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ABSTRACT

The Wavelet Transform(WT) is of interest for the image analysis. WT can be viewed as a
signal decomposition onto a set of basis functions. In fact, basis functions called wavelets always
underlie the wavelet analysis. They are obtained from a single prototype wavelet by dilations and
contractions (scaling) as well as shifts. The prototype (mother) wavelet can be thought of as a
bandpass filter.

This paper presents the compressing images of the military guy in uniform with gray
scale 256 levels . We find out a suitable wavelet filters for compression the military guy in
uniform images.

The result of utilizing 6 wavelet filters, namely: Haar, Villal810, Adelson, Odegard,
Daubechies8 and Antonini Wavelet filters at 5 levels of multiresolution with various compression
ratio4:1, 8:1,16:1,32:1,64:1 and 128 : 1 . This paper compared with the original 3
images

1. J3.pgm is represented to the military man in uniform.

2. nid.pgmis represented to the woman of the military in uniform.

3. Lena.pgm is the standard image for images processing

The results shows that the Odegard wavelet filters is the best of 6 wavelets function and
suitable for compressing the gray scale image of the military in uniform. And we should compress.
to the ratio 32 : 1 with the'Odegard wavelet filters shall have a good quality of the reconstruction

image nearly the original image.
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product Y0 x(t) AT Y, p(t) (19ne13DWBIMNIIAY 2 U1 569-589)
Weab) = Jx® ¥, ,(® de 12)
4 v o a o
o * fle Complex comjugation Ay Y,p HudaszlunuadeninOrthogonal)
v o

dyQ12uAN(Original signal) 9ZAMITAYNATNNUAU(Reconstructed) 18 AIAIANUTUWUS

b4
WNAU(Inverse Relationship) Al

x(®) = el W) Wy (0 dadb 13)



A ! { Uy
e ¢ WusnsfiveaguauiiAnwe (constant of proportionality)
INNIIWAIU Wavelet Function, Yt vthj: Multiresolution Analysis 9948419 Hansu

13 14
yogumindudn fie Scaling Function J(9) Scaling Function 1#lumsutlasdeygnaien
) =2 <& a wa . . L 4 [ o
aziBualdouBane Falumal§iiRisumu Scaling Function A28A90599A1MAALowpass
Filtering) Tu¥a1zAl Wavelet Function Yivvfind1ufanseenaulige (Highpass Filtering) %4
td
Scaling Function Ugyuuudiail

Scaling Function Form :

Dap ® = 1/ la . D (b)) (1.4)

(Fung 1.1 uaz 1.4 3 Inssadramilount)

Mg/ AUuYY TaafnuUaliivINAIIZouURMIZAT (Discretization of dilation
and Translation Parameters) mautatnviinuundeiiosideds 2 Usems Ao anudn
douRedundancy)  tazUiiAe3e 14v n(mpracticality) Tapmiaaos uflvldTag msdy
windimes dmiuvinsde/ane wasyudumia(Dilation and Translation) UWINWAITUA
flyym3ari1 /g Family of Wavelets ita¢ Scaling Function filimsiinefuiamzsunnizm

(Discrete parameter)

% a=ag™ uaz b= kbgag™ w1 Y uaz () nnaumsi 1.1 uaz 1.4 14N
Wit = a9™2 \Yf (ag Mt-kbg), (1.5

Booic® = ag™2 Dlgymeig), (1.6)

& o 1 ) 1 L
die mk Wlumvd iy uaz ag w1 1 uaz by liwiiu 0

1 ' @ s ﬂ( 1
umaunis 1.5 ﬁ")ﬂﬂljﬂ'ﬁ 1.2 "lﬁ'mauﬂszﬁnﬁ‘ummh?muunmzmmwwm

(Wavelet Coefficients in Discrete Form)
Wy(mk) = a,™ Jx® Wea,™ vio at .7
& . = Y o a o A Y ¢ ¥
151921800 Wavelet family Nonnsoaindygraudunduiuldedngndes (enais
$Bamueiay 1) Iaommizediaoe HvEnhiia desaursoad1s Orthonormal basis Tu L2(R)
8 ull A -~ W o d’l
18 TufodelianyazAil
J-\lf mk® \If*mlkv(t)dt = 1, m=m'k=k' Or (1.8)
0, otherwise

