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Toém tat

Bai béo nay sir dung bo loc Kalman (KF) dé xay
dung m6 hinh va thuét toan cho role bao vé khoang
cach trén duong day truyén tai dién nang. Tin hiéu
dong dién va dién ap tai vi tri dat bao vé dugc thém
mdt lugng nhidu tring Gaussian (twong tmg voi lugng
nhiéu trong do ludng tao ra). Sau d6 sir dung KF cho
dong dién va dién 4p cua tung pha dé xac dinh tong
tro phtrc khi xay ra su c¢b trén duong day. Tong tre
phtrc trén mdi pha do bao vé do dugc s& duoc so sanh
Vi cac ving khoi dong dé phat hién sy ¢b ngin mach
va tac dong cit may cat voi thoi gian tuong (ng cua
vung d6. Bai bao da dé xuat md hinh luéi dién duong
day c6 hai ngudn cung cap va mot phu tai de kiém
ching tinh hiéu qua cta thudt toan da dé xuét trén
Matlab/Simulink. Qua d6 cho thay véi thuat toan nay
role dam bao lam viéc mdt cach chinh xac, tang do tin
cdy cua bao v¢ role.
Tw khéa- BO loc Kalman; bao vé khoang cach;
Matlab/Simulink.
Abstract

This paper uses Kalman filter to construct model
and algorithm distance protection relay in power
transmission lines. Current and voltage signals at
protection relay location are added white Gaussian
noise (corresponding to the amount of noise generated
in measurement process). 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, increase the
reliability of protection relay.
Key words- Kalman filter;
Matlab/Simulink.
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c F bién dung

| H bién cam

r Q bién tro

f Hz Tan sb

t S Thoi gian

P MW Cong suit tac dung
S MVA  Cong suét biéu kién
z Q Téng trd

o) o Rad Géc pha

Chir viét tat

BV Bao v¢

BVKC Béo vé khoang cach

KF Bo loc Kalman

NM Ngan mach

1. Phan mé dau

Trong qua trinh do ludng hay truyén tai tin hiéu
ctia bao vé role thuong gy ra nhiéu va sai sb trong do
luong, nd lam giam do tin cdy cua hé théng bao vé
role. Nén viéc xur 1y tin hiéu dé giam luong nhidu va
nang cao do chinh xac trong do ludng cua hé thong
béo vé role 1a mot van dé rat duoc quan tam hién nay.
Viée xtr 1y tin hiéu trong bao vé role yéu cau do
chinh xac cao, dé tranh hién tuong tac dong nham su
¢d do nhidu hay sai sé trong do ludng gay ra, gay
thiét hai cho hé théng dién. Vi vay viéc tim ra nhiing
phuong phap nham nang cao d¢ chinh xac cho viéc
xur 1y tin hiéu trong bao vé role nhim nang cao do
tin cdy cung cap dién 1a mot didu can thiét.

Hién nay, da phén cac viéc xu 1y tin hi¢u trong
hé théng dién chu yéu dung phép blen dbi Fourier
nhung phep bién ddi Fourier c6 mot s6 nhuoc diém
d6 1a khi bién ddi sang mién tan sb, thong tin thoi gian
da bi mét. Dya vao bién déi Fourier cua tin hidu ta
khong thé nao biét cu thé thoi gian dién ra sy kién.
Néu mét thugc tinh tin hiéu khong thay doi nhiéu theo
thoi gian, con duge goi 1a tin hiéu tinh thi cdc nhwoc
diém trén khong co anh huong quan trong nhung trén
thuc té c6 nhiéu tin hiéu chua cac thong ) dong: troi,
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nghiéng, bién ddi dot ngodt, khoi dau va két thuc cac sy
kién,... nén sir dung phuong phap Fourier khong thé
phat hién sém dugc nhiing sy ¢d nhu ngén mach
(NM)... Bé co thé cai thién chat lugng tin hi¢u dua
vao role c6 nhiéu phuong phap xtr 1y tin hiéu khac
nhau dé nang cao d¢ chinh xac nhu pheép bién doi
Stockwell, bo loc Kalman, phép bién ddi Wavelet...
Vi vdy trong bai bio nay nhom tac gia dé xuét s
dung phuong phap KF dé xay duyng mé hinh role
bao v¢ khoang cach.
2. N¢i dung chinh

