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Tom tat:

Bai bdo gidi thiéu nghién ciu va xay dung chuong trinh udc lugng trang thai hé théng dién bang
phuong phap binh phuang cuc ti€u c6 trong s6 trong mdi trudng Matlab. SI dung gia thiét sai s&
céc phép do trén hé thdng 1a doc 18p nhau va cé phan bd Gauss dé thanh I1ap hé phuong trinh chudn
clia bai todn udc lugng trang thai. Chuong trinh tinh todn da dudc viét thanh cdng dé giai hé
phuang trinh chudn nay. D€ kiém chlng chuang trinh, mdt kich ban udc lugng trang thai hé thdng
dién IEEE 14 nut dugc dé xuat. Cac két qua udc lugng cia modun va goc pha dién ap dugc so sanh
vdi cac két qua tinh toan & ché& dd xac 1ap bang phuang phap 1&p Newton-Raphson.

T khéa:
Udc lugng trang théi; hé théng dién; phuong phap binh phuong cuc ti€u cd trong s8; sai phuang;
phuong phap Newton-Raphson; IEEE 14 nlt.

Abstract:

This paper presents the implemetation of weighted least square method in Matlab for power system
state estimation. Assuming independant measurment errors and Gauss' distribution to formulate the
standard equation system of power system state estimation. A program is wrote for solving this
problem. A study case of IEEE 14 bus state estimation is proposed and are estimated by the
program. The results are compared with the ones of Newton-Raphson method to validate the
method and program.

Keywords:

State estimation; power system; weighted least square method; variance; Newton-Raphson method;
IEEE 14 bus.

1. GI®I THIEU CHUNG thai van hanh cta hé thong dién duogc dic

Trong qué trinh van hanh hé théng dién,
trang thai cia hé thong 1a mot van dé
duoc dac biét quan tam can phai xac dinh
nham xem xét trang thai van hanh c6 an
toan hay khong, c6 kha ning chiu duogc
cac su cb ngiu nhién hay khong. Trang

trung bang cac thong s trang thai nhu:
modun di¢n ap, géc pha dién 4ap, cong
sudt tac dung niit, cong suit phan khang
nat, dong cong sut tac dung trén duong
day, dong cong suit phan khang trén
duong day, dong dién trén duong day, cau
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trac ciia hé thong... Cac thong sd trang
thai nay khong doc 1ap vdi nhau ma lién
hé v&i nhau thong qua hé phuong trinh
trang thai. Khi biét duoc mot sb luong
thong so trang thai nhét dinh ta c6 thé tinh
ra tit ca cac thong s6 con lai. Trang thai
cua hé théng dién duogc xac dinh béng
nhiéu cach nhu lap dit truc tiép cac thiét
bi do tai tit ca cac nut va dudng ddy trén
hé thong dé do va thu thap cac thong sd
trang thai. Tuy nhién phuong phap nay
doi hoi mot sd luong 16n cac thiét bi do,
hé théng truyén tin véi khoi luong dir liéu
rat 16n. Ngoai ra trong truong hop lap dat
cac thiét bi do ¢ tat ca cac nit va duong
day trén hé thong dé thu thap cac thong sd
trang thai thi van gip phai kho khan vé
van dé sai sb cua thiét bi do, 15i thiét bj va
nhiu hodc 16i khi truyén dit liéu. Do do,
nghién ctru wdc lugng trang thai hé thong
dién da dugc nghién ctru phat trién. Muc
ti€u cua bai toan udc lugng trang thai hé
théng dién duya trén co s& dir li€u cac
thong sb vé cdu triic va cac thong sb trang
thai do dugc dé woc luong cac thong sb
trang thai co ban cta hé thong bao gom:
modun cua dién ap U;, goc pha dién ap 4
tai tat ca cac nut. Khi cé tt ca cac thong
sO co ban nay ta c6 thé tinh toan duogc cac
thong sb6 con lai, danh gia su chuan xac
cua dit liéu do, cta ciu trac va danh gia
dugc trang thai cua hé théng la an toan
hay khéng. Cac nghién ciru vé van dé ude
luong trang thai hé théng dién da duoc
dua ra 1an dau tién boi Fred Schweppe
[1-3]. Sau d6 di va dang c6 rat nhiéu nha
khoa hoc tdp trung vao bai toan nay
[4-10]. Bai bao nay tap trung vao nghién
citu xdy dung chuong trinh udc luong
trang thai hé théng dién trén co so

