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TOM TAT: Bai bdo giéi thiéu phwong phdp nhin dang va phan logi cac hién tuong quad
dé trén hé thong dién bang cdach sir dung mang noron két hop voi ky thudt phdn tich wavelet
da phan giai. Cac tin hiéu qua do dwoc mo phong bang phan mém ATP-EMTP va Matlab,
gom cdc hién twong: sut dién dp, tang dién dp, hoa tan, chdp chon dién ap, gidn doan dién dp,
qud do khi dong cdt tram tu bi. Ap dung dinh 1y Parseval vdo ky thudt phdn tich wavelet da
phaén gidi sé trich ra dwoc cdc ddc trung cia tirmg tin hiéu qud do. Mang noron xdc sudt dwoc
sir dung dé nhdn dang nhanh va phan loai tirng tin hiéu qud dg. Phwong phdp dé xudt da phdn
logi mot cach hiéu qua cdc tin hiéu trén.

1.GIOI THIEU

Hién nay chat luong dién ning dang duoc quan tim rat nhiéu & cac nudc di va dang
phat trién. Ngudi tiéu ding khong nhimg yéu cau dugc cp dién lién tuc ma con doi hoi ngudn
dién “sach”, dam bao chit lugng, khong anh huong t6i cac thiét bi. Cac hién tuong qua do xay
ra trén hé thong dién s& gdy ra cac thay do6i vé bién do va tan s6 cua dién ap ngudn. Cac thay
dbi trén dién 4 ap ngudn cung cap s& anh huong truc tiép dén chit luong dién nang, lam giam
chat lugng ngudn dién sir dung. Nhan biét cic nguyén nhan gy ra thay dbi dién ap hé thong
s€ gitp cai thién rat 1on van dé chét luong dién nang. Pac biét, phan loai nhanh va chinh xac
céc tin hiéu qua do s& gitp nguoi van hanh hé théng cé nhitng phuwong phéap thich hop nang
cao chat luong dién ning. D3 c6 nhitng bai bao [1], [2], [3] [4] trinh bay cich nhan dang cac
tin hiéu qua do dya vao phan bd cac muc ning lugng cua tin hiéu thong qua phan tich wavelet
da phan giai, phan loai két hop giita mang noron va phan tich wavelet, hodc phan loai thong
qua tap luat cua logic m¢ va phan tich wavelet.

Nhu vy, c6 thé sir dung k¥ thuat bién doi wavelet dé trich cac dic trung nang luong
cua tin hiéu, sau do ket hop voi cac ky thuat tri tu¢ nhan tao dé tao thanh b phan loai hiéu
qua. Tuy nhién c6 2 Van dé can quan tam & day:

- Str dung cac hé s6 bién ddi wavelet s& tao ra dit liéu rat 16n, ton nhiéu thoi gian.
- Cép d0 phan tich va cac mau dic trung can duge giam bét dé tang hidu qua tinh toan
nhung phai ddm bao d¢ chinh xac khi nhan dang.

Bai bao nay trinh bay bo phan loai duoc két hop giita k¥ thuat phan tich wavelet da
phan giai va mang noron xac suat. Viéc ap dung dinh 1y Parseval s& lam giam dang ké cac
mau dic trung cua tin hiéu. Tbc do hoc rat nhanh cua mang noron s€ phu hop cho viéc phan
loai va chan doéan su ¢ trong thoi gian thyec.

Trong bai bao, 70 tin hi€u qua d6 1a dir liu huén luyén cho mang noron va 21 tin hi¢u
khac 1a dir liéu dé thu nghiém cho by phéan loai. Céac tin hiéu nay dugc md phong dua trén
phan mém ATP — EMTP, sau d6 toan bo cac dir liéu duoc chuyén qua Matlab. Cac két qua thi
nghiém bang sb cho thiy phuong phap dwgc dé xuit phan loai mot cach hiéu qua cac tin hiéu
qua do.
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2. CAC TIN HIEU QUA PO TREN HE THONG PIEN

Ngoai tin hi¢u song sin chuén, bai bao gidi thiéu 6 tin hi€u qua dd dugc nghién ciru nhan
dang va phan loai. Céc tin hi¢u nay cé dugc bang cach mé phong qua do cac mach trén phan
meém ATP — EMTP. Dang song thu dugc cua cac tin hiéu nay nhu Hinh 1.
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Hinh 1. Dang song céc tin hiéu qua do

3. KY THUAT WAVELET TRONG PHAN TiCH CAC NHIEU CUA LUOI PIEN

K¥ thuét phan tich wavelet da phan giai duoc sit dung dé trich cac dic trung tir cac dang
song nhan dugc. Ngoai ra, phan bo nang lugng cua thanh phén chi tiét cua tin hiéu dugc tinh
bang dinh ly Parseval dé lay cac déc trung cua tin hicu.