2.1. Téng quan vé KF

KF [3] 1a thuat toan sur dung chudi cic gia tri do
ludng, bi anh huong boi nhiéu hodc sai sd, dé udc
doén bién sd nham tang d6 chinh xac so vdi viéc su
dung duy nhat mot gia tri do luong. KF thuc hién
phuong phép truy hdi d6i v6i chudi cac gia tri dau vao
bi nhidu, nham ti wu hoa gia tri udc doan trang thai
ctia hé thong. Nén KF c6 kha ning loc nhidu va bam
tin hiéu tot hon so véi phuong phéap Fourier.

Qua trinh udc luong trang thai dugc mod ta theo
phuong trinh sai phan tuyén tinh sau:

Xk = kak-l + Wk, Xk (S Rn (1)

Trong d6: G 1a ma tran bién di trang thai G tir thoi
diém k-1 sang thoi diém k.

W, 1a nhiéu qua trinh, trong bai toan cua
bai béo nay ta gia thiét 1a nhiéu tring Gaussian cong
tinh véi ky vong bang 0 va ma trdn twong quan duoc
xac dinh boi:

Q(k);n=Kk

E[WmW' (k)] ={ on %k @

Qué trinh uwdc luong phép do dugc mo ta theo

phuong trinh sai phan tuyén tinh sau:
Zk = Hka + Vk, Zk S Rn (3)

Trong d6: H 1a ma tran 1a ma tran cia phép do.

Vi 1a nhiéu phép do, trong bai toan cua bai bao
nay ta gia thiét 1a nhiu tring Gaussian tinh véi ky
vong bang 0 va ma tran twong quan dugc xac dinh
boi:

E[VOWV'(K)]= )

Viéc tinh toan trong KF dugc chia lam hai giai
doan: giai doan dy bao va giai doan cép nhat. Trong
giai doan du bao sO lidu duge lay & 1an do dugc gan
nhat va viéc tinh toan dit liéu dugc thyc hién trong
giai doan cap nhat.

.

Qua trinh hi¢u chinh

R(k
{()n @

Qua trinh dy doan

- Tinh h¢ s6 khuéch dai ciia KF:
-1

K, = Pk/k—lHkT [Hkpk/k—lHkT +R :I -

Gia tri hi¢u chinh:

X = Xina + K Yy

- Uc doan trang thai ké tiép:
X =G Xiana

- Ubc doan sai s6  higp

phuong sai keé tiép:

R,. =GP, +G] + ;
R A - Hiéu chinh sai so hiép phuong
sai:

Reica :[I - KkaJPklkd

A

Xits Pt

H.1 So dé thugt todn ciia KF [4]

Hién nay KF duoc tng dung rong réi trong ky
thuat, pho bién trong cac ung dung dinh huéng, dinh
vi va diéu khién cac phuong tién di chuyén. Ngoai ra,
KF con duge tmg dung dé phan tich dit liéu trong cac
linh kinh té va vuc xu 1y tin hiéu trong hé théng dién

2.2. So' dd thuat toan ciia role bio vé khoang cach ing dung bd loc Kalman

Phén tich va tinh toan thinh gia trj tong trd
béng bé loc Kalman, S0 sink voi tong 1 -t

khdi déng d& tuvén MHO
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H.2  So do thudt todn role bdao vé khodang cach
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Khi ¢ su ¢b thi dong dién va dién ap tir bién dong
bién dién 4p duoc dua vé role dé phéan tich va tinh
toan thanh gia tri tong tré. Gia tri tong trd do dugc s&
so sanh vai gia tri dat cia tirng vung khéi dong, trong

ndi dung bai bao nay ta sir dung dac tuyén khoi dong
MHO. Néu tong tro do dugc nim trong vung khoi
dong nao ctia BV thi s& dua tin higu cat may cat twong
ung vai thoi gian dat cua viung do.

2.3. M6 hinh KF trong role bio vé khoang cach sir dung dic tuyén khéi dong MHO
Mo hinh ctia KF va role BVKC str dung KF dugc trinh bay nhu ¢ hinh 4 va hinh 5.

