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TOM TAT

Bai bdo gi6i thiéu itng dung mang no-ron truyén thang nhiéu I6p (Multilayer Feedforward
Neural Networks (MLFN)) vd mang no-ron ham truyén xuyén tam (Radial Function BasisNet-
works (RBFN)) dé danh gia on dinh dong hé thong dién ciing ky thudt lwa chon bién ddc trung.
Ddnh gid én dinh dong hé thong dién dwa trén quan hé géc cong sudt giita cdc may phat trén hé
théng théng qua mé phong off-line. Qud trinh mé phéng dwoc thuwce hién trén hé thong dién GSO
37 nuit, xét ngdn mach 3 pha can bang trén hé thong véi cong sudt phdt va phy tdi dinh mire. Div
lidu thu dwoc tir mé phéng lam dit lidu hudn luyén cho MLFN va RBFN. Qud trinh gidm bién
ddc trung ngé vao sir dung phwong phdp Fisher Discrimination va Divergence. Két qua cho thdy
trang thai on dinh cua hé théng dién dwoc chan doan véi dé chinh xdc cao. So sanh két qua nhdn
dang véi cing s6 bién ddc trung, RBFN c6 dé chinh xdc cao hon véi thoi gian tinh todn nhanh
hon MLFN.

Tir khoa: Danh gia on dinh dong hé théng dién, mang no-ron nhan tao, lva chon bién dac
trung.

ABSTRACT

This paper presents an application of Multilayer Feedforward Neural Networks (MLFN)
and Radial Bais Function Neural Network (RBFN) for Power System Dynamic Stability Assess-
ment (DSA) with feature reduction techniques. Dyamic stability of the power system is first de-
termined based on the generator relative rotor angles obtained from time domain simulations.
Simulations were carried out on the GSO 37-bus test system considering three phase faults on
at rated power. The data collected from the time domain simulations are then used as inputs to
the MLFN and RBFN. Reduced feature inputs based on Fisher Discrimination and Divergence.
MLFN and RBFN results show that the stability condition of the power system can be predicted
with high accuracy. In addition, the performance of the variable selection methods as well as
the performance of the MLFN and RBFN was compared.

Keywords: Dynamic stability assessment, neural networks, feature/variable selection.

I. GIOI THIEU

Hé théng dién hién dai chiu tdc dong nang né
dudi nhimng diéu kién van hanh sat voi gioi
han 6n dinh. Nhitng kich dong khong mong
doi co thé gay nguy hiém dén hé thong dién
va c6 thé gay ra hién tugng rd ludi. On dinh
hé théng dién dé cap dén qua trinh dao dong

dién tr do nhiing kich dong gy nén. On dinh
dong hé thong dién d& cap dén kha ning cia
hé théng méy phat trén h¢ théng luoi dién da
lién két c6 thé duy tri dugc su dong bd sau khi
gip kich dong 16n [1]. On dinh goc cong suét
duéi kich dong 16n lién quan dén kha ning
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duy tri sy dong bo ctia hé thong dién khi gap
phai nhitng kich dong nhu ngin mach trén
duong diy truyén tai hay trén nhimg thanh
cai. Do sy phuc tap cua hé théng dién, nhiing
phuong phap phan tich hé thdng dién truyén
thong ton rat nhiéu thoi gian va gy cham tré
trong viéc ra quyét dinh. Trong nhiing nim
gan ddy Mang than kinh nhan tao (Artificial
Neureal Network (ANN)) duoc khuyén nghi
nhu 12 mot phuong phap thay thé dé giai quyét
nhitng van d& khé khin ma nhiing phuong
phap truyén thong khong giai quyét duge vé
tdc do tinh toan toan cling nhu hi¢u sut [4].
Bang qua trinh hoc co s& dit liéu dénh gia 6n
dinh dong, mbi quan hé phi tuyén giita nhiing
tham s6 van hanh hé théng dién va nhiing
trang thai hé thong dién twong tng co thé trich
xuét va tinh toan ding ANN [2]. Pay 1a dic
diém quan trong, dic trung cho ANN. Vi vay
nhing dic trung ngd vao tot nhit phai duoc
lga chon, chinh vi vay can thiét tim ra nhiing
giai phap dé trich chon, giam sb luong bién
dac trung nham dé ANN hoc mot cach hiéu
qua va cai thién do chinh xac. Piéu nay giup
giai quyét yéu ciu chan doan nhanh trang thai
on dinh cua hé théng, som canh bao truong
hop mat 6n dinh gitip hé théng diéu khién kich
hoat khéan cép dua hé théng dién vé trang thai
on dinh. Phan con lai cua bai bo nay co bd
cuc nhu sau:Phan 2 trinh bay mé hinh toan
hoc cua hé théng dién gdm nhiéu may phat.
Phan 3 Gi6i thiéu MLFN va RBFN. K§ thuét
lua chon bién dic trung duogc trinh bay trong
Phan 4. Panh gia hiéu suit cia MLFN va
RBFN trong chan doan 6n dinh dong hé théng
dién va ban ludn dugc trinh bay trong Phan 5.
Két luan trinh bay trong Phan 6.