. " A <4 o
Orthonormality condition 1¥W151iia0s ag=2 uaz by=1 Famwedsiladduyagmeziiiu

dyadic scale (19N&15919BIMINBEQY 3 U1 14-28)



d [ [ [}
2.3 mﬁ‘mﬂzmzﬂmumaztﬁﬂﬂmmmytymzmmamﬂszﬂu (Multiresolution

Analysis)

waRafigniuaueTay Mallat (enanséredamnomy 4 nih 674-693) Fudugnmn
7m3574 Orthonormal wavelets INTAUYAFIUN Original signal x(t) d30 Tadrlduasd
WARUEIAR ( Finite energy) Tnomsusndgyana x() Tundasseduosmily 2 du fle M
Taorlszanaidunite wosdudss@nsveanidndndunils Tasmsi Convolve x(t) &30

Wavelet Filters 1Q2 Scaling Filters

g (@ d,(n)
X,(n) - ()] d,(n)
x,(n) .
h(n) PRy — = den)
x,(n)
~ | h(n)
L B0 | Xy(0)
Levell Level2 LevelM

gﬂﬁ 2.4 Pyramidal Decomposition Algorithm of DWT

§asynoudau set maqﬁuﬁﬂ?qﬁdauﬂﬂ(cmsed Subspaces) {Vy, | 0=m>=M}€E L(R)
firuanesyRunazden (Resolution Level) V04 Yoyanaudy A m=0 iazszduauazBun
sf;'l’qﬂﬁ m=M

finrsan nidnflaidy

Wink(x,) = ag™2 Y (ag™x-nbp)

o1 20=2 uaz bo=1 9214

Winn(x) = 22 Y (2" Mx-n)

dunvidniladsuiiadrs Orthonormal basis dmuTaddu LAR) Froreveaaviin

HeffduiioBure8dwile Haar Function
,0<x< %
Yx)= § -1;46<x<1

\ . A
0;x tandusdiedy
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Vet o

o ] I { ° ' i
fodann Haar Function lildifluiladsu fszydumismanar uazawd 18min

uArs 1811150 19 Haar function 1udisenlunsesueltidrle1éa

Yoo x)
0 1
Haar Wavelet (mother)
Y,
0 4 8

Yio )

il 25 daed Y ez Y, v9e Haar Wavelet

wa 1 LY |

Wsgiides(subspaces)lifauiiasunune

a A { o o 3
1. Causality (Manam): Usglinames Vi finnuazdoassdy o+ Hudndey
) 4 t P o
w3 iianmes vy, innwazidoaluszay
1 4
< nywmnnndi(eoarser)..C V1S VG, Vip-1 C.... 82100a.831(fine—»
a a 4
2. Completeness(Auguysel): Uigiinamesdeuilusdemuionly
UV =L2(R) . MWV, = {0}
3. Scaling(fouazveny):  Usgivesdynnulasyszmmamisadinaldlnems
» ]
Scaling uAnzdygnal Tagyszmnadisdaduvesmnnuazidoani 2 sedu fTufe &1 x@) €
Vi #8989 x(2t) € vy g
4. Orthogonality(Be/5zADMMU): V-1 =Vin @ Wi ) Wm i Complement Y83 vy,
o & A o & ot 2 o o = A
T Vg YiUAD vy | W medmionils v, Inumfy vy, sadunsanuasdoama
= ] A 24 @ o e . o =&
B nduniidmnioiy Wy, A1oquenid Orthogonality 1Ay Causality a1n5011 Wiy 49
Spanset

t 4
L2R) 11571 €U ldTaonsa (Direct sum) Aaiu

Vin =Win+1®D Wmi2 @ Win+3 D--- (1.9)
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mannsoldnuduiuives Scaling Function () AU V,, oz Wavelet Function
Y iy Wy, Seensadou D) 1o

Bo=23 nw Darn) (1.10)

TagdsRgaduemnsadiow Yo 'ld:

Y =2 Y g Detn) (L11)
a(t)
@ | B
1 (a) ‘if"
A v ® (b3
1
172 . uﬂﬁimurﬂu -
7, )
2002t)= SR+ y(t) Vi Nine X R
1 |
: ) « WY, = V,ow,

