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ABSTRACT

Nowadays, SCADA/EMS is integrated into modern power systems in order to supervise, measure,
collect data and control the remote devices at the automation stations. However, these collected state data from
measurement devices always have some specific errors. Therefore, the main purpose of this paper is to implement
the power system state estimation algorithm by using weighted least square method. This algorithm was proposed
to estimate the operating status parameter of Binh Dinh transmission power system by using Matlab software. The
final results were compared with the practical parameter collected data from SCADA/EMS system.
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Ngay nhan bai: 03/07/2019; Ngay nhan dang: 03/08/2019

TOM TAT

Ngay nay, hau hét cac hé théng dién hién dai sir dung hé thong tich hop SCADA/EMS dé giam sat, do dac,
thu thap dit li¢u va diéu khién céc thiét bi tai cac tram khong c6 nguoi true. Tuy nhién, cac thong $6 trang thai van

hanh thu thap duoc tai cic trung tim nay tir cac thiét bi do ludn ¢ nhiing sai s6 nhit dinh. Vi vy, muc tiéu cta

bai bao nay 1a nghién ciru va xay dung thuét todn uéc lugng trang thai hé thong dién sir dung phuong phap binh

phuong cyc tiéu co trong s6. Thuat toan ndy dugc ap dung dé udc lwong cac thong sb trang thai van hanh cia ludi

dién truyén tai tinh Binh Dinh bing cach sir dung phan mém Matlab. Cac két qua u6c lugng ctia modun va goc pha
dién ap duoc so sanh véi cac thong sé thuc té thu thap duoc tir hé théng SCADA/EMS.

Tir khéa: Luci dién tinh Binh Pinh, phwong phdp binh phirong cyc tiéu cé trong so, wéc lwong trang thdi.

1. PAT VAN PE

H¢ théng dién dong mot vai trd rat quan
trong trong su phat trién ctia nén kinh té va dam
bao an ninh ctia Qudc gia. Vi vay, dam bao chat
luong dién nang la mot viéc dugc chu trong
trong cong tac van hanh hé théng dién, dac biét
1a hé thong truyén tai dién. Trung tim diéu khién
tu xa 1a noi thuc hién cac chiic nang nhu giam
sat, do dac, thu thap cac dit liéu va diéu khién cac
thiét bi tai cac tram khong c6 ngudi tryc. Do do,
thu thap cac thong so ciia trang thai van hanh yéu
cau phai c6 d6 chinh xac cao dam bao dg tin cay
va an toan trong sudt qua trinh van hanh.

Céc thong tin nay dugc do dac thdng qua
hé théng SCADA tai cac trung tam diéu khién
tr xa theo quy trinh nhu Hinh 1. Trong do, CT
(current transformer) 1a may bién dong dién,
IED (Intelligent electronic device), va EMS
(energy management system) 1a hé théng quan
1y nang luong. Hé thong SCADA thuong dugc

‘Tac gid lién hé chinh.

