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TOM TAT: Panh gid ch€ d6 &n dinh dong hé thdng dién trong thdi gian thyc 1a bai
todn khé khin. Bai bdo nay dé xudt mot cau triic mang ndron song song (PNN) dé ning
cao d6 chinh xdc khi ddnh gid nhanh ch& d6 &n dinh dong cho mot hé thdng dién thyc nhd
sit dung tiéu chudn ham ning lugng trong cdc khau trude khi huin luyén va khi thuc hién

suy luan. Céc ing dung clia phudng phdp nay va cdc thuén 1gi cling nhu bat 1¢i cling sé
dugc dé cap trong bai bdo nay.

1. GIGI THIEU

Mang noron cho phép ddnh gid nhanh ci.l 36 6n dinh dong hé thong dién ma khong
cén phai gidi hé phuong trinh vi phan, do d6 né dic biét higu qua khi phdi chin doén trong
céc didu kién bét dinh, thi€u thong tin va han ch& khic khe vé thdi gian gidi [1). “Ung
dung mang noron ddanh gid nhanh ché d¢ on dinh hé théng dign” giGi thiéu thi tuc xay
dung mang ndron va lya chon cdc gidi thudt hgp 1y. Mang ndron hoat dong c6 hiéu qud dua
trén phin 16n nhitng thong tin ban ddu vé ch& do va so dd dugc xit Iy trude, mang tinh chat
rit dic trung nhir: cdc thong s6 vé cdc ché do binh thudng, tién sy ¢d va sy cd (day la cdc
méu huan luyén). Sau giai doan hudn luyén, mang ndron s& dya trén cd s3 tri thifc hoc
dudc dé cé thé suy luén nhu’ng tinh huéng méi va cho k&t qua gin nhu chinh x4dc. Bén canh
d6, nhé tinh don gian trong cu tric va x{ ly dir liéu song song nén thdi gian dép wng la tifc
thdi, phit hgp trong viéc ddnh gid nhanh trang théi &n dinh dong ngay trong thdi k¥ qua dg.
Vi hai tdp miu ddu vao khéng hoan toan tdch biét nhau (cdc mau nim & viing bién gidi
8n dinh), thi viéc xay dung mang ndron va thudt todn hudn luyén s& rdt kho khan [2]. Cau
trdc PNN duge dé xuat, don gidn m&i lién k&t cho mang dong thdi nang cao dd chinh xdc
trong qué trinh van hanh mang noron dé ddnh gid ch€ d6 &n dinh dong cho hé thong dién
nhd st dung tiéu chuin ham ning lugng.

2. MANG NORON CAI TIEN

Céc mang noron va phuong phap nhin dang miu truyén thdng ddnh gid 6n dinh qud
do ciia hé thong dién thudng gip hai khé khin: dau tién, s& lugng miu ch€ do hé thong
dién thuc t& 12 rat 16n, va lam viéc véi cdc miu s& hoa 1a rit khé khan; thif hai, cdc mang
ndron nay thudng nhin dang ch& do hé thong dién véi do chinh xdc khong cao.

Do d6, bai bdo nay dé xuit mdt mang ndron cdi tién d€ ting do chinh xdc trong viéc
dénh gi4 8n dinh qué do trong hé thong dién vdi cdu tric, k§ thuit hoc va k§ thuat kiém tra
clia mang noron dudc trinh bay dudi day

2.1. Cau triic

Cau tric mdi (Hinh 1) bao gdm mot s6 mang noron con dit song song va hoat dong
cting nhau, trong d6 phdn 16p &n dugc chia thanh nhiéu kh&i. Mi khdi ¢6 thé chifa bat ky
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s6 noron 16p 4n khdc nhau. Céc mang noron con song song nay dugc xem xét vdi ciing déc
tinh diu vao va diu ra. Va thuc chat ddy 13 m6t mang lién két chifc ning, c6 cdc bd trong
s8 riéng va doc 1ap. Vi Iy do nay ma mang noron dugc dé xudt dugc goi 1a mang ndron
song song (PNN - Parallel Neural Network) [3].

