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TOM TAT
Pau tw phat trién hg tcfng’hé thong dién (HTD) khong theo kip do tang truong cua phu tai.
HTD bi ap Iujc van r]anh o che do can gidi han bién én dinh. Cho nén HTD rat de bi ton thuong
khi gap su co. Mat on dinh h¢ thong dién dwoc phét hién som thi co hoi diéu kh‘ién dwa hé thong
di¢n ve trang thai on dinh con kha thi. Cdc phuong phdp truyen thong ton nhiéu thoi gian phan
tich on dinh qua dé trong HTD nén khénq thich hop trong lam yi_éc truc tuyen. Nhén dang la
phuong phdp hira hen ap dung danh gid on dinh HTD truc tuyen. Bai bao gisi thieu bg phan
lop SVM (Suport Vector Machine) va dé nghi &p dung SVM vao danh gid 6n dinh HTP. Nghién
cieu dwoc Kiém tra trén so do |EEE 39-bus. Bai bdo dd so sanh dg chinh xac nhdn dang on dinh

HTD cua SVM va mang no-ron MLP (Multilayer Perceptron Neural Network). Két qua cho
thay bg phan lop SVM dat dé chinh xac nhdn dang cao hon bg phan lop MLP.

Tir khoa: nhdn dang; phan Iép; n dinh hé thong dién; suport vector machine; mang no-ron.
ABSTRACT

Investment in developing power system infrastructure cannot keep up with the growth of
load. The power system must operate under stressful condition, and operating point of power
system is close to its stability limit. Therefore, the power system is more vulnerable to
incidents. A instability of the power system needs to be detected early. Since then, opportunity
drives the power system into re-stability state easier. Conventional methods are highly
time-consuming for transient stability analysis of power system. So, the methods are
unsuitable for on-line application. Pattern recognition is a promising method for on-line
power system stability evaluation. The paper introduces a Suport Vector Machine (SVM)
classifier and suggests applying SVM classifier to assessment of power system stability. The
study is implemented on IEEE 39-bus power system network. The accuracy recognition of
SVM classifier is compared with that of MLP (Multilayer Perceptron Neural Network)
classifier. The results showed that the SVM classifier achieved higher accuracy recognition
than the MLP classifer.

Keywords: recognition; classification; power system stability; suport vector machine; neural
network.

1. GIOI THIEU Trong nhitg nim gan ddy, phuong phép
Hg théng dién (HTD) hién dai bj 4p lyc "an dang duoc ap dung nhu 1a mot phuong
van hanh rit gin véi giGi han bién on dinh, Phap thay the de giai quyet nhiing van de kho
cho nén HTD d& bi mAt én dinh khi gap sy c6. <han ma nhimg phuong phdp phan tich
HTD ¢6 tinh phi tuyén rt cao, dé phan tich truyén thong khong giai quyét duoc vé tdc do
2 g . an . ’ . 5. tinh toan [1]. Bang qué trinh hoc co so dir
on,dmh,qua dq HTD cac phuong phap truyén licu va i3 nhima tho 5 van hanh
thong ton nhiéu thoi gian giai. Vi vay, phat el vao ra giua nhung thong so van han
i LA 4 o ebes 2+« HTD, trang thdi on dinh HTD cé thé tinh
hién sém mat on dinh HTD tré thanh yéu to , N . n
then chét ¢&am bao van hanh HTD 6n dinh. toan mgt cach nhanh chong [2], [3]. Ma trén
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co s6 dir liéu dn dinh HTD bao gém bién va
mau nhu Hinh 1, trong d6 x 1 bién dau vao
gom n bién, N miu. Bién dau ra'y c6 N mau
gan nhan nhi phan.
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Hinh 1. Ma trdn co so dir liéu

