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Trong nhitng nim gin giy, chit lugng dién ning rat dugc chi y vi nd lién quan d&n cic
thi€t bi dién t cong sudt va tdi phi tuy€n trong hé thong dién tlt cong suit, bdo vé thi€t bi nhay
cam va phan loai chinh xdc cdc loai ngudn gy mat 6n dinh.

DPé€ gidm sit chat lugnmg dién ning, ngudi ta sit dung phép bién ddi Fourier doc 1ap trong

thdi gian ngdn (STFT).

STFT khong theo kip tic dong clia thdi gian lién quan dén gidi han chiéu rong ctta s6 c6

dinh (limitations of a fixed window width).

Mot phuong phap phan tich chit lugng dién ning méi st dung d€ hé trd bi€n ddi wavelet
(WT) 1 bi€n d6i S (ST) va phan tich mot s& van dé vé chat lugng dién ning sit dung WT va ST..

1. GIGI THIEU:

Cong sudt phdt ting nhung chit lugng
dién niang lai ¢6 khuynh huéng gidm theo qui mo
s6 nha mdy dién va s6 khach hang ting I&n.

Chat lugng dién ning st dung d€ danh
gid su khdc nhau vé dién 4p, dong dién, tin s&
véi dang séng sine 6n dinh tai tin s§ binh thudng.
Do d6, chit lugng dién ning lién quan d&€n mat
dn dinh ctia hé thong dién do st dung céc thi€t bi
dién nhay cdm (cdm dng). Vi viy phdi phan loai
chinh xdc mat 6n dinh d€ dam bio chit lugng
dién ning ta khong st dung STFT vi STFT khong
thanh cong khi phin tich cdc tin hiéu qud do doi
vdi cd hai thanh phan tin s6 cao tin sd thip. Mit
khéc, ST st dung st dung clia sd ngin & tin s&
cao va st dung cita s dai tai tin sd thap. Vi th&
tinh chi't cia WT cung cAp mot cdch ty dong sy
phat hi€n, dinh vi va phén loai cdc dang séng
nhi€u gay 4nh hudng dé€n chat lugng dién ning.

Mic du wavelet multi-resolution analysis
(MRA) két hgp véi mot s mang neural 16n dnh

hudng dén chi't lugng dién ning, nhiéu trong
mién thdi gian. Vi th€ sags, swell...thi khong
dé dang dugc phan loai. Thém vao d6, mot
s6 thanh phin tin s6 nhiéu quan trong thi
khong dudc chinh xdc khi st dung bi€n ddi
wavelet (WT).

Vi th€, trong tap tai liéu ndy s& dua
ra mdt bi€n ddi mdi 1a bi€n ddi S (S-
Transform). ST chia ra lam nhiéu viing thdi
gian clia ctta s8 Gaussian gia tri thuc vé6i sy
mi héa, vi th€ clia s6 dich chuyén ma khong
cAn phai ma héa. Khong nhitng thé c6 thé so
sanh cic két qui dat duge v6i WT d€ ting
th€m gid tri cho ST va chitng minh ring ST
thi t6t hon STFT va WT

2. PHAN TIiCH TIN HIEU QUA CAC
QUA TRINH TIEN HOA TU FOURIER
PEN WAVELETS

2.1 Bi&n ddi Fourier va chudi Fourier




Chudi Fourier cia mdt ham f(x) x4c dinh trong
khdang (-1,1) cho bdi:

< inzx
f)=>c, EXp(Tj (3.1)
n=—w
Trong d6, cdc hé s khai trién Fourier 1a:
1 inzt
c, =— | f(t)exp(———)dt
= 1] TOeR=)

P& nhan duge mot cach biéu dién cho
nhitng ham s6 khong tudn hoan xdc dinh v6i moi
X, cho 1 — oo, tir 46 din d&n cong thitc vé 1y
thuyé&t tich phan Fourier.

