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VE PHEP BIEN DOI WAVELET
VA UNG DUNG CUANO TRONG NEN ANH

1.¢ Van Bang

Pat hoo Vinh

. Gidi thi¢u chung

Phep “hren dor wavelet” hav con gor la “grae tich weavelet” 1 mot trong nhuny
huonge phap mdr nham guu quvet thieu <ot cua bien doi Fourter: Trong gian tich
avelet viee su dung day du cace cua s6 co dicu chinh ty 1@ (sealable modulated
mdow) da g quvet dude van dé chia tin hiéu thanh cae phan nho. Trong phép
fen dor nay eia <o duoe dich chuvén doe theo tin hiéu vie mon vi trr thr pho L duo
imh - Sau do qua teinh nay dude lap La nhicu lan vdi cuaa <6 ngan hon thoae daa han
Wt it tren mot B dap. Ket quae cuar cung chung ta co tap hop cac the hien the
nen thar gian - tan <0 cua nin hiéu var mor do phan g theo thar gan va tan <o
hae nhau, Trong hien dor wavelet chung ta thuong Khong nor iéu dien theo mien
han vian - tan <o ma chung ta non bicu dién theo mién tha vian - ty lé Ty 1é (scale)
e i neich dio cua tan <o, bar le ti tan s6 (drequency) dia dudge danh cho phep bien
a1 Fourter Sau dav tor <e¢ trinh bav ngan gon ve v thuvér wavelet
. Pheép bién doi Wavelet lién tuc

2.1. Cac dinh nghia

Phep bién dér wavelet Lién tuc cua fit) duge dinh nghia bang cong thue:

S It(tn,y s.7(t)dt . {(2.1)
It

rong do ky hieu * 1 bhieu dién so phue hen hop. Phuong trinh nay chi ra rang ham

t) co the phan tich dude thanh tap cac ham cd sd v (O por I eae wavelet. Cac

ien s vie ot bieu dién gia e v 1é v dich chuven, T eae chidu cun khang gian md
1w phep hien dar wavelet. Nhu vay khy tin liéu oo 1a tin hieu mot ehien thi eac he

b v laomot tap hop eac phan tu cua khong pian hin chieu. Do la cae ham phu

woe vao 1, va duge got Ta cie he so cua bien dor wavelet, Khy co cace he so wavelot
wng ta co the khor phue Lar tin hiéu nha cong thue sau:
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Cac <ong con (wavelets) duse sinh ra tr mot hivm wavelet duy nhat v va duae

n la wovelet me (mother weacelety bang phep thay dotty 1é va phép dich chuvén.
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g (t)= --]‘k-‘-t i (2.1

’ y
Frong cong thue (2.3) s 1a ty 1é co dan con t 1a hé so tinh teén, con hé <6 s 7

dung dé chuan hoa nang lugng cua song do1 van tat ca cac ty 1€ co dan khae nhau
Khao var bién dor Fourier cang nhu cac bien dai khae 1a ham wavelet m

khong phat ¢l ra ¢6 dinh ma ¢hi néu ra nhang tinh chat va dac tinh c¢d ban cu

wavelet me. Diéu nav cho phep ngudi su dung tu tao ra cho minh nhing wavelet m

minh mong muon.
2.2, Cac tinh chat co ban cua wavelet

Tinh chat quan trong nhat cua wavelet 1a dicu kien chinh tace va dién kié
duge chap nhan (regularity and admissibility), Dieu kién chap nhan duge la dié
kien dude biéu dién nho bat dang thue sau day:

?\,p((z))lz

—dm <+, (2.
|
1)

Tinh chat nay dung dé khor phue tin hiéu ma khong by mat thong nin. Tu die

Kien nay ta suy ra:

]\,-1((:))1?) =) l'.f.EJ

={)
Dicu nav chung to rang wavelet cang co6 gui bang tan giong nhu pha. Chun
ta sé su dung tinh chat nay cho phép bién dar wavelet
Tinh chat bang khong khi tan s6 bang khong (2.5) ¢o nghia La gia (e trunj

binh cua wavelet trén mién thai gian phat bang khong,

Ju(thit 0, (:

|8
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vae nhu vay no Ia mot dao dong. Noi each khae day ia mot dang song.