Bai toan danh gia 6n dinh HTD 1a bai
toan phi tuyén phtc tap. Nhiéu céng trinh
cong b ap dung Mang no-ron dé thiét ké bo
phan 16p danh gia on dinh HTD [2]-[4]. Tuy
nhién, ap dung mang no-ron gap phai van dé
kho khan trong huan luyén 1a d& bi roi vao
cuc tri dia phuong. Dé giai bai toan phan 16p
phi tuyén cao, b phan l6p SVM I lya chon
hira hen cho dénh gia 6n dinh HTD. Bai bao
dé nghi ap dung bo phan 16p SVM vao danh
gid 6n dinh HTD. Bai bdo di so sanh do
chinh xé&c nhan dang 6n dinh HTD cua SVM
va mang no-ron MLP. Két qua cho thay bo
phan l6p SVM dat @6 chinh xac nhan dang
cao hon bd phan I6p MLP.

2. LUA CHON BIEN PAC TRUNG

Trong cac giai doan thiét k& mo hinh
danh gia 6n dinh HTD dung phuong phap
nhan dang, lua chon bién hay giam bién co
lgi ich trong viéc giam khong gian dit liéu,
gilp giam dung luong luu trr bo nhd. Quy
trinh lya chon bién dugc gidi thiéu trong [5],
[6], va duoc trinh bay ¢ Hinh 2.

Lua chon bién dic
trung ban dau
v
Tim kiém bién dac
trung g vién
v
Danh gia bién dic
trung ung vién

yes

Hinh 2. Quy trinh lxa chon bién

3. Bé phénlép MLPva SVM
3.1.MLP

Céu trlic MLP co ban nhu Hinh 3 gom c6
I16p ngb vao, mot hay nhiéu 16p an va lop ngd
ra.

Hidden
layer

Input
layer

Output
layer

Input Output

Hinh 3. Mang MLP

S6 16p an c6 thé thay d6i trong qua trinh
huan luyén tly thudc dir liéu bai toan. Cac
nat ngd ra co gia tri thay d6i phu thudc vao
16p ngd ra myc tiéu. Huan luyén phd bién 1a
hoc c6 giam sat véi giai thuat lan truyén
ngugc. Co nhiéu giai thuat huan luyén, trong
d6 thuat toan Levenberg-Marquardt co hiéu
SUAt cao hon va téc d6 hoi tu nhanh hon [7].
Thong s6 mang ban dau la ngau nhién, quéa
trinh huan luyén dung khi s6 vong lap dat gia
tri t6i da cai dat, sai sb dat mot muc cho phép
hozc sai s6 khong ting nita.

3.2.SVM

Thuat toan bd nhan dang SVM la thuc
hién phéan I6p cac mau dya trén phuong phap
tiép can ly thuyét hoc thong ké do Vanipk va
Chervonenkis dé& nghi [8]. SVM nham cuc
tiéu hoa do phan 16p sai voi mot ddi tugng
dir liéu mai thdng qua cuc dai hda bién gitra
siéu phang phan céach va dir lidu. Y tuéng co
ban cua cd&c SVM la xay dung mot siéu
phang nhu 1a mot mat phang quyét dinh. Mat
phing nay tach biét I6p duong (+1) va 16p
am (-1) voi bién Ién nhat. Xét tap dir lieu
huan luyén T={x,y;}\; trong do, xila vecto
dit liéu dau vao kich thudc n bién va N mau,
va yi {+1,-1} 1a nhan 16p cua mau xi. Céc
SVM thyc thi cho bai todn phan lop c6 hai
I6p dugc minh hoa nhu Hinh 4. Siéu phang
t6i wu phan tach cac miu duwong va cac mau
am cua hai 16p vai do tach biét cuc dai. Bo
tach bi¢t hay la bién xac dinh bang khoang
cach gitra cac mau dwong va mau &m gan mat
siéu phang nhat.
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Hinh 4. So d6 thudt toan SVM

