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TOM TAT: Bai bdo gidi thigu phuong phdp nhdn dang va phdn loai cdc hién tugng
qud dj trén h¢ théng dién bang cdch sit dung mang noron két hop vdi k§ thudt phadn tich
wavelet da phdn gidi. Cdc tin hidu qud dj dugc md phong bdng phdn mém ATP-EMTP va
Matlab, gom cdc hién tugng: sut dién dp, tang dién dp, hoa tdn, chdp chon dién dp, gidn
doan dién dp, qud do khi dong cdt iram tu bu. Ap dung dinh ly Parseval vao kj thudt phin
tich wavelet da phdn gidi sé trich ra dugc cdc ddc trung ciia ting tin hidu qud dj. Mang
noron xdc sudt dugc sit dung dé nhdn dang nhanh va phdn loai tiung tin hiéu qud do.
Phuong phdp dé xudt da phdn loai mét cdch hi¢u qud cdc tin hiéu trén.

1.GIGI THIEU

Hién nay chdt lugng dién ning dang dudc quan tdm rit nhiéu & cdc nude di va dang
phat trién. Ngudi tiéu ding khong nhiing yéu ciu dugc cip dién lién tuc ma con doi hoi
‘ngudn dién “sach”, ddm bdo chit lugng, khdng dnh hudng t6i cic thi€t bi. Cdc hién tudng
qud d6 xdy ra trén hé thong dién sé gay 1a cac thay ddi v& bién d6 va tan s8 cla dién 4p
ngudn. Cic thay ddi trén dién dp nguon cung cAp s& dnh hudng truc ti€p dén chat lugng
dién nang, lam gidm chat lugng ngudn dién st dung Nhin biét cdc nguyén nhdn gy ra
thay ddi dién 4p hé thong s& gitp cdi thién it 16n van dé chit lugng dién ning. Pic biét,
phin loai nhanh va chinh xdc cdc tin hiéu qud do sé& gidp ngudi vin hanh hé thong c6
nhitng phuong phédp thich hgp ning cao chat lugng dién ning. Pa c6 nhitng bai bdo (1], [2],
[3] [4] trinh bay cdch nhdn dang cic tin hiéu qud do dua vio phin b8 cdc mic ning lugng
clia tin hiéu thong qua phin tich wavelet da phin gidi, phin loai k€&t hgp gita mang noron
va phan tich wavelet, hodc phan loai thong qua tip ludt clia logic md va phan tich wavelet.

Nhu vdy, c¢6 thé sit dung ky thudt bi&€n ddi wavelet dé€ trich cdc dic trung ning
lugng ciia tin hién, sau d6 k&t hdp vGi cdc k§ thudt tri tué nhén tao d€ tao thanh bd phan
loai hiéu qud. Tuy nhién c6 2 van dé cin quan tim & day:

- St dung cdc hé s bi€n d6i wavelet s tao ra dif liéu rt 16n, t6n nhi€u thi glan
- Cip d6 phén tich va cdc miu dic trung cin dugc gidm bét d€ ting hiéu qué tinh
todn nhung phdi ddm bdo d6 chinh xdc khi nhéin dang.

Bii bdo nay trinh bdy b6 phén loai dugc k&t hgp gitta k§ thudt phin tich wavelet da
phin gidi va mang noron xdc sudt. Viéc dp dung dinh 1y Parseval s& 1am gidm ddng ké cdc
méu dic trung cda tin hiéu. T6éc d6 hoc rdt nhanh clia mang ndron s& phdt hdp cho viéc
phén loai va chdn doén su cd trong thdi gian thuc.

Trong bai bdo, 70 tin hiéu qud dg 12 di liéu hudn luyén cho mang ndron va 21 tin
hiéu khéc 1a dit liéu d€ thi nghiém cho bd phén loai. C4c tin hi€u nay dudc md phdng dua
trén phﬁn mém ATP — EMTP, sau d6 tdan bd cdc di¥ liéu dudc chuyén qua Matlab. Cdc
k&t qua thi nghiém bling s8 cho thdy phuong phdp dugc dé xudt phan loai mdt cdch hiéu
qua cdc tin hiéu qué do.
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2. CAC TIN HIEU QUA PO TREN HE THONG PIEN

Ngoai tin hiéu séng sin chudn, bai bdo gisi thiéu 6 tin hiéu qud dé dugc nghién citu
nhin dang vi phin loai. Cdc tin hiéu ndy c6 dugc bing cich mé phdng qud d§ cdc mach
trén phin mém ATP — EMTP. Dang s6ng thu dudc clia cdc tin hiéu ndy nhu Hinh 1.