3.1.Phéan tich wavelet da phan giai

Pic tinh chinh cta bién doi wavelet roi rac 1 k§ thuat phan tich da phan giai. K§ thuat nay
dugc dung dé phan tich mot tin hiéu ban dau thanh nhiéu tin hiéu con véi cac cip phan giai
(cac ti 1€) khac nhau.

Biéu dién toan hoc ciia phén tich wavelet da phan giai nhu sau:

Vj: Wj+1 @ Vj+1 = Wj+1 @ Wj+2 @ Wj+3 ®...® W]urn +Vn (1)

e Vi lathanh phan x4p xi cua tin hidu & ti 18 j+1.

e W, la thanh phén chi tiét cta tin hiéu & ti 18 j+1.

e @ ky hiéu cho tong ctia 2 tin hiéu dd phan tich.

e nla cip phan tich.

Gia str tin hiéu x;[t] duoc ldy miu theo cac khoang thoi gian nhu nhau, véi sé lugng mau 1a
N=2",J1asb nguyén, thi: x;[t] = (vo, V1, ..., VN-1).

Biéu dién toan hoc bién doi wavelet rdi rac cua xj[t] la:

X[10= %[04, [(]  voi ¢(t)lahamtilé . )

3.2Pinh ly Parseval
Néu mdt tin hiéu roi rac x[n] la dong dién chay qua ddién tr& 1Q thi ndng lugng tiéu thu cua
dién trd nay bang tong binh phuong cac hé so cua biénddoi Fourier trong mién tan so.
Vi N 1a chu ky lay mau, ax 1a cac hé so6 bién ddoi Fourier:

v 2 Rl = o &

n=<N>
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Ap dung dinh 1y nay vao bién d6i wavelet rdi rac, két hop cac phuong trinh (2) va (3) s& nhan
duoc:

I R S Zhosd ¢

Nhu vay, bﬁng phép bién ddi Wavelet roi rac, nang luong cua tin hi€u qua do duogc biéu dién
theo (4).

e  S6 hang tht nhit vé phai cta (4) biéu dién cong suit trung binh cua thanh phan xp xi cia
tin hiéu.

e S hang thir hai biéu dién cong suat trung binh ctia thanh phan chi tiét cta tin hi¢u. S6
hang nay biéu dién cac dic trung trong phan bd ning lugng ciia thanh phan chi tiét cia tin
hiéu. N6 duoc chon dé léy ra cac dac trung ctia cong sut tin hiéu qua do.

3.3.Chon cac dic trung cua tin hiéu:

Khi xay ra hién tuong qua do bét ky, tin hiéu cong sut trén hé théng s€ tao ra mdt trang thai
gian doan & thoi diém bat dau va két thiic cta qua trinh qua do.

St dung bién d6i wavelet rdi rac dé phan tich tin hiéu nay. Qua phan tich da phan giai cap 1 s&
tao ra hé s6 wavelets wy, tim duoc thoi ddiém bit ddau t, va két thac t.. Thoi gian xay ra
quaddo t; dugc tinh: te=|te—ts] 5)

Theo (4), ning luong tin hidu qua do c6 thé ddwoc phéan chia & nhiéu cip phan giai theo nhiéu
cach khac nhau tuy thude vao bai toan chét lugng dién nang. Do d6 can xac dinh hé s w cua
thanh phan chi tiét & mdi cip phan giai dé chon ra dic trung cta tin hiéu.

Biéu dién toan hoc ciia qué trinh ny nhu sau:

P—jZ‘ Wikl = H?\};j

vai ||wjl| 1a tiéu chuan mg rong cua hé s6 W .

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

e Khi chon ham wavelet Daubanchie “db4” ddé thuc hién bién ddi wavelet roi rac sé tao ra
cac phan bd ning luong 16n hon d6i véi cac cap phan tich 6, 7 va 8.

e Sy phén b ning luong khong bi anh hudng béi thoi gian xdy ra qua do.

e Phan b niang luong khong d6i du bién do ciia cung mot loai qua do thay doi.

e Phan b ning luong béc thap biéu dién nhing thay ddi rd rét khi tin hiu qua do c6 chira
cac thanh phan tan sé cao. Nguoc lai, phan bd ning luong bac cao s& chi rd nhimng thay doi
ctia tin hiéu co chira cac thanh phan tan sd thap.