Mit siéu phang trong khong gian mau c6
phuong trinh (1):
g(x)= w'.x+b=0 (1)
Muc dich cua huan luyén 1a tim ra mot
siéy phang tach bjét dir liéu huan l~uyén tot
nhat. Mat siéu phang tach roi cac mau 4m va
duong thoa diéu kién (2) va (3).
w'.xi+ b>0, néu yi=+1 (2)
w.xi+ b<0, néu yi= -1 (3)
Siéu phang t6i uu nhu phuong trinh (1) 1a
siéu phang duy nhat tach tap dit liéu hoc voi
bién cuc dai. N6 xdc dinh huéng w/|w| ma
khoang cach tir hinh chiu cac vector hoc cua
2 16p la 16n nhat. Khoang cach tir mot diém
dén si€u phang duoc tinh theo phuong trinh

(4), voibiénla — .
||W||

z= 4)

Vi ‘mcx)i diém xi twong ng thugc nhan
16p i, can xac dinh tap thong s6 (w, b) cua
siéu phang theo (5).

Min  ®(W) :1||w||2

y;(w'x;+b) >1

Trong truong hop dir liéu bai toan phurc
tap va bi chong lan, nhiéu, khé tach biét thi bai
todn (5) tré thanh bai toan (6).

: 1 N
Man d(w, &) = E||W||2 +CiZ:1:§i
yi (W' d(x;)+b)=1-4 (6)
620

7 Trong do, w la trong s6 cua mit siéu
phang. C 1a h¢é so phat dinh nghia gia tri rang
bude. ¢(.) 12 ham &nh xa, b 1a hé sé ngudng,
& la bién nai long, 0.

3.3. Danh gia mo6 hinh nhan dang
Phan tram d6 chinh x4c nhan dang cua
mo hinh dugc tinh theo phuong trinh (7).

CR% =2 100 @)
D

Trong do: R la_ s6 mau ding trong tap
mau, D 14 tong s6 mau cua tap mau.

4. AP DUNG NHAN DANG ON PINH
PONG HTD IEEE 10 MAY 39-BUS

4.1.So d6 IEEE 10 may 39-bus

HTPD IEEE 39-bus gom cé 39 bus, trong d6
10 bus méy phat, 12 may bién ap, 10 may
phat, 34 duong day truyén tai va 19 tai. 10
may phat dugc két ndi tir bus 30 dén bus 39,
trong do bus 39 dugc coi la bus Slack, 9 bus
duoc goi la bus PV, 29 bus con lai duoc goi
la bus PQ, c6 2 cap dién ap la 345kV va
20kV. Hé théng dugc cho nhu ¢ Hinh 5.
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Hinh 5. HTP IEEE 39-bus

4.2.Tao co sé dir ligu

C6 hai dang bién cho ché d6 hé théng
dién 1a bién chtra dir lidu ¢ ché d6 xéc lap va
& ché @6 su cb. Bién & ché do xac lap hay
tién sy ¢ 1a thong tin giap hé thdng nhan
dang biét tinh trang mat on dinh Xay ra dé
phat tin hiéu dén hé thong diéu khién ngan
chén trudc, giip hé thong diéu khién ra quyét
dinh dua hé thong dién vao vung van hanh an
toan, phong khi sy ¢b xay ra gdy mat 6n dinh
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hé théng dién, mic du thyc té 13 sy ¢b co thé
khong xay ra. Han nhién, viéc diéu khién nay
phai chiu chi phi ton thit cho viéc diéu chinh
lai lich trinh phéat cua cac may phat dién. Pac
trung cho ché dd tién sy cd 1a cac diém van
hanh hé théng dién gém dién ép tai cac bus,
cong suit cac may phat dién, dong cong suit
trén cac nhanh, cong suét cua cac tai,...Bién
& ché do dong hay ché do sy cb 1a thong tin
cho biét tinh trang mat 6n dinh xay ra dé phat
tin hiéu dén hé théng diéu khién khan cép va
lénh diéu khién ngay lap tic phai dugc thi
hanh dé dua hé thong tr& vé trang thai 6n
dinh, ctru hé thong dién khoi nguy co tan ri.
Pic trung ché do su c¢b gom do 1éch dién ap
tai cac bus, do 1éch cong suét phat, do 1éch
cong sudt trén cac nhanh, do léch cong suit
céc tai,... Trong thuc t& phan tich on dinh hé
thong dién thi do sut dién ap va do thay doi
cdng suét tac dung chira thdng tin rat cao va
lién quan truc tiép dén trang thai 6n dinh hé
thdng dién. Pay 1a cac bién co chira thong tin
cao duoc lya chon 1am bién dau vao cho bo
nhan dang. Bién dau ra dai dién cho diéu
kién 6n dinh dong cua hé théng dién duoc
gan nhan bién nhi phan cho 16p 6n dinh va
16p khong on dinh.

