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TOM TAT

Xdc dinh vi tri su co tréen duong day truyén tdi, dac biet la duong day két hop trén khong
va cap ngam, la mét van dé quan trong trong van hanh hé théng dién. Trong bai bdo nay,
ching toi nghién ciu viéc ap dung bién doi wavelet cho viéc xdc dinh vi tri su cé tréen duong
day truyeén tdi cao ap két hop trén khong va cap ngam. Cdac thanh phan cia séng qua do tai
dau duong day bi su c6 duoc mdé phéng bang phan mém MATLAB Simulink. Cdac séng néy
duoc phan tich thanh cdc hé so xap xi va chi tiét bang viéc st dung phép bién doi wavelet
tinh két hop ki thuat khit nhiéu bac cao, phuong phdp nay cé uu diém la xde dinh chinh xdc
thoi gian séng qua do truyén tic diém sy co vé dau duong day. Nham ddanh gia khd ndng dp
dung va tinh hiéu qud ctia cdch phuong phdp nay, ching toi da dp dung né cho duong day
trén khong két hop cap ngam [4] va duong day thuc t& 220kV Nha Be — Tao Pan tai thanh
pho Hb6 Chi Minh (Viet Nam)

Tw khoa: duong day truyén tdi, wavelet, vi tri sy cé
*

1. Gigi thiéu toan va 6n dinh luén 1a su mong doi va uu
tién hang dau cta cac Cong ty Dién luc va

Hé thong cap ngam la mot trong nhiing

thanh phan chinh ciia mot hé théng dien Truyén tai Dién. Viéc x4c dinh vi tri ngén

hién dai, vi n6 da thé hién nhidu uu diém mach trén duong day truyén tai cé thé chia
ndi bat so véi he théng truyén tai dien lam cac truong phai chinh nhu sau:

bang dudng day trén khong nhu: do tin cay Phuong phdp tong tro: dat co sé trén
cao, an toan, c¢6 thé dugc st dung trong  viéc do téng tré tir dau relay dén vi tri su
trudng hop gip khé khin vé huéng tuyén,  c6, v6i gia thiét 1a tong tré ti 1& véi khoang
hanh lang an toan, tao vé mi quan cho  céich t6i diém xdy ra su co, cho viéc xac
thanh phd.. Tuy nhién, cdc hé théng cap  dinh vi tri su cd. Phuong phap nay phu
ngam cing con ton tai nhiing khuy&t difm  thugc vao viéc do tn s6 cong nghiép va céc
nhu: chi phi dau tu 16n, thoi gian thi cdng  thanh phAn tdc dong dén tn s6 nhu dién
lau, kha nang mang tdi kém.. Chinh vi  tr¢ ngin mach, tai cia dudong day, thong so
nhiing 1i do trén, viéc van hanh mot hé¢  nguén.. Do d6, mic d0 chinh xac cla

thong cap ngam dam bao do tin cy cao, an phuong phép ciing ¢6 giéi han —[1].
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Phuong phap truyén séng: ki thuat séng
truyén chinh xac hon do khong phu thudc
vao dién tré ngdn mach, phu tai va céc
thong s6 ngudn trudec su co. Dén nay da co
nhiéu nghién ciu dua trén co s§ phuong
phép truyén séng nhu Zeng Xiangjun et al.
[2], vi tri su ¢& dudc tinh bang thoi gian séng
dén cac dau duong day, V. Siozinys [3] xac
dinh vi tri su ¢6 dua vao su khac biét thoi
gian giffa song phan xa va khic xa. Bién doi
wavelet tin hiéu qua do do su co tao ra dugc
trinh bay trong [5]-[7]. Trong [8]-[9], viéc s
dung phuong phap bién déi wavelet ké&t hop
mang noron nhan tao (ANNs) d& huan luyén
ciing dang dudc phat trién. Kurt J. Ferreira
va Alexander E. Emanuel [10] dung thiét bi
cam bién tif truong lam thiét bi do ludong
thay th& cho viéc xac dinh vi tri su ¢6. Cung
v6i su phat trién nhanh chéng ciia nganh
cong nghé may tinh, vi x{ li.. cac thuat toan
dua trén nhiing ki thuat tinh toan hién dai
ngay cang manh mé va chinh xac hon.

Trong bai bao nay, chang toi sé ap dung
phuong phép bién déi wavelet tinh két hop
giai thuat khir nhidu bac cao [5] dé xac dinh
dugc chinh xac tin hiéu song qua do va thoi
gian truyén séng tir vi tri su c6 dén dau
duong day. Cac séng qua d0 dugec md phong
bang phan mém MATLAB Simulink. Két
qua md phéng st dung phuong phap dé xuit
dugc so sanh véi két qua trong [4] va dit lidu
thuc t& clia duong day trén khong két hop
cap ngam 220kV Nha Be — Tao Dan.

