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Toém tat - Sa thai phu téi Ia mét trong nhirng giai phap quan trong
trong viéc ngan ngtra tan ra lwi dién. Bai bao nay dé xuat moé hinh
mai trong diéu khién sa thai phu tai dwa trén nhan dang nhanh trang
thai 6n dinh déng hé thong dién. Giai thuat K-means dwoc ap dung
dé phan nhém ché dé mét dn dinh thanh cac nhdm ché dd con. Két
qua phan tich cac nhém con nay duoc str dung dé phan 1&p didu
khién. Chién lugc sa thai phu tai gdm cac luat thiét ké s&n dya trén
thuat toan AHP. Khi b nhan dang phat hién hé théng dién méat on
dinh thi ngay lap ttrc 1énh diéu khlen sa thai phu téi dwoc thi hanh,
do d6 thoi gian ra quyét dinh rat ngén rét nhidu so véi cac phuong
phap truyén thong Hiéu qua cua phwong phap d& xuét dwoc kiém
tra trén so dd hé théng dién chuan IEEE 39-bus nham khac phuc
nhitng han ché clia cac phwong phap truyén théng.

'!'t‘r khéa - sa thai phu tai; nhan dang; K-means; phan cum di liéu;
on dinh déng hé thong dién.

1. Giéi thi¢u

Cac qua do dao dong 1on do su cb gay ra mit 6n dinh
can phat hién nhanh gitip dua ra quyét dinh didu khién khan
cap nham tranh hién twong tan ra ludi dién. Sa thai phu tai
dugc xem 1a mot trong cac nhimg phuong phap dugc ap
dung trong céc tinh hudng khan cap gilp tranh mét 6n dinh.
Cac nghién ctru sa thai phu tai dudi tan s6 (UFLS) nhim
ngin ngira tan s6 giam sau sau khi su c¢b xay ra [1-3]. Cac
relay sa thai dué6i tin sé dugc cai dat dé sa thai mot lugng
cong sut tai cd dinh da dugc xac dinh trude trong khoang
3 dén 5 budc khi tan s6 xubéng dudi ngudng cai dit nham
giit 6n dinh hé thong dién (HTD). Nhiam ting hiéu qua sa
thai tai, mot s6 phuong phép sa thai tai dya trén sy suy giam
tan sb (df7dt) duoc dé xuat ap dung [5]. Céc phuong phap
nay chu yeu khoi phyc tan sO vé gia tri cho phép va ngan
nglra ri ludi dién. Dé t6i wu hoa lugng cong suat sa thai
phu tai, cac phuong phap thong minh dugc d& xuat nhu:
artificial neural networks (ANNSs) [4], fuzzy logic,
neurofuzzy, particle swarm optimization (PSO), genetic
algorlthm (GA) [5]. Céc cong bd nay tap trung chu yéu
huang giai quyet dwa trén sa thai phu tai dudi tan sb trong
diu kién ché d6 van hanh xéc 1ap cua HTD. Tuy nhién, do
tinh phirc tap ciia HTD nén trong ché d6 khéan cp gap ganh
nang tinh toan, hodc phai sa thai phu tai thu dong sau khi
tan s6 dudi ngudng cho phep, didu nay gdy cham tré trong
ra quyét dinh dan dén mat 6n dinh HTD.

Phuong phap nhan dang c6 kha niang ddnh gid nhanh,
dap ng yéu ciu phén loai trang thai khdng 6n dinh hé
thong dién gitp ra quyét dinh diéu khién sém. Bai bao dé
XUt ¥ tudng xay dung chién luge sa thai phu tai trén co SO
nhéan dang nhanh ché d6 khong 6 6n dinh HTD ung dung k¥
thuat ANN. Khau nhan dang gdm 2 b nhan dang: bo tha
nhit (ANN1) nhan dang trang thai hé théng dién 6n dinh

Abstract - Load shedding is one of the important measures to
prevent the power system blackout. This paper proposes a new
method of load shedding control based on the fast identification of
the instability of the power system. K-means clustering algorithm is
used to divide the instability mode into clusters. The results of
analysis of this cluster are used as the basis for classification
control. Building load shedding strategies consist of the pre-
designed rules based on AHP algorithm. When the recognition of
the power system instability is detected, the signal of load shedding
control is triggered immediately. Therefore, the decision time is
greatly shortened comparing to that of the traditional methods. The
effectiveness of the proposed method is tested on the IEEE 39-bus
to overcome the limitations of the traditional methods.