2.2. K§ thuat huan luyén ciia PNN

Y&u t6 diu tién cia k§ thuét hoc 12 bd phan phdi. BS nay sdp x€p mau va phén chia
cdc nhém mau con theo mot tiéu chuin dac biét. Phuong phap dé sip x&€p méu phdi bao
gdm dif liéu trong giai doan huan luyén va nhitng dif liéu chua biét trong giai doan kiém tra
v6i mong mudh s& dat dugc k&t qud ddu ra tot nht v6i sai s it nhat. Cac mau s& sdp x€p
theo tiéu chuin ning lwgng. Piéu nay c6 nghia 12 cdc miu c6 ning lugng gan nhau s& duge
x&p vao ciing mot nhém va duge x€p vao mdt khoi trong cau triic PNN nhd qua bd phén
chia ti&n trinh hoc tdp clia mot mang con duge don gidn héa va c6 thé dp dung cho cdc
lugng Ea duge dinh nghia nhu sau [5]:

Ea = X2 + Xo? 4.t X1
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Hinh 1: Cdu triic ciia mgng noron dugc dé xudt Hinh 2: Cdiu triic ciia PNN

Sau bd phan phdi, mot thuét todn hudn luyén dugc trién khai trong k¥ thudt hoc,

nhim huin luyén cdc miu dao tao t6t hon. Phuong phép hudn luyén trong phin nay 12 qui
tic delta tdng qudt (General Delta Rule - GDR). Cic diém quan trong trong thuit todn
dudc tém tdt nhu sau:

2.2.1. Lan truyén ti€n
I
Ham hoat dong: net; = Z(WUT, (xj) =U,+U; + ..+ Uy. (2)
3 i=0
G day: W;; 12 trong s6 lién két gitta 16p i va 16p j;T; 1a dau ra tinh todn; net; 1a tdng
trong héa clia ndron 1dp j.

Ham ddu ra (ham Sigmoid): F; = -——3—, 3)
1+e
2.2.2. Lan truyén ngugc
Xdc dinh 16i: E; = (T; - 0).0;.(1- 0)) 4)

& day: Chi s¢ j cho biét ndron ddu ra thif j; T va O 14n lugt 1a cdc dau ra mong
muén va diu ra tinh todn clia noron dugc chi thi tudng ng; E 1a sai s6 cia noron dugc chi
thi.
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Cdp nhdt trong so:
AWijnew = 1.E;.O; + L.AWijo1 (5)
Wiinew = Wijold + AWijjnew. (6)
o} day: n va u cho biét téc d6 hoc va tdc d6 mémentum twong ng; cdc chi s i, j cho
biét s& noron lién két giita hai 16p; Wij vd AW 1a cdc trong s8 va do thay ddi trong s8 giita
ndron i va noron j tudng tng.
Phuong phdp huan luyén trong phin nay chinh 1a sy téng hgp, khdo sdt cdc y&u td c6
4nh hudng dén t8c do hoi tu cho titng mang noron con, cy thé gdm:

— Khdi tao trong sé

Huén luyén mang 132 mot tién trinh lip qua nhiéu bude hoc. Trong mdi bude, mang thi
hanh dnh xa véi cdc miu trong tdp mAuy, tinh todn sai s& va cép nhat lai cdc trong s8 dua
vao sai s6 vita tinh. Nhu vdy, trong s s& dudc cip nhit sao cho mang thi hanh ngay mot t6t
hon. Gbude hoc diu tién thi cdc trong s8 phai dude khdi tao v6i nhitng gid tri ngéu nhién
bé tidu bidu nhim khong ham sigmoid bdo hda ngay tf ban ddu va hé thng hudn luyén sé&
bi ket tai cuc tri dia phuong.

Thd tuc khdi tao trong s cu thé 1a: khdi tao cdc trong s8 niit 4n (va nhitng trong s
clia cdc cung lién két truc ti€p gifta cdc nit nhap va xuat, néu c6) gid tri ngiu nhién, nho,
phan bd d&u quanh 0. Khdi tao phan nita trong s& cda tiing niit xudt gid tri 1 va nifa kia vdi
céc gi4 tri —1. Néu s6 cung 1, thi khdi tao trong ngudng bing 0.

