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Huynh Pirc Hoan, Tran Xuin Khoa
!Truong Dai hoc Quy Nhon; hdhoan@gmail.com; khoadkt@gmail.com

Toém tat - Bai bao nay s dung bd loc Kalman (KF) dé xay dung
mo hinh role bdo vé khoang cach (BVKC) sir dung dic tuyén
kh&i dong MHO trén dwong day truyén tai dién néng. Tin hiéu
dong dién va dién ap tai vi tri dat bdo vé dwgc thém mét lwgng
nhiéu trang Gaussian (twong (rng v6i luong nhiéu trong do lwéng
tao ra). Sau do, st dung KF xt ly tin hiéu dong dién va dién ap
cla tirng pha dé& xac dinh téng tré phtre khi xay ra sw cb trén
dwong day. Tong tré phire trén mdi pha do bao vé do dwoc sé
dwoc so sanh voi cac vang tong tr& khai dong dé phat hién sw cb
ngan mach (NM) va tac dong cat may cét v&i thoi gian twong (ng
clia vung do. Bai bao da dé xuét mé hinh lwdi dién dwong day cod
hai ngudn cung cap va moét phu tai d& kiém ching tinh hiéu qua
cla thuat toan da dé xuét trén Matlab/Simulink. Qua dé cho thay
voi thuat toan nay role ddm bao lam viéc mét cach chinh xac,
tang do tin cay cla bao vé role.

Tir khéa - bd loc Kalman; bdo vé khoang céch; déc tuyén MHO;
Matlab/Simulink; role.

1. Dit van dé

Viéc yéu ciu nang cao dd tin cdy cua h¢ théng dién
cung nhu d9 tin cdy cua bao vé role ngay cang dugc quan
tam, nhung trong qué trinh do ludng hay truyen tai tin
hiéu ctia bao vé role thuong giy ra nhidu va sai s6 trong
do luong, didu nay sé lam giam do tin cdy ciia hé thong
bao vé role. Nén viée xir 1y tin hi¢u dé giam lugng nhidu
va ning cao do chinh xac trong do ludng cua hé thong
bao vé role 1a mot van dé rat can thiét. Viéc xu ly tin
hi¢u trong bao v¢ role yéu chu dd chinh xac cao nhdm
tranh hién tugng tac dong nhim su ¢ do nhidu hay sai
s6 trong qua trinh do ludng giy ra, giy thiét hai cho hé
théng dién. Vi vy, viéc tim ra nhitng phuong phap
nang cao d¢ chinh xac trong xu ly tin hi¢u cua bao v¢
role nhim nang cao do tin cdy cung cip dién 13 mot
diéu can thiét.

Hién nay, viéc xur 1y tin hi€u trong h¢ théng dién chu
yéu dung phép blen ddi Fourier, nhung phep bién ddi
Fourier c6 mot s6 nhuge diém, do 1a khi bién dbi sang
mién tin so, thong tin thoi gian da bi mat, nén duva vao
bién ddi Fourier cia tin hiéu ta s& khong thé nao biét cu
thé thoi gian dién ra sy kién. Néu mot thudc tinh tin hiéu
khong thay ddi nhiéu theo thoi gian, con dugc goi 1a tin
hiéu tinh thi cdc nhuoc diém trén khong c6 anh huong
quan trong, nhung trén thyc té c6 nhiéu tin hiéu chira cac
thong s6 dong nhu: tr6i, nghiéng, bién ddi dot ngot, khaoi
d4u va két thic cac su kién,... nén khi st dung phuong
phap Fourier s¢ khong thé phat hién sém duogc nhiing su
¢b nhu NM. Dé co thé cai thién chit lugng tin hiéu dwa
vao role ¢6 nhiéu phuong phap xur 1y tin hi¢u khéc nhau
nhu phép bién ddi Stockwell, KF, phép bién ddi
Wavelet... Vi vdy, trong bai bao nay nhom tac gia dé

Abstract - This paper uses Kalman filter to construct distance
protection relay using MHO characteristic in power transmission
lines. White Gaussian noise (corresponding to the amount of
noise generated in measurement process) is added to current
and voltage signals at protection relay location. Then KF is used
to process the current and voltage signals of each phase to
determine the complex impedance when a fault occurs on the
transmission line. The complex impedance per phase which is
measured by protection will be compared with the setting
impedance zones to detect the fault and send trip signal to the
breaker with the corresponding setting time. This paper proposes
a line model with two sources and a load in Matlab/Simulink to
evaluate the effectiveness of the proposed algorithm. The
simulation results show that the proposed algorithm works
correctly and increase the reliability of protection relay.
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Xudt phuong phap xtr 1y tin hi¢u béng KF dé xay dung
md hinh role BVKC.