Key words - load shedding; recognition; K-means; data clustering;
dynamic power system stability.

hay khong 6n dinh, bd nhan dang thir hai (ANN2) phan
nhém chién lugc sa thai phu tai gui dén bo didu khién. Cac
chién Iugc sa thai phu tai duoc phat trién dya trén thuat
toan AHP (Analytic Hierarchy Process) twong ung véi cac
nhom su ¢b da duge xép 16p. Dit liéu hoc cua ANN2 duogc
xur Iy nho giai thuat phan cum dix liéu K-means phan nhom
dir liéu mat 6n dinh thanh cac nhém dir liéu con (Cluster)
va lam co s¢ xay dung chién luoc sa thai phuy tai. D& xut
nay két hop duogc sirc manh tinh toan nhanh ciia ANN va
luat sa thai phu tai thiét ké sin, gitip hé théng diéu khién ra
quyét dinh sém, tranh tan ra ludi dién, thoi gian phuc hoi
nhanh ma phu’ong phap truyén thong khong thé dap tng
duogc. Két qua duoc kiém Chung trén so dd hé théng dién
ChL,Jan IEEE 39-bus cho thay hiéu qua ctia phuong phap dé
xuat.

2. Phwong phap tiép cin
2.1. M6 hinh nhgn dang

MG hinh nhan dang 6n dinh dong HTD la md hinh quan
hé yi = f(x;) giita dau vao va dau ra, sau khi hoc tir co s¢ dit

liéu on dinh dong HTD D ={X, V, }i:1> trong do, X; la
Véc-to dgc trung trang thai HTD voin bién dAu vao, va y;
la bién dau ra tuong Gng.
2.2. Tdp bién va méu

Véc-to bién dau vao chira thong tin déc trung cua trang
thai HTD. Thong s6 ctia bién su ¢b chira su thay dbi tirc thi
cua cac thong so trang thai ngay khi sy c¢b xay ra nhu do
thay ddi cong suat cac nit tai (AP|oad) do sut ap tai cac bus
(AVhus), dO thay d6i cong suat trén cac nhanh (APfiow).
Véc-to bién diu ra dai dién cho trang thai cia HTD. HTD
la on dinh khi d¢ léch goc rotor cua bat ky hai may phat
khong qua 180°, va 1a khong 6n dinh khi d¢ 1éch goc rotor
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clia bat ky hai may phat vuot qua 180°. Bién dau ra dugc
gén cho nhén bién nhi phén 1a y{10,01}, 16p 1 {10} 1a l6p
on dinh, 16p 2 {01} 1a 16p khong on dinh. Céc dir li¢u dugc
chuan hoa truoc khi huan luyén.

2.3. Lwa chon bién

Lua chon tdp bién 1a chon Véc-to z ¢6 d bién véi d <n,
d 1a dai dién cho co s¢ dir liéu ban dau véi cd dir liéu méi
D..., ={z;, V,}", va quan h¢ ddu vao va diu ra méi
Ynewi = fnew(zi)-

Qua trinh ndy gdm céc budc: xéc dinh tap bién va dir
liéu ban dau, chon cac tap bién, danh giad chon tap bié;n
[6-7]. Trong bai bao nay, chung tdi gioi thigu hai chuan
chon bién la chuan Fisher va chuan Scatter matrices.

Tiéu chuan Fisher: Pay la phuong phap don gian
duoc nhieu cong trinh ap dung dé chon bién dac trung [8].
Tiéu chuan Fisher chon bién nhu biéu thirc (1), cac bién cd
gia tri F 16n hon thi quan trong hon.

2
Folmomel M
[ef} +O'2

Trong do6: mi 1a gia tri trung binh cta 16p Ci va c? la
phuong sai cua 16p Ci.

Tiéu chuan Scatter matrices: Theo ly thuyét vé
Scatter Matrices, d0 tach biétﬂ 16p cuia tap bieén dq(yc (;Io luong
b&i ham muc tiéu J theo bi€u thirc (2). Chi tiét vé Scatter
Matrices dugc trinh bay trinh bay trong cac tai liéu [9-10].