Phuong phap khdi tao cdc trong s6 12 ham tao gid tri gid — ngdu nhién trd veé gid tri
trong doan [0,1]. Nhu vay, biéu thiic 0.2*(Random([0,1] —0,5) s€ cho gid tri trong khodng
[-0.1,40.1]. Todn t MOD cho gid tri la s0 du trong phép chia; thi du 7MOD2=1 va 8MOD
2=0. MOD dudc diing dé€ khdi tao gi4 tri duong (+1) cho cédc trong s& dugc ddnh s8 chin va
gid tri 4m (-1) cho céc trong s0 18.

— Hang sé hoc tip

Mot hé s quan trong khdc dnh hudng dédng ké dén hiéu qud va sy hdi tu cda thuat
todn lan truyén ngude 1a hiing s8 hoc tip n. Khéng ¢6 tri cia hiing s6 hoc tp don gidn phil
hgp cho nhitng trudng hgp hgp hudn luyén khdc nhau va 1 ludn duge chon mot cdch thyc
nghiém cho m&i van dé. Mot gid tri n 16n hon ¢6 thé ting t6c d hoi tu nhung ket qua s&
phén k¥, trong khi m6t gid tri 1 nhd hon c¢6 mdt hiéu qua b lai. Cdc gid tri v trong khodn
tir 10 dén 10 da dudc st dung thanh céng cho nhiéu W¥ng dung thuét todn truyén ngugc
trén mdy tinh.

— Hoc titng mdu mot

Hoc titng miu doi hdi phii dic biét thin trong trong viéc sdp x€p th ty clia cdc miu
trong tdp miu. Viéc x{ 1y sdp x&€p mAu huén luyén thich hgp s& ting kha ning “tiép thu”
clia mang. C6 thé hinh dung phudng phédp hoc titng miu trinh bay & trén nhu sau: néu dit
hai m3u k& c4n nhau nhung lai ¢é dic tinh trdi ngude nhau qud nhiéu, din dén c6 thé mang
khong c6 khd ning “ti€p thu” hoan toan kién thitc duge truyén dat va sé& thyc hién sai cho
nhifng trudng hgp gdp lai sau nay. Do d6, cdn phdi quan tdm dén vi tri sdp x€p cla ting
mAu sao cho mang cé thé “tiép thu” tir tir (lam quen dan) lugng kién thifc cAn dude hoc, va
cif thé€ ting din lugng miu dén khi k&t thic tdp mau. V4i ¥ tudng niy, mdt phudng phép
sdp x&€p miu dudc dé xuit nhu sau:

V6i mot tip miu bat ky cAn ddnh gid (phan loai) dugc biéu dién biing cic s& nhi phin
0, 1. Cu thé trong bai bdo nay s& dé cip dén hai tdp 6n dinh va khong 6n dinh khong hoan
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toan tich biét nhau, cdn tim ra hai ch& d6 trong hai tip ndy c6 khodng cdch xa nhit giita
chiing véi c¢dng thiic tinh khodng cdch gitra hai phan t¥ X; ={xy, Xa,..., X1} va Y; ={¥1, ¥2, ---» Y1}
la:

= DGi v6i tin higu lién we: Dyy =/ (X, = Y1)? + (Xp = Yp)% + o + (X, — ¥,)° )
= P05i véi tin hiéu rdi rac: Dyy = le—yl |+ | xz-y2l+...+ | x1y1| (8)

Thuit todn d€ tim hai miu thudc vé hai ch& d§ ma c6 khodng cich Max va tiép theo
12 thudt todn sdp x&p cdc miu theo tiéu chudn nhitng miu nao cé khodng cdch Min s& dudc
x€p gin nhau. Céc thudt todn hd trg cho viéc sip x€p miu nay dudc trinh bay trong céc luu
dé & Hinh 3.