2. Ung dung KF trong BVKC dic tuyén khéi dong
vong tron di qua gbe O (MHO)
2.1. Bdc tuyén khéi dong vong tron di qua goc O trong
BVKC

Dic tuyén khoi dong MHO X
[1, 2] la dac tuyen vong tron di Zuts
qua gdc O (tong din MHO).
Téng tro khoi dong cua bao vé
(BV) phu thudc vao goc gr. BV
¢6 do nhay cuc dai khi pr = @r,
hay ¢r = ¢ BV khong khéi
dong ddi véi Zg nim trong phan
tu thtr ba ciia mat phing phirc
nén duoc goi 1a BV tong tré ¢6 hudng. Dic tuyén thuc té
khong di qua gbc toa do O do ban than bd phan so sanh
khong du nhay. Vi thé, NM dau duong day gan chd dat
BV ¢6 thé BV sé& khong lam viéc, doan nay goi 1 ving
chét ctia BV.
2.2. Co'so KF

KF [3] la thuat toan sit dung chudi cac gia tri do
luong, bi anh huong bodi nhidu hodc sai sé, dé uéc
doan bién s6 nhim ting d6 chinh xac so véi viée sir dung
duy nhit mot gia tri do luong. KF thyc hién phuong phap
truy hoi dbi voi chudi cac gia tri dau vao bi nhidu, nhim
t6i uru hoa gié tri udc doan trang thai ctia hé thong.

Hinh 1. Pdc tuyén khoi
déong MHO

KF 1a phuong phap xu 1y tin hiu hiéu chinh tham s6
uée lwong dya trén miu lién ké trudc no, con phuong
phap Fourier phai sit dung di li€u trong mot cira so tin
hiéu, ché“ing han nhu mét chu ky dé uée luong tham $6 tin



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAl HOC DA NANG, SO 11(96).2015, QUYEN 2 73

hiéu nén c6 d6 tré 16n hon, vi vay KF c6 kha nang bam tin
hi€u tot hon so voi phuong phép xtr 1y tin hi¢u Fourier.

Qua trinh uwéc lugng trang thai cia KF dugc mo ta
theo phuong trinh sai phéan tuyén tinh sau:

X, =GX,_, +W,; X, erR" (1

Trong do6:

G la ma tran bién doi trang thdi G tir thoi diém k-1
sang thoi diém k.

Wila nhiéu qua trinh; trong bai toan cua bai bao nay ta
gid thiét 1a nhi€u trang Gaussian véi ky vong bang 0 va
ma tran tuong quan dugc xac dinh boi:

O(k); n=k
E\WmW'(k)|=
o w] =07

Qua trinh udc luong phép do cua KF duge mo ta theo
phuong trinh sai phéan tuyén tinh sau:
Z,=HX +V;

Trong d6:

2)

Z, €R" 3)

H 1a ma tran cua phép do;

Vi 1a nhiéu phép do; trong bai toan ciia bai bao nay ta
gia thiét 1a nhicu trang Gaussian voi ky vong bang 0 va
ma tran tuong quan dugc xac dinh boi:

E[V o ()] = { (ko =k 0
nzk
Viéc tinh toan trong KF dugc chia lam hai giai doan:
giai doan du doan va giai doan cap nhat. Trong giai doan
du doan, sb liéu dugc lay ¢ 1an do gan nhat va viéc tinh
toan dir liéu dugc thuc hi¢n trong giai doan cap nhat.

