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TOM TAT
Luwea chon bién dac trung la ky thudt xu Iy dir liéu rat quan trong trong bai toan nhdn dang
on dinh déng hé théng dién. Bai bdo gidi thiéu phwong phdp xép hang lira chon bién dya trén
do do khoang cach Fisher, Divergence, Bhattacharyya va hé sé twong quan. Muc dich la chon
cdc bién véi do tach biét dir liéu cao nhdt. Mang neural truyén thang dwoc dé nghl ap dung
dé nhdn dang on dinh dong he théng dién. Tiép cdn dé nghi dirgc kiém tra trén so do hé thong
dién IEEE 30-bus. Nhiéu thi nghiém da dwoc thuc thi nham tim ra thong so s de mang nerual dat
hiéu sudt t6i wu. So sanh gidi thudt hoc Levenberg-Marquardt va Scaled Conjugate Gradient,
két qua cho thdy gidi thudt hoc Levenberg-Marquardt véi phiong phdp chon bién dira va ham
Fisher cho sé bién nhé hon, @ chinh xdc nhdn dang cao hon céc phwong phdp con lai.
Tir khoa: nhan dang on dinh dong, hé théng dién, mang neural nhdn tqo, bién dic trung.

ABSTRACT

Feature selection is very important data-processing technique in dynamic stability rec-
ognition of power systems. This paper presents a ranking method for feature selection that
bases on Fisher, Divergence, Bhattacharyya distance and Correlation coefficient. The aim is to
select features with the highest data discrimination. Multilayer Feed-forward Neural Network
has been applied for power system dynamic stability recognition. The proposed approach has
been tested on the IEEE 30-bus power system. Many experiments have been done with the
aim of finding parameters for optimal neural network performance. In comparison between
Levenberg- Marquardt and Scaled Conjugate Gradient learning algorithms, results show that
Levenberg-Marquardt algorithm with Fisher distance for feature selection yields less number
of features and higher recognition accuracy than the others.

Keywords: dynamic stability recognition, power system, neural network, features.

1. GIOITHIEU

Hé thdng dién (HTD) cang tré nén phiic
tap, tang trudng phu tai qua nhanh trong khi
ngudn dién méi van con han ché khién HTB
bi ap lyc van hanh voi diéu kién can bién 6n
dinh. Ngay nay, viéc déanh gia 6n dinh dong
trong thoi gian thuc cho HTD hién dai thuc
su 1a van dé kho khan. Cac phuong phap phan
tich 6n dinh truyén théng phtc tap, mat nhiéu
thoi gian va gy nén su cham tré trong viéc ra
quyét dinh [1]-[3], nén rat can giai phap chan
doan On dinh nhanh va chinh xac, giup cung

cap thong tin cho hé théng diéu khién xu ly
kip thoi dam bao cho HTD van hanh an toan
lién tuc.

Mang neural nhan tao (ANN) la mot
trong cac phuong phap tiép can nhan dang on
dinh HTP dang thu hut duoc nhiéu su quan
tam cua cac nha nghién ctru do kha nang hoc
nhanh chéng quan hé phi tuyén vao/ra, dap
ung duoc vé tbc do tinh toan cling nhu hiéu
sudt [4].
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Pé hé théng nhan dang ANN co hiéu
sut cao thi thong sé dau vao phai dic trung
va mang diu hiéu thong tin dién hinh, trong
khi thong s6 dau vao lai gia ting theo kich c¢&
HTP, nén can giai phap tim nhiing thong sb
dic trung nhét giup cho ANN xu 1y dit liéu
mot cach nhanh chong va nang cao do chinh
xac [5].

Bai bao gidi thi€u phuong phap chon
bién sir dung d6 do khoang cach Fisher, Di-
vergence, Bhattacharyya va hé sd tuong quan
(Corr) nham muc dich chon céac bién tot nhat
véi do tach biét dir liéu cao nhat. Mang neural
truyén thang dugc dé nghi ap dung dé hoc mdi
quan hé phi tuyén vao ra va danh gia d6 chinh
xac nhan dang.