2. Phép bién ddi wavelet

2.1. Bién doi wavelet roi rac (Discrete
wavelet transform-DWT)

Téng quat, cho mot ham fi), bién ddi
wavelet lién tuc (Continuous wavelet trans-
form — CWT) clia n6 duogc biéu dién nhu sau:

60

CWT,,(t) = % T F()-W* (t_TTj dt (1)

¢ day, d dugc goi 1a hé so co gidn (scale), 6
12 hé s6 dich chuyén (translation), W, (¢ 1a
ham ‘wavelet me’, va ky hiéu * 1a lién hop
phiic. Ham wavelet me duogc cho béi phuong
trinh, hé so duoc nhan vao dé€ bao
o/l
toan chuan L.
Poi v6i cac tin hiéu so, bién d6i

wavelet roi rac duge biéu dién nhu sau:
t—nz,d;

DWT,, () = \/_Zf()W£ o j(Z)

& day, hé s co gian va hé so dich chuyén
tai (1) dugc thay thé bang d; va nz,d; ; m
va n la c4c s6 nguyén.

Céac hé so wavelet (Wavelet-transform
coefficients - WTC) dugc cho bdi mot tich
ndi nhu sau:

0
Pa s6 cac ham dugc biéu dién nhu su

két hgp tuyén tinh hitu han cidc phép dich
chuyén va co gidn cia mot ham wavelet me.

WTC, , = f (t)CWT, (t)dt 3

2.2. Bién doi wavelet tinh (Stationary
wavelet transform-SWT)

Bién déi wavelet tinh SWT dugc md ta
tai moi bac, khi bd loc thap va cao dugc ap
dung 1én dir lidu, hai chudi dit lidu méi s& co
cuing do dai véi cac chudi goc ban dau. Dé dir
lidu goc khong bi 1am gidm di, bd loc tai mdi
bac sé dién thém zero vao céac chudi dir lidu.
Bién d6i wavelet tinh dugc phat trién tiép
theo tir bién d6i wavelet roi rac nhu sau [5].

Gia thiét mot ham f{t) dugc chiéu tai
mdi buéc n trén tap con V,, (. € Vs < Vo C
V; < V), va néu ham ¢(#) 12 ham wavelet
thi cac heé s6 wavelet duge tinh toan béi
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o, =(T(1).27p2"t-k)) @
¢ day w,, duge goi 1a tin hiéu chi tiét roi
rac tai do phan giai 2".
Cac tich vo huéng
< f(t), 2" (2 "Vt - k)> dugc tinh toan véi

a)n+l,k :Zg(m_Zk)Cn,m (5)

Conk :Zh(m—Zk)cn,m ©

6 day g(m) la bd loc cao, h(m) 1a bd loc
thap.

Phuong trinh (5) va (6) chinh la thuat
toan da phan gidi trong bién d6i wavelet
roi rac truyén thong. Trong phép bién ddi
nay, giai thuat gidm mau dugc st dung dé
thuc hién phép bién d6i. Nghia 1a hai mau
thi gitf lai modt trong qué trinh bién déi. Do
dé, toan bd chiéu dai ctia ham f£{t) sé gidm
con modt nta sau phép bién ddi. Do vay,
trong bién ddi tinh can phai st dung ki
thuat ting s6 mau, nghia 1la khoang cach
giita cAc mau tang lén gap doi sau mdi budc.
Ty 1& ¢, dugc cho bdi —[5]

Cn+1yk = Z h (I )Cn,k+2”|
[
va hé so cia ham wavelet roi rac la
Onya = Z g (I )Cn,k+2”| @®)
[

& day [ 1a chiéu dai hiu han.

(7

3. Két qua tinh toan

3.1. Khdo sdt doan cdp ngdm trong [4]

Trong phan nay, ching toi kiém chiing
kha nang Ung dung va tinh hiéu qua caa
phuong phap bién déi wevelet k&t hop khir
nhiéu bac cao cho mdt md hinh dudong day
két hop trén khong va cdp ngdm nhu trén
hinh 1 [4]. O day ching tbi chi khao sat
phan su c¢§ x3y ra tai mot s6 vi tri trén
doan cap ngam. Céc két qua tinh toan dugc
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so sanh v6i k&t qua thu dugc bang viéc giai
phuong trinh séng dugc gidi thiéu trong [4].
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Hinh 1: M6 hinh duong déy hén hop
tren khong va cdp ngam.

Gia thiét rang su c¢6 pha A cham dat, tai
vi tri x = 8km tinh tif dau nhan. P& xac dinh
vi tri su c¢0 bang bién ddi wavelet va khir
nhiéu bac cao. Ching toi tach tin hiéu dién
4p pha A tai dau phat nhu trén hinh 2.