Phén mém Powerworld tinh todn mau
cong sut phat tuong ung nho cong cu tinh
toan phan bd cong suat toi uu OPF. Thyc
hién md phong off-line dé thu thap dir liu
cho danh gia 6n dinh dong HTP, trong
nghién cau nay xét hé théng dién & ché do
van hanh day du cac may phat va cac duong
day truyén tai, muc tai 100% tai co ban, thoi
gian cit ngan mach cai dat 1a 50ms. Bai bao
nay xem xét cac sy €6 ngin mach ba pha,
mot pha cham dit, hai pha tai tit ca cac thanh
gop va doc cac duong day truyén tai véi mdi
khoang cach 5% chiéu dai duong day. Bién
dau vao 1a: x {AVpus, APioad, APfiow}. TONg $6
bién dau vao Ia 104(39+19+46), 1 bién dau
ra. Tong s6 mau 1a 310 mau, trong d6 c¢6 158
mau 6n dinh va 152 miu khong 6n dinh.

4.3.Bién diu vao va bién dau ra

Dé chon tap bién, trong bai béo nay tac
gia de xuat ap dung phuong phap xep hang
véi ham muc tiéu chon bién F (Fisher) [5] va

phuong phap tim kiém tuan tu tién IUi
(SFFS) v6i  ham muc tiéu SM
(Scatter-Matrice) [9]. Day 1a hai phuong
phap di duoc &p dung chon bién va cong bd
trong bai bao [5], [6].

Pé tién hanh chon bién, tap dit liéu duoc
chia ngiu nhién 1am 10 tap con c6 kich c&
bang nhau. MJi lan huan luyén véi chin tap
con va mot tap con con lai 1am tap kiém tra.
Két qua huan luyén va kiém tra duoc tinh
toan trung binh cho 10 lan thuc hién. Bai bao
ap dung bd nhén dang K-Nearest Neighbor
(1-NN, K=1) dé thuc hién dénh gia do chinh
xac chon tap bién nho vao tinh don gian cua
n6. Do chinh xac kiém tra khi chon bién theo
phuong phap xép hang va SFFS 13 93,5% va
95,8% tuong ung v&i sb6 bién 1a 15 va 14
bién. Két qua sb bién duoc chon 1a 14 bién
theo phuong phap SFFS. Két qua chon bién
nay sé& duoc st dung dé xay dung mé hinh bo
nhan dang hay bo phan Ié6p ¢ phan trinh bay
tiép sau.
4.4.Xay dung mo hinh mang bg phéan lép
Phan chia da ligu:

Tap dir liéu xay dung mé hinh c6 310
mau voi 14 bién dau vao, mot bién ngd ra.
Tap mau huan luyén c6 230 mau, trong do
118 mau 6n dinh va 112 mau khdng 6n dinh.
Tap mau kiém tra c6 80 mau, trong d6 c6 40
mau 6n dinh va 40 mau khéng 6n dinh.
Trong bai bao nay sir dung céac céng cu nhan
dang duoc hd tro caa phan mém Matlab.