Chuan hoa phuong trinh (6) thanh (7): P = / P, (7)

(6)

4. NHAN DANG VA PHAN LOAI CAC HIEN TUQNG QUA PQ
Mang noron xac suit duoc sir dung dé nhén dang va phan loai cac tin hiéu dua vao cac dic
trung dugc trich ra theo trinh bay trong phan trén.
4.1.M6 hinh mang noron xic suit:

- MO hinh mang noron xac suét st dung cho bai toan phan loai gdm c6 3 16p hinh thanh nén
16p co s& xuyén tam va l6p canh tranh theo Hinh 2.
Véi: Lop vao cé i noron nhan cac ngd vao X = [X, Xa, ..., Xi].
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L6p an ¢6 k noron H=[Hy, Ha, .. ., H].
L6p ra c6 j noron nbi véingiraY = [ Y1, Yo, o Y;], mdi Yi ddai dién cho mot loai.
Trong sb két nbi giita 16p vao va 16p an 1a Wy, | giita 16p 4n va 16p ra 1a WhJ

Hidden Laver

H
xh ! hy
Tnput Laver W'h WhJ wt Laver
- ) -
NS, S

Hinh 2. M6 hinh mang noron xac suat

- Mang noron xac suat 1a dang mang hoc c6 giam sat, co tdc d6 hoc rat nhanh phu hop cho bai
toan phan loai tin hiéu va chan doan su cd.

- Cac khac biét giita mang noron x4c suit va nhitng mang noron khac 1a:

Mang dugc thyc hién b?mg mo hinh xéc suét 1a bo phan loai Bayes.

Mang dugc dam bao hoi tu néu duogc cung cép du dit liéu huan luyén.

Khong doi hdi phai c6 qua trinh hoc.

Khong cﬁn dit trong sb ban dau cho mang.

Khong can quan he gitra qua trinh hoc va qua trinh goi 1a1

Khong dung sai s6 gitra vecto ra va dé hiéu chinh trong s ciia mang.

4.2.Ham mat do xac suat:

Trong mg dung dé phan loai tin hiéu, cac mAau huin luyén duoc sip xép theo cac gia tri phan
bb ham mat do xac suat cua chung.
Ham mat do xac suit duoc dinh nghia theo phuong trinh (8):

X ,

f.®=N, Zexp( H il (8)

Khi d6, ngo ra cia vecto H trong 16p an ciia mang 1a:
(X W,h )2 (9)

H,=exp(-
p Z ¥

Thuét toan tao vecto ngd ra Y trong mang noron xac suat 1a:

net,= N, ZWh, H, Vi N,.=;WZ;* (10)

Néu net; = max(nety) thi Y;=1, nguoc lai Y;=0 (11)

Véi: i 1a s6 lwong 16p vao, h 13 s6 luong 16p 4n, y 14 s6 16p ra, k 13 s6 mau huén luyén.
Ny 14 s6 mau can nhan dang, & 1a thong so san bang, 0.1 <8< 1, chon §=0.5.
X la vecto vao, || X — Xi|| 1a khoang cach O-clit giira vecto X va vecto X,

1 X = Xugl| = Z(Xi =Xy )’ (12)
Win™" 14 trong s6 két ndi gitra 16p X va H, Wi,V 1a trong s két ndi giita 16p Hva Y.
4.3.Phén loai ty dgng bang mang noron

Bai béo trinh bay phan tich wavelet 13 cip d6i v6i timg tin hiéu qua do dang roi rac dé co
duoc cac hé sO w; . . . wys clia thanh phan chi tiét.
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Binh phuong cac hé s6 wavelet ciia phan tich cap 1 s& thu dugc thoi gian xay ra qua do. Su
dung cac phuong trinh (6) va (7) d c6 duoc phan bd niang luong P, . . . P13° cua 13 cp phan
tich. Cac dac trung nay dugc st dung lam di li€u cho mang noron. Cac gia tri t; va P;° duge
str dung 1am cac mau cua tap huén luyén ctiia mang. Ngo ra ciia mang s€ cho biét loai tin hiéu
qué d6 twong tmg voi cac mau vao. Thu tuc thyc hién duoc trinh bay trong Hinh 3.

Tao mau dit lidu tir cac dang song dién ap
Bién di roi rac cac mau di lidu
Phén tich wavelet da phén giai

W« WA

Tinh thoi gian xay ra qua do | | Trich cac dac trung nang lugng
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Hinh 3. M6 hinh bd phan loai b?mg mang noron Xac sudt

5.KET QUA

5.1.Két qua nhan dang cac dic trung ning lwong

Cac tin hi¢u qua do va séng sin chuén dugc mod phong trén nén ATP-EMTP. Ham wavelet
db4 dugc chon dé thuc hién bién ddi wavelet roi rac. Két qua thu dugc nhu sau:

- Trén Hinh 4a 14 dang song va cac hé s6 thanh phan chi tiét ciia phan tich 3 cép ciia song Sut
dién ap, Hinh 4b 13 phan bd 13 murc ning luong séng sut dién ap.