Cmrtesisn 1o

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

=

PR ]
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= DEEEL_BJ

H.4 M6 hinh role BVKC sur dung KF trén Matlab/Simulink [6]

Tin hiéu tir bién dién ap va bién dong dién sau khi
dugc thém 1 luong nhiéu tring Gausian s& dugc lay
méiu dé dua vao KF, khi do tin hiéu dwoc phan tich
thong qua KF.

Véi: Phuong sai do luong R = 1le-2.
le-5 0 }

Phuong sai md hinh Q = { 0 15

01

Ma trén do ludng H =[cos(keT) —sin(keT)].

Trén thyc té thi gia tri R, Q c6 thay doi nhung
khong dang ké nén trong bai toan nay ta xem nhu
khong ddi.

Khi d6 tin hi€u qua KF s€ cho gia tri bién do va
g6c pha cua dong dién, dién ap ting pha. Gia tri tong
tr¢ tung pha s& duoc tinh toan dya vao gia tri dong
dién va dién ap ma KF phén tich dugc. Tur do di so
sanh voi ting ving tong tro khoi dong. Néu gia tri
tong tro ngan mach nam trong ving khoi dong nao thi
dua tin hiéu cét may cét twong tmg voi ving d6. Khi
tong tro nam ngoai ving khoi dong thi bao vé s&
khong tac dong.

2.4. Két qua md phong

Dé danh gia hiéu qua lam viéc cua mé hinh role

BVKC dugc xdy dung ¢ muc 2.3, muc nay nhom tac

Lz 10
Ma trén chuyén ddi trang thai G, = { }
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gia dé xuat ludi dién gdm hai ngudn cép dién cho mot
phu tai thong qua mot duong day c6 dat BVKC & hai
dau duong day nhu hinh 6 va sé liéu nhu bang 1.
Ngoai ra dé danh gia kha nang loc nhiéu ciia KF nhém
tac gia cong thém mot luong nhiu tring Gausian vao
cac tin hiéu do luong cua cac bién dong va bién dién
ap.

Nhom tac gia dé xuit cac diém NM tinh toan nhu
sau:

N1 — NM 3 pha ¢ dau dudng day, duoc sir
dung dé kiém tra khi NM ¢ ddu duong ddy BV1 ¢6 tac
dong khong.

N2 — NM 3 pha cach BV1 100 km, duoc su
dung dé kiém tra NM nim trong ving thtr nhét cia ca
hai BV.

N3 — NM 3 pha cach BV1 190 km, duoc su
dung dé kiém tra NM ndm trong vung th(r hai cia
BV1 va ving thtt nhit cia BV2.

Bdng 1.Théng so cdc phan tir

Phén tir Thong sb

Nut 1: Nut cin bing cong sudt;

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

NGt 2: P =300 (MW); U, = 220 (kV);
f=50 (Hz).

Nguén

lp=1= 0,1 (Q/km),

Duong day lo =1y = 0,4/(2n50) (H/km);

Co= ¢, = 10°%2 (F/km); L = 200 (km).
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Phu tai S =100 (MVA); cosp =1
N1, N2, N3. Ry=2(Q); =02 ().
Nhidu trang

Gaussian SNR =20 (dB).

Role 21 Kalman
MHO

Z,=66(Q); Z,=125(Q); Z3, =165(Q);
TMS: t,=0,05(s); t,=0,3(s); t3=0,6(5).

H.5 M6 hinh mé phong role BVKC sir dung KF diic tuyén khéi dong MHO cho dwong ddy ¢6 hai nguon cung cdp dién.
Ngan mach 3 pha tai N1 (khi BV1 tic dong)

Inormal (A)

Inormal (A)

Unormal (V)

Unormal (V)
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H.6 Két qua dong dién ciia role 21 MHO ciia BV1 khi NM 03 pha tai N1,
a)Gid tri dong dién TI trudc KF; b)Gid tri dong dién TI sau KF; b)Phong dai hinh a; d)Phong dai hinh b.