II. MANG NO-RON TRUYEN THANG
NHIEU LOP (MLFN) VA MANG NO-
RON HAM TRUYEN XUYEN TAM
(RBFN)[6]

1. Mang Mlifn
MLFN 1a mang no-ron phd bién nhat.

MLFN gbm 3 16p: 1 16p ngd vao, 1 16p an va

16p ngd ra. Vi MLFN duogc dé cap, vec-to dir

liu ngd vao duoc cung cip dén 16p ngd vao,
trong sb va nguong kich hoat duogc diéu chinh
thong qua ham truyén. Qu4 trinh huin luyén
duoc thuc hién béng cach truyén théng dir liéu
huén luyén cling nhu dit 1iéu muc tiéu. Mang
dugc huin luyén dung thuat toan lan truyén
nguoc. Co6 mot sb thuat toan huan luyén khac
duoc st dung nhu Gradient Descent, Gradi-
ent Descent with Momentum, Bayesian Reg-
ularization, quasi-Newton, Levenberg-Mar-
quardt,...

Thuét toan huén luyén nhanh nhat 1a Lev-
enberg-Marquardt. Thuat toan Levenberg-
Marquardt c6 hiéu sudt cao hon ddi véi nhiing
van dé hdi quy phi tuyén. Thuat toan xir ly
qua trinh ldp lién tuc thong qua sé budc lap
cu thé. Trén mdi budc 13p cua qué trinh huin
luyén, két qua ngd ra cia mang dugc so sanh
voi gia tri muc tiéu va sai s6 duoc tinh toan,
mang cling dugc cap nhat va xu 1y lién tuc.
Qué trinh huén luyén ding lai khi dat dén thoi
gian huén luyén hodc dat to1 sb bude 13p dinh
trude. Ngoai ra, bat ky khi nao dat t6i sai s6
dinh trude, qua trinh hudn luyén ciing ding
lai. Qua trinh huén luyén dugc thuc hi¢én mot
sb 1an dén khi nao dat dugc muc tiéu mong
doi. C6 hai phuong phap khac nhau dé thyc
hién qua trinh huén luyén. Ché do huan luyén
tang cuong va ché huin luyén theo ting mé.
Puong dac tinh sai s6 dugc tinh toan va trong
s6 duoc cap nhat sau khi mdi gia tri ngd vao
duoc ap vao mang. Trong ché do huin luyén
ting mé, tat ca gia tri ngd vao trong tap huin
luyén duoc ap dén mang trude khi trong $6
dugc cap nhat.

2. Mang Rbfn
RBFN c6 thé dung dé giai quyét bai toan xap
xi hodc phan loai. Tai mdi budc lip, 1 no-ron
trong 16p an duoc thém vao dén khi dat dén
sai s6 muc tiéu hodc dat dén sb lugng no-ron
cuc dai dinh trudc trong 16p an. Qua trinh
cong thém no-ron trong 16p 4n 13 su phan bd
d6i ximg Gaussian nham t6i da hoa sy tuong
quan gitta cic nat an va 1op ngd ra muc tiéu.
RBFN thyc hién qua trinh phén loai bing cach
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do luong su tuong quan cua nhitng gia tri ngd
vao trong tirng mau huin luyén. Mdi no-ron
luu tri mot mau chuan trong tap huan luyen
Khi mudn phan loai mot ngé vao méi, mdi no-
ron tinh toan khoang cach Euclidean gitra ngd
vao va mau chuén.