Nhu chung ta thav ¢ cong thuce (2.2). Két qua bien dor wavelet cua mot hat

mot chicu s¢ 1o ham hai chidu, con bign déi wavelet ham hin chiéu s¢ la ham ba
chicu Tich thai gian - d6 rong bang tan cua mot wavelet sé 1a binh phuong cua i
hieu vae. va do do trong phan ldn cac ung dung thue té dav v mot tinh chat hoa
toan khong mong muon. Do viv ean phat dat thém cace diéu kien ba sung 16n ha
wavelet de cho diau ra cua phép bien dor wavelet giam nhanh chong khi hé <o ry |
< wmam Day chinh 14 diéu kién chinh tde. no lam cho ham wavelet co mat md

tradn nao do va tap trung trén ca mién tha gian va tan <6, Tinh chinh tac 1l m
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tinh chat rat phuc tap, vi the 1o =e co gang giar thich no hang cach su dunge khin
mem mantent friet tren (canishing maments)
Neou chung ta khm trien phep bien dor wavelet (2.2) thanh chuoi Tavior 1

g U 14 (cho =0 dé cho dan gian) chang ta co

L
-~

N 3
l { | ‘} t 1
AS D) = —= E {1 0) | —w ~ it - (N« 1y, {
A =)

P =

trong da 17 Ta diao ham bac peua £ va O(N+1) la phan du cua khao tnién. Néu bay

gro t dinh nghia moment cua wavelet Ia MI- khi do:
.\lI J.[ Mutode (2 8)

Khi do chung ta co the viet Lar cong thae (2.7) d dang

. (Y. o P |
A = == | (O 8 ¢ =T M 8% 0 M e, (2 49)
\;S 'Il -: L

Tu dieu kien chap nhan dude ta suv ra moment thu 0 M =0, do do s0 hang
dau tien ben vé phat bang khong, Néu bay gig chung ta bude cac moment bace n M”

rung bang khong thh v(s.0) cang triét ticu nhanh chong nhu s d6i v mot tin hieéu
tron (0 Trong cac tai heu npuot ta gor day la cae moment trict tiéuw hoae 1a bae xap
kit Neu mot wavelet ¢co N omoment triét ticu thy bae xap xi cua bién dor wavelet do
runy I N Cac moment triet béu kKhong bang khong ma chr I cae gia try du nho. Cac
thi nghiem da chiyra rang so cac moment trigt tréew phu thuoe nhiéu vao tung ung

dung cu the.
2.3. Phép bién doi wavelet rai rac

Cae cong thue bién dor wavelet d trén chua thé ap dung vao viee xu ly tin
hiéu <o trong thue té, bar vi do La nhiang ham lien tue. Dé co thé ap dung dudge trong

nav 1inh chung ta phan ran rae hoa chung, va bo dan nhanye thiimh phan du thua

Nhu da nor ¢ teén, pheép bien doi wavelet dua tin hicu mot chicu thanh ha
thieu két hop. vi vy co qua nhiéu du thua trong tap cac hé <6, Trong phép bién dat
ravelet ien tue cac hé s6 ty lé va hé so dich chuvén déu la nhiang @i tr lién tue.
9é ¢ phep bién dén rdi rac ta cian ré rac hoa hai bién nav, Diéu nav ¢o the dat duoe
1hda phep bién doy
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trong d6 j. k 1a cac so nguyen, con 8, >1 la hé s6 co dan ¢o dinh va thong thudny lay

s, - 2. Thua so 1 phu thudc vio hé s6 co dan. Viéc ral rac hoa theo kiéu nay khae

han vai cach rar rae hoa thong thuong, Hiéu qua caa no khong nhimg cho phep lay
mau trong cac khoang thol gian roi rac. ma cac mau cua true tan sO Ldny ung v
phudng phap lay mau “gop hai” (dvadic sampling). Day la mot cach chon tu nhien

cho may tinh. Do1 vai hé so dich chuvén t©. thi ta chon bang 1. Nhu vav chunyg ta co