2.  MANG NEURAL TRUYEN THANG
NHIEU LOP (MLFNN) VA THUAT
TOAN LAN TRUYEN NGUQC
— Mang neural truyén thang nhiéu 16p

6] (MLFNN-Multi Layer FeedForward Neu-
ral Network): gdbm 16p vao, nhiéu 16p an, mot
16p ra. Cac neural dau vao khong thyc hién
tinh toan trén dit liéu vao ma cac neural 16p 4n
va lop ra s& thuc hién tinh todn. Cac neural chi

6 thé duoc két ndi véi nhau theo mot hudng

t61 hay voi cac neural khac trong 16p ké tiép.

MBoi lién két duoc gan mot trong s6 va
dugc thém vao trong qua trinh tin hi¢u di qua
lién két d6. Mdi neural tinh toan murc kich
hoat cta chung bang cach cong tong cac dau
vao va dua ra ham chuyén hay ham kich hoat.
Khi dau ra cia tt ca cac neural trong mot 16p
cu thé da thuc hién tinh toan thi 16p ké tiép co
thé bét dau thyuc hién tinh todn. Néu tat c4 neu-
ral da thuc hién tinh toan thi cac neural dau ra
thé hién két qua.

— Thudt todn lan truyén ngwoc: Thuat
toan huén luyén nhanh, c6 hiéu suit cao véi
van dé hoi quy phi tuyen va phan 16p. Thuat
todn xur ly 1ap sau mot s6 bude 1ap cu thé. O
mdi bude lip, cac trudng hop huan luyén s&
dugc dua ra xem xét gia tri ngd ra thuc té va
mong mudbn dé so sanh va tinh toan sai so. Sai
s6 duoc st dung dé diéu chinh trong sb va sau
d6 qua trinh xtr 1y 1ap. CAu hinh mang ban
dau 1a ngiu nhién va huan luyén chi ding lai
khi dat t6i s6 vong lip cu thé t6i da cho phép

hay khi sai s6 & mirc cho phép hoic khi sai s6
khong tang nira.
3. TAOMAU VA LUA CHON BIEN
3.1 Tao miu

Dé hiéu suit nhan dang ANN dat két
qua cao thi tin hi¢u dau vao cua hé théng nhan
dang phai tin cay va dac trung cho trang thai
van hanh cta hé thong. Cac dit liéu ban dau
c6 thé 1ay tir dir liéu lich sir van hanh hoic
mo phong off-line [2], [7]. Trong bai bao, dit
liéu dugc tao ra thong qua qua trinh mo phong
off-line véi su trg gitip ciia phan mém Power-
World. Bﬁng cach tao su ¢ trén cac bus, doc
dudng day truyén tai nhu ngan mach mot pha,
hai pha, ba pha vdi cac muc tai khac nhau
gitip thu thap dir liéu dai dién toan bo ché do
van hanh cua hé théng dién.

O ché do dong, thong 5O dau vao thé
hién dudi dang vector bién chira miu thong
tin trang thai HTD nhu do thay doi cong suit
cua cac may phat, duong day, phu tai va do
léch dién ap tai cac bus ¢ nhirng thoi diém xay
ra sy co [1].

3.2 Phuwong phap xép hang lra chon bién

Lua chon thong s6 dién hinh 14 lya chon
mot tip con tir toan bo tap thong sd ngd vao co
lién quan chit ché véi ngd ra, nhitng thong sd
du thtra duoc loai bo, kich thudc cua dir li€u
dugc giam dang ké, do do téc d6 huan luyén
nhanh hon va d¢ chinh xac dugc nang cao.
Trong phuong phap xép hang tit ca bién ban
dau duoc danh gia doc lap boi tiéu chuan danh
gia d do cho ting bién sau d6 xép hang thir
tu quan trong tir cao Xuong thap va chon ra sd
bién dic tru:ng yéu cau d.

Ph;m tlpp theo trinh bay béq ky thuat lya
chon bién bang phuong phap xép hang don
bién.