_ 1 T Twx T —imt
f(x)_g_[ce da)jwe f (t)dt

V& mit téan hoc, ddy la cich bi€u dién
lién tuc cia khai trién Fourier. Cong thiic nay
x4c dinh mot lugng vo han cdc thanh phin hai
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Trong d6, chudi khai trién Fourier ban
diu 12 mot phuong phap bi€u dién mot ham s6
thanh tdng nhitng thanh phan hai, phuong phédp
quan trong nhat d€ gidi cdc bai todn vi phan tiing
phan

Han ché ctia phép bién d8i Fourier:

Phép bi€n d6i Fourier gin nhu khong
tuong thich vao kh3o sit nhitng vin dé thuc t&
bdi hai nguyén nhén:

- Phép bién d6i Fourier cia mot tin hiéu khong
thé€ hién bat ky mot thdng tin cuc b nao vi vay
né khong thé phin 4dnh dudc sy thay d6i dang
séng trong mién thdi gian.

- Phép bi€n ddi Fourier chi cho khio sét trong
mot trong hai mién 12 thdi gian v tan s6 ma
khong thé cling ldc trong hai mién.

Do d6 trong bai todn thuc t& rat can thiét
cho viéc xdc dinh mot phép bi€n ddi duy nhat
clia mién thdi gian va mién tin s6 ma c6 thé si
dung d€ mé ta mat do ning lugng trong cd mién
thdi gian va tin sd.

2.2 Bi&n d6i Wavelet

—
Filrer banks

Computer vision

LG
b Z..

Hinh 1 Cdc linh viee nghién citu doc lap vé
ciing mot vdan dé
Nhitng thanh phan tan s cao thudng
c6 thdi gian ton tai ngin hon nhitng thanh
phan tan sd thap. Morlet da dua ra y tuéng
ddi chi€u cdc phién ban, dudc dich di hoic co
gidn tr mot ham Wavelet me w (t) , dugc goi

.
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12 cdc wavelet v6i séng tin hiéu nguyén miu
dé€ nhian dudc cdc thanh phin tin s6 va thdi
gian trong tin hiéu nguyén bdn. Nhu da gidi
thiéu & chuong hai, v4i mot ham wavelet me
w(t), cdc phién bdn dugc tao thanh bing
cdch thém vao cdc hé sd ty 1& a ( scale — do
mitc d6 co gidn) va hé s6 dich chuyén b (shift
—x4c dinh vi tri thdi gian tuong ng) nhu sau:

Wap(t) = iw(uj (1)
Ja' U a
aeR :beR
Néu a<l1 thi (1) 1a phién bdn nén clia
ham wavelet me tuong ng vSi thinh phan
tan s& cao. N&u a>1 thi (t) c6 d6 rong thdi
gian 16n hon va tuong dng v6i thanh phan tan
s6 thAp hon. Do d6, cdc wavelet s& c6 dod
rong thdi gian thich tng vdi tin s6 clia chiing.
Piy 1a 1y do chinh cia sy thanh cong vdi
wavelet Morlet trong xi 1y tin hiéu va trong
phan tich tin hiéu theo thdi gian va tin s6. P&
y ring, dd phan gidi cla cdc wavelet tai cic
ty 1& khic nhau thay ddi trong mién thdi gian
va tan sd tuidn theo nguyén tic bat dinh cla
Heisenberg. 0 hé s6 ty 1& a 16n thi do phan
gidi 12 thd trong mién thdi gian nhung lai 1a
tinh trong mién tan s&; khi hé s6 a gidm thi
dd phan gidi trong mién thdi gian trd nén min
hon trong khi ddi vdi tan s§ lai trd nén thd
hon.
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Hinh 2 Cdc phién ban co gidn tit wavelet me

Morlet di phét trién ddu tién mot cach
thitc méi phan tich tin hiéu thdi gian - tan s§ si
dung cdi ma 6ng goi 1a nhitng séng con c6 hinh
dang c6 dinh d€ ddi chi€u véi viéc phan tich cic
ham trong STFT khong c6 hinh dang c6 dinh.
Nhitng séng con dé, vé sau goi 12 wavelet. Bién
d6i Wavelet thuan dugc hinh thanh trén co sé dé:

CWT, (a,b) = % f”’(%j f (t)dt (2)
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Hinh 3 Bién ddi wavelet thudn lién tuc (CWT)
thuc hién trén ham f{(t)
Minh hoa trén hinh 3, bi€n ddi Wavelet
thuan lién tuc (CWT) cda ham f(t) s& trd vé mot
do 16n cdc he s6 C, , =CWT, (a;,b;) do mic

dd tuong quan gitta wavelet vdi tin hi€u f(t) trong
nhitng khodng thoi gian khdo sét hitu han, dugc
tinh trén toan truc thdi gian (thong qua tich phan),
véi a 12 hé s ti 1& (co gidn) clla wavelet me, va b
12 hé s chuyén dich clia wavelet & vi tri hién tai
so vdi vi tri ban dau.

Né&u hé sd ti 1& (co gidn) a cang nhd,
wavelet bi hep lai va gid tri tan s§ tuong ng cda
né cang cao. Va ngudc lai, hé s6 ti 1& (co gidn) a
cang 16n, wavelet bi trdi rong ra va gid tri tin s6
twong &ng cla né cang thip. Khi d6, hé sd
C. b, =CWT,(a;,b;) s¢ phin dnh gid tri tan s&

tuong ng v4i khodng thdi gian khdo sdt cla

tin hiéu nguyén ban.
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Hinh 4 Cdc phién bdn co din tit wavelet me
s& c6 tin sd khdc nhau

3. BIEN POIS (S-TRANSFORM)

St dung bi€n ddi wavelet lién tuc
(CWT) hé tr¢ pha clia wavelet me (mother
wavelet)

Ham h(t) xdc dinh CWT W(7 ,d) nhu
sau:

W(z,d) = Th(t)w(t —-7,d)dt (1)

Wi(t,d) 1a 1 badn sao (scaled replica)
cia wavelet me ¢d bdn; va § vi tri nho 1én
xdc dinh d6 rong wavelet. Bi€n d6i S [7,8,9]
dudc xdc dinh bing cdch nhin CWT vdéi hé

s6 pha:
S(z, f)=e"™W(r,d) (2

Wavelet me dugc xac dinh nhu sau:
f oo
W(t,f)=——e 2e™ (3
NP
Phuong trinh (2) hé s6 gidn d thi
ngugc véi tan s6 f. Nhu vy, dang cudi cling
clia bi€n ddi S lién tuc la:
f o _(t-7)° f? _
S(t, f) = —— jh(t)e 2 iy
Jor °,
Chiéu rong clia ctta s6 Gaussian 1a:

o()=T="2 (5

Tu bi€n d6i S (ST) thé hién phd cuc
bd (dia phuong), phd Fourier hay phd thdi




gian trung binh x4c dinh qua phé vi tri trung binh
qua bi€n ddi S ngudc.

+oof +0o
h(t) = j(jS(r, f)dr]eiz”“df ©6)
Bi€n dfi S i rac (DST) Ia
h[kT].k=0,1,......... ,N-1 trong mdt thdi gian gidn
doan tuong @ng h(t) v6i khodng thdi gian miu
cta T. Bi€n d8i Fourier rdi rac ctia h[kT] 1a:
2k

n 18 KTl ™
H—|=—> h|KTf N @)
{NT} N kZ:O

Véi n=0,1,2......... ,N-1. Trong trudng
hop 18i rac bién ddi S [7,8,9] ¢6 vector xdc dinh
bdi chudi thdi gian h[kT] thanh bo vector khodng
cdch khong truc giao va cdc thanh phin ST thi
phu thudc 14n nhau. Mdi vector co ban chia thanh
N vector vi tri v6i N Ct&a s6 Gaussian dich
chuyén (N shifted Gaussian windows)

Vi th&€ DST cho bdi phuong trinh sau:

N N1 Tman 127m)
S| jT,—|=)>H m,n)e N (8
[J NT} Z; {NT }6( ) ®)

f chuyén thanh n/NT.
V6i | z chuyén thanhjT.