Email: tuanhole@qnu.edu.vn

sir dung dé thu thap céc dir liéu van hanh va diéu
khién, giam sat hé théng tir xa. Hé thng EMS
duoc dinh nghia 12 mot hé théng gém tat ca cac
cong cu st dung may tinh trong vi¢c theo ddi,
kiém soat t6i wu hoa va hiéu suét cia viée phat
va/hodc hé thong truyén tai. Cac dir lidu thu thap
dugc tir cac thiét bi dién thong minh, cac may
bién dong dua dén hé théng EMS dé udc luong
trang thai van hanh cta hé thong dién; tir do,
dua dén cac thiét bi chuyén mach théng qua bo
diéu khién giam sat. Tuy nhién, s6 lidu thu thap
duogc tai cac Trung tdm nay tor cac may do ludn
c6 nhiing sai s6 nhat dinh. Nhing sai s6 nay bao
gbm c6 2 yéu t6 chinh: sai s6 cia may do va sai
s6 do duong truyén. Chinh vi nhitng diéu nay
can phai udc luong cc thong sd van hanh ciia
ludi dién dé phat hién ra nhitng dit liéu x4u va
loai bo chung ra khoi qua trinh tinh toan. Khi do
viéc udc luong thong s trang thai cac dir liéu
thu thap dugc (sau khi loai bo dit lidu x4u) gitp
cho cac didu d6 vién c6 nhitng thong tin ding
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dan vé trang thai cac thiét bi dang van hanh trong
hé thong dién; tir d6, c6 thé dwa ra cac quyét dinh
trong viéc diéu chinh cong suét cia ludi, tai cau
trac ludi dién, va van hanh kinh té lu6i dién. Cac
phuong phap udc lugng dua trén cac thuat toan
khac nhau dugc khao sat trong cac nghién ciu
trude day.'* Trang thai van hanh cta cac hé thong
dién c6 phdi hop véi cac thiét bi dicu khién khac
nhau cting duoc wéc lugng va trinh bay qua céac
nghién ctru trude day.*® Mot sé vi du dién hinh
vé ude luong trang thai van hanh cia cac nudc
Trung Qudc va Cameroon dugc trinh bay trong
cac nghién ctru trude day.™® Ngoai ra, mot sb vi
du vé uée lugng trang thai van hanh cua mot sb
phﬁn cua hé théng dién Viét Nam dugc nghién
clru trong cac tai liéu trude day.>!'°

Tuy nhién, hién tai chua c6 cong trinh
khoa hoc nao duoc thuc hién dé ude luwong thong
s6 trang thai van hanh cta ludi dién Binh Dinh.
Do dd, muc tiéu cua bai bdo nay la xay dung
thudt toan udc luong trang thai van hanh ludi
dién truyén tai Binh Dinh dua trén phuong phap
binh phuong cuc tiéu co trong sd. Cac két qua
udc lugng tr thudt toan dugc so sanh voi cac
két qua do dac tur thuc té van hanh cua ludi dién
truyén tai Binh Dinh.

Energy Management System

State Estimation l

‘ Supervisory Control | ‘ Data Acquisition |

[omase ][] (5] [m)

Hinh 1. So dd hé théng SCADA/EMS

2. UNG DUNG PHUONG PHAP BINH
PHUONG CUC TIEU CO TRONG SO
TRONG UGC LUQNG TRANG THAI
LUOI PIEN TRUYEN TAI BINH PINH

2.1. Téng quan vé phwong phip

Phuong phap nay dugc trinh bay trong cac
tai liéu tham khao'"'? va dugc mo ta lai nhu sau:

Goi x 1a vector gdm 7 trang thai can udc lugng
(X5 o0s X5 o0y X, ), Z 12 veCtor gém m cac dai lugng
do duogc (z, ..., Z,, ..., z,). Khi do z, ta thuong
gip phai cac sai sd e (e, ... €, ..., € ) nao do va
ta biéu dién s6 do nhan dugc qua phwong trinh:

z=h(x)+e )

trong do: h = [A, ..., h, ..., h ]; sai sb cua cac
phép do e la mot dai lugng ngau nhién va trong
tinh toan thuong gia thiét cac sai s6 nay 1a doc
1ap nhau va tuan theo ham phan phéi chuan véi
gia tri trung binh bang khéng va co phuong
sai 1a hing s6 e;~N(0,07). Vi cic phuong
sai nay doc lap nhau nén ma tran hiép phuong
sai chi gom cac thanh phan nam trén duong
chéo chinh (cic thanh phan nim ngoai duong
chéo chinh bang khong) va duogc biéu dién
R = diag{o?, ...,0?, ...,02}. Dé udc lugng céc
bién trang thai x =[x , ..., x, ..., x |, phuong phap
binh phuong cuc ti€u co6 trong s6 thuong dugc
st dung dung dé cuc tiéu hoa ham muc tiéu sau:

J(x):li(zi ()

23 f . 2
1 T
= E[z —h(x)] R [z —h(x)]
Bai toan cuc tiéu hoa ham muc tiéu dan
dén:
8J(x)
ox

g(x)z =H(x)T R [Z—h(x)]zo 3)

trong d6 ma tran Jacobian H(x) - 8h_(x)