|
|
l

T T
W 0 | \\f\ I ’\“

U |
a. Sut dién dp

thh AR ARNAAAAN AT '
BNANAANAADNANNA
ATAVARATRVAVAVAVAVATAYA

VYRV YRR VIRTEVRY \‘ \ A

VY VYV VYV VY Y

¢. Hoa tdn d. Chc;p chorn dtfm dp

T M VI \ [
| ;ha i = \ i;”‘l !l\ / \. | _/\\,’/\\ \.\/ \// \\/\\/\\/ \\JJ{\\/ |

e. Gidn doan dién dp f. Qud dé dong cdt tram tu

:::
gt
&
0
1=
38
1

Hinh 1. Dang séng céc tin hiéu qud do

3. KY THUAT WAVELET TRONG PHAN TiCH CA C NHIEU CUA LUGI PIEN

Ky thudt phan tich wavelet da phan gidi dudc sit dung d€ trich c4c dic trung tit cdc
dang séng nhin dugc. Ngoai ra, phin bd ning luong ciia thanh phén chi tiét cua tin hiéu
dugc tinh bing dinh ly Parseval d€ 1dy cdc dic trung cia tin hiéu.

3.1.Phéan tich wavelet da phén gidi

Dic tinh chinh ciia bi€n d6i wavelet rdi rac 12 k§ thuit phin tich da phin gidi. K§ thuit
ndy dugdc ding d€ phan tich mot tin hi€u ban ddu thanh nhiéu tin hiéu con vdi cdc cip phan
gidi (cdc ti 1€) khdc nhau.

Biu din todn hoc ciia phén tich wavelet da phin gidi nhu sau:

Vi=Win ® Vi = Win @ Wiy ® Wis @ ... & Wju +V, (1

e V. la thinh phﬁn xap xi cua tin hiéu & ti 1€ j+1.

o WJ+1 13 thanh phan chi tiét cua tin hi¢u o ti 1€ j+1.

e @ ky hiéu cho tong cua 2 tin hi€u da phéin tich.

e nla cdp phén tich.

Gia sir tin hiéu xj[t] dwoc 14y mAu theo cdc khoang thdi gian nhu nhau, véi sé lvong méu la
N=2’ ,J1a sb nguyén, thi: x;[t] = (vo, v, ..., VN-1).

Biéu dién todn hoc bién dbi wavelet rdi rac cia x;[t] 1a:

x[0=2x[114,,[11  véi ¢ 1ahimtile. 2)

3.2Dinh ly Parseval

Néu mot tin hiu roi rac x[n] 14 ddng dién chay qua ddién trd 1Q) thi ndng luong tiéu thu cia
dién tré nay bing tdng binh phuong cdc hé sb cua biéndddi Fourier trong mién tn sb.
V6i N 14 chu ky 14y mau, ay 14 cdc hé s6 bién dddi Fourier:
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Ap dung dinh ly nay vao bién ddi wavelet roi rac, két hop cdc phuong trinh (2) va (3) sé&
nhéan dudc:

1 2 1 2 J] 2

v B = 5 Zhed + 27 Zwid
Nhu vay, bing phép bién ddi wavelet rdi rac, nang luong cia tin hiéu qud d duoc biéu dién
theo (4).
o S hang thir nhat vé phai cia (4) bidu dién céng sudt trung binh cia thanh phén xép xi
cia tin hiéu.
e  S6 hang thir hai biéu dién cong sudt trung binh ciia thanh phén chi tiét cia tin hiéu. S5
hang nay biéu dién cdc dic trung trong phan bd nang luong cla thinh phén chi tiét coa tin
hiéu. N6 dugc chon dé 1ay ra cdc déc trung cla cong sudt tin hiéu qu4 do.

3.3.Chon cdc dic trung cda tin hiéu:

Khi xay ra hién tugng qud do bit ky, tin hi¢u cong sudt trén hé théng sé tao ra mot trang th4i

gidn doan & thoi diém bét ddu va két thic ciia qud trinh qué dd.

Sir dung bién d01 wavelet roi rac dé phin tich tin hiéu nay Qua phan tich da phén giai cép 1

s& tao ra hé s6 wavelets w), im dudc thoi ddiém bét ddiu t, va két thiic t.. Thoi gian xay ra

qudddd t, dugc tinh: te=1te —tsl (5)

Theo (4), nang lugng tin hiu qud do cé thé dduoc phéan chia & nhidu cap phan giai theo
nhidu cdch khdc nhau tiiy thudc vao bai todn chat lugng dién ning. Do d6 can xdc dinh hé

s6 w cua thanh phén chi tiét & mdi clp phan gidi d€ chon ra dic trung cua tin hiéu.