Tin hiéu qua do bao gid cling c6 rat
nhiéu tin hiéu bat thudng. Tuy nhién, déi
v6i bai toan x4c dinh vi tri ngdn mach chi
c6 thong tin qua do tai mdt tAn s nhat
dinh 1a ¢6 ¥y nghia, do d6, ching ta xem
nhitng tin hiéu khong can thiét nay la
nhiéu. Véi thuat todn méi dé loc nhidu nay,
tin hiéu phan hdi tir vi tri ngdn mach s&
dugc x4c dinh. Gidi thuat nay dua trén
nhilng hé s6 tuong quan c6 dugc do phép
bién ddi Wavelet v6i nhiéu c4p phan gii.
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Hinh 2: Séng dién dp pha A tai ddu nhdn khi su
¢b xay ra tai x = 8km tinh ti ddu nhdn.
Trong xi li phan tich wavelet, séng
dién ap qua do pha A nhu trén hinh 4. sé
dugc phan tich thanh hai nhém chinh la
nhém cac hé so6 x4p xi vA nhém céc hé so
chi tiét. Ching ta st dung cac hé s§ xap xi
cho viéc nhan biét viéc xdy ra ngin mach,
va sl dung cac hé so chi tiét dé xac dinh vi
tri diém ngin mach véi gidi thuat sau day:
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- Khi phéat hién ra c6 hién tugng ngan
mach, thanh phan séng dién 4p pha bi su
cd sé dugce tach ra (hinh 2.) va thuc hién
bién d6i wavelet tinh st dung ham séng
Daubechies, bac bién déi bac 4 (db4). Theo
thuat todn bién d6i wavelet tinh két hop
v6i loc nhiéu bac cao [5], trén pha A, ching
ta c6 cac hé so xap xi A;, Ay, A3, A, va hé
s6 chi ti6t Dy, Dy, Dy, Dy.

- Thanh l4p ma tran tuong quan Corre-
lation tif cAc ma tran hé so chi tiét D;, D,

D3, D,. Két qua tao thanh ma tran Corre-

lation mé6i lan 3. V6iP, =3D?,
P, = =Corr, n 1a gia tri bac lap. Ban dau

cho n=1, néu sau khi tinh todn ma tran
tuong quan, két qua chua da dé xac dinh vi

tri ngdn mach, gia tri n ting thém 1.

Trong vi du nay [4], d& d@a tin hiéu xac
dinh thoi gian séng phan xa, can tang gia
tri tham s6 n. V6i n=7, ching ta dugc cac
ma tran tuong quan nhu hinh 3 dén hinh 6.

Lan lap thu #7 - Ma tran tuong quan bac # 1

so wavelet

0.0201 0.0202 0.0203 0.0204 0.0205 0.0206 0.0207 0.0208 0.0209
thoi gian(s)

Hinh 3: Xit li loc nhiéu v6i ma tran

0.021

tuong quan bdc 1.

Lan lap thu #7 - Ma tran tuong quan bac #2

wavelet

00201 00202 00203 00204 00205 00206 00207 00208  0.0209
thoi gian (s)

0.021

Hinh 4: Xi: li loc nhiéu véi ma tran
tuong quan bac 2.
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Lan lap thu # 7 - Ma tran tuong quan bac #3

He so wavelet
= .

0.0201  0.0202 00203 0.0204 0.0205 0.0206 0.0207 0.0208  0.0209

thoi gian (s)

Hinh 5: X li loc nhiéu v6i ma tran

0.021

tuong quan bdac 3.

Ma tran tuong quan cuoi cung

0.0201  0.0202  0.0203  0.0204  0.0205

thoi gian (s)

0.0206  0.0207  0.0208  0.0209  0.021

Hinh 6: X1 li loc nhiéu véi ma tran
tuong quan sau cung.

Hinh 6 cho thay két qua tin hiéu cudi
cung sau khi da qua cdc giai doan khu
nhiéu bac cao. Tu d6 ching ta c6 thé xac
dinh duoc hai thoi diém xuat hién xung dau
tién va xung phan hoi lai 1an thi hai 1a tp;
va tpy, tuong Ung (trong hinh trén
tp1=0.020080s va tp2=0.020260). Nhu vay, vi
tri xdy ra su c¢o trén duong day dugc tinh
bang cong thic sau:

V(th B tpl)
2
Trong d6, 1 1a chiéu dai duong day, v 1a

Xiinhtoan — I — 9)

van toc truyén song.
Sai s0 giffa gia tri tinh toan va gia tri
thuc t& dugc tinh bing cong thic nhu sau:
Saiso% = e ~Xnsel 100
I (10)
Viéc 1ay thong tin tir mot dau cudi va xi
li d¢ dang va chinh xac hon, tranh dugc
nhiing sai s6 do thiét bi va su dong bd thong
tin tu hai dau nhu trong phuong phéap
phuong trinh Telegrapher.