Bo qua cic thanh phan béc cao trong khai
trién chudi Taylor s& dan dén phuong trinh lap
tai budc lap k:

G(xk)Axk =G(xk)(xk+1 —xk)

= H(xk )T R [z —h(x)]

trong d6 ma tran do loi:

4)

T
G(Xk ) = H(Xk) R_IH(Xk) va ma tran trong
s W=R"'. Phuong trinh (4) duoc goi la
phuong trinh chuédn cta bai toan udc luong trang
thai bang phuong phap binh phwong cuyc tiéu c6
trong so.
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2.2. Ung dung phuwong phap vao hé thong
dién ap

Trong hé thdng dién, céac thiét bi do dém
xa RTU thuong do cac thong sé cong suit tac
dung va cong sudt phan khang nat (P, va Q),
dong coéng suat tac dung va cong suat phan
khéang trén cac nhanh (P, va Q,), mddun va gbc
pha di¢n ap céac nut (¥, va ¢,). Cac phuong trinh
dong cong suat duoc biéu dién nhu sau:

n
P =[i[* G+ D Wil Wi [¥ie|cos (6 + 6, - 8,) (5)
oy
il B,
S WA ACCET T
k=1

k#i

B =-rfG, +|Vi”VjHYij‘COS(Hij +8,-8,)(7)

| %-a]
0y =- 2 ©)

<Al fin(6, +0,-)

trong d6: G, va B, lan lugt 1a phan thuc va phan
4o ctia tong din nut 7; G, va By lan luot 12 phan
thuc va phan 4o cua tong dan nhanh jj; Y, la
tong dan cua nhanh ik; va 0, 1a goc ban dau
cta nhanh ik.

Ma tran Jacobian trong cong thurc (3) ung
dung cho hé théng dién duoc biéu dién nhu sau:

o
06 oV
oP, oP,
06 oV
00, 00,
SR i B
20, @0,
06 oV
v v
L 6o OV |

Ung dung phuong phap binh phuong cuc
tiéu co trong s6 dé uoc luong trang thai hé théng

dién, ta c6 thuat toan duoc trinh bay trén Hinh 2

nhu sau:
Bét déu

z —)-l Boc cic dai lugng do duge |

Khéi tao céc gia trj ban

3 day x =[V,
cho vector x (= x") O diy x={, 4]

N |
i
I Tinh [z h(x)] ]

| Tinh ma rgn Jacobian H |

|

Tinh ma trdn do lgi
G=H"R'H

|

| Tinh ma trin G™ |

l Giai tim Ax = G'H'R'[z - h(x)] |

Cép nhit lai ”
:P= nxa_:_ zlx‘ I Tinh malx(leiI) |
- w
Yes

Hinh 2. Thuit toan binh phuong cyc tiéu ¢6 trong sb
2.3. Lwéi dién truyén tai tinh Binh Pinh

Bai bao nay khao sat ludi dién truyén tai
tinh Binh Pinh tinh dén thang 05 nim 2019 duoc
mo ta & Hinh 3. Ludi dién truyén tai tinh Binh
Pinh bao gém cac nha may dién, tram bién ap,
duong day,... van hanh & cip dién ap 220kV va
110kV, trong d6 c6 2 nut c6 cap dién ap 220kV
lam nhiém vu chuyén tai cong suét d6 1a tram
220kV Quy Nhon van hanh nam 1994 va tram
220kV Phi My van hanh nam 2017. Riéng dbi
v6i tram 220kV Phude An thuc hién nhiém vu
nhu 12 mot tram cit nén khong xét trong truong
hop nay. Ngoai ra, trong luéi dién truyén tai tinh
Binh Dinh con ¢6 17 nut c6 cip dién ap 110kV.
Céc thong sé dudng day, khoang cach giira cac
pha, vi tri cac tram ciing duoc cling dugc minh
hoa nhu trén Hinh 3.
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3. KET QUA