Biéu dién todn hoc ctia qud trinh nay nhu sau:

ZI J,‘ “WJJ!l ™

voi llwill 1a tiéu chuén m& rdng cia hé sb Wi .

Phuong trinh (6) ¢6 4 tinh chét dic biét:

e Khi chon him wavelet Daubanchie “db4” ddé thuc hién bién dbi wavelet rdi rac s& tao
ra cdc phan bd nang luong 16n hon déi véi cdc cép phan tich 6,7 va 8.

e Su phin bd nang lugng khong bi anh hudng boi thoi gian xay ra qud do.

e Phin bd nang luong khdng dbi di bién do cua cing mot loai qua do thay dbi.

e Phén b ning lugng bic thip biéu dién nhimg thay ddi rd rét khi tin hiéu qué d6 c6 chira
cdc thanh phén tn s cao. Nguoc lai, phin bd néng lugng bac cao sé& chi rd nhitng thay dbi
cla tin hidu c6 chira cdc thanh phin tn sb thap.

Chuén héa phuong trinh (6) thanh (7): Pl=dP, 7

4.NHAN DANG VA PHAN LOAI CAC HIEN TUQNG QUA PO
Mang noron x4c suit dudc sit dung d€ nhin dang va phin loai cdc tin hiéu dua vao cdc dic
trung dugc trich ra theo trinh bay trong phin trén.
4.1.M6 hinh mang ndron xdc suit:

- Mb hinh mang noron xdc suét st dung cho bai todn phan loai gdm c6 3 16p hinh thinh
nén 16p co s& xuyén tim va 16p canh tranh theo Hinh 2.
Véi: Lép vao c6 i noron nhén cdc ngd vao X = [X, Xa, ..., Xi].
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Lép 4n c6 k noron H = [Hy, Ha, . . ., Hi 1. ,
Lép ra c6 j noron ndi véi ngiraY=[Y,Y>..,Yjl mdi Yi ddai dién cho mot ioai.
Trong s6 két néi gitta 16p vao va 16p 4n 1a Wy, giiva 16p 4n va 16p ra 1a Wy

. Hididen Layer

w_lhxh

eececes . --------
. 7 )
Ldp cd sé xuyén tdm : _ Lép canh tranh

- Hinh 2. M6 hinh mang ndron xdc sudt

-Mang noron x4c suft 12 dang mang hoc ¢6 gidm sit, c¢6 tdc do hoc rit nhanh phd hop cho
bai todn phén loai tin hiéu va phﬁn dodn sur cb.

- Cic kh4c biét giita mang noron xdc suit va nhitng mang noron khéc 1a:

Mang dugc thuc hién bing mé hinh x4c suét 1a bd phén loai Bayes.

Mang dugc dam bao héi tu néu dugc cung cép du dir liéu huan luyén.

Khoéng ddi hoi phai c6 qud trinh hoc. -

Khéng cin dat trong s6 ban ddu cho mang.

¢ Khéng cén quan hé gilta qud trinh hoc va qué trinh goi lai.

e Khong ding sai s6 gitta vectora va dé hiéu chinh trong s6 cuia mang.

4.2.Ham m4t do xdc sudt: -
Trong (mg dung dé phén loai tin hifu, cdc mau huén luyén duoc sép xép theo céc gid tri
phin b6 haim mit dd xdc suat cia chiing. ,
- Ham mat @6 x4c suit dugc dinh nghia theo phuong trinh (8):

N =
f.k (x)= N: Eexp(_iui.zimu)- (8)
T . :
Khi d6, ngd_ra cia vecto H trong 16p-4n ciia mang 1a:
IR o vp . g
H= eXP(—Z *(—*—‘2—5-5'— ©)

‘Thu-at todn tao vecto ngd ra Y trong mang noron Xac sudt la:
-1 hy 65 il . hy
net;j:Nj Zh:W}:Hh - VOL. NjZ;Whj (]0)
 Néu netj= max(netk) thi Yj=1, ngudc lai Y;=0 (1D

Vi: i1a s6 lugng 16p vio, h1a sb lugng 16p &n, y 1a s8 16p ra, k 12 s6 mAu huén luyén.
Ny 12 s6 mAu can nhén dang, 3 14 thong s san bang, 0.1 <8< 1, chon 8=0.5.
X 1a vecto vao, | X — Xyjll 1a khoang cdch O-clit gilta vecto X va vecto X,