Tap chi Pai hoc Tha Dau Mét, sé 3(10) - 2013

Bang 1: So sanh két qud tinh todn
va dit ligu trong [4]

TT | Vitringan Vi tri ngan Sai Sai so6
mach tinh mach tinh ) bai
ttr dau toan (km) (%) béo [4]
nhan (km) (%)
1 8 7.9792 0.208 | 0.192
2 5.8 5.7906 0.094 1.038
3 4 4.0124 0.124 1.120
4 2.5 2.5077 0.077 1.643
5 0.9 0.9119 0.119 1.325
6 0.5 0.4560 0.440 | 0.301

K&t qua thu duge cho thiy phuong phéap
4ap dung trong bai bdo nay cé sai s6 rat
thap. Pac biét, khi su ¢6 xdy ra 6 khoang
giffa tuyén cdp ngam thi phuong phap dat
dd chinh x4c cao hon so véi [4]. Khi su ¢o
x3y ra ¢ 2 doan phia dau cdp ngam thi sai
s0 thu dugc cao hon mic trung binh do lac
nay song phin xa riat nhanh nén phuong
phap Wavelet xt li khong dat do chinh x4c
bang khi su ¢6 & khodng giiia tuyén cép.

3.2. Khdo sdt duong day thuc té 220kV
Nha Be - Tao Dan

Budng day wén khong

Duéng cap ngdm
chiéu dai: 6,266 km

TBA 220kV
NhaBe

Puimg cip ngam

Minchin Min chin

M
Tram GIS
220kV Tao Dan

T DZ '\\.\

L |
trénkhing Lt i RQLL\¥
}

IERE] LR 7
s thing ugi B tomtipla | | i
Hé thong wi 4t DZ ‘r g Chkjtiop 1
i 1-- -

Hinh 7: So dé duong day 220kV
Nha Be — Tao Dan.

Puong day 220kV Nha Be — Tao Pan
truyén tai cong suit tir tram bién 4p 500kV

Nha Be vé tram bién ap 220kV Tao Dan,
bao gdm doan dudng day trén khong noi tiép
doan cap ngam, c6 cau trac nhu hinh 7.

Két qua tinh toan md phéng su co
duong day trén khong két hop cap ngam
220kV Nha Be — Tao Pan bing phuong
phiap Wavelet c6 loc nhiéu bac cao duong
trinh bay trong bang 2.

Bang 2: Két qud tinh todn trén duong day 220kV
Nha Be — Tao Pan

STT Vi tringan Vi tri ngan Sai so
mach t&i dau | mach tinh toéan (%)
nhan (km) (km)
1 1.000 0.9575 0.4422
2 2.000 2.0062 0.0645
3 2.700 2.6901 0.1030
4 4.000 4.0124 0.1290
5 5.000 4.9699 0.3132
6 5.700 5.6994 0.0062
7 7.266 7.254 0.1249
8 7.766 7.8433 0.8043
9 8.766 8.7271 0.4047
4. Két luan

Viéc ap dung bién ddi wavelet véi loc
nhiéu bac cao @& xac dinh chinh xéc vi tri
su co trén dudng day truyén tai két hop
trén khong va cdp ngadm ap dung cho dudng
day gia dinh trong [4] va duong day 200kV
thuc t& Nha Be — Tao Dan cho thay phuong
phép dé nghi c6 do chinh xac rat cao khi so
sanh v6i cdc phuong phdp truyén séng
truyén thong. Pay la két qua riat mong
mudn, c6 y nghia dé 4p dung vao thuc t&
giap cho viéc nang cao cong tac quan li van
hanh hé thong dudng day truyén tai.
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ABSTRACT

Fault location identification of high-voltage transmission line, especially an over-head line
combined with an underground power cable, is an important issue in power system operation.
In this paper, we study the application of wavelet transform to locate the fault position of
combined high-voltage transmission line with underground power cable. The components of the
transient wave at one terminal of the faulted line are simulated by MATLAB Simulink. These
components will be analyzed into approximation and detail coefficients by using stationary
wavelet transformation combined with high-degree noise reduction technique. This approach
gives the exact time of transient wave for traveling from fault position to the terminals of the
lines. To evaluate the applicability and effectiveness of this new approach, we have applied this
method for a transmission line that combined with overhead line and underground cable in
reference and the actual transmission line 220kV Nha Be - Tao Dan in Vietnam .
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