phuong phap binh phuong cuc tiéu co
trong $6. M6t kich ban vé udc lugng trang
thai hé thong dién IEEE 14 nut duoc tinh
toan va so sanh v&i két qua chuan. Cac
phan tiép theo cua bai bio gdm:

= Phan 2 glm thi¢u phuong phap binh
phuong cuyc tiéu co trong s;

= Phan 3 gi6i thiéu u'ng dung phuO’ng
phap binh phuong cuc tiéu co trong sd dé
udc luong trang thai hé thong dién;

= Phan 4 gidi thiéu vé chuong trinh ma
tac gia viét dwa trén cac nghién ctru O
phan 3 va 4p dung chuong trinh udc
luong trang thai hé théng dién IEEE 14
nat;

» Phan 5 1a mét sb két luan.

2. PHUONG PHAP BINH PHUONG CUC
TIEU CO TRONG SO BE UOC LUQNG
TRANG THAI [10,11]

Xét mot hé gdm tap hop céc phep do céc
bién z véi i = 1.m véi sai sb va sai
phuong lan luot 1a ej, g;. Gia thiét sai sb
ciia cac phép do phan bd theo phan bd
Gauss va ddc 1ap nhau, ttrc:

cov(e) =E[ee’ |=R=diag{o} 07,02} (1)

Goi ham hi(Xy, Xo, ... , Xn) 12 ham biéu dién
mdi lién hé z; theo cac bién trang thai Xy,
X2, . . ., Xn, ta CO:

[z, ] hy (X, Xp00:%, ) e, ]
z, hy (X, %% ) || €

=h(x)+e

LZn ] |y (X0 %0%,) | L8

)
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Pé tim cac bién trang thai Xi, Xz, ... , Xy
tuong ung vaéi cac gia tri do dugc, phuong
phap binh phuong cuc tiéu co trong sd
thuc hién cuc tiéu hoa ham muc tiéu sau:

29 =3 @ RO _

i=1 ii

[2- h(x)] R™*[z-h(x)]

3)

Ham J(x) dat cuc tiéu khi:

g(x) = aJ—(X)_ HT(OR[z-h(x]=0 (4
trong do:
H() = Fh(xx)} (5)

Bo qua cac thanh phan dao ham bac cao
trong khai trién Taylor ciia ham g(x) tai
budc 1ap thi k+1 ta co:

[G(X) ] =Ax =—g(x") (6)
trong do:

g(x*)=—HT(x).R™.[z—-h(x")]

G(x )_8g(x) HT (x).R™LH (x9) (7)

Giai h¢ phuong trinh (6) ta nhan dugc sai
sO cua cac bién trang thai x;. Trong truong
hop céc sai s ndy nam trong pham vi cho
phép thi ta nhan dugc két qua, néu khong
ta thuc hién cdp nhat gia tri méi cho x; va
tiép tuc tinh toan.

3. AP DUNG PHUONG PHAP BINH
PHUONG CUC TIEU CO TRONG SO BE
UOC LPONG TRANG THAI HE THONG
DIEN [10,11]

Gia thiét ta c6 mot tdp hop cac phép do
bao gdm cong sudt tic dung va phan
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khang nut lan luot 1a P;, Q;; dong cong
sudt tic dung va phan khang trén duong
day lan luot 1a Pjj, Qij; mddun dién ap U;;
modun dong di¢n trén nhanh ;. Céac
thong s6 do nay 1a ham cua céc thong sd
mddun va goéc pha cua dién ap U, 4 tai
tit ca cac nit nhu sau [1-3]:

P = fR =U; D> U;(G, cos6, +B;sin ;)

1

Q=fQ :Uizlui(Gij cosg; +B;sing;)
=

Pij = fPij =Ui2(gij +gsi)_UiU
Q; = fQ; =U/ (b +by)-UU

1(9, C0s6, +b;sing))
;(g; cosd; +b;sing,)

1y = i, = (95 +b}) (U7 +U} ~20U; cos)
(8)
trong do:

G.J, Bij: phan thuc va phan ao cua thanh
phan ma tran tong dan;

gij, bij: phan thuc va phan 4o cta téng din
nhanh ij;

Osi, Dsi phén thyuc va phﬁn 4o cua téng dan
shunt néi véi nat .

Ung dung phuong phép binh phuong cuc
tiéu co trong s6 nhu trinh bay & muc 2
vao giai hé¢ phuong trinh (8), ta c6 thuat
toan nhu sau:

= Budc 1: Datk=0.

» Budc 2: Khoi tao gia tri ban dau cua
véc to thong sb trang théi co ban 6, U.

= Budc 3: Tinh ma tran hé s6 nhan G(x").
* Budc 4: Tinh
g“=-HT(x)R™[z-h(x")] 9)
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» Budc 5: Giai tim Ax

* Bu6c 6: Kiém tra diéu kién hoi tu,
maxJAx"| < & Néu dung, dimg. Néu
khong, cap nhat gia tri X", datk = k + 1
va quay lai budc 3.

Ma tran Jacobi cta cac bién do H c6 sb
phan tir tuy thudc vao sb luong bién do. H
c6 dang nhu sau:

[P, Py
00 U
P 0P
00 U
HQu Q.
L _| oo au (10)
annhanh 6anhanh
00 au
M M
00 U
0 Uy
i U

Tur cac cong thirc (8) ta suy ra cac thanh

phan cta H dugc tinh nhu sau:

* Pao ham riéng cua ham cong suat tac

dung nut:
M Y UL, (-G;sing, + B, cosd;)-U/B,
o0 1
orp .
20 -9, (Gysind; +B;cos )

| (11)
oL .
—L=%"U,(Gcos, +B;sing;)-U, G,
au; =
orp .
=Y (G, cosd; +Bysing;)

]

* Pao ham riéng ctia ham cong suat phan

khéang nat:

TRUGNG DAI HOC BIEN LUC

0 < .
% - jZ;Uiuj (Gij cos g, + B sin Hij)—UfGii
o -UU, (—G.. cosé —B.sin 0..)
Y i ij ij ij ij
! (12)
HQ o .
FTh ;Uj (G, sing;-B, cos6,)-U, B,
Q) .
W=Ui (Gij sing, - B, cosé’ij)

J

* Pao ham riéng ctia ham cong suat tac
dung nhanh:

o, |

E:Uiuj (gijsm 6,-b, cosé’”)

ofP.

—L=-UU;(g;sin6, -b;cost;)

aej J ] ) ) )

o, |

a_J:_Uj (g;cos6, +bysing; ) +2(g; + 94 )V,
o, |

T =-U, (gij cos 6, +bysin Hij)

i
(13)
= Dao ham riéng ciia ham cong suat phan

khang nhanh:

ani' i

5_t9iJ:_Uin (gij COS@ij _bij Smeii)

0.

&=Uin (gij cosd; +b; Singii)

00, (14)
ofQ; i

W::_Ui (gijsmeij -by Coseij)_z(bii +h )V‘

oQ. :

W;:_ (9;sin6; b, cos 4 )

* Pao ham riéng ctia modun di¢n ap nut:

e )
ou, U, v,

j i i
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* Pao ham riéng cta dong dién nhanh:

ofl. g7 +b’ .
=1 3 ~U U, sing;
8‘9i ij

ofl. g>+b’

—r=——2UU;sing,
00, | (16)
Ay gf ’2 (U, -U cosd,)

! ] ]

2 2

BT (U -U. cosé,
U | ( i i IJ)

] ]
4, CHUONG TRINH UOC LUONG
TRANG THAI HE THONG PIEN

Trén co so 1y thuyét nghién ctru tai phan 3,
Cac tac gia da thuc hién 1ap trinh thuat toan
thanh chwong trinh véi cau triic nhu sau:

1 % Chuan
z cle

3 clear

¥

5 % Doc cac dF 1i8u nhann, do tir file

6 [tongSoNut, loaiNut, nut, Udm, Ucb, Scb,¥s,...