QO

sd o 1ay mau theo kieu gop hai eua true tha gian nhu sau. (so do dude gor la Jua

diadic)
.’
® & & & & & & O & 5 & 6 O O O & O 5 6 0 OO PO OO SSE 0D
[ ] [ ] L ] [ L [ ] [ ] [ ] [ ] [ ] ® [ ] [ ] ® [ ] [ ]
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L] L ] [ ] [ ]
ve °
Hinh 1. So dé luéi chadic
Var cie ham wavelet nhu tréen thi cong thuc 2.1 bay g1 ¢o dang
k- Jﬁ'(t)\,; Lkt (2 11)

it

Ta thay rang khi g tang thi ma tei dich chuven ko s/ tang va do do ta co cac
hé so wavelet it dan. Trong s do “diadie” ¢ trén ta co:
: 14

Khij=0taco 32 he s0 wavelet
: ok

Khii=1taco 168 hé <o Y1

Khij= ttachico2héso v ..

Ik

Mot cau hor dat ra La: vor cac ga try he <6 nhu vay thi co thé khar phue L
duge tin hiéu hav Khong? Ngug ta da chang minh dude rang (xem [5]) tin hiéu hoan

toan dudge khot phue néu cae hé s6 wavelet thoa man bat dang thuae kep sau day:

AJfE <> Kew, ) < BJFE. (212)
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trong do U7 chinh 1o nang huong cua tin hiéu o), A>0, B<vova AL B doe Lap dor v
[ Mo kKhi ot oo bat dang thue (2.12) thi ho cae ham W dude gor Lo mot he thong

v cae hien e A va B Neuw A = Booh ta goi hé thang do facAé thong nghicm ngat . va
lue nav phep bien dor wavelet giong nhu phép bien dor trge o Khi A= B tha vig
khaotr phue van ¢o the duse nhung nha hé thang dar ngdaun mda rong. Bav g deé dé

dange Khor phae hon thy ta dor hor eace ham . phat I heé true viaa, Co nehia In
. c Ly

. 1 néu m vaa kK - n ]
W o, (O pun (t)dt J ) (2.1.3)
1.k 0 ¢ho cite g1t con La

Vi eae ham wavelet thoa man 2 13) tin laea duage khor phue nha cong thue

‘ - 9
ft) ‘;S_.{l.ku‘-k“) (2.14)

Nhu vav néu ta biet day du eae hé so T thi ta hoan toan co thé khoi phue lai

Jduae i haeu ban dau

3. Phép loe thong giai va ham ty 1é (Scaling function)

Ta thay rang tiap hap tar cacae ham dang v (0 Fap thanh mot hé cua truc

o cua khonge man Lol Bren dor waveler theo cong thue 2. 1) chanh 1a kha
trien ham 1) qua he nav, vi ta co vo han cae hé <o Vita da rar race hon mien thai
gian nen chi o 3 (era tre ty led phat bag dao v mor, nghia la;

fory \

L kMK

- 1k

(t).

Do tin hicu =6 ta bién dor chi eo hia han diem nén phep dich chuven cung
chi co nghia khi k thuoe mot khoang gia ter nao do (vi néu dich tiep thy hét tin hieu,
hay 6 thé cor tin hiéu bang 0. Vi the viee bicu dien k trong miy ¢o the thue hién
duse Con var ) thi can trén la bao nhicu” Néu ta ap dung phep bien dor Fourier cho

ca hat vé cong thue 2,11 ta thu dudge:

tie) Z'_'!L;U‘L.[bﬂ_ (3 b

trong do ky meu { chi ket qua cua phep hién dor Fourter. Vi k ¢l la hé so dich
chuven nén khong anh hudng dén hinh dang cua w vi the dé cho dan gian ta cho

k=0. -a ta xet cac ham w - Theo tinh chat cua phep bien doi Fourter néu
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. 4 » . 1 + o
jl(x)u “*dx = f(w) thi flax)= —f] — |
lal {a/
R
r J._j - “ - 3 e o
Nhung w  (x)=2 =yl ’x) nén néu ta ky hiéu W, pfm) fa bien din
Fuorier cua wix) thi
: | e -
ul (w) = —vy (_'.31(:)). (3.2)

J.0 9]

Tu cong thue (3.1) va (3.2) ta suv ra rang pho cua { bang tong cic pho co do

rong giam dan theo cg s6 2.