_27r2m2n2
G(m, n) =€ n’ )
n=123....N-1

j=m=0123..,N -1
N :tongsomau

. 1
va o =—

Gia tri b thay d6i trong khodng 0,333 d€ 5
s& cho cdc két qua khdc nhau

- Tan s thAp —» gid tri cao cla b dugc
chon.

-Tan s6 cao —p chon b c6 gid tri thap.
Cho n =0, ST ¢6 dang nhu sau:

[ ] 1 N-1 m

s[iT.0l=—S"h — 10

j N ZO {NT} (10)
Phuong trinh (10) thé hién k&t qua thdi

gian clia d6 16n trung binh ma trin S trong phd
Fourier.

4. SO SANH KET QUA PHAN TiCH
CHAT LUQGNG PIEN NANG SU DUNG
BIEN POI WAVELET VA BIEN POI S
Bao gém : vong dién 4p (sags
voltages), trdoi dién 4p (swell voltage),
harmonic (s6ng hai) va gidn doan tam thdi.
St dung ngudn vi tri thdi gian — tan
sO ctia bi€n ddi S va k&t qui so sanh v6i bién
ddi wavelet Daubenchies 4 (Db4) khi wavelet
me thuc hién cAp d6 dau phin biét va phin
tich dya trén mdy tinh tao ra cdc dang song
stt dung ma chuong trinh Matlab.
e S dung trinh simulink trong matlab
tao mach md phéng vdi cdc dang

song yéu ciu 13 sine, sag, swell,
harmonic va interruption.

4+ Swell
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e Phin tich dang séng dung wavelet DB4.
K&t qua phin tich cdc dang séng c6 dang
nhu sau:
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e Nhin xét: St dung bi€n d6i Wavelet
khong phan biét dugc hai tin hi€u sag
va swell ciing nhu khé phin biét
trudng hgp gidn doan tam thdi (xem
hinh phén tich bing Wavelet Db4)
e Mi ngudén m file bi€n d6i S (tham
khio phan phu luc)
e So sinh két qui bi€n ddi wavelet va

A N
bi€n doi S.

Sine
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Dang séng dugc phan tich thé hién biing hinh

v& 3D theo truc bién do, thdi gian va tin sd.

Sag

Phan tich bing S-Transform cho bié&t

chinh xdc bién do, tan sé va thoi gian xdy ra
hién tugng sut ap trén ludi.

Swell

2 N Ale zy8 [ A ~
Quan sat sag va swell doi vé§i bién doi S sé

phian biét ro rang hai loai hién tugng nay,

khong gidy nham lin ciing nhu khé phan
biét khi st dung bi&n ddi wavelet.

Hé sé giong nhau giira sag va swell 1a
15 giong nhu Wavelet transform nhung sé
dua vao bién do 3D phan loai hai loai
nhiéu.

Interruption

Harmonic

4

5. KET LUAN

Thi€u chdt lugng dién ning thi sy
gidn doan cda cdc thi€t bi cdm bi€n cong
nghiép gdy dnh hudng d€n chi phi va 1a cédc
tic nhin gdy mat dn dinh phdi dudc phat
hién, phan loai ngudn géc dé do ludng ding
dé ddm bao chat lugng dién ning.

DWT va ST dudng nhu la mdt cdng
cu cuc manh dé phat hién, dinh vi va phin
loai cdc tdc nhdn gidy mat 6n dinh cia hé
thong dién.

So v&i bién ddi Fourier STFT va WT.

St dung cd s ludt don gidn hay
mang neural vGi cdc chic ning m3 rong tir



dudng bi€n ddi S c6 thé d& dang dugc quan sit
béi ST.

ST ciing dugc 4p dung cho cdc loai mat
on dinh khic nhu sut 4p, séng hai véi vong dién
4p hay vot 16 dién dp
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