3 1N 2.6 Piecewise approximation : (a) elementary function of V, @(t) (b) v, , (c) elementary
function of W J/(t) that is orthogonal to @(t), (d) W, ,(e) elementary function of V|

() V_, can be achieved by the coarse approximation V,, plus the detail W,

a(t) W(t) (2t
1 1
172 =2 172 >
-1
a(t) AVO 2(2t-1)
1 1 1

1 - 1/2 =2 | I 1/2 >

-1

zﬂﬁ 2.7 The set of {0 (2t-n) f can be completely represented by the set of ] @(t-n) r plus { Y
(t-n) ¢
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a t o Q“ 1
diogavemdnyszdnt h) Hunansuausarss M1y impulse Y09 Lowpass filter

Tuvaied gy nansuausivesmise impulse Y94 highpass filter c’ﬁwﬂueqﬁuﬂszﬁm’
o() 11§91 hen) Faf]
g) = DR h(n) e n= 0,1,2,......, L1 (1.12)
#anea(Filter) Wa h(x) 18T gln) osegnmolditon luiimiveuS ez annsofuanm

@ 1 : ¢ o ¥
ndv lAegauysal(Perfect Reconstruction) Aail:

2, hn) = 2 (1.13)
D h2m)=1 (1.14)
Y. h(n-2m) h(n-2k) = O(m-k) (1.15)

4 o . :
({1949108N509 1IWIEN g(n) vrdnegmolditoulumuanns 1.14 uazaums 115

dauaums 1.13 ud1 go) szogmolatoulvini

Y. gm=0 (1.16)
ini3eu'l Orthogonality , hin) A an) 1 2 FaRaziullasseums

> [h(m-2n) h(k-2n) + g(m-20) g(k-2n)] = O (m-k) (1.17)

Y. h(n-2Kk) gln-2m) =0 (1.18) -

v o A

v Ed
AUMINMUARATUMS 1.10 U eums 118 szoFuwnaiauliddifigues

o [ d”
Wandumanil

2.4 madasnvidnuuulineiioaDiscrete Wavelet Transforms (DWT))

1y A o @ W " A . .
msudasaidnuuybinedissgaimunnidfidyanaina lideiisa(Discrete time
signal)  15ENBURILBYNTNVDN hin) UaL gn) NTAMITWIABTVBA Dilation UL Translation

Taequdygrauuiugiaim

2.4.1 One - Dimentional DWT
U o "t 4 4 A A - o
1 lasdsznavesdygnauuy ludeiissilinnuasiBoaaaniniania ildTaeh

91 x(n) convolve AIAINTBINWDAT (Lowpass Filter) udrgudlndndayanaundu

2 2

A ¥ P -4 Addyﬂ o a é’ & a ¥
sHglo WORAVUIAVOYATIAITIN U I5UL unmmnﬁtytmmmmmuwumumuna"l'n

& a o o
grafinnvaziBoaaany Sanseldlszuaraguamuunisiiald wvaz@eadun

)

o & a v n’: a o { . . A
Convolve Sraudygsluudazsuisiiiadie dansean1udga (Highpass Filter) oA 14N

- QI
dszurananez Idduilszansinién
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14
Tuasumsuandygauuuilsilia
1. Convolution A28#I0594 h(n) 138 g(n)

2. fuAledniiaz drdu Buddy

: : , LA
usazuienezioneon 1aums Convolve #20 Highpass Filter 1tas Lowpass Filter (Ao

Tufiaz 2 dumids szlédoyariiu 2 dau daufiri High pass filter (G) flo. 510aziBoaves

]
<4

=
n
. S a4 A A 9 o . 9
YA resolution UU DNTIUNHIU Low pass filter (H) AO vagaﬂmuiuizﬂu resolution WU
v

e

2.