X = Xl = 5 Xi— Xy )? (12)

Wi 1a trong s6 két ndi giira 16p X va H, Wy," 12 trong s6 két ndi giira 16p H va Y.
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4.3.Phén loai ty dong biing mang ndron

Bai bdo trinh bz‘xy phén tich wavelet 13 clp d6i vai timg tin hiéu qud d6 dang rdi rac dé c6
dugc cdc hé sdwy . - Wiy ctia thinh phan chi tlet

Binh phuong céc ht; sb wavelet ctia phén tich cép 1 s& thu du'oc thoi glan xay ra qud do. Su
dung cédc phuong trinh (6) va (7) dé c6 dudc phan bd ning lugng B, P13 ctua 13 cap
phén tich. Cdc déc trung nay dugc si dung lam dir li¢u cho mang noron. Céc gid trit, va PP
dugc sir dung 1am cdc miu cia tép huén luyén ciia mang. Ngd ra ciia mang s& cho biét loai

tin hiéu qud d6 twong tmg v6i cdc mau vao. Thu tuc thyc hién dudce trinh bay trong Hinh 3.

Tao miu dif liu tir cdc dang séng dién dp
Bi€n ddi rdi rac cdc mAu dit ligu |
Phin tich wavelet da phin gidi |

| Tinh thi gian x4y ra qud d¢ || Trich cdc dédc trung ndng lugng

el

PHAN LOAI TiIN HIEU QUA DO BANG -

MANG NORON XAC SUAT
Hlidden Layer

Hinh 3. M6 hinh b6 phin loai bﬁng mang ndron x4c sudt

5KET QUA

5.1.K¢€t qua nhén dang cdc dic trung ning lugng

.Céc tin hiéu qud d§ va séng sin chudn dugc mé phéng trén nén ATP—EMTP Hé.m wavelet
db4 dudc chon d€ thyc hién bi€n ddi wavelet rdi rac. K&t qua thu dugc nhu sau:
- Trén Hinh 4a 12 dang séng va cdc hé s6 thanh phén chi ti€t clia phan tich 3 cdp cia séng
_Sut dién 4p, Hinh 4b 12 phan b8 13 mifc ning lugng séng sut dién dp. -
- Tuong wt, cdc Hinh 5 d€n Hinh 9 biéu dién cho c4c tin hiéu: ting d;en ép, hoa tan, chip
chdn dién 4p, glén doan dién 4p, qud do déng cdt tram tu bil. .
Trén c4c hinh a, truc hoanh biéu dién cdc diém 14y miu (t6c d6 14y méiu 1a 256 diém/gidy),
truc tung bi€u dién bién dd cia tin higu.
Trén céc hinh b, truc hbanh biéu dién cdc mitc ning ltrdng, truc tung biéu di&n bién d6 cia
tin hiu.
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Tit cdc d6 thi trén 6 thé rit ra 3 dic tinh cla cdc d6 thi phan b6 niing lugng céc tin hidu
qud d§. Cdc dic tinh ndy lam cd sd cho viéc nhdn dang.

- Khi xdy ra sut dién dp, tang dién dp hoic gidn doan dién 4p thi cdc thinh phén P¢® , P;°
va Pg" s& thay ddi 16n.

- Khi xdy ra qud do tdn s§ thdp nhu chip chdn dién 4p thi cdc thanh phdn P,° , Pyo° va
P,,° sé thay ddi rd rét.

- Khi xdy ra cdc qud d6 tan s& cao nhu hoa tdn, dong cit tram ty thi cdc thanh phin P;°
P,° va Ps” s& thay ddi rd rét.
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Hinh 4a.Dang séng sut dién dp va cic hé s§ wavelet Hinh 4b. Phén b6 13 mirc néng lugng .
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Hinh 5a. Dang s6ng ting dién dp va cdc hé s6 wavelet Hinh 5b. Phin bd 13 muc ning luong
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Hinh 6a. Dang s6ng hoa tdn va cic hé s& wavelet Hinh 6b. Phin bd 13 mic nang lugng

T F -
oe
-

10" 50 Vooo 1800 2000

2800 2000 == 4000 4800 anco a8k

aal

a
10 800 1000 1000 000 =800 ‘@000 2600 4000 4800 000
i s oal
Va3
¥ vat
x1g® 000 1000 1800 2000 =600 ) ) 000 4500 =00
- arf
L
[
=) 1000 4800 000 2800 @000 =00 4000 ] 0o Ly 2 a3

4 . ] T L] °

Hinh 7a. Dang s6ng chdp chdn dién 4p va cdc hé sd wavelet  Hinh 7b. Phin b 13 mirc ning lwgng
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Hinh 8a Dang séng gidn doan dién 4p va cdc hé s6 Hinh 8b.Phian b6 13 mirc ning lugng

e

Hinh 9a.Dang séng d6ng cdt tram tu va cdc hé s6 wavelet Hinh 9b. Phan bd 13 mirc ning lugng

Phén b8 ning lugng ndy c6 thé dugc biéu dién trén dd thi 3D nhu Hinh I0.

