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UNG DUNG PHUONG PHAP WAVELET TRONG KHU NHIEU CHUOI THOI GIAN

To6 Anh Diing, Hoang Van Ha
Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM
(Bai nhdn ngay 22 thang 08 nam 2007, hoan chinh sita chita ngay 29 thang 09 nam 2007)

TOM TAT: Bai nay gioi thiéu vé phwong phdp phdn tich wavelet, so sanh mot 6 diém ciia phuong
phap nay voi phép phan tich Fourier. Trén co so do trinh bay phép bién doi wavelet roi rac dé khir nhiéu
chudi thoi gian roi rac, cach khir nhiéu nay dua trén cach chon ham wavelet, woc lwong phiong sai nhiéu,
xde dinh nguwéng. Cudi ciing dwa ra mét sé dg do dé so sanh sai s6 va tinh hiéu qua cia cac cdch khir nhiéu

khac nhau.

1. PAT VAN PE

Trong bai toan khir nhiu chudi thoi gian
trudc day phuong phap phan tich Fourier thuong
dugc su dung. Tuy nhién cac ham Fourier cua
phép phén tich Fourier chi sir dung mét tham so
1a tan sd, didu nay s¢ lam mét di cac thong tin vé
thoi gian dan dén viéc tinh toan kho khan. Mt
khac, bién dbi Fourier lai kém thich hop dbi véi
cac chudi thoi gian khong tron va c6 dinh nhon,
nhung ham wavelet lai phan tich rat tot dit licu
dang nay. Do d6 bién doi wavelet da to ra vuot
troi va khic phuc dwoc cic nhugc diém cua
phuong phap Fourier.

Bai bdo nay khao sat mirc d6 hiéu qua cua
khtr nhiéu chu01 thoi gian véi phuong phap
wavelet trén sb liéu mau.

2. GIOI THIEU VE WAVELET
2.1 Pinh nghia

Wavelet 1a mot ho cac ham sb c6 tinh chat
dia phuong hoa theo thoi gian hodc khong gian.
Ta thu duogc chung tir mdt ham don W(X) ,goila
ham wavelet me, bing cac phép tinh tién va co
gian. Ham wavelet phai thoa cac diéu kién sau
day:

J.jwy/(x)dx =0 (1.1)

j wi(x)dx=1 (12)

” thoa 0<CW<00

(1.3)

v6i W 1a bien do6i Fourier cua ¥ :

Y(f)= f:w(x)e’iz”/*dx

Véi moét ham  wavelet me cho
truse, V a,b (a# 0), ta xay dung dugc ho cic
ham wavelet bang phép tinh tién va cd gidn tir
w(X) nhu sau:

_flYor
=

0

1/2 -b

Wap(X)= |a| T) (1.4)

2.2 Vidu
Mot sb cac ham wavelet me thuong dung:
Ham nén Mexico:

™ (x)=(1-x*)e A —00 < X< 400

Ham Haar:
1,0<x<1/2
w M (x)=1-1,1/2<x<1
0, néi khaa

3. BIEN POI WAVELET ROI RAC
3.1 Giéi thiéu

Trong phan 2 nay, ta s€ trinh bay bién doi
wavelet roi rac doi vai mot chuoi thoi gian roi rac

(11, [2], [3D)-
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Chudi thoi gian {X,,#=0,1,..,N—1} c6
chidu dai 1a N =27 v6i J 1a mot sb nguyén
duong, sau khi qua bién doi wavelet roi rac cac

gia tri X, s& dugc chuyén thanh cic hé sd

wavelet theo phuong trinh sau: iy N :
phuong Vi t=0,,N L} véi N =o O
W=MX 2.1
dang ma tran, sau budc thir nhit chudi X= V
Vi W 14 ma tran chira cac hé s6 cua bién d6i wavelet roi rac goi la hé so wavelet, la ma W trug giao duoc xay dung t
s& duoc chia thanh hai vecto q va , moi