J =trace{S, 'S, } )

Trong d6: Swla ma tran nhom trong; Sy la ma tran
hiép phuong sai cua toan tap mau; trace la tong duong
chéo cuia ma tran. Trong d6, J ¢ biéu thirc (2) 1a gia tri
muc tiéu giup din duong cho giai thuat tim kiém tap bién.
Gia tri J caa nhom bién cang bién 16n thi nhom bién cang
quan trong hon.

Bai bao nay ap dung 2 giai thuat chon bién la phuong
phap xép hang bién dua trén chuan Fisher va giai thuat
Sequential Floating Forward Search (SFFS). Hai phuong
phap nay da dugc chuang toi gioi thiéu va ap dung cho
cong trinh cong b trude day [7], va chi tiét giai thuat
SFFS trong [9, 12].

2.4. Phén cum dur ligu

K-means la giai thuat phan cum dir liéu ndi tiéng ma
dai dién cdc cum boi tdm cua cac phan tir trong cum.
Phuong phép nay dua trén do do khoang cach cia cac ddi
tuong dir li€u trong cum. Thuat toan K-means sinh k cum
dit lidu {C1, Ca, ..., C} tir mot tap dit liéu chira n mau
trong khong gian d chiéu {xy, i = [1,n], | = [1,d]} sao cho
ham tiéu chuan dat gia tri cuc tiéu. K-means cin khai tao
mot tap k tm ban dau, va thong qua do6 giai thuat lap lai
céc budc gdm gan mdi ddi tugng téi cum gan tim, va tinh
toan lai tim ctia mdi cym trén co s& gan méi cho cac ddi
tuong. Qua trinh ding khi cac tim khong d6i. Tiéu chuan
do6 léch binh phuong, hay ham muc tiéu Dg dugc dinh
nghia nhu sau:

D. =3 Y, -m,

K 2
i=1 j

®3)

m. = = (4)

Trong do: m; la trong tam cua cum C;, x la véc-to phan
tu trong nhom i, n; la so lugng cac véc-to phan tu trong
nhom thi i, ||.|| 1a khoang cach Euclide.

Giai thuat K-means dugc trinh bay nhu sau:

Algorithm 1. Giai thuat Kmeans

Input: X{x1, Xz, ..., Xn} tdp Mau ban dau véi s bién
la I va s6 mau la N. K tim ban dau.
Output: Q{cl, C2, ..., G} = C{cp} tap tAm dai dién co
k tam ban dau, p = [1, K].
1. Khi tao k tam ban dau ngau nhién, C{cy, ¢z,
ey Ck}.
2. Tinh toan khoang cach Euclide tir cac mau X
dén cac tam c, d(x,c).
3. Pua cac x; vao cxthoa diéu kién cong thic (3).
. Xac dinh tdm moi dya vao cong thuc (4).
5. Lap lai bude 2 dén budc 4, giai thuat dimg khi
tam khong doi.

2.5. Thoi gian delay sa thdi phu tdi

Trong nghién ctru 6n dinh HTD, thoi gian sa thai phu tai
ted dong vai tro rét quan trong. Khoang thoi gian t9 ndy co
thé dan dén hé thong méat 6n dinh hay khong. Thoi gian tac
dong ciia cac relay sa thai phu tai dudi tin s6 (UFLS) khoang
0,1 s [4]. Ung dung cong nghé tinh toan thong minh, khoang
thoi gian dé xuit sa thai phu tai hiu qua yéu cau nho hon 500
ms. Trong bai bao nay, khoang thoi gian sa thai tinh toan la
200 ms bao gém: do luong thu thap dit liéu, truyén di liéu di
vé, xir Iy dit liéu va tac dong cit may cét. Tuy khién, dé dam
bao bién d6 an toan trong thoi gian thyc, cling nhu sai s6 cho
phép, khoang thoi gian 100 ms dugc tinh vao [13]. Vi vy, khi
md phong, chiing t61 d& xudt cai dat thoi gian cat tai 1a 300 ms.
2.6. M6 hinh AHP

Phuong phap AHP xac dinh tim quan trong cua cac don
vi tai trong HTD, thuc hién qua cac budc sau [14]:
Bwére 1: Xac dinh cac vung trung tam tai (Load Center)
LCi[15] va cac don vi tai (Load Unit) Li.
_ Buéce 2: Xay dyng m6 hinh hé thong phéan cap AHP
gOm céac vung trung tdm tdi va cac don vi tai trinh bay ¢
Hinh 1.