Phuong trinh trong giai doan dy doan:

Z_mssas

X = GXy i (5)
B =GBy + GkT +0,
Phuong trinh trong giai doan cap nhat:
Yoo =2, — H X,
K, =B, H/ |:HkPk/k H{+R, ] (©)

X =Xpa + K Y,
P :[1 - Kka]Pk/k—l

k/k=1

T

Qua trinh hi¢u chinh

Qua trinh dy doan

- Uc doan trang thai ké tiép: - Tinh hé s6 khuéch dai cua KF:

= ) ; - -1
M =G Yoo K, = B H [ B2 HE R
- U('y9 dpa'n sai s0 hiép phuong L )
sai ke tiep: - Gia tri hiéu chinh:

B =GBy +G{ + 0, X = X + K,

- Hiéu chinh sai s6 hiép phuong sai:
A
P = [1 - KkHt:l P

X1, P

Hinh 2. So d6 thudt todn ciia KF [4]

2.3. Mé hinh KF trong role BVKC sir dung dic tuyén
khoi dong MHO

M6 hinh cia KF va role BVKC st dung KF duogc
trinh bay nhu ¢ Hinh 3 va Hinh 4.

Tin hiéu tir bién dién ap (TU) Va bién dong dién (TI)
sau khi dugc thém 1 luong nhiéu trang Gaussian s& dugc
lay mau dé dua vao KF, khi d6 tin hi€u dugc phan tich
thong qua KF.

o

{1 ] b%l

Zero-Order
Hold w1

Vector
Concatenate

Kalman
Filter — —( : )
H >x_ast Im_sst
(ry

Kalman Filter theta est

Cartesian to

Polar

Hinh 3. M6 hinh KF xdy dung trén Matlab/Simulink [5]

Hinh 4. M6 hinh role BVKC sur dung KF trén Matlab/Simulink [6]
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Voi:
Phuong sai do Iuvong: R =0.01;
Phuong sai m6 hinh: O = {105 0 };
0 10°
Ma tran chuyén doi trang thai: G, = Ll) (1) X

Ma tran do ludng: H, =[cos(kwT) —sin(kaT)].

Khi do, tin hi¢u qua KF s& cho gia tri bién do va gbc
pha ctia dong dién, dién 4p ting pha. Gia trj tong tro ting
pha s& dugc tinh toan dya vao gia tri dong dién va dién ap
ma KF phan tich dugc. Tur d6 di so sanh voi tirng vung
tong tro khoi dong. Néu gia tri tong trd NM ndm trong
ving khoi dong nao thi dua tin higu cit may cit tuong
{mg voi ving d6. Khi tong trd nim ngoai ving khoi dong
thi bao v¢ s€ khong tac dong.

3. Két qua mé phéng

Pé danh gia hiéu qua lam viéc cia mé hinh role
BVKC dugc xay dung ¢ muc 2.3, myc ndy nhom tac gia
dé xuit ludi dién gdm hai ngudn cip dién cho mot phy tai
thong qua mot dudng ddy c6 dit BVKC ¢ hai dau duong
day nhu Hinh 5 va s6 liéu nhu Bang 1. Ngoai ra dé danh
gia kha ning loc nhidu cua KF tic gid cong thém mot
lwong nhiéu tring Gaussian vao cac tin hiéu do ludng cta
cac TU va TI. Céc diém NM tinh toan nhu sau:

N1 — NM cach bao vé¢ 1 (BV1) 190 km, dugc str dung
dé kiém tra NM nam trong ving thtr hai cia BV1 va ving
thir nhat ctia bao vé 2 (BV2).

i N2 - NM cg?tch BV1vaBV2 IOO,km, duoc su dung dé
kiem tra NM nadm trong vung tht nhat cua ca hai BV.

Bing 1. Théng sé cac phan tir

Phin tir

Théng s6

Ngudn

Nut 1: Nt can bang cong suit;

f=150 (Hz); U; =220 (kV).

Nut 2: P =300 (MW); Uz =220 (kV);
f=50 (Hz).

DPuong day

Ro=R;=0.1 (Q/km);
Lo=1L; = 0.4/(2n50) (H/km);
Co=C;=10"2 (F/km); L =200 (km).

Phu tai

S =400 (MVA); cosp = 1.

Thong s ciia
KF

Vi = lpu; theta = 0 (Rad).
Phuong sai do luong: R = 0.01.

PP 10° 0
Phuong sai mo hinh: 0 = o 10

Thong s6 NM:
N1, N2.