3 3
° = o @ . @ o o a
adeyaneuiivsgmilylms1zilusedy resolution daly Tasvialiiloudnsiz ldouda
ITAUT 3 YDIANNALLBYA (level 3 resoltion)

H —>®———’ X(@)

x,(n) 2

G ——»@——» 0 &
2

iﬂﬁ 2.8 One-Step Decomposition Algorithm

Feflamnsofiunmndy (Reconstruction) yndunou mauium duszdnd
i uazdulsz@nvese Tnvdseanavessyiudrgaenld vie ndndnioniledh

DWT %84 x(n) 1/szneuday YAYDIA ﬁ"uﬂi:,’aﬂg'(COefﬁcient set): Xy, dy s m=1,..M
MIueNTyaIn (Decomposition)

mnualddwudyarauumathideiles x@ € L2®R) ansammdulszdns
Todszunamnmssnnadouiad (Computed recursively)
X+ 1) = 2 h(k-2n) xp, (€); m=0,1,...,M-1 (1.19)
tije Xm (@) ﬁ‘luf?tgfg1£uﬁ"lﬁ'mnﬁﬁ'ummazx'é'mﬁm;htﬁ’; xom) Hhudya audy i
Wnanidumsihmsnseenddin (Lowpass filtering) 484 x(n) U&2gudy A0
fagdutudnennld  eaavinadeyaninmilunzannsadenquamuesnimiefi

[

doygrandulduuuisia Taodenlddanseauuy FIR (Finite Impulse Response)¥od h(n)
AINTBIAANNIT (1.19) F15aunu 1AA28 matrix vector product :
X1 = Hxp (1.20)

A ISl L
9 H yanmnu
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! I I
hL-D) B(L-2) .ot i h(0) 0 0

H = 0 0 h@-1) oo h(2) h(1) h(0) (1.21)

HAT X = [ X (-1),%0(0), %y (1...]T
Matrix H he ldawiden lu@unenas$radanunoiay 6)
HHT =] (1.22)
(316 1 fio Identity Matrix uaz [T #8 (Transposition operation) daungan quns 1.22
o 1.14 vzadioiumsl¥sanesin @urtusudmnseandn Iddulszaninidnlussfu
anvazideaiidinBnssfunila
At 1@ = 2 glc2n) x5 (k) (1.23)
dogadanlsz@nd g fvunnn aums 112 §1579519 marix G luheudoriu

fuauns 1.21 92 1@

GGT = 1 (1.24)
uazld HGT =0 (1.25)
WmiloumuaunIsN 1.18

A1sAUNAUT Yy 81AY (Reconstruction)
vinguianiiAveaSpides(subspaces)ii 1y “mung1m€msﬁ’magin1u°l¢’ﬁau‘lm
Vel = Vip @ Wy Seamnsainndssgnditeaunduiiudygamdazssiufiqe
a8 TaoProjection 1inUSgfidesiidaseaetu vesszauilogiu  projections veuAnz

FYYIUAIU Vpy, Uas W, ¥114 Iae:

Xm = HTHxy, and dp= GTGxy (1.26)

a a U o
INANNIT 1.9 1A 1.25 Projection iy orthonormal uag span ﬂTQNUﬂUi)UNﬁ&Juim

o —_—
[

QUNNAUNT 1.26 HAZAIMTNRUT xp= xp+ dy 92180

2[HTH + GTG] =1 a.2n

1 4
Sulddanesiumsaundudygraidniugy el :

Xpp-1() = 2o [h(0-2K)x, () + gn-2Kk)d g (K)] (1.28)
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T

x,(m) —» @ —p H
2

-

® » x_,0

d, (@) —»@———» G
2

§‘1Jﬁ 2.9 One-Step Reconstruction Algorithm

figoigns .28)Taounumanns 1.19 uaz 123 luaums 1.28 uaziueiduns
1.17 mAnsandls Tavignisinnavveaaunis 1.28

X1 (0) = 2 [h(n-2K) Xy (k) + g(n-2K)d g (K)]

= 2, {h@-200[ V2 b2y 1 He@-200V2 Xie(-200xm-1()] }

= 3, %, Iha-200h(-2K)+g(n-2008G-2K)1x,n-1G)

= Xm-1(0)

2.5 Two Dimension DWT

] 4 A
W me i Set of subsequence Fathullaandou'ly Multiresolution 92’14 Vector

space Vi (314 tensor product Y94 subspace V‘m T LR

Vi =V @ V' 2.1)
1518150927319 Scaling Function 2 3if I¥aait

D,) =0 )D ) 2.2)
1ag Wavelet functions 2 1iA Ieilu

Wittt = D)V ) @3)