Trong so cua cac don vj tai trong h¢ thong

Trung tim tai 3 Trung tim tai 4

Trung tim tai |

Trung tim tai 2

Hinh 1. M6 hinh phén cip AHP gom
cdac vung trung tdm tdi va cdac don vi tdi
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Bwéc 3: Xay dung ma tran phan doan LC va Lithé hién
tam quan trong gilta cdc trung tam tai va cac nit tai. Gia tri
clia cac thanh phan trong ma tran phan doan phan anh kinh
nghiém tri thirc ciia ngudi sir dung veé tam quan trong moi
lién hé gitta cac cap hé so6 nhu (5), (6).

Buwérc 4: Xéc dinh trong s6 tim quan trong cuia cac ving
trung tdm tai so voi nhau va trong so tam quan trong cua
cac don vi phu tai trong cung mdt vung phu tai trén co sd
xdy dung ma tran phan doan.

Wit /Wigp Wigt MWy e Wi MW | (5)
LC = Wio Wiy Wieo Wiy ooee Wieo IW
Wi Wiq Wign Wiy oo Wiy Wiy |

Wi Wpy Wiy /Wpy . Wy IWp,
Wy /Wiy W /Wpy ... Wpy Wy,

L= . . . (6)

W Wpy Wi Wpy oo Wp Wp, |

O day, Wpi/Wpj m ta mitc quan trong twong dbi cia phu
tai thtr i dugc so sanh voi phu tai thir j; wkilwk; mo ta mirc
quan trong tuong doi trung tam phu tai thr 1 dugce so sanh
Vi trung tdm phu tai thir j. Gia tri wpilWpj; Wii/Wyj co thé co
dugc theo kinh nghiém cta cac chuyén gia hodc ngudi van
hanh hé thong thong qua st dung phuong phap ty 1€ “1-9”.

Budéc 5: Tinh toan trong sd tim quan trong cua cac don
vi tai trong toan h¢ thong.

Theo nguyén 1y cia AHP, cac hé sé quan trong cua tai
¢6 thé dugc xac dinh thong qua viéc tinh toan cac phan
doan co ban, phan anh sy so sanh va phan doan cia mét
chuoi cédp céc hé s0. H¢ s0 quan trong cua tai wp;i doi voi
toan hé thong co thé dat dugc tir cong thie (7).

Wij = Wkj x Wpi Die K; (7)

Trong d6: Dj € Kjnghia la tai Dj duge dinh vi trong tdm tai K

Budc 6: Sip xép theo thi tu giam dan tam quan trong

cua tirng don vi phu tai dé thuc hién chién luoc sa thai theo
murc uu tién.

3. M6 hinh dé nghi

ANN St N0 Losd Shedding

Unstability Load Shedding

Input

Ls1
===k 182
> L83

*Lse
> LS5

ANN2 Chién
SELECTOR e

Hinh 2. M6 hinh online diéu khién sa thai phy tai

M@ hinh d& nghi dwoc trinh bay nhu Hinh 2 gom:

Bién dau vao: Tin hiéu ngd vao duoc lay tir cac thibt
bi do ludng d€ nhén dang nhanh trang thai khong on dinh
HTD khi c6 su co.

Bd nhan dang ANN1: Nhan tin hi¢u tir bién dau vao,
bién dau ra cho biet h¢ thong “On dinh” hay “Khong on
dinh” va gur tin hi€u dén bo sa thai phu tai.

Bd nhan dang ANN2: Thyc hién phan 16p dé diéu
khién, ap dung giai thuat K-means dé phan nhom dir liéu
mét 6n dinh thanh cac nhém dir liéu con va lam co s xay
dung chién lugc sa thai phy tai. K-means dugc ap dung 1a
nh¢ vao thuét toan don gian, tinh todn nhanh. Pay la giai
thuat noi tiéng trong 4p dung phan cum dir liéu. Nhu vay,
dir liéu hoc ciia ANN2 1a dir li¢u dugc phan cum boi giai
thuat Kmeans. ANN2 nhén bién dau vao khi ANN1 béo
“Khong 6n dinh” va dau ra 1a cac chién lugc sa thai phuy tai.
Ma tran ngo ra dugc tinh toan theo luat sé 1on.