BAt ddu ) IR T
o= Nhdp N/2 miu thudc vio
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Nhap tap mﬁu cdn __‘,A,,,,,l,,,,,,,,,
huan luyén . Gdn gia trj m:=(N/2)-1

[Céy mdu dic trung tir két
qud cla chuong trinh
|_Dmax lam méu chudn

Tinh khodng céch
gilla cdc mau vai

nhau
l [ én Min=miu chudn |
Tim khodng céch e Y FAN]
Tinh khodng cdch D gilla
D max mAu chudn véi 1an higt m
< rmiu con lai

MR

¢6 thudc hai trang théi
@ac nhau khéng?—~

Y

Goi cap mau ¢
khodng cdch D
max tiép theo

[ 7im khosing céeh Dmin_|

" Gdn mAu chudn moi 13
Min{:rrnﬁur mii {méu c6 Dmin)
B SR
X&p miu chudn mai kE
KEt thiic tiép mau chudn trude dé
U JLLT S, RS

e

Gidm s6 mlu
m=(m-1)

o

a7 >
2]

(¥t )

Hinh 3. C4c thuit todn hd tr¢ viéc sip x€p miu
—  Qui tdc mément va hé s6 momentum

Phuong phdp hiéu qua va thudng dugc st dung nhim cho phép mot hiing s6 hoc tip
16n hon ma khéng c6 su dao dong qud 16n xdy ra khi thém vao mot hé s6 “mOémentum” dit
tén 13 phuong phdp gidm gradient thong thudng (Normal Gradient-Descent Method) [Plaut
et al.., 1986] hay con goi 1a qui tic mémen hay qui tic Delta tdng quit. Phudng phdp
momen chinh 12 mét cai tién clia phuong phép delta theo hudng thay dbi gid tri hé s hoc
cho thich hgp vdi tiing budc hoc.

Trong phudng phdp momen, hé so hoc bay git khong chi don gidn 12 hé s6 n ma con
thém cdc hé s6 khac dé gii cdc thong tin budc trude. C6 thé md rong cong thifc bién thién
trong s6 cla qui tic delta nhu sau:
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AW(t) = —T].VE(') + H.AW(,_.‘) &)
o) day: pe[0,1] 1a thudc do xung lugng, theo thyc nghiém p = 0.9 va dugc goi la hé s&
mdémentum.
— 86 ligng niit dn
Kich thudc ctia 16p 4n ludn 12 mot ciu hdi duge dat ra trong viéc d4p dung mang tuan
tw nhidu 16p véi nhitng van dé trong th€ gi6i thire. Vi vdy, kich thue cia mot 16p thudng
dude x4c dinh biing thuc nghiém. VSi mot mang cé kich thude hgp 1y (vd: hang trdm hodc
hang ngan diu vao), kich thudc cda nhitng nit &n chi cdn d€ dugc mot hé so lién hé nhd
clia 16p du vao. N&u mang khong hoi tu d€n mot 1i gidi thi phai cdn thém cdc nit 4n. N&u
hdi tu, s& nit 4n it hon va khi d6 8n dinh tai mot kich thudc trén cd s st bi€u dién ciia toan
bd hé thdng [Freeman and Skapura, 1991].

Pé khéng dinh tinh diing din vé cdc bién phdp cdi ti€n tSc 46 hi tu cho mang ndron
trén dudc minh hoa & Béng 1. Gid st khdo sét cau triic m6t mang ndron v6i 37 diu vao 1
ddu ra véi 1 neuron 16p dn. S6 miu d€ hudn luyén cho mang nay g6m 30 miu véi hiing s0
hoc tip 1a ¢4 dinh n—O 01. Chon diéu kién dirng 12 khi tit cd cdc miu cin hudn luyén déu
ding vdi sai s6 cia mau can dude hiéu chinh cho trong s6 12 0.01, con do sai 1&ch giita dau
ra mong mudn va diu ra tinh todn 1a 0 val.