Ry =2 (Q); tr=0.2 (5).

Nhiéu tring
Gaussian

SNR = 20 (dB).

Thoéng s6 role
BVKC dic
tuyén khoi
dong MHO

Z1s= 66 (Q), Zrs= 125 (Q), Z35=165 (Q)j
TMS: t1=0.05 (s), t2=0.3 (s), t3= 0.6 (5s).

X
- labc Ale—ala

220 kV. 300MW

Suing bus J

220 kv
. BUS_1

220e3V "
AN=Ara

g
AWGN

AWGN
Channell Zfault of phase A (Ohm)
Zfault of phase B (Ohm)
2{ault of phase C (Chm)

21 (MHQ Relay)

Using Kaiman Filter 1

10km
line 6

oo 12

AWGN

Channel
-_’E NL :

AWGN
Channel3

MC2 l
©

Tut

2faul of phase A (Ohm)

2Zfault of phase B (Ohm)
e

21 (MO Raiy) Ziauh of phase C (Ohm)

Using Kalman Fiter 2

Hinh 5. M6 hinh mé phéng role BVKC ddc tuyén khéi dong MHO cho dwong ddy c6 hai nguén cung cdp dién
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Ngin mach 3 pha tai N1 (khi BV1 tac dong):

a) Dong dien truoc KF b) Dong dien sau KF
20 20
< 10
©
13
S O
£
-10
0.6 0.8 1 1
c) Phong dai hinh a
10
T C
£ 0 T E 0
g g
-10 -10
0.5 0.505 0.51 0.515 0.52 0.5 0.505 0.51 0.515 0.52

t (s) t(s)

Hinh 6. Két qua dong dién role BVKC ddc tuyén khoi dong MHO ctia BV khi NM 3 pha tai NI;
a) Dong dién TI trucc KF,; b) Dong dién TI sau KF; c) Phong dai hinh a; d) Phong dai hinh b

+wHm«wmHm«»umm i muw oy « il m» i
E wm«»«mmmnu»m»uwnmm»umu»\wmn«wmw»umw+mu«mmmmm«mw+w«w«»mmm«m\ wmmmmumm«nmwmumww»mmu«mmwmu»\mmm«mmw«u«»\mmmm»wum»mwmmm«
= "I /C“)

Hinh 7. Két qua dién ap role BVKC ddc tuyén khéi dong MHO ciia BV khi NM 3 pha tai N1,
a) Dién ap TU trudc KF; b) Dién ap TU sau KF, ¢) Phong dai hinh a; d) Phong dai hinh b

inh MHO
/ [ =
120 / J—
ij P / ‘\\ '
= 100 y
] [, N
x % i
60 { i
\\ I
o Ay VA
%\ ¢
20 RA\Y (\ / i /
) P
o g
20 40 60
(ohm)
Hinh 8. Két qud Zfault ciia BV khi NM Hinh 9. Tin hiéu cdt mdy cdt ciia BV1

3 pha tai N1 khi NM 3 pha tai N1
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Ngin mach 3 pha tai N1 (khi BV2 tac dong):