3.2.1 Ham khoang cach Fisher

Ham khoang cach Fisher [5] tim kiém
do tach biét toi vu tuyén tinh gilta 2 10’p dir
liéu. Mot tap dir liéu D gom n b1en X,

X, vé1n mau trong 16p C, van, mau trong lorp
C tac vu 1a tim kiém anh xa cu:c dai y=W'X.

Bleu nay tu:ong ung voi viée tim kiém du’ong
thang khi chiéu tap dir liéu 1én duong thing
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cho do tach biét t6i da. Cac bién co gia tri F
16m hon thi kha nang tach bi¢t dir liéu gitra 2
16p cao hon.

= |
e (1)

1 2

Fw)=

Trong d6: m_ 1a gia tri trung binh cua lop
C. va o’ la phuong sai cta l6p C..

3.2.2 Ham khoang cach Divergence

Khoang cach Divergence [5] la tiéu
chuan do ludng d6 phan tan cta hai 16p dit
ligu. Khoang cach Ji glu:a hai 16p dugc trinh
bay & biéu thic (2). Blen c6 khoang cach J;
cang 16n 1a thi dir li¢u hai 16p cang phan tan.

1 02. 0'1,2
Jij:E(U—?+;—2)
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Trong d6: o> 62] la phuong sai cua 16p i
va 10p j cta bién; m m. la trung binh cua 16p
i va 16p j cua bién. J ;cang 1on thi do phén tan
hai 16p dir li€u cang cao.

3.2.3 Hé s6 twong quan
H¢ sértuorng quan [8] dq luong mirc do
quan hé tuyén tinh gitra hai bién. H¢ s0 tuong
quan gitra hai bién dugc tinh toan theo cong
thuce (3):
Z('xi _'x)(yi _y)
i=1
\/Z(‘xi _x)z(yi _y)z
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Trong do: ¥ va Y 1a gia tri trung binh
ctia bién quan satx vay, s va S, lan luot 12 do
léch chuén cua hai bién.

Néu gia tri cua r 1a dwong thi hai bién x
va y dong bién. N¢€u gia tri ciia 7 1a am thi x va
y nghich bién. Néu » = 1 hay r=-1 thi y va x

13

tuong quan manh. Néu » = 0 thi hai bién x va
v hoan toan ddc 1ap.

3.2.4 Ham khoang cach Bhattacharyya

Khoang cach Bhattacharyya [9] do do
tach bi¢t gitra hai lop dir li€u, dugc tinh theo
cong thuc (4).

2 2
D,(p.q)=—in| L %1% 40
4 4 o, O,

+l ('up_‘uq)z
4| o’+o°
p q
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Trong d6: D,(p,q)1a ham khoang cach
Bhattacharyya gitra q va p; 0 ;:G " 1a phuong
sai cia lop C,va C,; #,. 4, 1a gia tri trung
binh cua 16p Cp va Cq ; q,p 12 hai 16p dir liéu.
D cang 16n thi hai 16p dir li€u cang tach biét.
3.3 Huén luyén va nhin dang md hinh

Pé viéc huin luyén va kiém tra duoc
khach quan va tong quat, tap dir liéu huén
luyén duoc chia ngiu nhién thanh k tip con
tuong duong vé kich ¢&. Qua trinh huan luyén
va kiém tra thuc hién k 1an. Phan trdim d6 chinh
x4c nhan dang ctia mo hinh trong huan luyén
hoc kiém tra duoc tinh trung binh trong k 1an
thuc hién. Ty 1¢ huan luyén dung hoic kiém
tra dung duoc xac dinh theo biéu thirc (5).

R
CR = E 100 (5)

_Trong do: CR(%) la ti 1¢ phan loai, R
s6 mau ding, S 1a tong s6 mau. Ti 1& d6 chinh
xac nhan dang CR ky vong dé nghi trong [10]
1a hon 90%.

4. AP DUNG DANH GIA ON DPINH
PONG TREN SO PO IEEE 30-BUS

Mo ta so d6 IEEE 30bus

So d6 IEEE 30-bus 13 mot mod hinh
chuan trong cac nghién ciru vé hé thong dién,
gdém c6 30 bus, 6 may phat dién, 4 may bién
ap, 37 dudng day, 21 tai. So dd dugc trinh bay
& Hinh 9.