Yit,t) = Wt D () (2.4)

Yltt) = Wty W () (2.5)

Y o,: dy Y o
Hafaunia 4 71 (U Orthogonal Fafutaeiu



Hefsuyagiu Fussng AUSNHULAMIEN AN

(D(tl 4) (Subband 0) X (n,,n) Vertical Lowpass
.Horizontal Lowl[ass

v (&, t) (Subband 2) d (n,n,) Vertical Highpass
Horizontal Lowpass

\]Iz (t,t) (Subband 1) & (n,n,) Vertical Lowpass
Horizontal Highpass

Y (t,, t) (Subband 3) & (n,n,) Vertical Highpass
Horizontal Highpas

2.5.1 M3N3201ENINTH (Decomposition)

J (4 ) Q’ i
wim Taodszanawed X _(n,n,) wazmduilss@nindidn d (n,n) 1= 1,2,3 Taens

o

[ [
szaudaam veen Tnodsgunafissaugandidig Scaling Filter 4as Wavelet Filter 1N

E 4
Horizontal 1a% Vertical A4id

X . (,n)= 22X (k) h(-20)h (k-2n,) (2.6)
d' ()= 22X (k1) h(1-2n,)g (k-2n,) @.7)
&, @,n) = 22X (k1) g (1-20,)h (k-2n,) (2.8)
&, (n,n) = 22X (kD g (1-2n,)g (k-2n,) (2.9)
Xm+1
i

Xm

Subbzde

Image d m+l

subbands
————&m+1
Subbandd

Horizontal ) Vertical

4
</

310 2.10 Jdumou MInTEnLUUY 2 A

i
MIMSNTEBULY 1 1A 2 52AY msnszawaiwsn Tag inrsdssanu dagnu A

¥ .
An50ayag U 1ULUT Horizontal (ANUUIUBUVDINIH) UATMITATSUATIN 2 TReiins

¥
Ussaudgyna fu Aanseayagiu il Vertical (MiuIfveInIn)

14
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amdsnimhnmavumsuleauaidnuds nmezgautisesnidlu 4 dou udas
* 1 r ar o A( % o/
dauSend1 subband e dutlszANG (Coefficienty Munadwieinnis Convolve A28

Lowpass filter 4ag Highpass filter A131/9 6

Wy
LL, — HL, sbo’/7sb1
subband}éubbandl sb2 | sb3 :ubband4
g
W 7
v / > LL, /
subband2 subband3 —t >
LHy, HH, subband5 subbandé
€)) (b)

310 211 (a) uerae subband Aumsulaaanianszaui

(b) UaA9 subband HasMsuaaIvian 2 seau

2,52 MIANIMNNTVAY (Reconstruction)
1
sanesnulunsadunmanduiy  Rasmsquuumindhunnusutaziuadusuy

= o S
ReINUMINIzaeensu

T o7 T T 52 80 T T
[H H HH+G H K G+ K\ G|\ GH+GyG,GGl=1 (210

[ <] 9 o A 4 dy
sane3fulunmsaduamaduauaugt 2.6 aunsonaaslddegluuuveasmsndasil

X, =H H X, ,+G H,d ,+ Hy G du+ GyGyd (2.11)

h > m+l
(D «

Subband 1 X,

s

Subband 2 d' _,,

Subband 3 d* el

: @_@7 G\

Vertical Horizontal

Subband 4 d3m+ .

SISESAS

1 2.12 msadnamndufy
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L ; 1 Qo ] o Q( - 1)
quam lumsaduamnduiu Yuegiumdulsz@nsuesdinses hilinnugndea

qunatiesiisala wu ¥ @Inses Har (Harr Filter) (6=0.5,0.5) Avz'hill error ualuma

aoa o o 1 [ n’;‘ o
§17R A1 error idntieelszana 10° mivesdgyananiv moeusuld

2.6 Biorthogonal wavelets

¥
Biorthogonal wavelets awaiamadufuldauysed danrwsidou Aremsly
, Ao e . g a4
wavelet filters 2 A agﬂnmmmmwnmﬂixﬂaumgtym (decomposition) UATBAYFANUR
f 4
d iy a1 mAdUAY (reconstruction) A3 lEMInseannaduszsi I Idnadwivinns