7 tangSohanh, solhanh, nutDau, nutCuoi, Z, Yngang, heSoPhanAp,...

8 tangSoPhepDo, soPhepo, loaiPhepDa, viTrio, thomgSobel...

9 = readpatal ' I3E1abus.xlsx’);

10

1 % Tinh ma tran téng dén nut Ybus

12-  [¥bus] = ybusttongSoNhanh, soNhanh, nutDau, nutCuoi, Z, Yngang, heSoPhanAp, ¥s);

rang thai he théng dién bing phuang phip binh phuang crc tidu cd trong s§

16 - silon = lef
17- U, theta, nbrIte] = psseByWLS{ tongSoNut, nut,...

18 Ybus, . ..

19 tongSoPhepbo, soPhepbo, loaiPhepba, viTribo, thongsobo, .
20 epsilon);

21~ ketthue = cputime;

22~ thoigian = ketthuc - batdau;

Hinh 1. Ham chinh cta chwong trinh
wée lwong trang thai hé théng dién

Céc ham trong chuong trinh c6 chirc ndng
nhu trén bang 1.

Bang 1. Chirc ndng cac ham
trong chwong trinh

Ham tuong tng Chirc nang
readData Poc dit liu

Tinh ma tran téng dan nat
ybus , -

cua luoi

U6ce luong trang théi hé

thdng dién bang phuong
psseByWLS phap binh phuong cuyc tiéu

cé trong o6
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Céc dir li€u cua bai toan dugc nhap vao
trong file excel voi dinh dang quy dinh
trede (hinh 2). Sau d6 ham readData s¢€
doc cac dir liéu ndy va gan cho cic bién
tuong Ung.

Mmawo- g i 13E14busCase123
Insert  Pagelayout Formulas Data  Review View
- X — [ Conditional Farmatting = 1e=s1
- E - =. 0O/, ¢ - .
- | ot = A) # Format as Table * i Q
Paste Font  Alignment  Number cells  Ediing
& & Cell Styles -
E11 fxo0
A B C D E F G H

1 cAcpCrLEupO

2 0 Nt cd gdc pha dién ap 12 0, 1y 1am gdc

3 1 Nt do md dun dién &p: cdn cung cap s8 nit va mé dun dién dp do dugc
4 Chii thich vé 2 Do P bom véAn nu‘t:cin cung ca,'psu.'nL{tva.Pdn dugc (pu)

5 c3t LOAI 3 o Q bom vao niit: can cung cap s6 nit va Q do dugc (pu)

6 N 4 Do P trén nhanh: cin cung cip s nhanh v P do dugrc (pu). Biém dat thi
7 5 Do Q trén nhanh: cin cung cip s& nhanh va Q do dugc (pu)

8 6 Do md dun dong dién trén nhanh: cin cung c&p sd nhanh va I do dugc (I
o Phép do s& Loai :};éng ] Trnit  Dénnat  sigma
10 1 1 1.06 1] 0|  9.00E-04
1 2 2 | 230383 1 0| 1.00E-04
12 3l 2 0.183 2 0 1.00E-04
13 4 2 -0.942 3 0 1.00E-04
14 50 2 -0.478 4 0 1.00E-04
15 6 2 0.076) 5 0| 100E-04
16 7 2 0.112 6 0| 1.00E-04

> Nut Nhanh DLD Shest2 | +

Ready m - +

Hinh 2. C4u truc file nhap thong sé do

Ham ybus s& tinh ma tran tong dan cua
ludi va ham psseByWLS s€ thuc hién udce
luong médun va goéc pha cta dién ap tai
tat ca cac nut cta hé thong.