Céc thong sb cua ludi dién truyén tai Binh
Dinh bao gdm thong sd cta cic nhanh va cong
suit tac dung, cong suat phan khang tai cac nit;
cong suét tac dung, cong suit phan khang truyén
tai trén cac nhanh, dién ap va goc pha cua cac
nut déu dugc thu thap tir cac thiét bi do dém xa
RTU. Pé thuc hién uée luwong cac thong sb trang
thai van hanh thi tat ca cac thong sb cua ludi dién
truyén tai Binh Pinh déu dugc tinh toan theo
phuong phap tinh toan trong hé don vi twong ddi
(pu) gan dung. Két qua vé dit liéu vé cac nhanh
dugc trinh bay ¢ Bang 1. Bang 1 chi lién két tir
nat nay dén nat kia va cac thong sé R, X, B/2
tuong ung cua nhanh do.

Bang 2, nut loai 1, 2, 3 1an luot ky hiéu cho cac
loai niit chuan (slack bus), nat phu tai (nat PQ),
va niut may phat (PV). Bang 3 mo ta cac dir liéu
do dugc cua ludi truyén tai Binh Dinh. Trong
Bang 3, loai do duoc 1,2,3,4va 5 lan luot ky
hiéu cho dién ap, cong suét tac dung bom vao
nat, cong sudt phan khang bom vao nat, dong
cong sudt tic dung va dong cong suit phan
khang.

Chuong trinh udc lugng thong s trang
thai lu6i dién truyén tai Binh Dinh str dung phan
mém Matlab dwoc minh hoa trén Hinh 4. Két qua
tinh toan wéc lugng trang thai ludi dién truyén
tai Binh Dinh bang phuong phap binh phuong
cuc tiéu co trong 6 nhu d3 trinh bay dugc mo ta

\ A io qm 1iA .o, trong Bang 4.
Bang 2 mo ta dir li€u tai cac nat. Trong g g
TRA XOM . ) VINHSON 5 VINH SON
R CAP PIEN
* - * *
35KV ANKHE  210MW o’ ar o 241IMW 2%33MW
_ lokv m 2KV )&A — 63KV 9 9
L 10KV VY T RANH GIGI
1., 1..x - - — 110 KV N N
+ ] OUANG NGAI
ZIZ ZIZ TRAM 220 KV L 1
PHU MY 1, B
TRAM 220 KV 22KV NIA NIA
QUY NHON ; 5
by ol B o A B Y A R
. 22KV
110KV L . HOAI NHON TAM QUAN
| —
22 KV 22 KV
QUY NHON 2 NHON TAN
T
1
NARAA RN A "
™M™ rm Y.oo T
22KV
22KV A
AN NHON PHUCAT 22KV ¢ THANH PHUMY

RANH GIOI
PHU YEN

N
e

P

LONG MY

Hinh 3. Lu6i dién truyén tai tinh Binh Dinh

Ao
rIi 22 KV

PHUGC SON

:

22 KV

NHON HOI
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Bang 1. Dit liéu vé cac nhanh

