszansnnmsuaanvian
- [ o ad o o 1
Tuanausniasavduvead ldvesnszuamla A, B, ¢ uavesnilsenoudidugudluiig v
= v a o 9 " — 1 o o o a
TmRanaunavoad uilaalveglugvesiladgan Taoarszauiladsuanuiluaindnues

L L L & L ° Sy a ' '
Lo max s Tp2max o Lp3 max W98 Lpy o gnsmualiiaszauanudumndnoglugas [0,1]

5.5.2.4 §mmmi’ (Knowledge Base)
13 4 kY 1
Tuauilsznoulildrsgiudoya (data base) HazgIUNg (rules base) ludauves
9 3 A d o o 3 a ' 3 ar a a [
pudeymiuziluiifuilidduanuduaindndien voanadualsdunnuazioniyn dou

ﬂ A d - a 4 [ o o =1
1ung uinungmsnuguueaded ladn eo1vegluglyvesgadids IF-THEN 1aoil
3/ kY
AT R R G G ey

7w ) =
- HaddFuanuidumngnvodunm
o w iq o 3/ =Y a o
Wuiladduildlasdoyaduwmmwuasdda 7, . 1,5 | L5 g 1,

Tdogluzlvesiladan dmsvmodesdu T, 0 wag N wwawsoldduvesonanduing

= L | L L L = v o o
WMUDUAUAD [, Ty M0 [y WETUUDADNANTUNNT [0,100] HAZIIUIUNDY



113

“ > o L an v W a
yoalaFaanaua 3 moy Tuvagi 7,,°  Towvousnanduding [0,2] uazimonvodilydy

A o a d A1 o
1. LOW faduilszansnnmsudasnvianiinim
A o a d A
2. MEDIUM foduilszansnnmsuiasniassumiunais

N w a g A
3. HIGH asduiszansnnmisudaanrlianiinga

o @ A = dc.ly A 3/ Vv d o a Yo a a
dmsvineninusubonldmsadeilsdsuanuiluamndn Waudussuynidunuy

Handuzidmasuaany dsaumsi 5.11 nazansonaasnsilanfuanudumnsnves

fausdunnldnazin .25 - 5.27

Membership Function of Input Variable IP1 for Transmission Line Section T : WN-CBG

» T T T e e f T T T
w 1
2 AG,CO AG,CG ABCG
% BG. ABG, BCG, AB, BC " CAG. BCG CAG CAABC
g 05 ow Medium High i
g
o OF T T i O LT T T 1 T
0 10 20 30 40 50 60 70 80 90 100
Coefficient of IP1
Membership Function of Input Variable IP2 for Transmission Line Section T : WN-CBG
Y — | [— T T IS S () [N | —— |
= CG.CAG.BCG, CA, BC o i s
° . 2 . CA, ~AG . ABG
3 05 Low ABG, CAG Medium High ABABC |
2 ol
a © ey . ' T r ! T
0 10 20 30 40 50 60 70 80 90 100
Coefficient of IP2
Membership Function of Input Variable IP3 for Transmission Line Section T : WN-CBG
0 [ T — . —T =——] =T T e e e
w1
% AG, ABG. CAG, AR, CA ke gecd apea
g 05 7 ’ Low ABG.BCG Medium BEG  ggh BCARG
g
(=] 0 I 1 I ——— T I 1
0 10 20 30 40 50 60 70 80 90 100
Coefficient of IP3
Membership Function of Input Variable IP4 for Transmission Line Section T : WN-CBG
& 1 R i e ===T T ==l T T = —]
=
B AB, CA, BC, ABC AG, BG, CG, ABG. CAG
o 05+ Low High BCG, ABCG
S
o 0 e - T seromnmeor) — T L 1 I —& ——ad
0 0.2 0.4 0.6 08 1 1.2 1.4 1.6 18 2

Coefficient of IP4

4 d @ a @, = o @ o | a
31U 5.25 naasnsilanduanudlumnsnvesdinlsduymdmsvuuuiaesiladlain