0,2
o, Tw Y Lo " A
- Tir 2 6&n 6 |a thanh phan tan s0 cao
T 9 dén 13 13 thanh phin tan s& thap

1:46ng cAtty bl 2:syt dién &p  3:tdng dién dp  4:ngdt dién
5:chap chdn dién dp  6:hoa tdn  7:Sin chudn

Hinh 10.Biéu dién 3D phan bd ning lugng clia 7 tin hiéu

1: d6ng cittram tu  2: sut dién dp 3: ting di€n dp 4: gidn doan dién 4p
5: chdp chdn dién d4p 6: hoa tan 7: sin chudn :

5.2. K&t qua thi nghiém va phén loai:

M4 hinh mang noron xdc sudt dugc thuc hién trong Toolbox Neural Networks ctia Matlab.
Chuong trinh dugc viét & dang tap tin * m. Vi khodng thdi gian x3y ra ciia cic tin hiéu c6
sy tuong déng nén c6 thé bd qua thong s8 vé thdi gian. DIt liéu ddu vao clia mang duge
chon 13 13 midc ning lugng cila céc tin hiéu. Ngo ra ciia mang dugc chon theo thi tu tir 1
d&n 7 tuong ng véi cdc tin hiéu sin chudn, syt dién 4p, ting dién 4p, hoa tan, chip chdn
dién 4p, gidn doan dién 4p, déng cit tram tu bd. K&t qua cho thdy v6i 70 mau hudn luyén,
21 miu thi nghiém c6 19 miu dugc nhin dang chinh xdc (45 chinh xdc >91%), 2 mau dugc
nhin dang khéng tht chinh x4c roi vao cic trudng hgp sut dign 4p va ting dién'ﬁp vdi
miic bién do thay d8i qué th&p, thdi gian hoc 2,5 s, thdi gian thit nghiém 0.02 s.
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6. KET LUAN

Bai bdo néu 1én mot phuong phdp dé nhan dang céc tin hidu qui do dwa vao bd phéan loai
" biing mang noron x4c sudt két hop véi k§ thudt phén tich wavelet da phan giai. Phuong
phdp dé xud't da gidm ddng k€ cdc miu dic trung cua tin hiéu nhung vén gilr ddugc tinh chat
riéng clia né. C4c tin hiéu qud d6 duoc méd phdng trong phin mém ATP-EMTP mang tinh
thyuc té cao 1am cho phuong phdp dé& xuat c6 ¥ nghia thuc té hon. Ngoai ra, su lién két giita
ATP-EMTP va Matlab ciingdda duoc thuc hién. Két qua thir nghiém cho thiy bd phan loai
ndy c6 thé nhén dang tuong ddi tt cc tin hiéu qud do, va thuit téan dé nghi c6 thé 1a co s3
ban d4u cho cdc ky thuit nhin dang theo thdi gian thuc d&i véi cdc su c8 x4y ra trong hé

théng dién.

IDENTIFICATION AND CLASSIFICATION OF POWER QUALITY
DISTURBANCES USING WAVELET-BASED NEURAL NETWORK
Nguyen Huu Phuc A Nguyen Tan Doi @

D University of Technology — VNU- HCM, @ HCMC University of Technical Education

ABSTRACT: The paper presents a method of identification and classification of
power system disturbances by neural network based on the multi-resolution analysis wavelet
technique. Various transient phenomena of voltage sag, voltage -swell, harmonics, flicker,
interruption, capacitor bank switching transients were simulated by transient caculation
software ATP-EMTP, then exported to Matlab for further analysis by wavelet technique.
Application of Parseval's theorem of energy calculation at various decomposition level will
extract interesting features from signals in analysis. Probabilistic neural network technique
was then used to recognize and classify automatically transient signals obtained from
numerical experiment. Results obtained from numerical experiments shows the merit, as well
as the feasibility of the proposed approach. - '
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