Y () W ()

lf/. (e))

Hinh 2.

Tu hinh 2 ta thav rang phép biégn déi wavelet chinh ia mot ba loc thang giai
Dé lay hét tan s6 cua tin hiéu thi ta phai 1ay vé han cac hé s6. Dé khong phai lay
vo han hé s6 nguoi ta dua vioe ham ¢ (t) 6 tinh chat [a: Bieu dién tan s6 cua no [ap
dayv phan con L khi ta 1y dén i he s6 wavelet. Biéu dién tan so cua ¢ (1) dude nvinh
hoa trong hinh 2 bdi dudgng “..." Né giong nhu eai niat dé nut 1ai 16 hong tan sa do
phep bién dot wavelet dé lai. Ham nav dude sinh ra tia mot ham duy nhat ¢ (1) nho

phep co dan v tinh tién

)
¢ () =2 2o x - k). (5.15)

Cac ham ¢ | (O duge goi i cac ham ty 1é (scaling function). Nhu vay phan nin

hieu dudge biéu dien qua ham ty 1¢ ¢ (U la phan tin hiéu ¢o tan so thap. con phan

dude biéu dién qua cac ham wavelet 1a phan ¢6 tan s6 cao. Dé khai trien duge dé

ding chung ta xét tinh chat sau;

inh v Goi \'” a W“ la cac khong gian sinh ra bat cac ham @, La

1.k
wo khicodinh n. Khe do:
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Trong do B ky hidu tich true tiép cua hat khong gran
Phin chunye nanh co the tham khao trong [5].

4. Giai thuat nen anh dua vao phép bién doi wavelet
Phan tich mot tin hiéu s6

Tu kot qua cua dinh Iy tren ta co so do sau dav (Hinh )

@ '

Q.\ L] \\\
\Tj SN A

W

Fiinh 3. Xhinh hoa cau trac cua ciae khong gan

Vi oanh dude bicu dien bang mot mang ha chiéu. nen dé en dan anh ta ean
bt cach bien dor tin hicu mot chicu, Ta ean lua y mot rang biay gid ta dang su dung
wavelet vaio mot dich nen an hieu chua khong phat khio sat tin haew. Vi thé each
phin tich tin hiéu dau vao coa chung ta cang many v nghia d6. Nghia ta ta dang
tim cach Tuu dav tin hiéu 56 <ao cho no co duny lusng rat nho, mac du khi khor phue

no co mat mat 1t thong tin cé the chap nhan dude. Gig su cho un higu so et luc
nav ta khone bhiou dien ham ¢ oguacac ham wavelet ma ta tho mot ham md trong

khong gian Vo tuong ung van ham nay de la ham:

fix) (,‘I"rfb(.\' ni. (1.1)

trong do ¢ ¢ Rhdo fix) € Voova biy @ ta phan tich ham f(x) nha hé thang

hivm waveler va ham ty e Ta cor fix) = Pif+ Qf trong do Pl e V,ova Qf ¢ W

Nhung V', ¢o hé co so L ¢ nen ta co theé dat

.n

khi do

A Jp oy ; R \ _ o/ T 0 :
G I I O LR D OO S S CHA T B B | (4.33)
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(xem Dinh 1y 1.2 [6]) vadat  Q f = yd:-:“'!.k thi

(l}( = <‘"1,k'ulf> = <“‘1.k'f> 2 Z C?<‘”l.k'¢u,3> 3 Z (,ll)g] P (4.4)

Vi cac hé sa hI. g, da cho nén ta tinh duge cac hé sé c:_ .dL - Ro rang ta khong

cian quan tam dén hinh dang cua ham ty lé va ham wavelet ma ta chi can cac hé so
biéu dién phép bién doi hé toa d6. Vi vay khi cho mat wavelet cu thé ngumn ta chi
cho cac hé s6 h], B - Viéce tinh cac hé s6 theo cong thue (4.3) va (4D thuc chat la
shép nhan chap cac hé s6 wavelet vdi tin hieu s6. Ta can hiéu rang s6 cac hé o
h.. g, lavée han. nhung no chi khae khong vér nhing gia tri khi cho wavelet Vi du:

Harr wavelet dudge cho hdi cac hé sa:

Ta dé nguvén Q,f va phan tich tiép P,f
P f=Pf + Q.1
Vi Pfe V,vaQ.fe W,

Vi cac vects cd sd cua V, va W, khi biéu dién qua V, cang c¢o cung cong thue
nhu V, vaa W, qua V,, nén néu ta dat

Pf= Zc'fcb._,_i va Quf = div,,

3 ,2 - ,l = 2 ‘.] oy X0 - . e B o
thi S 2-‘(1hi T llk = Z(Igl L,'k.V.l cu tiep tue nhu vav ta co

1 |

f)=Quf + Quf + .+ Qf + I

Ta dé vy rang =0 cac hé so v{ .di, giam di mot nua khi j tang thém maot. Vi theé ta co

the luu cae he so thu duce viio mang je ! ban diau nhu saw: (ta gia su co tam hé =a)

("ho mang {¢_ |

0 1 o .ol ol o 0
o | % €y €3 |4 1% [ % | %
- - —_—— - I
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e e . 4 ) b g :
ey tue tinh ¢ va luu vao 2 o daa eon d7 Tuu vao 2.0 tiép theo, d! dé nguven
. 1 ! U

T :
@ - s i | I ]
' | 1 ] : |

'ir | [l II“ di L“ !il | (!,‘_ (I“

¢ d d- (ll“ ‘]'i ll: d,l !
1 | uin ! 1 |
Ta thay vang dé tinh hé 6 tiép theo thi ta dich di har vi tr1 cua tin hicu va L

nhan chap
Khoi phuce tin hiéu
Viec khor phue tin hieu je1ta i ngude Lo var phép bién dor Bav g ta kho
phuc L ham fixi, Vi he =0 cuio no kb kha: trmen theo ¢ <o cua khong gian
chinh la tin hnéu fo § ban daa. That vay ta da net cony thue:
Il o

Py f = Pyt + Quf

< M-I, A M
22 TN, T% Paio t 90 Varg

Ni-¢

'de tinh dudce ¢

N \
ta tinh duge ¢ =au do su duny dll

Trong vi du trén viee Khor phue chr la gian eae hé phuong trinh tuveén tinh

hat an so.
Neén anh sudung phep biéen doi wavelet
Cang nhu tat ca cac phep nen anh su dung phép bien dor khace, Nen anh su
dung wavelet dude chia thanh cac cong doan chinh sau day:
- Bién do1 anh su dung wavelet dé ¢6 bang ciac hé so
- Ma hoa bang hé so thu duae

Ta se Lan lugt xet tuny cong doan maot

Bien dot anh s dung wavelet
Ta gia thiet anh dudge cho bdi mot ma tran s6 hai chieu. co kich thue bang
nhau va ta luy thia caa har Dé ap dung bién dé wavelet vao anh thi ta lan ludgt ap

dung cho tung hang, sau do ap dung cho tung eot hinh dud
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- —> 1.1, HI.
Bién doi
theo hang L H Theo
Anh ban dau cot LH HH
Hinh 4.

Sau khi ap dung phép bién doi (mét 1an) thi cac hang sé chia thanh hai nua:
phan dau c6 tan sd thap ta goi 1a L (Low), phan sau co tan so cao ta goi la H
(Height) (xem Hinh 4). Tiép theo khi ta bi€n d6i ¢ét, thi cac cét lar dude chia thanh
hat phan, ntta trén la tan s thap, nuta dudi 1a tan sd cao. Két qua sau mét lugt
mang dude chia thanh ban phan.