STT Tir niit Pén nit R(pu) | X (pu) | B2 (puy | 1Y 0 bien
ap (2)
1 | Tra Xom Don Pho 0.0681 | 0.1511 | 1.2223 1
2 | Tra Xom Vinh Son 5 0.0154 | 0.0342 | 0.2767 1
3 | Vinh Son 5 Vinh Son 0.0090 | 0.0200 | 0.1614 1
4 | Vinh Son 5 Tram 220 KV Phu M§ -110KV | 0.1712 | 0.1458 | 1.2699 1
5 | Vinh Son Hoai Nhon 0.0591 | 0.1311 | 1.0609 1
6 | Hoai Nhon Tam Quan 0.0129 | 0.0285 | 0.2306 1
7 | Hoai Nhon Tram 220 KV Phu My -110KV 0.0315 | 0.0698 | 0.5650 1
8 | Tram 220 KV Phu My-110KV Phu M§ 0.0005 | 0.0004 | 0.0141 1
9 | Tram 220 KV Phu My-110KV My Thanh 0.0672 | 0.0572 | 0.4985 1
10 | My Thanh Phu Cat 0.0416 | 0.0924 | 0.7472 1
11 | Phu Cat An Nhon 0.0176 | 0.0391 | 0.3160 1
12 | Tram 220KV Quy Nhon-110KV | An Nhon 0.0186 | 0.0413 | 0.3344 1
13 | Tram 220KV Quy Nhon-110KV | Nhon Tan 0.0180 | 0.0399 | 0.3229 1
14 | BPdn Pho Nhon Tan 0.0360 | 0.0798 | 0.6457 1
15 | Tram 220KV Quy Nhon-110KV | Phudc Son 0.0190 | 0.0162 | 0.1411 1
16 | Phudc Son Nhon Hoéi 0.0539 | 0.0459 | 0.3998 1
17 | Tram 220KV Quy Nhon-110KV | Quy Nhon 2 0.0159 | 0.0135 | 0.4703 1
18 | Tram 220KV Quy Nhon-110KV | Long My 0.0090 | 0.0200 | 0.1614 1
19 | Tram 220KV Quy Nhon-110KV | Tram 220KV Quy Nhon-220KV | 0.0000 | 0.0470 | 0.0000 1
20 | Tram 220 KV Phu My -110KV | Tram 220 KV Phu My -220KV | 0.0000 | 0.0940 | 0.0000 1
Bang 2. Dit liéu cac nut
P P
, Loai| V oo Q | Qmin | Qmax
STT Nut , Theta| (may phat) | (may phat) | (phu tai) | (phu tai)
nut (pu) Myvar Myvar
MW Mvar MW Mvar
1 Tra Xom 3 1.0565 0 19.6935 -1.8269 0 0 -1.877 0
2 Vinh Son 5 3 1.0479 0 21.1018 -3.7009 0 0 -4 1
3 Vinh Son 3 1.0505 0 39.1524 16.9423 0 0 0 17
Tram 220KV Phu
4 N 3 1.0332 0 10.8643 -18.7134 0 0 -35.498 0
My-220KV
Tram 220KV Phu
5 N 3 1.0280 0 39.0869 -39.1968 0 0 0 0
My$-110KV
Tram 220KV Quy
6 1 1.0329 0 343.4955 44.4344 0 0 0 44.5
Nhon-110KV
Tram 220KV Quy
7 2 1.0000 0 0 0 134.6372 6.2278 0 0
Nhon-220KV
8 An Nhon 2 1.0000 0 0 0 26.3245 7.7576 0 0
9 DPdn Phéd 2 1.0000 0 0 0 5.9599 3.0011 0 0
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10 Hoai Nhon 2 110304 | 0 -0.1944 | -16.6337 | 16.9083 | 13.3736 |-16.634 0
11 Long My 2 | 1.0000 | 0 0 0 18.8843 | -1.0742 0 0
12 M§ Thanh 2 | 1.0000 | 0 0 0 11.1248 | -3.3423 0 0
13 Nhon Hbi 2 | 1.0000 | 0 0 0 30.7861 9.2590 0 0
14 Nhon Tan 2 | 1.0000 | 0 0 0 18.0976 1.8483 0 0
15 Phu Cét 2 | 1.0000 | 0 0 0 20.8282 0.9888 0 0
16 Phi My 2 | 10314 | 0 -0.2107 | -18.1281 | 153706 | 15.9918 |-18.128 0
17 Phudce Son 2 | 1.0000 | 0 0 0 112183 23926 0 0
18 Quy Nhon 2 2 | 1.0000 | 0 0 0 52.4487 | 10.4468 0 0
19 Tam Quan 2 | 1.0000 | 0 0 0 8.5938 0.9888 0 0
Bang 3. Dir liéu do dugc cua ludi dién truyén tai Binh Dinh
STT |  Loai nat Gia tri Tir nit Pén nut
) (pu)
1 1 1.0329 Tram 220KV Quy Nhon-110KV 0
2 2 0.1969 Tra Xom 0
3 2 0.2110 Vinh Son 5 0
4 2 0.3915 Vinh Son 0
5 2 -1.3464 Tram 220KV Quy Nhon-220KV 0
6 2 0.3909 Tram 220KV Phu My-110KV 0
7 2 0.1086 Tram 220KV Phu My-220KV 0
8 2 -0.2632 An Nhon 0
9 2 -0.0596 Ddn Pho 0
10 2 -0.1710 Hoai Nhon 0
11 2 -0.1888 Long M§ 0
12 2 -0.1112 My Thanh 0
13 2 -0.3079 Nhon Hoi 0
14 2 -0.1810 Nhon Tan 0
15 2 -0.2083 Phu Cat 0
16 2 -0.1558 Phu My 0
17 2 -0.1122 Phudc Son 0
18 2 -0.5245 Quy Nhon 2 0
19 2 -0.0859 Tam Quan 0
20 3 -0.0183 Tra Xom 0
21 3 -0.0370 Vinh Son 5 0
22 3 0.1694 Vinh Son 0
23 3 -0.0623 Tram 220KV Quy Nhon-220KV 0
24 3 -0.3920 Tram 220KV Phu My-110KV 0
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25 3 -0.1871 Tram 220KV Phu M§-220KV 0