- Tuong tu, cac Hinh 5 dén Hinh 9 biéu dién cho céc tin hiéu: tang dién ap, hoa tan, chap
chon dién ap, gian doan dién ap, qua d6 dong cit tram tu bu.

Trén cac hinh a, tryc hoanh biéu dién cac diém lay mau (téc do 1dy mau la 256 diém/giay),
truc tung biéu dién bién do cua tin hiéu.

Trén cac hinh b, truc hoanh biéu dién cac muc nang luong, truc tung biéu dién bién do cua tin
hiéu.

Tir cac d6 thi trén c6 thé rit ra 3 dic tinh cia cac dd thi phan bd ning lugng cac tin hiéu qua
d6. Cac dac tinh nay lam co sé cho viéc nhan dang.

- Khi xay ra sut dién ap, tang dién ap hodc gian doan di€n ap thi cac thanh phﬁn PP, PP va
P" s& thay doi 16n.

- Khi xay ra qua d6 tin sb thdp nhu chap chon dién ap thi cac thanh phan Po® , PP va P,° s&
thay d6i rd rét.

- Khi xdy ra cac qua do tan sb cao nhu hoa tan, dong cit tram tu thi cac thanh ph?m P, p,P
va P5D s€ thay doi rd rét.
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Hinh 4a.Dang song sut dién ap va cac hé 6 wavelet
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Hinh 9a.Dang song dong cét tram tu va cac hé sb wavelet Hinh 9b. Phan b6 13 mirc nang lugng

Phén b ning luong nay cé thé duge biéu dién trén do thi 3D nhu Hinh 10.

gia 1
tri w
nang
lugng:

/09/' iy -
G o~
b
~¢ TU 2 dén 6 13 thanh phan tan s6 cao
TU 9 dén 13 la thanh phan tén sd thap

1:d6ng cdt tu bu  2:sut dién 4p  3:t&ng dién dp  4:ngdt dién
S5:chap chdn dién &p  6:hoa tin  7:Sin chuén

) Hinh 10.Biéu dién 3D phan bd ning lugng cua 7 tin hiéu
l: dong cat tramty  2: sut dién ap 3: tang dién ap4: gian doan dién ap
5: chap chon dién ap 6: hoa tan 7: sin chuan

5.2 Két qua thi nghiém va phan loai:

M6 hinh mang noron xac suit dugc thuc hién trong Toolbox Neural Networks cia Matlab.
Chuong trinh dugc viét & dang tap tin *.m. Vi khoang thoi gian xay ra cua cac tin hiéu ¢ su
tuong ddng nén cé thé bd qua thong sé vé thoi gian. Dit liéu dau vao ciia mang duoc chon 1a
13 mirc nang luong cua cac tin hiu. Ngo ra ciia mang dugc chon theo thir tu tur 1 dén 7 tuong
ung voi cac tin hiéu sin chuén, sut dién ap, tang dién ap, hoa tan, chap chon dién ap, gian doan
dién ap, dong cit tram tu bu. Két qua cho thﬁy v6i 70 mAu huin luyén, 21 mau thir nghiém cé
19 mau duoc nhan dang chinh xac (d6 chinh xac >91%), 2 mau duoc nhan dang khong that
chinh x4c roi vao cac trudng hop sut dién ap va ting dién ap véi muic bién do thay dbi qua
thfip, thoi gian hoc 2,5 s, thoi gian thir nghiém 0.02 s.
6. KET LUAN
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Bai bao néu Ién mot phuong phap dé nhan dang céc tin hiéu qua d6 dwa vao bd phan loai bang
mang noron xac suat két hop voi ky thuat phén tich wavelet da phan giai. Phuong phap de
xudt di giam dang ké cac mau dic trung cua tin hiéu nhung van gitr ddwoc tinh chit riéng cia
n6. Céc tin hiéu qua do duoc mo phong trong phan mém ATP-EMTP mang tinh thuc té cao
lam cho phuong phép d& xuit c6 y nghia thyc té hon. Ngoai ra, sy lién két gitta ATP—-EMTP
va Matlab ciingdda dugc thuc hién. Két qua thir nghiém cho thdy bo phan loai nay ¢ thé nhan
dang tuong d6i tot cac tin hiéu qua do, va thuat téan de nghi c6 thé 1a co sé ban dau cho cac
k¥ thudt nhan dang theo thoi gian thuc d6i v6i cac su ¢b xay ra trong hé thong dién.

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

) 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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