¥ vy
° 1 a @ o o o v o [ L4
sy uaddnsesduiu e It ddyapalifisane  dmSulnsed

U L4 Q —_ é e L] 1 ﬂli =y J
Fyananm  euinldinseaadudu  sullumnseseglunquiladduiiny  Sonh

. o { Qs d‘ -] = o o’

Biorthogonal bases AanseanlFlumsuondaana Wevimisdmsed sidlunuazgaduda
cia 3 & o o 7
nsoan 15 lunmisaunm ludunisdunsizn

=3 { wa va 1A e

asulaanvidniiigaiauiAves Biorthogonal fifavinmslfiarianu Aligauauia

orthogonal 171184 (1BATNTHNNB Maneia 11 1111 20-22)
» ¥
uonvINil Biorthogonal wavelets Fuihuiia symmetric U2 compact support dmsy

image processing uan symmetric ns5o antisymmetric fdse Tonilumssmon Folding

s o

{ o) 4 o Q’ { =S o
technique MAnRBIHAANT N TUYsEANTING MuSnaveun M (Msdaduguninvesnshy

NAVUNIN (reconstructed images IA91N PSNR = Peak Signal over Noise Ratio [Rioul, p.109]

Gl ———O
-] 2
XD DWT with Biothoponal Wavelets @ X'
o D— D
2 2

[ v
719 2.13 uaaimsuen vazmsswdyanad iy 1 Yuaou



Matrix format
H,G, =GH, =0
HH, = G,G, =1
hy(n) iudnsesenadaiomsiinsisy
h() fudansesanaduiemsdunsisd
¢ 1ddansoaidn
Gy(n) =(-1)"h,(1-n)
Gy(n) = (1) hy(1-n)
dwiudenlumsvanmdayge fiewysel 1 Biorthogonal Bases fio

[HH, + G,G,] =1

(2.12)
(2.13)

(2.14)
(2.15)

(2.16)



Different Transforms
The Fourier Transform
Kind of Frequency
Decomposition
Analyzing Sines and cosines, which oscillate indefinitely
Function
Variable Frequency
Information The frequencies that make up the signal
Suited for Stationary signals (predictable : obeying constant laws)
Notes With the fast fourier transform (FFT) it takes 1] log computations to
compute the Fourier transform of a signal with Tpoints.
The Windowed Fourier Transform
Kind of Tirx;e;Frequency
Decomposition
Analyzing A wave limited in time, multiplied by trigonometric oscillations
Function
Variable Frequency; position of the window
Information The small the window , the better time information one has, at the cost of
losing information about low frequencies; large windows give better
frequency information but less precision about time.
Suited for | Quasi-stationary signals (s'tationazy at the scale of the window)
Notes Sometimes this is called "short-time Fourier analysis," or, when

A Gauassian is used as the envelope of the window ,the "Gabor transform."
While the Fourier transform is orthogonal, the most obvious forms of

windowed Fourier cannot be orthogonal.

Hubbard ,Barbara Burke,

The world according to Wavelets : The story of a Mathematical Technique in the

Making / Barbara Burke Hubbard. — 2nd ed. pp.249-251
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The Wavelet Transform

Kind of Time-scale
Decomposition
Analyzing A wave limited in time, with a fixed number of oscillations; the wavelet is
Function contracted or dilated to change the size of the "window" and thus the scale
~at which one looks at the signal. Since the number of oscillations does not
change, the "frequency" of the wavelet changes as the scale changes.
Variable Scale; position of the wavelet
Information Small wavelets provide good time inf:)rmation but poorer frequency
information. Large wavelets provide good frequency in-formation but
poorer information about time. h
Suited for Nonstationary signals, such as very brief signals and signals with
interesting components at different scales (fractals, for example).
Notes The wavelet transform can be continuous or discrete; orthogonal and
biorthogonal wavelets are special cases of the discrete wavelet transform.
With orthogonal wavelets, the transform of a signal with 77 points can be
computed with ¢7] computations; the value of ¢ depends upon the
complexity of the wavelet.
Wavelet Packets
Kind of Time-frequency (with the possibility of also analyzing by scale
Decomposition
Analyzing Looks like a wavelet multiplied by trigonometric functions
Function
Variables Frequency, position, and the possil;ility of varying scale as well.
Suited for Signals that combine nonstationary and stationary characteristics, such as
fingerprints.
Notes With three independent parameters (position, frequency, and scale), wavelet

packets form a redundant system. But one can easily extract from it an
infinite number of orthogonal bases, which can be used in the compression
algorithm, Best Basis, which seeks the best basis suited to a given signal.
Wavelet packets are far more flexible than wavelets, but less is known

about the interpretation of the coefficients.