a) Dong dien truoc KF

b) Dong dien sau KF

7100 02 04 o 06 08 1 71005 02 04 o 06 08 1
" ¢) Phong dai hinh a o d) Phong dai hinh b
i
825 0.25% to(z;s 0.265 0.27 | 025 0.255 to(g;s 0.265 0.27
e bon e 1 e Kby g 6 25‘1272?’5?27;2262‘,’15 ) P du
a) Dien ap truoc KF a) Dien ap sau KF
nWliHll){(l)(li)(l)Hl»}«;«HIH«)(liHlWlb}!ll)tl)HliHﬂHliHl){(l«lHlNlthl)tlellHﬂ)WliHl)HlDHll)!I)Hlim !H(lDHlIWIDHlMWl»[«»anH(IWl!)1|)(IDHlI)1»liHﬂWliHlWllHli)1|r(lthlelllHﬂ)HliHl)(lellH(lHlth
iHiI)Hli(ﬂH(I)H!iHI)"”“Nli(liWI)HliHI)(liHll)1I¥(ﬁHﬂ)Hli(ﬂH(l)HlMl)(liHil)Hli(li)NI)HliHI)(liHlM i)1I)HIH1IHI)HI|WI)‘““ﬂNﬁHI)HIiHﬂ)(IiHllHﬂ)(ﬂ)1IWIH1IHI)HI|WI)(liHﬂ)HIimHI)HliHiI)(liHllH(IH
t(s) t(S)
¢) Phong dai hinh a d) Phong dai hinh b
< 100 J/M\ = < 100 AN
lé op % g 0
NI P,
0.25 0.255, to(g;s 0.265 0.27 | 0.25 0.255 to(g;; 0.265 0.27
i T e K0 i i T s KT i e i .4 P i
j: f/ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ~ \T‘j?:gg t::o o) 1:
Wl AL / i 1
cwl T INC Y
A4 N\ ) LS
: Ny L )
Hinh 12. Két qua Zf:;: Z)ua BV2 khi NM Hinh 13. Tin @iéu cdt mdy cét ciia BV2
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Tuong tu khi NM & N2, ta ¢6 két qua ciia BV1 va BV2 nhu Bang 2 va 3:

Bing 2. Két qua téng tré va thoi gian tdc dong ciia BV1

Vi trf diem Téng tré khi NM (Q) 5i eian t4 -
SO : oot Vingbi
(km) Pha A Pha B Pha C ong :

190 (N1) 21.66 +75.8 21.14 +i76.53 213 +j76.11 0.304 Ving II
100 (N2) 14.03 +39.29 13.82 +39.81 14.16 +j39.46 0.0531 Ving I
Bing 3. Két qua téng tré va thoi gian tac dong ciia BV2
Vi tr diém Téng tré khi NM (Q) S i t4 N_—
NM cich BV2 tingoine® | e

(km) Pha A Pha B Pha C ong ;
10 (N1) 3.192 +4.029 3.195 +j4.05 3.209 +j4.044 0.0505 Ving I
100 (N2) 13.9 +j40.12 13.9 +j40.47 14.19 +40.2 0.0531 Ving I

Nhdn xét:

Tt cac hinh 6, 7, 10 va 11 ta théy tin hi€u dong dién
va dién 4p sau KF cho tin hiéu dau ra it nhidu va bam tin
hiéu tt nén tin hiéu dua vao BV sé& chinh xéc, vi vay BV
s€ tac dong nhanh hon va han ché duoc tac dong nham do
nhiéu gay ra.

Két qua tir Bang 2 va 3 cho ta thdy riang ing v&i mdi
diém NM nam trong nhimng ving BV khic nhau thi thoi
gian tac dong la khac nhau, khi NM trong vung BV nao
thi tac dong twong ung voi thoi gian dat cua viung do. NM
trong cling mot ving BV, nhung vi tri NM nao gan diém
dat BV hon thi thoi gian tac dong s€ nhanh hon.

4. Két luan

Bai bao nay da ung dung KF trong role BVKC su
dung dic tuyén khoi dong MHO mé phong trong thoi
gian thyc trén Matlab/Simulink. So' d6 lu6i dign gom hai
ngudn cdp dién cho mot phu tai théng qua duong day
dugc khao sat dé ap dung mo hinh role di dé xuat; tin
hi€éu dua vao mé hinh role dugc thém mot lugng nhiéu
trang Gaussian dé thdy duoc kha ning loc nhiéu cua KF &
tin hiéu ra.

Céac két qua mo phong da kiém ching dugc chic
ning, dic tuyén MHO cua role lam viée chinh xac va cho
thdy dugc tin hi¢u qua KF it nhidu hon so véi trudc khi
dua vao bao v¢. M6 hinh cua role dugc tich hop trong

Matlab/Simulink nén d& dang ap dung dé nghién ctru
BVKC bing cac phwong phap xir 1y tin hiéu hién dai khac
nhau trong hé thong dién.

Tir md hinh trén ta c6 thé xdy dung cac md hinh
BVKC bang KF dé thay thé BV cho céc kleu duong day
truyén tai co hai nguon cung cap, ba ngudn cung cip
thuong dung phuong phap bién doi Fourier... Tir d6
ung dung vao cho dudng day siéu cao ap 500 kV Vit
Nam trong twong lai.
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