Pé c6 co s& kiém ching tinh chinh xac
cua chuong trinh, nhém tac gia thuc hién
tinh toan ché do xac 1ap cua ludi dién
IEEE 14 nut (hinh 3) bang phuwong phap
Newton-Raphson, tir d6 tinh ra dién ap va
dong cong sudt trén cic nhanh. Sau do
nhom tac gia gia thiét dat cac thiét bi do
cong suit nut véi cac gia tri do nhan dugc
nhu & két qua tinh toan ché d6 xac lap. Tu
céc thong sd "do" nay, chuong trinh tinh
toan thyc hién udc lugng gia tri moédun va
goc pha dién ap. Cac gia tri nay dugc so
sanh v&i cac gia tri tinh toan & ché do xac
lap dé kiém chimg tinh chinh x4c cua
chuong trinh.
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THREE  WINDING
TRANSFORMER EQUIVALENT
9
(6) cenerators

© sricrronous
CONDENSERS

AEF 14 BUS TEST SYSTEM BUS CODE DIAGRA

Hinh 3. So’ dé mét sei lwéi dién IEEE 14 nat

Dit lidu do dé udc luong trang thai hé
thdng dién nhu trong bang sau:

Bang 2. Théng s6 do
dung dé wée lwong trang thai hé théng

e e |
20 -0,016 5 1,00E-04
21 0,0474046 6 1,00E-04
22 0 7 1,00E-04
23 0,1735663 8 1,00E-04
24 0,024 9 1,00E-04
25 Biét Q -0,058 10 1,00E-04
26 nat -0,018 11 1,00E-04
27 -0,016 12 1,00E-04
28 -0,058 13 1,00E-04
29 -0,05 14 1,00E-04

Két qua tinh toan udc lugng trang thai hé
thong bang chwong trinh nhém tac gia
viét nhu trén bang 3 va 4.

Bang 3. Két qua modun dién ap wéc lwong

Phee Loai Thong so |\ ¢ - bang phwong phap binh |c1hu’omg cuwec tieu

do so do (pu) cé trong so
1 | Moqun 1,06 1 | 9,00E-04 PP binh ,

NGt phuong cye PP Newton- Sai so
2 2,323852 | 1 | 1,00E-04 tiéu c6 trong Raphson (%)
3 0,183 2 | 1,00E-04 s0
4 -0,942 3 | 1,00E-04 1 | 1,068475001 1,06 0,80
5 -0,478 4 | 1,00E-04 2 | 1,053525528 1,045 0,82
6 -0,076 5 | 1,00E-04 3 | 1,018738604 1,01 0,87
7 -0,112 6 | 1,00E-04
4 | 1,026845375 1,018623 0,81
8 Bikt p 0 7 | 1,00E-04
it 5 | 1,028570432 1,020264 0,81
9 na 0 8 | 1,00E-04
10 0295 o | 100E-04 6 | 1,077996119 1,07 0,75
11 -0,09 10 1,00E-04 7 1,068940677 1,061951 0,66
12 -0,035 11 | 1,00E-04 8 | 1,096910196 1,09 0,63
13 -0,061 12 | 1,00E-04 9 | 1,062546922 1,056346 0,59
14 0,135 13 | 100E-04 10 | 1,057954387 1,051328 0,63
15 -0,149 14 | 1,00E-04
11 | 1,064460247 1,057082 0,70
16 -0,1688878 | 1 | 1,00E-04
7 Biéeq | 02969625 | 2 | 100804 12 | 1,061952383 1,05522 0,64
18 nat 0,0439345 3 1,00E-04 13 1,058991246 1,050443 0,81
19 0,039 4 | 1,00E-04 14 | 1,043242621 1,035795 0,72
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Bang 4. Két qua géc pha dién ap wéc lwong
béng phwong phap binh phwong cuwec tiéu