a) Dien ap truoc KF
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a) Dien ap sau KF
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H.7 Két qua dién dp ciia role 21 MHO ciia BV1 khi NM 03 pha tai N1;
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a)Gia tri dién ap TU truce KF; b)Gid tri dién dp TU sau KF; b)Phéng dai hinh a; d)Phong dai hinh b.
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H.8 Két qua Zfault ciia BV khi NM H.9 Tin hiéu cdt may cdt ciia BV1
03 pha tai N1 khi NM 03 pha tgi N1

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

a) Dong dien truoc KF b) Dong dien sau KF
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f_:’ ‘E’ O {FEHERRIRR,
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c) Phong dai hinh a d) Phong dai hinh b
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H.10 Két qua dong dién ciia role 21 MHO ciia BV2 khi NM 03 pha tai N1;
a)Gia tri dong dién TI truoc KF; b)Gia tri dong dién Tl sau KF,; b)Phong dai hinh a,; d)Phong dai hinh b.
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H.11 Két qua dién dp ciia role 21 MHO ciia BV2 khi NM 03 pha tai N1;
)Gia tri dién ap TU trucc KF; b)Gid tri dién dp TU sau KF,; b)Phong dai hinh a; d)Phong dai hinh b.

VCCA-2015
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H.12 Két qua Zfault ciia BV2 khi NM
03 pha tai N1

H.13 Tin hiéu cdt méy cdt ciia BV?2
khi NM 03 pha tai N1

Tuong tu khi NM & N1, N2, N3 ta c6 két qua cia BV1 va BV2 nhu bang 2 va 3:
Bing 2. Két qua tong tré va thoi gian téc déng ciia BV

Vi trf diém NM
cach BV1 (km)

Téng tré khi ngan mach (Q)

Thoi gian tac dong

cua role (s)

Vung bao v¢

Pha A Pha B PhaC
0 (N1) 2,066+j0,00556 2,068+j0,00515 2,008+j0,00651 0,0503 Ving |
100 (N2) 14,02+j39,2 13,92+j39,79 14,18+j39,45 0,0531 Ving |
190 (N3) 21,6+j75,66 21,29+j76,52 21,33+j76,05 0,3040 Viing 11
Bing 3. Két qua tong tré va thoi gian tac dong ciia BV2
Vi tri diém NM Tong trd khi ngdn mach (Q) Thoi gian tic dong

Vung bao v¢

cach BV2 (km) Pha A PhaB Pha C cuarole (s)
200 (N1) 22,28+80,32 22,79+j79,95 22,04+j80,11 0,3591 vang 1l
100 (N2) 13,92+j40,13 13,95+j40,48 14,2+j40,21 0,0536 vang |
10 (N3) 3,193+j4,036 3,193+j4,044 3,199+j4,043 0,0505 Ving |
Nhin xét: béo vé role.

0 ché d6 lam viéc binh thuong, tong trd luc
nay s& 1a tong trg binh thudng cta duong day. Nhung
khi xdy ra NM, tong tro di qua bao vé s& giam di rat
nhiéu va gia tri ndy s& cang giam manh khi ngén mach
gén noi dat bao v¢ va khi d6 sau mot thoi gian dat cua
RL thi BV sé€ dua tin hiéu cit MC dé ¢o 1ap su ¢b. Ta
thdy rang ung v6i mdi diém NM  tuong tmg véi timg
ving BV khac nhau thi thoi gian tdc ddng khac nhau.
Khi NM trong cung mdt vung bao vé nhung NM nao
gan diém dit bao vé hon thi thoi gian tic dong s&
nhanh hon.

Tir céc hinh 6, 7, 10 va 11 ta thiy tin hi¢u dong
dién va dién ap sau KF s€ cho tin hi¢u déu ra it nhiéu
va bam tin hiéu tot nén tin hiéu dua vao bao vé s&
chinh xac hon, vi vy bao v¢ s€ tic dong nhanh hon va
han ché duogc tic dong nhdm do nhiu va sai s6 trong
do luong gay ra. trude khi dua vao bao vé nén sé giam
dugc sai sd trong do ludng va nang cao do tin cdy cua

VCCA-2015

Két qua tir bang 2, va bang 3 ta thdy rang img véi
mdi diém NM nam trong nhitng ving khac nhau thi
thoi gian tac dong khac nhau, khi NM trong ving nao
thi bao v¢ do tac dong trong thoi gian dat cua vung do.