1L KY THUAT LUA CHON BIEN DAC
TRUNG BANG PHUONG PHAP XEP
HANG

Lya chon bién dic trung rit quan trong
trong budc xay dung hé théng danh gia thong
minh 6n dinh dong hé théng dién dung mang
neural. Néu bién dic trung dugc lya chon c6 do
tach biét dir liéu it thi dan dén h¢ thong nhan dang
xay dung s€ co6 tinh ning nhan dang ciing khong
cao. Lwra chon bién dic trung 13 chon ra nhing
bién tach biét dir liéu giita cac 16p cao va di
liéu cua bién cung 16p phai gan nhau hon.
Trong cac k¥ thuat lya chon bién dic trung cO
hai k¥ thuat thuong dugc st dung. Mat 1a tinh
toan d¢ tach biét cua tung bién don va loai bo
nhimng bién c6 do tach biét giita cac 16p nho.
Hai 1a dung giai thuat tim kiém cac kha ning
két hop cta cac bién dé tim ra nhom bién c6
do tach bi¢t cao cua cac 16p dir lieu. Phuong
phap thi hai 1a tiép can t6t nhung tén kém chi
phi tinh todn va phtc tap hon. Phuong phap
thtr nhat dugc d& nghi 4p dung trong bai bao nay
nho tinh don gidn trong tinh toan cua n6. Hai ky
thuat lya chon bién bang phuong phap xép
hang don bién dugc gidi thiéu tiép theo sau
day dua trén ham d¢ do khoang céch.

1. Khoang cach Fisher|2]

Ham khoang cach Fisher tim kiém d6 tach
biét toi uu tuyen tinh gitra 2 16p dir liéu. Mot
tap dir liéu D gom n bién Xps Xy, oo, X VOI D,
mau trong 16p C, van, mau trong 10’p C, tac
vu 1a tim kiém anh xa cuc dai y= WTX. Dleu
nay twong Gmg vai viée tim kiém duong thing khi
chiéu tap dir liéu 1én duong thang cho d6 tach biét
tdi da. Céc bién c6 gia tri F 16n hon thi kha
ndng tach bi¢t dir li¢u gitra 2 16p cao hon.

F(w)= - 2‘ (1)

+O'2

Trong d6: m, 1a gia tri trung binh cua 16p C,

59

va ¢’ la phuong sai cua 16p C..
2. Khoang cach Divergence|2]

Khoéng cach Divergence 1 tiéu chuan do
luong d6 phén tan cua hai 16p dir liéu. Khoang
cach J, gitra hai 16p dugc trinh bay o biéu thirc
(2). Bién ¢6 khoang cach I cang 16n 1a thi dir
liéu hai 16p cang phan tan.
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Trong dé: c°, 02 la phuong sai cta 16p i va
16p j cta blen m m, la trung binh ctia 16p 1
va 16p j cla bién.

3. Panh gia m6 hinh nhin dang

Dé viéc hudn luyén va kiém tra mé hinh
khdch quan va tong qudt, tip div liéu huin
luyén dwoc chia nglu nhién thanh k tdp con
gan twong dwong vé kich ¢é. Phan tram do
chinh xac nhan dang ctua mé hinh trong huin
luyén hodc kiém tra dugc tinh trung binh trong
k lan thuc hién. P§ chinh xdc (cr(%)) huin
luyén ding hodc kiém tra dung nhu dau ra yéu
cau duoc xéac dinh theo biéu thic (3):

R
=E.100 (3)

Trong d6: R s6 mau dung. S 1a téng s6
mau. Gia tri ky vong dd chinh xdc nhan dang
ctia md hinh duogc dé nghi trong [9] phai dat
hon 90%.

IV. AP DUNG PANH GIA ON PINH

PONG HE THONG PIEN GSO-37BUS

1. Mo ta hé théng dién GSO-37bus ap

dung nghién ciru

M6 hinh GSO-37bus 12 mé hinh chuan
trong chuong trinh mo phong ciia phan mém
PowerWorld 17 nhu hinh 7. So d6 gom c¢6 37
bus, 9 may phat dién, 3 cap dién ap khac nhau
345kV, 138kV va 69kV, 25 tdi, 14 may bién ép,
42 duong day truyén tai nhu hinh 9. Trong bai
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b4o nay, M6 phong dé thu thap dit liéu véi su
trg giup phan mém PowerWorld. Mau dir liéu
ngd vao/ra dugc tao ra bang cach mé phong
ngan mach trén hé théng duong day truyén
tai va tai cac thanh gop hé thong. Thudc tinh
dong cua hé thdng trong suét qua trinh ngin
mach dua trén quan sat mdi quan hé giira cac
gdc cong suit clia cac may phat trén hé thong
dién. Hé thong dién duoc xet 1a 6 6n dinh néu
bét ky goc cong sudt trong dbi ciia may phat
thir i , so voi may phat thi j 8, khong vugt qua
180° sau khi ct ngan mach, dudi kich dong cu
thé. Nguoc lai, néu géc cong suit tuong dbi
vuot qua 180° hé thong dugc xét 1a mat on
dinh. Nhén nhi phan dugc sir dung dé gan cho
trang ,théi on dinh dong cua hé théng dién theo
quy tic [S1[7]-[8]:

f 5, <180°
[ o >180°

then Stable'l’
4)
then Ustable'0'

Voi: 8 d6 bién thién goc cong suét giira bat
ky 2 may phat trong sudt qué trinh qué do.