19
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NaN1IIAa9y

3.1 38mInaas

1UdUB Wavelet Transformation 911 Mother Wavelet 6 ¥1a 910 J. Villasenor, B.
Belzer, J. Liao, "Wavelet Filter Evaluation for Image Compression." IEEE Transactions on Image
Processing, Vol. 2, pp. 1053-1060, August 1995 (http://synergy.icsl.ucla.edu/~ipl/papers.html).
il
Haar Wavelet filter
" Villal810 Wavelet filter
Adelson Wavelet filter
Odegard Wavelet filter
Daubechies8 Wavelet filter
Antonini Wavelet filter
hamdunty (pgm)hmsdszaunana audumeuAaT
1. Wsianw
2. NOATHAMN
3. WfSpUMouNadnT 11A1 MSE, RMS error, PSNR
msuaanidn 2-dimension
1. Uszurananionisuiad Wavelet 19 Wavelet Filter 6 ¥iin
Haar, Villa1810, Adelson, Odegard,Daubechies8,Antonini Wavelet filtér
2. LlﬂﬂNi‘lﬂ']ﬂﬂ'ﬁ!lﬂﬁ\lf)ﬂﬂLﬂu subband 910 Y. Shoham and A. Gersho, "Efficient bit
allocation for an arbitrary set of quantizers," IEEE Transactions on Acoustics, Speech, and Signal
Processing, Vol. 36, No. 9, pp. 1445-1453, Sept 1988.
Mmsaavnadeya
1. §Uﬁ1ﬁnﬂi$aﬂ§ldi5tonion 1AQY subset YO subband
2. fI UAAWAUAY NGN Quantized Resolution $1SWATIAIUMS Quantized
&3R8 EZW (Embeded Zerotree Wavelet) iaz Adaptive histogram, Linear Time Coding 91
an implementation of Alistair Moffat's linear time coding histogram (see)

cs.mu istair
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NN J3.pgm

-1 ) Ay
i Contrast 13110 NUN N

a df a
Unailumwdnssmsnuisn
AuMWIIUNAI ue Wul
o v
NN BEAL 70 YBINMN

&
NINuA

NN nid.pgm
I~{ o s o
WUNINNY  Contrast A1
L dy = =
HagAA AV 9931130
anviadeya 1dgsds
128 : 1 wWusovay 30 Vo9

v
NMNNIHUA

gﬂﬁ 3.1 MAuRY J3.pgm, nid.pgm, (In¢Lena512.pgm

NN Lena512.pgm
WunmmnsgIumindse
aqg ¥ | =)
WIa 1 alseuiey
& o Y
WONNMNIUATU Image

Processing
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Quantizing Compression

Vector quantization using Embedded Zerotree Wavelet coding technique

sz Tomlamnaruduiussenin  subband  1FoRnsen  fi wavelet
coefficients 1u7$ﬁu‘7’iﬂﬂ’m(coarse) L‘ﬂuﬁ'lﬁ"lﬂﬁﬁ'ﬂﬁﬁﬁ'ﬂluuﬁ”) f1 wavelet coefficients (GIN]
Orientation (Reafy) Tu duemisiiernnofu 'l‘uizﬁuﬁaz(é'um'fuﬁﬂ:xi‘luﬁﬁ"lﬂﬁﬁua"’ﬁmﬁ"w

4 N
auly maiia BEzw Sadlumaiinioifolss Tonivnanuduiussenie subbands 3%30lu

[
~ (Y

msfvsan mdvlssanadidnda i lifhfuddeylussfy scale e 9 dau
msdhsarinTav 4 Suneu
1. discreate Wavelet transform
2. Zerotree coding
3. Sucessive approximation