Khi NM trong cing m¢t vung bao vé nhung NM
nao gan diém dit bao vé hon thi thoi gian tac dong s&
nhanh hon.

3. Két luan

Bai bao nay da ing dung KF trong role BVKC st
dung dic tuyén khoi dong MHO mé phong trong thoi
gian thyc trén Matlab/Simulink. So d6 ludi dién gdm
hai ngudn cap dién cho mot phu tai théng qua duong
day duoc khao sat dé ap dung mo hinh role da d& xuét,
tin hiéu dua vao mé hinh role dugc thém mot luong
nhiéu tring Gaussian dé thiy dugc kha ning loc nhidu
cua KF ¢ tin hiéu ra.

Céc két qua mod phong da kiém chimg duge chuc
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nang, dac tuyén MHO cua role lam viéc chinh x4c va
cho thdy dugc tin hiéu qua KF it nhidu hon so véi
trudc khi dua vao bao v€ nén s€ giam duogc sai sb
trong do ludng va nang cao dd tin cay cua bao v¢ role.

M6 hinh cua role duoc tich hop trong
Matlab/Simulink nén dé dang 4p dung dé nghién ctru
BVKC bang cic phuong phap xur ly tin hiéu hién dai
khac nhau trong hé thdng dién.

Tir md hinh trén ta c6 thé xdy dung cac mo hinh
BVKC bing KF d thay thé bao vé cho céc kiéu
duong day truyén tai c6 hai ngudn cung cip, ba
ngudn cung cp thudng dung phuong phap bién doi
Fourier... Tu d6 tng dung vao cho duong day siéu
cao &p 500 kV Viét Nam trong tuong lai.
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Nam 2011: Tét nghiép dai hoc, nganh
Ky thudt dién, tai Truong DH Quy
Nhon. Nam 2013-2015: Hoc Thac si,
-ty nganh Ky thuat di¢n, tai Truong DH
Quy Nhon. Cong viéc hién tai: Ky su
Khoa Ky thudt va Cong nghé, Truong
DPH Quy Nhon. Linh vuc quan tdm: Bao
vé hé thdng dién, thiét k& hé théng dién.

Pham Ngoc Minh

Anh tét nghiép chuyén nganh Didu
khién Tu dong (1994-1999) tai Trudong
Pai hoc Bach khoa Ha No§i. Bao vé
thanh cong Ludn an Thac sy khoa hoc
nganh K§ thuit Do luong va Diéu khién
5 Ty dong (2004) va hién nay dang theo
hoc nghién ctu sinh nganh Ky thuat
didu khién va Tu dong hoa tai Vién
Cong nghé thong tin (Vién CNNT) —
Vién HL KHCNVN. Hién nay, anh la
Trudng phong K§ thudt diéu khién va
Hé théng nhang — Vién CNTT. Hudng
nghién ctru chinh : Hé théng nhung,
Piéu khién qua trinh, Mang truyén
thong cong nghi€ép, Mang khong day
bing thong rong, Pidu khién robot va
Xir ly anh.

Nguyén Ha Phuwong nhin bing K¥ su
Tu dong hoa truong Dai hoc Md Dia
Chét nim 2013. Hién nay, dang cong
tac tai Phong K§ thuat diéu khién va Hé
théng nhung, Vién Cong nghé thong tin
-Vién Han 1am Khoa hoc va Cong ngh¢
Viét Namvdi vai tro nghién ciru vién.
Hudéng nghién ctru chinh: Didu khién
quéa trinh, Mang truyén thong céng
nghiép, Mang khong day bang thong
rong.

Trin Anh Phuong

Sinh 1976. Anh tét nghiép Thac sy
chuyén nganh Dién tir-Vién théng nim
2004 tai Hoc vién K¥ thuat Quan sy.
Hién nay, anh 1a Pho truong phong 3,
Vién H56, Téng cuc Hau can - K§j
thuat, B Cong an
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