26 3 -0.0776 An Nhon 0

27 3 -0.0300 Ddn Pho 0

28 3 0.3001 Hoai Nhon 0

29 3 0.0107 Long My 0

30 3 0.0334 Mgy Thanh 0

31 3 -0.0926 Nhon Hoi 0

32 3 -0.0185 Nhon Tan 0

33 3 -0.0099 Phu Cat 0

34 3 0.3412 Phi My 0

35 3 -0.0239 Phudc Son 0

36 3 -0.1045 Quy Nhon 2 0

37 3 -0.0099 Tam Quan 0

38 4 2.0886 Tram 220KV Quy Nhon 220Ky | 1#m 220KV Quy Nhon
-110KV

39 4 -3.2540 Tram 220KV Quy Nhon -110KV Nhon Tén

40 4 -3.1717 Tram 220KV Quy Nhon -110KV An Nhon

41 4 -2.9105 Tram 220KV Quy Nhon -110KV Quy Nhon 2

42 4 -3.2461 Tram 220KV Quy Nhon -110KV Long My

43 4 -3.3228 Tram 220KV Quy Nhon -110KV Phuéc Son

44 4 -0.1214 Nhon Téan DPo6n Pho

45 4 0.1373 Ddn Pho Tra Xom

46 4 0.0141 Tra Xom Vinh Son 5

47 4 0.1805 Vinh Son 5 Vinh Son

48 4 -0.2205 Vinh Son Hoai Nhon

49 4 -0.0851 Hoai Nhon Tam Quan

50 4 0.2822 Tram 220KV Phu M§-220KV Tram 220KV Phu M§-110KV

51 4 -0.2198 Tram 220KV Phu M§-110KV Hoai Nhon

52 4 -0.2351 Tram 220KV Phu My-110KV Phu My

53 4 -0.2796 Tram 220KV Phu My-110KV M§ Thanh

54 4 0.0970 My Thanh Phu Cat

55 4 0.0550 Phu Cat An Nhon

56 4 0.1957 Phude Son Nhon Hoi

57 5 0.3821 Tram 220KV Quy Nhon -220Ky | | am 220KV Quy Nhon
-110KV

58 5 -0.4259 Tram 220KV Quy Nhon -110KV Nhon Tén

59 5 -0.3668 Tram 220KV Quy Nhon -110KV An Nhon

60 5 -0.3399 Tram 220KV Quy Nhon -110KV Quy Nhon 2
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61 5 -0.4551 Tram 220KV Quy Nhon -110KV Long My
62 5 -0.4204 Tram 220KV Quy Nhon -110KV Phudc Son
63 5 0.0115 Nhon Tén Dén Pho
64 5 -0.0483 Don Phé Tra Xom
65 5 -0.0187 Tra Xom Vinh Son 5
66 5 0.2064 Vinh Son 5 Vinh Son
67 5 0.1306 Vinh Son Hoai Nhon
68 5 -0.2902 Hoai Nhon Tam Quan
69 5 -0.2048 Tram 220KV Phu My-220KV Tram 220KV Phu M§-110KV
70 5 0.6920 Tram 220KV Phu My-110KV Hoai Nhon
71 5 0.7332 Tram 220KV Phu My-110KV Phu M¥
72 5 0.3585 Tram 220KV Phu M§-110KV My¥ Thanh
73 5 0.0433 My Thanh Phu Cat
74 5 0.0677 Phu Cat An Nhon
75 5 0.0687 Phudc Son Nhon Hoi