4.1
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4.2 Thong s6 dau vao va diu ra

Mo phong off-line trén phan mém Pow-
er- World Simulator 18 dé thu thap dir licu,
cac su ¢ ngin mach gom 1 pha, 2 pha va 3
pha trén tit ca cac bus va doc duong day c6
kha ning gy mat on dinh HTD. M tai ting
tir 20% dén 160% murc tai co ban véi gia s6
10%, thoi gian cit ngén mach cai dat 1a 50ms
[11]

Két qua mo phong cé tong s6 943 mau,
trong d6 610 mau on dinh va 333 mau khong
on dinh. Tap mau ban dau duoc chia ngau
nhién thanh 6 tap con co6 kich ¢ nhu nhau.
MJi 1an huan luyén mét tap con duoc chon
1a tap kiém tra, cac tap con lai dung dé huan
luyén. Két qua d6 chinh xac huin luyén va
kiém tra 1a trung binh cua 6 lan thuc hién. Tap
huan luyén c6 785 mau, trong d6 508 mau on
dinh, 277 mau khong 6n dinh. Tap kiém tra
158 mau, trong d6 102 mau on dinh va 56 mau
khong on dinh. Tap dir liéu duoc chuan hoéa
treée khi huan luyén.

Vec-to dau vao x {APgen, AQgen, AV,
APload’ AQload’ APﬁow’ AQﬂow} lé 1 66
(12+12+30+21+21+41+41) va vec-to dau ra

o 1)

X 1
Pau ra y duoc gan nhan voi {0} 1a 16p
. 0 , )
‘on dinh’, 1 1a 16p ‘khong on dinh’. Do van

dé sai s6 trong tinh toan, két qua ngd ra thuc té

ctia bo phan 16p 1a s6 1é:

F1
F=
F2
Ngb ra duge phan 16p theo luat sb 16n [6]:

Mau thuée vé 16p 1 néu F1 > F2
Mau thudc vé 16p 2 néu F1 <F2

4.3 Két qua tinh toan

Ap dung tinh toan xép hang bién quan
trong giam dan véi cac ham khoang cach
(KC) Fisher, Divergence, Bhattacharyya va
Corr. Két qua duoc trinh bay trong cac hinh 1,
2,3 va 4; d 1a s6 bién.

0.14
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Hinh 1. Xép hang bién theo KC Fisher
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Hinh 3. Xép hang bién theo KC Bhattacha-
rya
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Hinh 4. Xép hang bién theo Corr

4.2 Két qua huin luyén va Kkiém tra

MLENN duoc chon ¢6 cau hinh gém
mot 16p vao, mot 16p an va mot 16p ra. Hai
gidi thuat hoc va cap nhat trong sb Levenberg-
Marquardt (trainlm) va Scaled Conjugate
Gradient (trainscg) dugc ap dung huan luyén
mang. Cong cu mang neural va giai thuat hoc
duoc hd tro cua phan mém tinh toan Matlab
[12]. Két qua nhan dang st dung giai thuat
trainlm va trainscg dugc trinh bay ¢ Hinh 5
va Hinh 6.
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Hinh 5. So sanh d¢ chinh xac nhdn dang trén
tdp kiém tra cua cac phwong phap xép hang
s dung thudt toan trainlm.

20 40 60 80 100 120 140 160 180

Hinh 6. So sanh do chinh xdc nhdn dang trén
tap kiém tra cia cdc phwong phdp xép hang
sur dung thudt toan trainscg.

- Téi wu két qua huin luyén va kiém tra

Hinh 5 va Hinh 6 cho thdy giai thuat
trainlm cho két qua nhan dang véi do chinh
xéc kiém tra cao hon, s6 bién it hon so véi giai
thuat trainscg. Do do, giai thuat trainlm duoc
chon dé tiép tuc thi nghiém tim két qua nhan
dang t6i uvu hon. C6 nhiéu cach diéu chinh
thong sb mang cho ti 1¢ nhén dang tdi wu voi
sb bién dugc chon, trong d6 hudng diéu chinh
sd neural 10p 4n 13 mot trong nhiing cach nang
cao d6 chinh xac nhan dang hi¢u qua. S6 bién
dau vao dugc chon 1a 20, thyc nghiém thir sai
v6i s6 neural 10p an thay d6i tir 14 neural dén
40 neural. Két qua Hinh 7 cho thiy s6 neural
16p 4n 14 28 thi @6 chinh xac kiém tra cao nhat
dat 95,68%.