Tiép tuc ta ap dung phép bién dér nhu trén cho phan LL con cac phan khace de
nguvén, cho dén khi phan LL chi con mot diém. Va két qua ta thu duge la mot ma

tran =6 thuce
Ma hoa bang hé so sau bién doi

Sau phép bién doi wavelet ta ¢6 bang hé 86 cang ¢6 kich thude nhu kich thudc
anh. nhung vadi eic s6 thue chi khong phai cac sd nguvén tam bit. Nhu vay néu ta
khong ma hoa bang hé s6 nav thi dung lugng cua anh sé tang 1é6n bén lan va viéce
lam cua ta khong nhing vé ich ma con ¢6 hai. Viée ma hoa bang hé s6 nay 1a mot
cong viée phuce tap, vé mat thue hién no con phic tap hon chinh pheép bién do
wavelet rat nhicu. Do vay ¢6 nhiéu thuat toan duge dua ra trong do co har thuat
toan nol tiéng nhat la thuat toan EZW (Embedded Zerotrree Wavelet encoder) va
thuat toan SPIHT (Set Partittoming In Hierarchical Tree). To1r dd dua thuat toan
EZW vao mav va cho chav. K&t qua ta ¢6 hé s0 nén gan tuong duong vé anh JPEG
khi dung ty s6 nén cao. Ma hoa EZW [2] dua trén cd s6 ma hoa tién bo (progressive
coding), no bién anh thanh mét day cac bit vé1 dé chinh xac tang dan. Diéu nay co
nehia 1a khi thém maot bit vao dav bit thi chdt luong caa anh phuce hor sé tang thém.
no ciing tudng tu nha khi ta biéu dién sé x. ¢ thém mét cha sé sau phan thap phan
thr dd chinh x:ie cang eao

5. Két qua thue nghiém va nhan xét

Neén anh su dung phép bién dé wavelet la mat linh vue mar lai da dang
Chat lugng anh va d6 nén phu thudc rat nhiéu vio cach chon wavelet. Co rat nhiéu
loar wavelet khae nhau. va trong mot kiéu wavelet th cing ¢6 nhiéu loai khae nhau
Vi vay vor hiéu biét hién thot rat kho danh gia muice do hon thua @it wavelet va
ph(‘l;) bien dor cosin. Tuv vav dua vao cau trie cua bang he sa cang nhu phan mém

nen anh su sung wavelet da hoan thanh, té1 c6 mét s6 nhan xét sau day:
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[y N ophep nen anh su duny wavelet co tinh toan cue, nen na phua hap van cae
anh co o phan vang it Dan var anh co do phan vane oo Ginh phue tap) th phey

nen nay khong heu gua mas

2y Whr taoap duny phep bien dor wavelet len mot anh thy ta bién dan hang. =au
do hien dor eot do vay cac duing hien dung hoac bien ngang sé co phan tan =6 can
nho, nhunye cae bien nam xiet voc th o cae he so 0 tan so cao ldn, Vi vay cae dudgng

Bien xict pae ~an kh phue hor ¢ s<ar Khae nhiéa so var bicn ban dau

\1 rat nhieu loar wavelet nen tar chua the non duoe waveler lieu qua hen
hay nen theo chuan JPEG hieu qua han, Tor ch muaon duae ra mor vin ker qua thu

nehiem dé bhan doc tu nhan xet hiéu qua cua ha phep nén anh

— — -
‘ Nen su duny | Nen

L ! JPEG dG

[ Wive }"I 4'1: |

. , nen 18:1

[ ] nen 2001 L |
\

| |

] J
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WAVELET TRANSFORM AND I'T'S APPLICATION ON IMAGE COMPRESSION

lLe Van Bang

Unmversity of Vinh

We are already familiar with Fourier transform and it's application on digital
signal processing. The main shortcoming of Fourter transform 1s that, the Fourer
transform only give frequeney resolution but do not give time resolution. Thig
means that we can know all the frequencies i signal but can not know which point
of time the frequency appears at? To overcome this problem in the past decades
several solutions have been developed which are more or less able to present a
signal in the time and frequency domain at the same time. One of these solutions 18
“Short time Fourier transtorm”™ The idea of this method 1s to cut the signal of
interest into several parts and then analyvze the parts separatelv. 1t clear that
analyzing signal this way will give more information about the when and where of
different frequencey components, but it leads to a tundamental problem as well: how

to cut the signal?

The wavelet transtorm or wavelet analysis 1s probably the most recent
resolution  to overcome the shortcoming of the Fourier transform therefore 1t has
good apphication on image compression. In this paper 1 want to introduce briefly the

wavelet transform at the same time 1Us application on image compression.