VOITWAITIU T 29959 1 uag 2



Degree of MFs Degree of MFs Degree of MFs

Degree of MFs

Membership Function of Input Variable IP1 for Transmission Line Section O : WN-SNO

114

. . T T T T T T T
1
BG. ABG, BCG, AB, BC éi‘ccgm AG, CG ABCG
osf Low ' Medium B
3 High
0 A (SRR 4 i 1 1 1 [ 1 1 I
0 10 20 30 40 50 60 70 80 90 100
Coefficient of IP1
Membership Function of Input Variable |1P2 for Transmission Line Section O: WN-SNO
1“‘—’ T I T T T T T~ — T & ]
AG, BG ABCG
AG, BG
CG.CAG, BCG. CA, BC g ABG
0.5} Low ABG. CAG Medium High ABABC
0_.._ oD Com—— ; L 1 3 # i —L L e L 1
0 10 20 30 40 50 60 70 80 90 100
Coefficient of IP2
Membership Function of Input Variable IP3 for Transmission Line Section O : WN-SNO
I B T T e ] e S | T T — ]
1
BG, CG BG. CG ABCG
AG, ABG, CAG. AB, CA
0.5 Low ABG. BCG Medium BeG High B AR
0 e i T T T 1 - 1 b s L 1
0 10 20 30 40 50 60 70 80 90 100
Coefficient of IP3
Membership Function of Input Variable IP4 for Transmission Line Section O : WN-SNO
T - T T T T T I T T ]
1
AB, CA, BC, ABC " AG, BG, CG, ABG, CAG
0.5 Low High BCG, ABCG A
0 i 1 1 1 1 e 1 = S P LR S ESOAT TS, ket |
0 0.2 0.4 06 0.8 1 1z 1.4 16 1.8 2

Coefficient of P4

590 5.26 uaanswlssFuanuuanFnvosdunlsduyndmiunuuirasafledTadn

Degree of MFs Degree of MFs Degree of MFs

Degree of MFs

YDIAWAIAIN O 19030 1 uag 2

Membership Function of Input Variable IP1 for Transmission Line Section N : SNO-CBG

. 1 T T T T T ]
AG, CG
i AG.CG ABCG
BG, ABG, BCG, AB. BC CAG. BCG CAG CAABC
05 Low Medium High
0 - ) — —: i = 1 1 1 1 ;
0 10 20 30 40 50 60 70 80 90 100
Coefficient of IP1
Membership Function of Input Variable IP2 for Transmission Line Section N ;: SNO-CBG
3 — T | | O S S T T T T e
AG. BG ABCG
AG.BG
G, CA G,CA, 8BC =
g f SRR SRS, Low aBG, cAG  Medium High APA%
0 T T — 18 e e e e e 1 1 I 1 s
0 10 20 30 40 50 60 70 80 80 100
Coefficient of IP2
Membership Function of Input Variable IP3 for Transmission Line Section N : SNO-CBG
4 T L S T T T =T ]
BG, CG BG.CG ABCG
0.5 AG ABG,CAG AB.CA L ABG,BCG  Medium BCG BC,ABC
High
O T B AT ) (i T AT 1L L 1 L 1 1 St L
0 10 20 30 40 50 60 70 80 90 100
Coefficient of IP3
Membership Function of Input Variable IP4 for Transmission Line Section N : SNO-CBG
T T T T L T T
1
AB, CA. BC, ABC AG, BG, CG, ABG, CAG
051 Low High BCG, ABCG
0 1 16 PUC I — 1 I 1 1 1 1
0 0.2 0.4 06 08 1 1.2 1.4 16 1.8 2

Coefficient of IP4

4 o o a @ a o s o = =
51 5.27 uaaanswilsnFuanuumnFnvesdunlsduymdmivuuusaesilad Tasn