3.2 Loc wavelet va lgc co gian
Day {h,, /1=0,...,L —1} ¢6 bé rong 1a sb

chdn L thoa cac diéu kién sau thi duoc goi 1a loc
wavelet:

L
> h=0 2.2)
=
L
> b =1 2.3)
=
L
& 0h/hl+2n Z hhl+2n 0’ Vnell

(2.4)

Tir diéu kién (2.3) va (2.4) ta suy ra dugc
tinh chat tryc giao cua loc wavelet. Twong ty nhu
loc  wavelet, loc co gian la day

{9, 1=0,..,L -1} thoa diéu kién

f%ﬁ

va cac didu kién (2.3), (2.4). Nhu vay ca loc
wavelet va loc co gidn déu thoa tinh chét truc
giao va c6 mbi lién hé nhu sau

h=(-%q ., vag=(1"h 4, 1=Q...L.-1

Bay gi¢ ta s€ di vao thuat toan chinh ctia
bién doi wavelet roi rac—thuat toan kim tu thap.

3.3 Thuit toan kim ty thap

Néu xét chudi thoi gian

{X,t=01..,N-1} o chitu dai la

N =2’ thi thuat toén kim tu thap bao gdm J
buse. Ta dat {Vy, =X,t=0,..,N-1 I

chudi duge xir 1y & budc mot thi & bude thir j
chuoi dugc xtt ly ke tiep s€& la

vecto ¢6 chiéu dai 1a N/2 chira cac hé s6 co gidn
va hé so wavelet, tuong tu & budc thir hai thi

vecto V; dugc xem nhu chudi thoi gian ban dau
va duoc chia thanh hai vecto V, va W, ¢6
chiéu dai 1a N/4, 1ap lai nhu vay sau J budc ta thu
duge cic vecto W, W,,..., W,, V, véi hai
vecto sau cting mdi vecto chi chira mot phan tir
tao thanh ma tran W nhu sau

W=|: 2.5)

1a ma tran ch(ra cac hé s0 wavelet.

Céc hé sb W,, va V , trong cac vectoW

, V. duoc tinh boi cac biéu thirc

z h -1,2¢t+1- lmodN

Vie=2, gle71,2t+1flmode_l
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Do cac ma train M va W ¢6 tinh truc
giao, nén tir (2.1) v&i ky hiéu A’ 1a chuyén vi
ctia A, ta nhan dugc

J J
X=MW=> MW +AV,=>D,+S,2.)
) =

~ (2.6) dugc goi la phan tich da phan giai trong
bieén doi wavelet roi rac ctia chudi thoi gian.
4. KHU NHIEU TRONG CHUOI THOI
GIAN
4.1 Giéi thi¢u

Trong phan 4 nay, ta tmg dung phép bié:n doi

wavelet roi rac da trinh bay ¢ phan trén dé khu
nhiu mot chudi thdi gian, chuyén cac gia tri X,

ctia chudi thoi gian X thanh cac hé sé wavelet,
sau d6 dung ham ngudng dé khir di cac nhieu.

Gia sir chudi thoi gian quan sat duoc
{Xt,t : 0,...,N—1} chtra nhiéu c6 dang

X=D+eg3.1)
voi,
X=(X,, X,,..s Xyy_q) : vecto chudi
thoi gian quan sat dugc,
D=(D,.D,,....D, ) :chudikhong
bi nhi€u can tim,
€ =(&y,&,..,Ey4)  :vectonhiéu.
Chung ta s& xét bai toan vai cac gia thiét
e Chiéu dai N cua chudi thoi gian X bing
2’ véi J nguyén duong.
o X 14 chudi thoi gian dimg.
e Nhidu € c6 dang 6n tring.
Phuong phap khir nhiéu gom ba bude:
1. S dung bien d6i wavelet roi rac dé dua
X vé ma tran cac hé sb wavelet W :
W=MX=MD+Mg
2. Hiéu chinh cac hé sb wavelet béng ham
ngudng, thu dugc ma tran ky hi¢u la W.