1 $ UGC LUCNG TRANG THAI LUGT DIEN TRUYEN TAI PIEN BiNH DINH
2 % SU DUNG PHUCNG PHAP BIiNH PHUCNG cUC TIZU CO TRONG S6
b o clc; clear all;

4 - nunm = 19;

5= ybus = ybusppg (num) ;

6 — zdata = zdatas (num);
T bpg = bbusppg (num) ;
8- nbus = nmax(max(zdata(:,4)),max(zdata(:,5)})):
9= type = zdata(:,2)’

10 — z = zdata(:,3):

11 fbus = zdata(:,4):
12.= tbus = zdata(:,5)}:
13~  Ri = diag(zdata(:,6)}:
14 — V = ones(nbus,1):

15 — del = zeros(nbus,1);
16 — E = [del(2:end); V]:
A7:0= G = real (ybus);

18 B = imag(ybus):

19

20 = vi = find(type = 1):
21— ppi = find(type =— 2):
22 — gi = find(type — 3):
23 = pf = find(type = 4):
24.— gf = find(type = 5);
25

26 — nvi = length(vi);

27 — npi = length (ppi};

28 — nqi = length(qi);

29 — npf = length(pf);

30 - ngf = length(qf):

31

Hinh 4. Chuong trinh Matlab dung cho wéc lugng thong s6 luéi dién truyén tai Binh Dinh
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Bang 4. Két qua udc lugng modun va goc dién ap biang phuong phap binh phuong cuc tiéu ¢ trong sd

STT Niit v (pu) V-uée hrgng | Sai s6 0 (dd) 0-wée ) Sai s6

(puw) (%) lwong (d9) | (%)
1 | Tra Xom 1.0565 1.0637 0.68 1.9939 2.0264 1.63
2 | Vinh Son 5 1.0479 1.0542 0.60 10.0003 10.1623 1.62
3 | Vinh Son 1.0505 1.0700 1.86 11.5001 11.6956 1.70
4 | Tram 220KV Phu M§-220KV 1.0332 1.0542 2.03 | -122.000 | -123.8300 1.50
5 | Tram 220KV Phu M$-110KV 1.0280 1.0369 0.87 33.2707 | 33.8263 1.67
6 | Tram 220KV Quy Nhon-110KV | 1.0329 1.0394 0.63 | -11.0673 | -11.2056 1.25
7 | Tram 220KV Quy Nhon-220KV | 1.0000 1.0137 1.37 -5.4942 | -5.5794 1.55
8 | AnNhon 1.0000 1.0081 0.81 68.8430 | 69.7861 1.37
9 | Pon Phéd 1.0000 1.0076 0.76 -87.2801 | -88.7115 1.64
10 | Hoai Nhon 1.0304 1.0370 0.64 84.8031 86.2193 1.67
11 | Long My 1.0000 1.0142 1.42 | -87.2801 | -88.7464 1.68
12 | My Thanh 1.0000 1.0066 0.66 | -78.7797 | -80.0874 1.66
13 | Nhon Hoi 1.0000 1.0085 0.85 | -15.0000 | -15.2325 1.55
14 | Nhon Téan 1.0000 1.0075 0.75 76.8576 | 77.9105 1.37
15 | Phu Cat 1.0000 1.0070 0.70 | -12.0375 | -12.2265 1.57
16 | Phu My 1.0314 1.0389 0.73 449811 | 45.8177 1.86
17 | Phuéc Son 1.0000 1.0081 0.81 74.6008 76.0331 1.92
18 | Quy Nhon 2 1.0000 1.0082 0.82 -10.0000 | -10.1880 1.88
19 | Tam Quan 1.0000 1.0087 0.87 52.0868 | 52.9462 1.65