Start.

K-means algorithm

!

ANH 2

! I l l

Cluster

Cluster Cluster Cluster Clusier

1 2 3 4 5
AHP Algorithm

Load shedding conirol strategies:
LS1,...LS5
(Enowledge -hased or rules-hased)

Hinh 3. Quy trinh xdy dung chién heoc diéu khién
Bo sa thai phu tai: gom cac chién luoc sa thai phu tai
duya trén thuat toan AHP dé sa thai phu tai vu tién theo thir
tu tim quan trong cua tai. Quy trinh xay dyng nhom chién
Iugc diéu khién nhu Hinh 3.

4. Két qua
4.1. Bién va méu ban dau

_ Trong phan nay, md hinh dugc dé nghi kiém tra trén so
d6 IEEE 39-bus, 10 may phat, tan s6 60 Hz dugc trinh bay
0 Hinh 4.

Load
Center 4

- -1 24
r lI
—L

1*

Load
Center 2

Center 1

Hinh 4. So d6 HTP |EEE 39-bus

Phan mém PowerWorld tinh toan mu cong suat phat
twong (rng nho ¢dng cu tinh toan phéan bo cong suat toi vu
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OPF.Thyc hién mé phong off-line dé thu thap dir liéu cho
danh gia 6n dinh dong HTD voi muc tai tir 100% tai co
ban, thoi gian cit ngén mach cai dat 1a 50 ms. Bai bao nay
Xem Xét cac sy ¢d ngén mach ba pha, mot pha cham dat,
hai pha tai tat ca cac thanh gop va doc cac duong day truyén
tai voi mdi khoang cach 5% chiéu dai duong day. Bién dau
vao va bién dau ra 1a: x {AVpus, APioad, APsiow} va y{10,01}.
Tong s6 bién dau vao 12 104(39+19+46), 1 bién dau ra.

Pé tién hanh chon bién, tap dir liéu duoc chia ngau
nhién lam 10 tap con c6 kich c& bang nhau. M&i tap huan
luyén co 142 mau on dinh va 137 mau khong 6 on dinh, tap
kiém tra c6 16 mau 6n dinh va 15 mau khdng 6n dinh. Két
qua huan luyén va kiém tra dwoc tinh toan trung binh cho
10 lan thuc hién. Bai béo ap dung bo nhan dang K-Nearest
Neighbor (1-NN, K=1) dé thuc hién danh gia d6 chinh xac
chon tap bién nho vao tinh don gian cta no, két qua danh
gia @6 chinh xac kiém tra trinh bay ¢ Hinh 5.

0.961~

VA
0.95 v K== 7 SN S S S
/
/
o ek
T 094 |
g B --%-- SFFS
S . :
< s A --P-- Fisher
< 0.93(~ ', “
S Lt N
[ N

14
©Q
N

e

o
©
=

¢ c ¢ c ¢ c ¢ c ¢
12 13 14 15 16 17 18 19 20
Feature (d)

4.3. Két qud tinh toan cac nhem chién e sa thai phu tdi

Tu két qua phan cum dir liéu cua Bang 1, dé xuét chién

luoc sa thai phu tai cho 5 cum dit liéu dua trén thuat toan AHP.
Bdng 3. Cac chién lwoc sa thai phu tdi dua trén AHP

Chién lugc diéu khién Cic tai sa thai

LS1 L31, L12

LS2 L31, L12,L18

LS3 L31, L12, L18, L26

LS4 L31, L12, L18, L26, L23, L25

LS5 L31, L12, L18, L26, L23, L25, L28

5. M6 phéng thir nghiém

Dudi day trinh bay tinh toan hé s tam quan trong cia
phu tai dua trén thuat toan AHP va md phong minh hoa sa
thai phu tai trén HTD IEEE 39-bus véi sy ho trg cua phan
mém PowerWorld cho treong hop su co tai Bus 30.
5.1. Tinh to&n h¢ sé tim quan trong ciia phu tii dwa trén
thudt toan AHP

Trong so d0 IEEE 39-bus, ap dung AHP xay dung 4
trung tdm tai, 19 don vi tai nhu Hinh 4. Xay dyng ma tran
phan doan cua cdc trung tam tai LCjva cac tai Litrong trung
tam tai. Cac ma trdn phan doan va két qua tinh toan tam
quan trong cua tai dugc trinh bay ¢ cac Bang 4 - 9.