W=W

3. Dung bién déi wavelet nguoc dé thu lai
udc lugng da khir nhicu:

A _l A

X=W"W

Pé khir nhidu duge hiéu qua, ngoai viéc
ch(_)n’ hérp wavelet thich hop con phu thudc vao
ba y¢u to sau:

e Uéc lugng phuong sai clia nhidu 6-.9 .

e Chon ham ngudng 0, (.) .

e Xac dinh ngudng T.
4.2 Ué6c lwgng nhiéu

Tir phuong trinh (3.1) véi gid thiét nhidu €
¢6 dang on tring gl N(0,0‘z),Vt. bé ude

lugng phuong sai o’ ta dung phuong phap goi
la d6 léch trung vi tuyét doi (MAD) duogc xet
trong [2], ta udc lugng dua trén N/2 hé so
wavelet trong W, thu duoc tir bude thi nhét cua

bién doi wavelet roi rac:

median 3 | Wo|, | W ... [ W

AN
2

o 0,6745
3.2)
4.3 Ham ngudng

Cach chon ham ngudng khac nhau dé hiéu
chinh cac hé §6 wavelet s€ dan dén su khac biét
trong khr nhiéu, sau day la cac loai ham ngudng
thuong dung:

Ngudng cling:
H —

or (W, )—W1{ w 1] (3.3)
Ngudng mém:

S (W, =son (W)W, [-T

(3.4)

véi 1 { 1a ham chi tieu, sgN( W ;)

> T}

1a ddu cua W/, .

gy
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4.4. Xac dinh nguong T

O nghién ciru nay chung t6i dung ngudng
phd dung ( [1], [2]). Ngudng nay khong phu
thudc vao cach xac dinh ham ngudng ma chi phu
thudc vao phuong sai o® cia nhidu. Véi X 1a
chudi thoi gian ¢6 chiéu dai 1a N, thi ngudng phd
dung dugc xac dinh la:

T=0+2logN (3.5)

Mot loai ngudng nita dugc sir dung trong bai
nay 1a ngudng SURE (U6c lugng mao hiém

khong chéch Stein) ([11, [2]). Goi W= { w ,-}

la ma tran cac hé $6 wavelet, thi ngudng SURE
dugc tinh dya trén uéc lugng:

EHI\?I(T) —WH2 (3.6)

Khi d6 T dugc xac dinh dé (3.6) dat cuc tiéu:
SURE(T,W) = N—2.#{ W, :| W,

Trong do: #{V% ‘V%‘k‘ﬁ T} 1a s6

cic phin tir W/ . thoa | W] | < T va WP 1a

ma tran cac hé sb wavelet dugc hiéu chinh béng
ngudng 7.

Ngoai ra con nhidu phuong phap khac dé xac
dinh ngudng 7 nhu kiém dinh gia thiét, phuong
phép Bayes, minimax... ma ching t6i s€ khao sat
trong cac bai sau.

5. SO SANH SAI SO
5.1 Pinh nghia

Sau khi khir nhidu chudi thoi gian, vin dé
dat ra 13 1am sao biét dugc hiéu qua cua viéc khur
nhiéu? Chudi thoi gian da khir duge bao nhiéu
phé‘m tram nhidu ? Nhu vay ta can 1ap ra mot do
do dé so sanh chudi thoi gian trudc va sau khi
khir nhiéu.

j,k‘ST} “Z (mmL »

Goi X°={x| ,
i=1, N1
Xno:se { Xno:se}
i=1,N—1’
den den A sz
X™ =X R lan luwot 1a cac vecto
=1, N=

chudi thoi gian ban dau (chua bi nhiéu), bi nhiu
va sau khi khir nhiéu. Vi @6 dai cac chuoi 1a N
nén véi modi ie {0, 1, ..., N-1}, khoang cach

d
‘Xl- en _X[o

diém thudc chudi thoi gian sau khi khir nhidu so
v6i chuoi goc. Va khoang cach

s€ bi€u dién mot sai sO cua tung

H X _x°

N-1
=>|x - xy @.1)
=0
biéu thi sai sb tich liy cho hai chudi. Tuy
nhién (4.1) khong cho biét dugc chudi X° dugc
khur nhiéu hoan toan dén bao nhiéu. Chung t6i
dua ra mot cong thirc khac goi 1a sai sO trung