VOITWAIAIU N 39959 1 1Az 2



115

o @ [~ o s
- HanFuA MUY UAINFNUDUDINYN
v o 1w a 4 4 VoA o o s
L“ij‘l.!G'I’Jﬂ'lﬂuﬂﬂ'IG]'JLHJSL?]“’IW%%?NW“B%!WG’I Lﬁﬂﬂ”m"lﬁ'%Qnuﬂﬂi%mmnmmumu
A o w AY o =2 2 dA ° o ' o v
(Inference) ﬂ\‘lﬂﬁlﬂmuﬂﬂﬂﬂﬂ'luﬂﬂiﬂﬂﬂﬂ'ﬁﬂ'lﬁuﬂ‘ﬂ’]u’J‘l-lLﬂﬂﬂl‘ﬁfﬂﬂiﬂillﬂﬁ%ﬂ?“ﬂielﬁﬁ’ilﬂzﬁﬂ
a A Y v w d = Y A a v @ A Y oa
NUITUY L‘W?JGL‘HﬂTﬁ'0141]TL!ﬂ'I@‘I'JI.L‘lJ'i‘;UBQL?]"I‘VW!ﬂiJﬂTllliﬂﬂLﬂUQﬂUﬂﬁlﬂQﬂ’]uﬂi‘ﬂllﬂil'iQiJ"Iﬂ
P 4 2y o - ¥y a 3 @ o
nga "]Ni]ﬂ‘ufgj'ﬂﬂﬂLL‘U‘U'ﬁ3“1]1]5]']ﬂﬂﬁﬂ“ﬂ“ﬁ%gﬁﬂﬂwﬂ’JTNElﬂU'}ﬂUﬁ3UUN1ﬂWBﬁNﬂ3§TﬂUﬂ’JHﬂ'§
e Ao &5 v o dw a J e ' v o 'a
L?J"Iﬂ‘l/’!ﬂﬂﬂWﬂUﬂ‘l}u‘ﬁzﬁﬁwuﬁﬂﬂ‘ﬁﬂlﬂﬂlﬂﬂﬂﬂﬁﬁ ﬂ']ﬂuﬁﬁﬂulﬂﬂﬂWﬁﬂWﬂﬁﬁJﬂﬂﬂﬁxlﬂﬂﬂﬂﬁﬂ

1w o 3 "oas a d a [ ar .
Wiy [0,12] B umentananua 11 meuuazadulsasnaaan 11 szau aegali 5.28

o w A =) dedl 3/ 3/ ¢ w ﬂ a Yo a ﬂ
ﬁ”lﬂ'iﬂ'l“ﬂﬂ’luwuﬁulﬁ@ﬂslsﬁﬂ“ﬁﬂ'ﬁ?ﬂﬂﬂﬂﬂfUﬂ?’lul uﬂlﬂ"ﬁﬂiﬂﬂﬁﬁ?llﬂilﬂ‘]ﬂﬂﬂl Uy

¥
v A

] ' [ E 4 v
o ar [ dao A kY
Handugilaumaoy ilesnnmoumansmualasieangsuiiazasalismmuz aungaiog

3
=) 1 =
Qs

(=} A o ' 3 a [ ) @ v 3 ' ' ' (=]
anaunm s nuiluaudamicy 1 dmsuadugniavisenmiiumm lusneziin

AnuiluaFnanausoss MuaNMIN 5.12

ST 3 e - :

AG BG CG ABG CAG BCGABCG AB CA BC ABC

0.8

o
Fey
T

Degree of membership
o
o

o
\V]
T
e

Phase

} d a o @
57 5.28 uamanswiiladFuanuilumndnvesdinlsiomiymn (Phase)