Xay deng mo hinh mgng MLP:
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Hinh 6. Bdac tuyén héi tu hudn luyén mang
MLP



Training: R=0.96763

Validation: R=0.8914
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Hinh 7. Hé s6 twong quan

Céu hinh va thong s6 mang no-ron
perceptron gém 3 16p: 16p vao, 16p an va 16p
ra. Giai thuat cap nhat trong sé va bias duogc
chon la Levenberg-Marquardt nho tinh toan
nhanh. S6 chu ky huan luyén 1a 1000, sai s6
huén luyén cai dat le-3, cac théng sé khac
mic dinh. Cau trGc mang sa dung ham kich
hoat purelin, ham 4n logsig vé&i s6 no-rén Ny
an bang 10, 16p ra c6 mot no-réon. Mang co
14 bién dau vao va mot bién ra y{1,0}. Két
qua huan luyén mang duogc trinh bay ¢ Hinh

6. Trong Hinh 6 s chu trinh huan luyén 1a 32.

Hé sb tuong quan gitra dau ra cia mang va
dich dugc trinh bay ¢ Hinh 7.

Xay dwng md hinh bg phan lép SVM:

SVM duoc hd trg trong phian mém
Matlab [7], ham nha&n véi ham ban kinh co
s& (RBF Kernel) duoc chon dé xay dung mo
hinh SVM. Xay dyng mo hinh bo phan lép
SVM trong cong cu hd tro cua phan mém
Matlab 12 théng qua viéc tim kiém thong sé
C va thong s6 Kernel (K) tt nhat sao cho bo
phan Iép dat két qua nhan dang cao nhat.
Trong bai bao nay tac giai dé nghi phuong
phap chia lugi dé tim kiém cip théng sé (C,
K). Trong xay dung md hinh SVM, gia tri
kinh nghiém cua C va K tir 272 dén 2'° duogc
lva chon. Trong d6, budc khoang cach cua
luGi duge d& nghi 1a 0,1. Nhu vay, ludi duoc
chia 1a lugi vudng, c¢6 301 diém chia cho mot
canh ludi, hay tong cong cd 90601 diém
trong lugi tim kiém. Két qua duong dong
muc hay dong gia tri do chinh xac kiém tra
duoc trinh bay nhu Hinh 8.

, g’/-'//z 95 095
10 1
q//’j 95 0 95 0.95

X 0.959815" o5 95
0.95 €985 o 0.95
% %
oS 0.95 0.95
5 S o i
9.95 0.95 0.95 0.95 0.95
-~ 0.9 0.

5 0 5 10 15
Hinh 8. Do thi cap thdng so (C, K) va duong
mizc dé chinh xac kiém tra

’ Gia tri cap thong s (C, K) duoc chon va
két qua danh gia dugc trinh bay ¢ Bang 1.

Bdang 1. Két qua xay ding c&c bg phan 1op

Nn| (C,K) |Huinluyén| Kiémtra
(%) (%)
MLP |10 96,95 95,00
SVM (8,8),(6,6) | 98,62 98,75

4.5.Ban luan

Hinh 7, hé s6 tuong quan tong thé giita
dau ra caoa bo phan 16p MLP véi dich 1a
0,94696. Két qua cho thay két qua giita dau
ra cua bo phan I6p MLP véi dich co tinh
tuong quan cao. Két qua do chinh xac kiém
tra cua bo phan 16p MLP 1a 95%, day la két
qua chap nhan dugc trong bai toan danh gia
6n dinh HTD [3]-[5].

Bang 1 két qua do chinh xac kiém tra cua
bo phan 16p SVM dat dén 98,75%. Nhu vay,
SVM cho d6 chinh x&c kiém tra cao hon
3,75% so véi MLP.

5. KET LUAN

Bai bao da dé nghi ap dung bo phan Iop
SVM dé nhén dang 6n dinh dong HTD do
cac sy c¢b ngan mach gy ra va so sanh két
qua vai bo phan 16p MLP. Két qua kiém tra
cho thay, bo phan 16p SVM dat d6 chinh xéc
cao hon MLP. Viéc nang cao do chinh xac
nhan dang gitp tang co hoi can thiép sém khi
HTPD gap su ¢ gay mat 6n dinh, gilp giam
bét rai ro mat dién ludi xay ra. Két qua nhan
dang véi do chinh xac cao, c6 thé khang dinh
SVM Ia thich hop dé khuyén nghi ap dung
trong xay dung bo phan 16p danh gia on dinh
dong HTD.
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