Bang 4. Ma trén phan doan ciia cac trung tam tai LCi

Hinh 5. B chinh xdac kiém tra chon bién LC1 LC2 LC3 LC4
Tu két qua Hinh 5, do chinh xac kiém tra khi chon bién | LC1 111 il 211 S/
theo phuong phap Fisher va SFFS la 93,5% va 958% | LC2 14 11 1/2 211
tuong ang vai 6 bién 1a 15 va 14 bién. Tir d6, s6 bién dugc LC3 1/2 2/1 1/1 3/1
chon la 14 bién theo phuong phap SFFS. LC4 1/5 1/2 1/3 11
.VOI 14 bien dugc chon, tien hanfl huan 'L,’yé”‘ ANNl Bdng 5. Ma trdn phan doan Li cia cdc tdi trong LC1
VOi cdc cong cu mang neura}l dugc ho tro boi phan mém
Matlab. Cau hinh va thdng so mang neural perceptron gom L3 L4 L18 L25 L39
3 I6p: 16p vao, 16p an va 16p ra. Giai thuat cap nhat trong L3 1/1 12 3/1 211 1/4
s va bias 1a Levenberg-Marquardt dugc khuyén dung nho L4 2/1 11 3/1 2/1 1/3
tinh toan nhanh. S6 chu |’(}" huan IUyén la lOpO, sai S§) hUén L18 1/3 1/3 11 1/2 1/7
luyén 1e-5, cac thong so khac mac dinh. Cai dat thong so 25 12 12 ) n 15
va cach chia dir liéu huan luyén va kiém tra la nhu nhau
cho ANNL va ANN2: 14 ngd vao, st dung ham kich hoat L39 | 41 311 71 51 1
purelin, ham an tansig véi so neural an bang 10, 16p ra co Bdng 6. Ma tran phdn doan Li ciia cdc tai trong LC2
mot ne’ural vdi ANNI va 5 neural véi ANNZ. L26 L27 L28 L29
~ Thyc nghi¢m thgr sai, b(«;ii kifio chon 5 crziiér;]lugpﬂ _sar':héi L27 2/1 11 2/1 11
tai twong ung voi 5 cum dir liéu mat 6n dinh. Giai thuat
, XA s : e A X L28 2/1 1/2 1/1 1/2
K-means tach 152 mau mat on dinh thanh 5 Cluster v4i s6 mau
nhu Bang 1, két qua huén luyén dugc trinh bay & Bang 2. L29 | 31 111 211 111
Bang 1. Két qua phan cum dé liéu mét én dinh Bdng 7. Ma trdn phan doan cia cdc tai Li trong LC3
Téng mau mét dn dinh; 152 L15 L16 L20 L21 L23 L24
1 > 3 4 5 L15 | 1/1 1 |12 |on |on |
33 42 38 15 24 L16 | 1/1 1/1 1/2 2/1 2/1 1/1
Bang 2. Két qua hudn luyén cua 2 bé nhdn dang L20 | 2/1 2/1 11 31 3/ 2/1
P B6 nhan Do chinh xac b chinh xac L21 | 172 12 13 11 U1 12
So bien dang huan luyén (%) | kiém tra (%) L23 | 1/2 1/2 1/3 1/1 11 1/1
14 ANN1 97,1 954 L24 | 1/1 1/1 1/2 2/1 1/1 1/1
ANN2 99,6 96,8
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Bdng 8. Ma trdn phan doan ciia cac tai Li trong LC4

L7 L8 L12 L31
L7 1/1 1/3 8/1 9/1
L8 3/1 1/1 9/1 9/1
L12 1/8 1/9 1/1 2/1
L31 1/9 1/9 172 1/1

Bing 9. Thir ti sdp xép theo hé 56 tam quan trong gidam ddn ciia
cdc tai doi voi hé thong