c6 trong so
o | phwongee | PR | g
tieu coitrgng Raphson (%)
SO
1 0 0
2 -4,900302166 -4,980932 1,62
3 -12,50947224 -12,71793 1,64
4 -10,14850363 -10,32421 1,70
5 -8,635885152 -8,78256 1,67
6 -14,00998524 -14,22266 1,50
7 -13,14383958 -13,36825 1,68
8 -13,14497074 -13,36825 1,67
9 -14,69890424 -14,94661 1,66
10 -14,8599789 -15,10433 1,62
11 -14,5656229 -14,79527 1,55
12 -14,80993899 -15,07743 1,77
13 -14,95202275 -15,15895 1,37
14 -15,797669 -16,03894 1,50
Lay két qua phuwong phap Newton-

Raphson 1am chuan, qua bang so sanh ta
thdy chuong trinh xdy dung trén co so
phuong phap binh phuong cuc tiéu c6
trong s6 cho két qua chinh xac. Sai s6
dudi 1% dbi véi modun dién ap va dudi

(ISSN: 1859 - 4557)

2% dbi voi goc pha dién ap. Do hai
phuong phip déu st dung khai trién
Taylor va bo di cac thanh phan dao ham
bac cao nén sai sd nay co thé do nguyén
nhan hai phuong phéap thuc hién cac phép
nghich ddo ma tran khac nhau va/hoac
diéu kién ding ldp cua hai phuong phéap
khac nhau.

5. KET LUAN

Bai bao gidi thiu nghién ciu xdy dung
chuong trinh udc lugng trang thai hé
thong dién trén co s& phuong phap binh
phuong cuc tiéu co trong s6 dé udc luong
gia tri médun va goéc pha di¢n ap tur cac
dir liéu do cta cac thong sb trang thai. Dir
liéu cua chuong trinh dugc nhép vao file
excel dinh dang san, rat thuan tién cho
ngudi sir dung. Qua so sanh véi két qua
tinh toan bang phuong phap Newton-
Raphson ¢ ché do xac lap cho thay
chuong trinh chay v6i d§ chinh xac cao.
bay 1la mot co s& quan trong cho céc
nghién ciru tiép theo vé kha ning quan sat
hé théng, xac dinh sb lugng va céc vi tri
do t6i uu, phat hién 15i dir liéu va 15i céu
truc.
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Gigi thiéu tac gia:

| Tac gia Tran Thanh Son tot nghiép dai hoc nganh hé thong dién Trudng Dai hoc
Bach khoa Ha N&i ndm 2004; nhan bang Thac si nganh ky thuat dién tai TruGng
Dai hoc Bach khoa Grenoble, Cong hoa Phap ndm 2005; va bang Tién si nganh ky
" thuat dién tai TruGng Dai hoc Joseph Fourier - Cong hoa Phap nam 2008.

Linh vuc nghién clftu: ing dung phudng phap s6 trong tinh todn, mé phong trudng
dién tlr, cac bai toan t6i uu hoa trong hé thdng dién, IuGi dién thng minh.

Tac gia bang Thu Huyén t6t nghiép dai hoc nganh hé théng dién Trudng Dai hoc
Bach khoa Ha NOi ndm 2003; nhan bang Thac si ndm 2006 va bdng Tién si
nam 2010 nganh ky thuat dién tai Hoc Vién Bach Khoa Grenoble (INPG) - Cong
hoa Phap.

Linh vuc nghién clfu: tinh toan hé théng dién, ky thuat dién cao ap, vat liéu dién.

Tac gia Kiéu Thi Thanh Hoa tGt nghi€p dai hoc nganh ky thuat dién tai TruGng Dai hoc
Dién luc ndm 2011; nhan bdng Thac si nganh ky thut dién - chuong trinh lién két dao
tao gitfa TruGng Dai hoc Dién luc va Dai hoc Palermo nam 2014.

Linh vuc nghién clru: tinh todn ché do hé thdng dién, udc Iugng trang thai hé thong,
diéu khién két n6i ngudn phan tan.
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