Bing 1. K&t quai khio st vé cdc bién phép cdi tién tdc dd hdi tu

T Titng budc cdi tién toe do hoi tu S6 thai ki hudn luyén héi tu (epoch)
1 | Quitdc Delta, bd trong s& bat ky 2532 | 2554 | 2539 | 2471 | 2603 | 2496
2 | Quitic Delta, ¢ cdi tién bd trong s6 1858 | 1780 | 1814 | 1832 | 1870 | 1877
3 | Quitdc Delta tdng qudt, véi bd trong sd bat ky 216 | 252 | 248 | 257 | 249 | 249
4 | Quitdc Delta tng quit, c6 cdi ti€n bd trong s 182 184 187 185 186 188
5 Qt}i tic De'lta tc“;n% quaizl, ¢6 cii tié€n bo trong s4, 61 56 58 59 s 59
k&t hdp vdi sdp x&p mau

Phudng pha’lp huan luyén trong phin nay st dung thuit todn truyén nguge, sit dung
qui tic Delta t6ng quat trong qud trinh huan luyén tiing mang con cda ciu triic PNN. Qua
phdn mb t& va trinh bay chi tiét vé k¥ thuat hoc, c6 thé thiét 1ap so dd khdi cho mang PNN
trinh bay & Hinh 5.

2.3. Ky thuat kiém tra cia PNN
Piu tién, dua trén tiéu chudn ning lwgng va tiéu chuin khodng céch tuyét ddi, bd Iua
chon tinh toan khodng céch ctia miu cin kiém tra d€n mdi mang ndron song song trong PNN.

Gi4 st ring miu cin kiém tra 12 A = (ay, a3, .., a5), v6i I 12 s§ dic tinh ddu vao cia
cdc miu huédn luyén.

Khi d6 khodng céch giita miu cdn ki€m tra A va cdc mang ndron song song dugc tinh
todn cin cif theo céc tiéu chuan sau [3]:

~ Theo tiéu chuin ning lugng:

N, 1
Dy =(”Nk)2 [ %

p
3 _](a,.z-xg.l E}"’+Ojj‘” (10)
j=1li=
— Theo tiéu chudn khodng cdch tuyét doi:
;

Dﬁk = nin |:IEPB+Oﬁl[zI“ _xu|]P > vdi k=1: 2, ,N (]1)
J=1-N,
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& day: gid thiét ring céu tric PNN ¢c6 N mang noron song song, va mdi mang con c6
Ny mau hudn luyén; Dag 12 khodng cédch gitta mau kiém tra A vd mang ndron thi k; céc
bi€n x va a cho biét cdc dic tinh ddu vao clia mdu huan luyen va cédc dic tinh cla méu
kiém tra A tuong u'ng, E; la 15i hudn luyén cudi cing clia miu j va 1a sy do ludng cila viéc
hoc mang PNN vé mdi mau; Off 12 mot gid tri hiing, nhé va trong mot s6 trudng hop dudc
cai 1a zero; p va pe la cédc hé so hing dé x4c dinh hiéu qua cia hé s6 sai khdc va hé s 10
huin luyén tuong udng.

Nhu vay, d6i v6i mbi miu kiém tra, bd lua chon s& Iya chon cdc mang ndron c6 cdu
triic PNN gén v6i mau kiém tra nhat va s& dua ra cdch hudn luyén t6t nhét, cén ci theo cdc
thong s6 da dugc dinh rd. Céc khdi ciia k§ thudt kiém tra (Hinh 5) va cdc mdi lién hé cla
chiing c6 quan hé mat thiét v6i k§ thuit hudn luyén (Hinh 4).

B phan phéi
Phén ddu vad [ T Mau Bo lya Phudng phap | Xu#it két qua
" 1 i — 4 » 2 —
ciia mAu (40 ki # EE'Q sip! B6 phal kiém tra chon kiém tra
lxep méq chia mé
TR 4 Fhugng phafBéu ra tinh toar
huén luyén
Phén ddu ra
mong muén c
mAu (da lieu Bb sép! Bo pha
| xep mélj chia may

Hinh 4. K§ thuit hudn luyén ciia PNN Hinh 5. K§ thuit kiém tra cia PNN
3. PNN PANH GIA CHE PO ON PINH PONG HE THONG PIEN 52 NUT

Mang ndron ci tién (PNN) véi cau tric mang trinh bay & Hinh 9 va Hinh 10. dudc st
dung dé ddnh gid nhanh ch& d6 8n dinh dong hé thong dién 52 niit (Hinh 6) [4, 5]. o] day,
148 mAu dudc diing d€ dao tao vdi 24 thong s6 dinh lugng va 12 thong s6 dinh tinh dé kiém
tra tinh hleu qué ctia PNN dudc dé xuit, tap kiém tra chifa 160 méau. Céc mau hufn luyén
va kiém tra dudc phan bd gidng nhau trén cédc hé thong kiém tra.