beé thuan tién cho viéc minh hoa cho sy sai khac, médun va géc pha dién ap thuc té va modun va

goc pha dién ap dugc udc luong bang phuong phap binh phuong cuc tiéu co trong sd ciia tat ca cac nit

trong ludi dién truyén tai Binh Dinh duoc trinh bay trén cac Hinh 5 va 6.

Hinh 5.

——Gia tri uoc luong
-~ Gia tri thue te
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Maédun dién ap (don vi twong déi)
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i2Xom  VilhSons  VimhSon 20KV PhoMFIOKY PhuNJOKY Quy NIABKY

Két qua so sanh d6 16n dién ap nut

yNhoo AnNhon  DonPho  HoaiNuon  LongMy

My

Manh  NhonHoi NhonTan  PhuCat  PhuMy
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—&-Gia tri uoc luong
-~ Gia tri thuc te

Goc dién 4p (d0)

Hinh 6. Két qua so sanh goc pha dién ap nut

Trén cac Hinh 5 va 6, duong nét lién dé chi
cac gia tri udc lugng tir thuat toan binh phuong
cuc tiéu co trong sd va duong nét dit dé chi cac
gia tri do dac tir thuc t&. Trén Hinh 5, ta c6 thé
thdy o dugc 2 dudng biéu dién giira gia tri woc
lugng va gia tri thyc té cua dién ap la 2 duong
riéng biét vi co su sai khac két qua va thang gia
trj trong ddi nho. Trong khi d6, cac dudng biéu
dién gia tri wéc luong va gia tri thuc té cua goc
dién ap ciing khong tring nhau. Liy modun va
goc pha dién 4p tai cac nut lam chuan, qua bang
so sanh ta thy chuong trinh x4y dung trén co s¢
phuong phap binh phuong cuc tiéu c6 trong sb
cho két qua chinh xac. V& d6 16n dién ap, sai )
16n nhat 1a 2,03% va sai s6 nho nhat 1a 0,60%.
V& goc pha dién 4p, sai s6 16n nhét 1a 1,92% va
sai s6 nho nhat 1a 1,25%.

4. KET LUAN

Bai bdo da nghién ctu va xay dung
chuong trinh udc lugng trang thai hé thong dién
sit dung phuong phap binh phuong cuc tiéu co
trong s6 dé udc lugng modun va goc pha dién
ap cac nut. Chuong trinh nay duogc tinh toan va
mo phong trén nén ting Matlab. Tir d6, nhém
tac gia da ap dung chuong trinh dé phén tich,
udc lugng va mo phéng trang thai ludi dién
truyén tai Binh Dinh. Cac két qua thu dugc tir
chuong trinh ¢6 d6 chinh xac cao so véi cac sd
lidu do dac trong thyc té tir hé théng SCADA/
EMS. Pay duoc xem la co so dé thuc hién cac

|
TraXom VishSon  VishSon 220KV PhuMg10KV PhuMJOKY Quy NE2OKV QuyNhon AnNhon  DonPho  Hoai

Nhon  LongMy  MyThah  NhonHoi NhonTan  PhuCat  PhaMy  PhuocSon QuyNhon2 TemQuan

nghién ctu viéc xac dinh sb luwgng va céc vi tri
do t6i wu, phat hién 15i dit liéu va 15i cdu tric.
Chuong trinh nay c6 thé dugc ap dung cho céac
ludi dién cua cac tinh khac trong viéc ude luong
trang thai van hanh. Dong thoi trong thoi gian
t61, nhom tac gia sé tién hanh nghién ctru va xay
dung chuong trinh udc luong trang thai hé thong
dién bang cach ap dung phuong phap udc lugng
M tong quat héa ting cudng nham nang cao do
chinh xac cua chuong trinh udc lugng trang thai
hé thong dién.
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