Bus Thik ty sip xép Gid tri tAim quan trong tai
L39 1 0,256
L4 2 0,1009
L20 3 0,0827
L3 4 0,0722
L29 5 0,0511
L8 6 0,0496
L25 7 0,0483
L27 8 0,0462
L15 9 0,0455
L16 10 0,0455
L24 11 0,0406
L18 12 0,0291
L7 13 0,0278
L28 14 0,0275
L23 15 0,0268
L21 16 0,0239
L26 17 0,0176
L12 18 0,0051
L31 19 0,0035

5.2. Két qud mé phong

Xét truong hop su ¢ la ngén mach tai Bus 30, cac may
cit s& mo lién két voi Bus khi ngan mach. Két qua mo
phong cho truong hop sy ¢b nay lam cho hé thong mét on
dinh khi khong sa thai phu tai. Két qua mé phong ap dung
giai thuat truyén théng (UFLS) dé xuat cho trudng hop su
¢b tai Bus 30 trinh bay & Hinh 6.
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Hinh 6. Tan s6 cua hé théng sau khi sa thai theo
phuong phap truyén thong truong hop su co Bus 30
Ap dung chuong trinh sa thai phy tai d& xut, vai vi tri
ngén mach nay thi chién luoc sa thai phu tai LS4 duoc thuc
thi, v6i thoi gian tré 12 300 ms. So sanh véi phuong phéap
sa thai dudi tan s6 (UFLS) véi thoi gian bat dau sa thai phu

tai 14 3,9 s sau sy ¢d. Khoang thoi gian nay bao gdm: thoi
gian tré tir e su ¢ dén khi tan sé xudng dudi ngudng cho
phép 59,7 Hz 1a (3,7 s), thi gian xt 1y cta relay UFLS (0,1
s), truyén tin hiu va trip may cét (0,1 s). Két qua mé phong
duoc trinh bay & Hinh 7.
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Hinh 7. Tan s6 cua hé thong sau khi sa thai theo
phuong phap dé xuat truong hop sw co Bus 30
5.3. Ban ludn

Hinh 5, voi bo nhan dang la 1-NN, két qua chon bién
cho thiy giai thuat SFFS cho két qua kiém tra c6 do chinh
Xac cao hon phuong phap Fisher la 2,3% trong khi c6 sb
bién it hon 1 bién. Piéu nay thé hién SFFS da mo rong duoc
khong gian tim kiém va chon duoc cac bién tét hon, sb bién
giam 13,5 1an so voi s bién ban dau.

Ap dung K-means tach nhém mau khéng én dinh ban
dau 152 mau ra thanh 5 nhom twong ng véi 5 chién lugc
sa thai phu tai. D chinh xac kiém tra dé nhan dang 5 nhom
nay véi bo nhan dang ANN2 la 96,8%. O Bang 2, két qua
kiém tra cuia ANN1 va ANN2 c6 do chinh xac tuong tng
la 95,4% va 96,8%.

Theo Hinh 6 va Hinh 7, viéc thuc thi chién lugc sa thai
phu tai dé xut cho thiy HTD gitr duoc 6n dinh sau su ¢
v6i gié tri tAn s phuc hdi 1a 60,05 Hz.

Nhu vay, phuong phap sa thai dé xuét giup day nhanh
qua trinh ra quyét dinh sa thai phu tai. Két qua gitr duoc
chat lugng tin sb va cu thé cho trudong hop su cd Bus 30
giup giit dugc 6n dinh HTD.

6. Két luin

Bai bao nay trinh bay quy trinh xay dung hé thong nhan
dang dé chan doan trang thai 6n dinh cia HTD va phan lop
chién lugc sa thai phu téi trén co s¢ ANN. M6 hinh dé nghi
giup rat ngén thoi gian ra quyét dinh sa thai phy tai Két
qua mo phong cho thay HTD giir dugc trang thai 6 on dlnh
tan sd cua hé thong phuc hdi nhanh, chit lugng tan sb tot
hon s0 v&i phuong phap truyén thng.

Giai thuat Kmeans két hop véi AHP dé xdy dung nhom
chién lugc sa thai phu tai c6 xét dén tdm quan trong cua
phu tai 1am giam thiét hai vé mat kinh té khi sa thai so véi
céc phuong phap truyén thng.
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