. //\ Nﬁ /A\/
@ O/,Q/G\‘ 9/*‘\\/ ))% ~
. A
& ) N \,/\ \/"*\/ . /.()\*_%

Hinh 7. Sq sanh do chl'r}h xdc nhan dang khi
thay doi so neural [6p an sw dung thudt toan
trainlm, d=20.
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Bing 1. S6 neural cho két qud nhdn dang toi wu

khi sw dung ham Fisher
. Huén luyén Kiém tra
SO bién .
Thoigian(s) | % %
20 3.34 97.37| 95.68
166 64.42 98.68 | 97.15

4.5 Ban luan

Két qua Hinh 5 cho thay, chi v6i s6 bién
d=15, tirc giam 11 1an thi hai phuong phap
chon bién dién hinh 1a ham Fisher va Diver-
gence cho két qua nhan dang vuot gia tri ky
vong 90%, khi s6 bién 1a 45 tic giam 3,6 lan
thi d6 chinh xac nhén dang giam khong dang
ké so voi day da 166 bién. Vi giai thuat huan
luyén trainscg, Hinh 6 cho thdy ti 1& nhan
dang dat trén 90% thi s6 bién duge chon 1én
té1 45 voi ham Fisher va Divergence. Do do,
vOi cung cAu hinh mang va sb neural an 1a 20,
thuat toan trainlm cho ti I1¢ nhan dang cao hon
v6i s6 bién nho hon so voi thuat toan trainscg.

Véi s6 bién 1a 20, két qua Hinh 7 cho
thay khi thay d6i s6 neural 16p an thi do chinh
xac nhan dang cia MLFNN vai giai thuét hoc
trainlm va chon bién theo ham Fisher cao hon
cac phuong phap con lai. Cu thé, khi s6 neural
16p an ban dau 1a 20 thi d6 chinh xac nhén
dang cta ham Fisher 1a 93,25%, két qua thyuc

nghiém thir sai tim ra s6 neural 4n 1a 28 thi do
chinh xac nhan dang nang 1én 95,68%.

Bang 1 két qua cho thiy giai thuat hoc
trainlm c6 do chinh x4ac nhan dang dat 95,68%
v6i s6 bién giam 8.3 1an, thoi gian huan luyén
giam 19,2 1an so véi 166 bién.

5. KET LUAN

Bai bao gi6i thiéu phwong phap xép
hang lyra chon bién dic trung. MLFNN duoc
dé nghi ap dung dé nhan dang on dinh dong
hé thong dién. Két qua thyc thi cho thiy giai
thuat hoc trainlm v&i ham Fisher chon bién
cho d chinh xac nhén dang cao hon cac
phuong phép con lai.

Két qua kiém tra trén so d6 IEEE 30-
bus, béng thuc nghiém thir sai tim ra sO neural
an thich hop dé tdi wu hiéu suat mang. Véi
s6 bién duoc chon 1a 20, thyuc nghiém tim ra
s6 neural cua 10p an bang 28 thi do chinh xac
kiém tra cao nhit dat 95,68%. So v&i 166 bién
ban dau c6 d6 chinh x4c nhan dangla 97,15%,
khi giam s6 bién con 20 thi do chinh xac nhin
dang chi giam 1,47% trong khi thoi gian huan
luyén giam 19,2 lan.

Két qua chung to phuong phap chon
bién dic trung giup giam dugc bién du thira
mot cach hiéu qua, rat ngin thoi gian tinh
toan, giam chi phi do luong cam bién.

Jé_‘l‘_ cienes | ©

Hinh 8. So dé6 IEEE 30-bus
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