2. Chuin héa dit li¢u
Chuan héa dir liéu 1a phuong phap xu 1y dir
lidu ngd vao trude khi dua dit liéu nay dén ngd
vao ctia ANN, 1a nhimg bién dic trung dau
vao cho ANN. Chuan héa gié tri ctia cac bién
dac trung dugc thuc hién dung cong thure:

= 5)

V6i: m, 1a gia trj trung binh cua tap dit ligu. o, 1a
phuong sai chudn ciia dit ligu.

3. Bién dau vao va bién dau ra

Thyc hién mo phéong off-line dé thu thap
dir liu cho danh gia on dinh dong hé thdng
dién voi ché do 100% tai, thoi gian cat
ngén mach cai dat 12 25ms. Bién dau Véo va
bicn dau ra 1a X[AV, . AP . AQ. AP,
AQ, .1 va y[1,0]. Tong s6 bién dau vao la
199(37+25+25+56+56) 1 bién dau ra. Tu
két qua md phong, can ctr vao luat (4) co 240

mau dit liéu véi 120 mau 6n dinh va 120 mu
khong 6n dinh. Tap dir liéu chuan hoa dugc
xdy dung theo biéu thirc (5).
4. Két qua tinh toan cac khoang cach

Nhu d3 trinh bay & phan trén, bién c6 do
do khoang cach l6n hon thi bién d6 quan trong
hon. Ap dung cong thire (1), (2) dé tinh toan
xép hang thur ty quan trong cua cac bién. Két
quéa tinh toan va xép hang bién quan trong
giam dan cho khoang cach Fisher va khoang
cach Divergence, trinh bay lan luot ¢ hinh 1
va 2.

Fisher distance
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Hinh 1. Xép hang bién theo khodng cdch-
Fisher
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Hinh 2. Xép hang bién theo khodng cdch
Divergence

5. Két qua d4nh gia MLFN va RBFN

Tép mau dit liéu gdm 240 mAu dugc chia
ngau nhién thanh 6 tap con. Mobi tap con gom
40 mau (20 mau 6n dinh va 20 mau khoéng 6n
dinh). Nhu vay, mdi tp huin luyén co 200
mau (100 mau 6n dinh, 100 mau khong on
dinh) va tp kiém tra c6 40 mau (20 mau 6n
dinh va 20 miu khéng 6n dinh). CAu trac cua
MLFN c6 3 16p: 16p dau vao, 1 16p an va 1 16p
ra. L6p 4n c6 10 neural voi ham kich hoat tan-
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sig. Lop ra la c6 mét neural v6i ham kich hoat 60 90 4 387 875
purelin. Giai thudt cap nhat trong s6 va ngudng
kich hoat 1a Levenberg-Marquardt. Cau trlic cua 70 94.5 4.7 92.9
RBFN gom 1 16p ngd vao cung ham truyén 90 97.1 512 94.2
Gauslsmri va 1 lorptngo ra cung ha}lm }‘in;yen 150 96.7 7 64 946
purelin. L6p an c6 tong s6 no-ron chin ang 199 976 215 95.8
s0 no-ron 16p ngd vao. Cac ham nay duogc ho
trg trong cong cu mang neural ctia phan mém
Matlab R2010b. Chuong trinh chay trén may
tinh latop v&i CPU Inter Core™ i3-380M, bo 100
nh¢ 8GB DDR3, 500GB HDD. o5
A , £ A Ry N 90 :w"'
1.1.1. Ket qua huan luyén va kiém tra dung e .
MLFN e ;af
X 80
Bang 1. Ket qua danh gia chon bién theo 75 f
khoang cach Fisher 70 /
7 R 65 / —— Elii:;rence .
Huén luyén Kiém tra . |
0, N1 o1 0 0 50 100 150 200
36 bidn % thoi gian %o So bion
(s)
20 89.8 1.78 83.3
30 938 1.94 85.3 Hinh 3. Sg sanh do chinh xac nhdan dang
35 938 714 86.6 trén tap kiém tra cho cac phwong phap tinh
40 937 237 375 khoang cach dung MLFN
45 94.7 2.39 91.3 . , )
=0 95 1 > 69 o7 1.1.2. Két qua huan luyén va kiem tra dung
. : . RBFNN
60 95.5 2.82 929 Bdng 3. Két qua danh gid chon bién theo
70 96.8 2.63 92.9 khoang cach Fisher
90 96.0 2.95 93.8
150 96.5 4.96 94.1 7
199 | 977 7.61 95.8 , Kiém
Huan luyén tra
Bang 2. Ket qua danh gia chon bién theo Sé bién | % thoi gian (s) %
khoang cach Divergence 20 23.5 0.18 845
Huan luyén Kiém tra 30 | 944 0.18 91.2
oY % thoi gian %
S6 bién (s) 35 96.8 0.18 92
20 654 2.61 61.2 40 | 985 0.18 93.3
30| 8la 333 92 45 | 987 0.19 98.8
35 88.3 3.68 83.3 50 100 0.19 945
40 87.3 3.7 83.3
45 88.9 3.8 85.8 60 100 0.19 958
50 89.4 3.78 86.7 70 100 0.22 97.5
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Bdng 4. Két qua déanh gid chon bién theo
khoang cach Divergence