I;Z = —z el Bt (4.2)

V& mit ¥ nghia, (4. 2) cho biét phan tram sai
56 trung binh giira chudi sau khi khir nhiéu va
chudi gdc. Dé so sanh hiéu qua khir nhidu, tirc 1a
nhiéu duoc loai bo di bao nhiéu sau khi 4p dung
phuong phéap khir nhidu, chung t6i so sanh ty 18
chénh 1éch trung binh cua sai sb truéce va sau khi
khtr nhiéu va dua ra cong thirc sau:

Xden Xo
Z i
Véi \X;’“"“ -X°| va \Xﬁ” —X7| 1a sai

s6 trude va sau khi khir nhidu, ta goi (4.3) 1a ty
s6 sai s6 trung binh khir nhidu. Cong thirc (4.3)
biéu thi ty 1& cua phan da khir dugc va phan trude
khi khir nhidu, qua d6 ta biét lvong nhidu da dwoc
khir bao nhiéu phan trim.

Ngoai ra, chung t6i st dung sai s6 binh
phuong trung binh dé do do léch giira hai chudi
trude va sau khi khir nhidu
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1
1 N-1 Xden_Xo 2 /2
MSE =— B (4.4)
N 2%
5.2 So sanh sai s6 khir nhiéu chudi thoi gian
6] muyc ndy ta s& khir nhiéu m(f)tNChuc:)i thoi
gian cu thé va tinh cé}c sai §6. Chuoi dugc st
dung ¢ day la dir liéu ve chi s6 chimg khodn hang
ngay cua cong ty IBM gom 2048 diém (Nguon:
Time Series Library). Chung t6i sit dung phan

mém Matlab va g6i Wavelab dé khir nhidu chudi
thoi gian nay. Dé tién so sanh, ching t6i tao ra ba
phién ban chudi thoi gian khac nhau: (1)- chudi
gbc chua bi nhiéu (2)- chudi gdc bi gay nhidu véi
c4c phuong sai nhidu 1an luot 13 o= 5, 10, 15 va
(3)- chudi sau khi khir nhiéu dung hai ngudng la
SURE va phd dung.

Sau khi gy nhidu chudi gbc vé6i ba phuong
sai khac nhau, cac chudi méi chira nhidu c6 dd thi
nhu 6 hinh 1 dudi day.

Chuoi goc (Khong bi nhied)

200 T T T

0 | | | L

] 200 400 £00 500

Chuai bi nhieu voi sigma =5

200 r r

1000

1200

0 L L L L

a 200 400 BO0 800 1000 1200 1400 1600 1800 2000
Chuai bi nhieu voi sigma = 10
200 T T T T T T T T T T
150
100
a0 —
i} | | | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Chuoi bi nhieu voi sigma = 15
200 T T T T T T T T T T
150
100
50 —
0 | | | | | | | | | 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Hinh 1. Chudi thoi gian gdc va cac chudi bi gay nhiéu véi phuong sai lan luot 13 5, 10, 15
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Sau khi khir nhiéu bing ngudng SURE d6 sau day.
thi cua cac chuoi da dugc khir nhiéu cho & hinh 2

Chuai sau khi khu nhieu bang phuong phap SURE voi sigma =5

200 T T T T T T T T T T

o | | | | | | | | | |
1] 200 400 600 800 1000 1200 1400 1600 1800 2000

Chuoi sau khi khu nhieu bang phuong phap SURE voi sigma =5
200 | T | | | T | | | |