5.5.2.5 na"!nmmumuﬁm%' (Fuzzy Inference Engine)
maayuuisFIzoIdranmsvesnglad TadnlugUuuuf1de IF-THEN v1ng1uanus
4 o @ 4 | &4 a {
vosfla¥ Tavdsewarinamvias IF azdluidou luFoniune (antecedent) Fafodunnve sl
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If(IP1is HIGH) and (1P2 is HIGH) and (IP3 is LOW) and (IP4 is HIGH) y
AG THEN (Phase is AG)
If(IP1 is MEDIUM) and (IP2 is MEDIUM) and (IP3 is LOW) and (IP4 is HIGH) i
THEN (Phase i1s AG)
If(IP1is LOW)and (IP2 is HIGH) and (IP3 is HIGH) and (IP4 is HIGH) 5
BG THEN (Phase is BG)
If(IP1is LOW) and (IP2 is MEDIUM) and (IP3 is MEDIUM) and (IP4 is HIGH) 5
THEN (Phase is BG)
If(IP1 is HIGH) and (IP2 is LOW) and (IP3 is HIGH) and (IP4 is HIGH) 3
cG THEN (Phase is CG)
If(IP1 is MEDIUM) and (IP2 is LOW) and (IP3 is MEDIUM) and (IP4 is HIGH) 3
THEN (Phase is CG)
If(IP1is LOW)and (IP2 is HIGH) and (IP3 is LOW) and (IP4 is HIGH) £
THEN (Phase 1s ABG)
ABG If(IP1is LOW) and (IP2 is HIGH) and (IP3 is MEDIUM) and (IP4 is HIGH) p
THEN (Phase is ABG)
If(IP1 is LOW) and (IP2 is MEDIUM) and (IP3 is LOW) and (IP4 is HIGH) 4
THEN (Phase is ABG)
If(IP1 is HIGH) and (P2 is LOW) and (IP3 is LOW) and (IP4 is HIGH) 5
THEN (Phase is CAG)
CAG If(IP1 is HIGH) and (IP2 is MEDIUM) and (IP3 is LOW) and (IP4 is HIGH) 5
THEN (Phase is CAG)
If(IP1is MEDIUM) and (IP2 is LOW) and (IP3 is LOW) and (IP4 is HIGH) 5
THEN (Phase is CAG)
If(IP1 is LOW) and (IP2 is LOW) and (IP3 is HIGH) and (IP4 is HIGH)
THEN (Phase is BCG) e
HOG If(IP1 is MEDIUM) and (IP2 is LOW) and (IP3 is HIGH) and (IP4 is HIGH) "
THEN (Phase is BCG)
If(IP1is LOW) and (IP2 is LOW) and (IP3 is MEDIUM) and (IP4 is HIGH)
THEN (Phase is BCG) 6
ABCG If(IP1 is HIGH) and (IP2 is HIGH) and (IP3 is HIGH) and (IP4 is HIGH) 7
THEN (Phase is ABCG)
AB If(IP1is LOW) and (IP2 is HIGH) and (IP3 is LOW) and (IP4 is LOW) g
THEN (Phase is AB)
CA If(IP1 is HIGH) and (IP2 is LOW) and (IP3 is LOW) and (IP4 is LOW) N
THEN (Phase is CA)
BC If(IP1 is LOW) and (IP2 is LOW) and (IP3 is HIGH) and (IP4 is LOW) 10
THEN (Phase is BC)
ABC If(IP1 is HIGH) and (IP2 is HIGH) and (IP3 is HIGH) and (IP4 is LOW) 1
THEN (Phase is ABC)
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Fault Location
In Case of SLG In Case of DLG
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Fault Identification

In Case of SLG
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Abstract

This paper proposes a technique to detect fault locations in a
three-bus transmission system using discrete wavelet transform (DWT).
A comparison of results obtained from three different types of mother
wavelet is discussed in order to identify the fault locations with an
application of travelling wave theory. It is shown that the db4 mother
wavelet produces better results than those from “symd’ and ‘coifd’, with a

mean error of less than 400 m.
Keywords: Wavelet Transform, Fault Location, Transmission Lines
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A Directional Relay for the Protection of Transmission Network Systems Using Discrete Wavelet Transforms
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Abstract

This paper proposes a novel directional relay algorithm 1o protect
transmission network systems with an application of discrete wavelet
transform (DWT). The fault signals are simulated using PSCAD/EMTDC .
The coefticients of the positive sequence current obtained from each bus
are compared in order to identify the direction of fault signals. The
coefficient ratio between buses that the fault occurs is calculated so that
the proper protective relay sequence can be selected. It is shown that the
algorithm is capable of performing the fault detection as well as arranging

the protective relay sequence, with accurate results.

Keywords: Wavelet Transform, Directional relay, Transmission system,

Protective relay sequence
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