Huén luyén I?fam
S6bién | % thoi gian (s) %

20 89.8 1.78 83.3
30 93.8 1.94 85.3
35 93.8 2.14 86.6
40 93.7 2.37 87.5
45 94.7 2.39 91.3
50 95.1 2.69 91.7
60 95.5 2.82 92.9
70 96.8 2.63 92.9
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Hinh 4. So sanh do chinh xac nhdn dang
trén tdp kiém tra cho cac phwong phap tinh
khoang cach dung RBFN

1.1.3. So sanh két qud nhdn dang giita
RBFN& MLFN
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Hinh 5. Két qua nhdn dang chinh xdc ding
ham Fisher giita MLFN & RBFN
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So bien dac trung

Hinh 6. Két qud nhdn dang chinh xdc diing
ham Divergence giita MLFN & RBFN

Ban ludn
-bbi véi MLFN

Két qua (bang 1,2) cho thdy véi ham Fi-
sher khi s6 bién 1a 20 hay giam 9,9 lan thi do
chinh xac nhan dang da trén 80%, khi s6 bién
1a 45 thi ti 1€ nhan dang (91,3%) da vuot qua
gia tri ky vong (11), khi d6 s bién giam da
hon 4,4 1an va thoi gian huén luyén so voi day
du 199 bién da giam 3,1 1an. Ham Divergence
cho ti 1€ nhan dang vuogt hon 80% véi s6 bién
la 35 hay giam 5,6 14n va ti 1 nhan dang vuot
hon gia tri ky vong khi sb bién 1a 70 hay giam
2,8 lan.

-Déi véi RBFN

Két qua (bang 3,4) cho thay voi ham Fisher
khi s6 bién 1 20 hay giam 9,9 1an thi d chinh
xé4c nhan dang d4 13 83.5%, khi sb bién tir 50
tro 1én thi ti 1€ nhan dang dat 100%, khi do
sO bién giam dén 3,98 lan. Ham Divergence
cho ti 18 nhan dang 13 82.8% véi sb bién dic
trung 1a 20 hay giam 9,9 1an va ti 1¢ nhan
dang vuot hon gié tri ky vong khi sb bién 13 30
hay giam 6,6 lan.

Véi s6 bién tir 20 dén 70, dbi v6i ham
khoang cach Fisher (bang 1, bang 3) thi RBFN
c6 d¢ chinh x&c nhan dang trung binh cao hon
MLEFN la 3.88% dugc minh hoa trén hinh 5;
tuong tu d6i voi ham khoang cach Divergence
(bang 2, bang 4) RBFN c¢6 dd chinh xac nhan
dang trung binh cao hon MLFN la 9,83%,
hinh 6; thoi gian huan luyén trung binh cta
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RBFN lan luot chi bang 8% va 63,6% so voi
MLFN.

V. KET LUAN

Qua 4p dung trén so d6 GSO-37bus da
kiém chimg tinh hiéu qua cia k¥ thuat chon
bién dic trung trong vi¢c khai thac s6 liéu hanh
vi dong cua hé thong dién giup giam bién dic
trung dau vao, tang tde do huén luyén, nhung
van giir d6 chinh x4c cao cho bai toan danh
gia 6n dinh dong hé thong dién dung ky thuat
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mang than kinh nhén tao.

Bai bao trinh bay chi tiét cac budc tién hanh
lua chon bién dic trung, gidi thi€u ap dung hai
phuong phap tinh khoang cach cho thiy ham
khoang cach Fisher cho két qua chon bién
tdt hon. RBFN cho d6 chinh x4c cao hon va
thoi gian huin luyén thip hon so véi MLFN.
Ngoai ra, bai bao s& gép phan lam phong
phu tai liéu tham khao hiru ich cho nghién
clru bai toan danh gia 6n dinh dong hé thong
dién dung ky thuat mang than kinh nhan tao.
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