0 | 1 | | | 1 | | | |
a 200 400 500 g0a 1000 1200 1400 1600 1300 2000
Chuoi sau khi khu nhieu bang phuong phap SURE vai sigma = 10
200 T T T T T
150
100
50
o | | | | | | | | | |
0 200 400 £00 500 1000 1200 1400 1600 1800 2000
Chuai sau khi khu nhieu bang phuong phap SURE vai sigma = 15
200 T T T T T T
150
100
50~ -
0 | | | | | | | | | |
1] 200 400 500 500 1000 1200 1400 1600 1800 2000

Hinh 2. Céc chudi thoi gian sau khi khir nhiéu dung ngudng SURE

Cac chudi bi nhiéu sau khi da duoc khir
nhiéu bang ngudng Phé dung cho ¢ hinh 3 dudi
day.
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Chuoi sau khi khu nhieu dung nguong pho dung vai sigma =45

200 T T T T T T T T T T
150 |-
100 4
50 -
i} 1 1 1 1 1 1 1 1 1 1
0 200 400 RO0 800 1000 1200 1400 1600 1800 2000
Chuai gau khi khu nhieu dung nguong pho dung vai sigma = 10
200 T T T T T T T T T T
150
100
&0
i} | 1 1 1 1 1 1 1 1 |
0 200 400 B00 800 1000 1200 1400 1600 1800 2000
Chuai au khi khu nhisu dung nguong pho dung vai sigma = 19
200 T T T T T T T T T T
150
100
&0
i} 1 1 1 1 1 1 1 1 1 1
0 200 400 500 800 1000 1200 1400 1600 1800 2000
Hinh 3. Céc chudi thoi gian sau khi khir nhiéu ding ngudng phé dung
‘Bang sau day cho biét cac gia tri sai sb cia khir nhi€u véi chudi gbc véi cac phuong sai
chuoi bi nhieu doi voi chuoi goc, chuoi sau khi nhiéu khac nhau.
Bang 1. Bang sai s6
Loai
ngudng L2 . o’=5 =10 o’=15
Sai s6 (%) sal
ME(X"Oise XO) 4.267 8.723 13.528
ME(Xden XO) 2.219 4.819 9.248
Nguiomng 49.856 46.755 33.687
SURE MRE : . :
Mg(xnoise X°) 0.125 0.265 0.399
ME(Xde” XO) 0.067 0.160 0.299
Ngudng ME(X"Oise XO) 4.267 8.723 13.528
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pho dung ME(X®", X°) 2.271 3.193 3.377
MRE 46.325 61.339 76.053
ME(X"OISG XO) 0.125 0.265 0.399
M$(de XO) 0.065 0.091 0.109
6. KET LUAN cach xac dinh ngudng hay dic diém cia chudi

Qua bang trén ta thay ngudng SURE va pho
dung chi khir nhiéu dugc khoang 50% nhidu vé
mit trung binh, va khi phuong sai nhiéu cang lén
thi ngudng phd dung khir nhidu tét hon ngudng
SURE.

Ta thay rang, cac sai s 1a dé danh gia muc
dd hiéu qua cua tung bién phap, phu thudc vao
cach chon ham wavelet, phuong sai cua nhiéu,

thoi gian.

Tir két qua nay chung t6i thay ring cong viéc
can thiét tiép theo 1a 1ap mot do do sai s6 chuin
cho khtr nhiéu, gia str 1a AJ, dé sau khi khir
nhiéu ta chi can so sanh sai sé tim duoc véi AS
1a co thé xac dinh dugc khir nhidu c¢6 hiéu qua
hay khong. Ngoai ra tim thém cac ham ngudng
dé tang tinh hiéu qua ctia khir nhiéu.

APPLYING WAVELET METHOD FOR DENOISING IN TIME SERIES

To Anh Dzung, Hoang Van Ha
University of Sciences, VNU — HCM

ABSTRACT: This paper presents an application of the Wavelet Method to denoise in time series,
gives a compare with a traditional Fourier method, using the discrete transform. The key point of this
method is choosing a wavelet function to estimate the variance of noise and determining the threshold.
Moreover, we study some measures of the error and effectiveness among noise-suppression methods.
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