Béng 2 trinh bay két qua so sdnh tdng két duge tir qud trinh hoc gitra ki€ém tra theo
cdu triic PNN va theo ciu tric mang Perceptron nhiéu 16p (MLP) (Hinh 7) dé ddnh gia
nhanh céc ché& dc_J 8n dinh cho hé thong dién 52 niit.

Tir ddy, c6 thé két luan ring mang noron ci ti€n-PNN cho k&t qua dénh gid chinh xdc
hon khi si dung mang MLP (perceptron) mot 16p An.

Biéu dién m&t mAu X={x1,x1,....x»), g6m 148 miu
Tp miu la ma trgn 148 hang 37 ¢4t

Hinh 7: Sd d6 thay thé hé thong dién 52 mit Hinh 8: C4u triic mang MLP
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Hinh 9: Céu tric mang PNN Hinh 10: C4u triic ki€ém tra mang PNN
Bang 2. So sdnh két qua dédnh gid 6n dinh dong gitta hai mang MLP va PNN
148 miu diing huan luyén 160 miu ding d€ ki€m tra
S6 nit Mang nodron | S& miu hudn | Do chinh xdc | S6 miu ki€ém | Pd chinh xdc
HTP dugce sit duiy luyénsai | khihuén luyén tra sai khi ki€m tra
52 niit MLP 0 100% 6 96,25%
52 mit PNN 0 100% gl 99,375%

4. KET LUAN

1. Trén cd s danh gid ham ning lugng, bd phan phdi clia PNN chia tdp mau chinh
thinh nhiu tdp miu con . Diéu nay gidp don gidn héa cho phin huin luyén mang, dong
thdi m4 ra kha ning c6 thé d4p dung PNN cho cdc tip miu 16n ti¥ cdc hé théng dién qui mo
16n véi nhiéu nhdnh va nit.

2. MS3i mang con trong mang PNN 12 mang lan truyén hai 16p (mot 16p 4n) (MLP)
vdi thudt todn truyén ngugc cling nhitng bién phdp cdi ti€n nhim nang cao t6¢c dd hdi tu cho
mang. Hién nay mang lan truyén da 16p dugc st dung phd bién d€ gidi cdc van dé trong hé
thong dién. Mang ndy thudc loai mang truyén tdi nhiéu 1dp, cu thé trong bai bdo nay 12 hai
16p x¥ 1y. Tuy nhién, mang perceptron nhiéu 16p (MLP) tao ra m&t két qua xap x{ toan cuc
clia phép dnh xa vio ra phi tuy&n va vi viy né cé khd ning téng quét héa cao.

3. Thong qua ki€m chitng 4p dung vio mot hé théng dién thuc, mang ndron PNN
dudc dé xudt dd ddnh gid 6t cdc ch€ d6 n dinh va khong &n dinh dudc xem xét. Piéu nay
minh chitng viéc d4p dung mang noron PNN dé danh gi4 trang thdi &n dinh qud d6 cho mot
hé théng dién thuc 12 kha thi.

THE APPLICATION OF NEURAL NETWORK FOR FAST ASSESS OF
THE STABILITY OF ELECTRICAL POWER SYSTEM
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ABSTRACT: Assessing the dynamic stability of electrical power system in real
time is the difficult problem. This paper proposes a parallel neural network structure
(PNN) to improve level of accuracy in fast assessing the stability of the real electrical
power system by using criteria of energy function in steps before training and executing
reasoning. The applications of this method with advantages and disadvantages will also be
mentioned in this paper.
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