4. Adaptive arithmatic coding

. Compression
Image Tranformation Transform Quantization Symbol Bit
Samples Presumably Coeflicients A Stream Efficient Stream
——— i L ] —
DaLc?r?leel:lses intormation Repragentation
Samples Loss Occura of Symbol
Hera Stream

t b 4
U1 3.2 dussumsanuuianin
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~ \ s ) 4& Al L
ADITAUIN array AUATNYTLANTFIFHIUMTUUAL Wavelet 3 TZAD VBINMYUIA

8*8

JHu3 HL2,HLL B HHs HE2,HHI

LL [ ] LH3,LH2,LHI

QA(

3 v e é 4 o
51 33 dnlsza@niFemmsutosain 3 szau

M543 a@20 Embedded Zerostree Wavelet ( EZW) 152A91UA 38 dominant pass
118 subbordinate pass

dominant pass algorithm

Iinput Coefficient

(+) Does
Coefficient
Descend from a

Zerotree Root

= . :
iﬂ‘ﬂ 34 uaAd dominant pass algorithm
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97f array WU the Jlargest coefficient magnitude = 63 13 'ﬁ)a‘,iﬁﬂﬂ Threshold & NN

t 4
o o

(] g o A o
(31.5,63 ] ¥ threshold = 32 §1M5UN13%1 dominant pass S9UN 1 wamsdhsadail

o 3/ a .
MINN 3.1 MITIVITNY dominant pass

Comment | Subband]Coefficient| Symbol| Reconstruction Comment| Subband|- Coefficien|] Symbo] Reconstruction
Value Value Value Value
1 L3 | e | Pos, 48 S LH2 14 iz 0
LH2 -9 1z 0
HL3 <34 NEG -48
LH2 -7 ZTR .0
2 LH3 -31 1z 0
6 HL1 7 Z 0
3 HH3 23 ZTR 0 LY s 7 5
HL2 49 POS 48 HL1 3 7 0
4 HL2 10 ZTR 0 HL1 4 z 0
HL2 14 ZTR 0 LH1 -1 Z 0
HL2 -13 ZTR 0 7 LH1 47 POS 48
LH2 15 | ZTR 0 L1 -3 z 0
LH1 -2 Z 0
o
35Uy

comment 1 f1 coefficient magnitude = 63 4N threshold = 32 uazﬁm?amuw +
5111w POS (positve symbol) liagiiAINa193EH 1924 [32 , 64) = 48

comment 2 A1 coefficient magnitude = 31 W insignificant (1ﬁﬁ15€g) Weoni
threshold 32 wiiﬁiunam (descendant two generation down) ﬁfl signiﬁcant‘l'u subband ﬁ LH1
s magnitude = 47 (3 M1z (isolated Zero symbol)

commient 3 11 coefficient magnitude = 23 wesnd1 32 xmznnﬂ'ﬂu all descendant 1’{1
subband HH2 (3, -12, -14, 8) Uaz subband HH1 lifidalafin1minndn 32 (insignificant) 15114
i ZTR (Zerotree symbol) t1az hideasmuasily ¥s ape subband HH2 waz HE1 lidu
First dominant pass .

Comment 4 f11 coefficient magnitude = 10 08031 32 UAZ %A descendant (-12,7,6,-1)
yndatidding: 32 i511Wilu ZTR Zerotree symbol )

Comment 5 11 coefficient magnitude = 14 dound 32 u insignificant uadl iuqn
(children -1, 47, -3,2) fiAuAY threshold fi® 47 1Y significant 151 1%1Ju 1Z (solated Zero
symbol)

Comment 6 13f1MuA Symbol 11 Subband HH2 waz HH1 3121l descenndant
TemMaues subband HL1 s2iilu'ldfie 1Z , ZTR , Z (Zero)

Comment 7 11 coefficient magnitude = 47 RN significant tf}ﬂn’lﬂﬂ’j’l Threshold 32 171 -

o . ) § o v A ' & 4
it POSIUs®BY dominant pass @elUsoud 2 aglddwmueil Teudu o &eluseud 2



25

Threshold fifi1 16 Aumiiaved 47 i parent 1S 14 Tadmualiiilu Zerotree symbol wyrluda
T1n15%11 dominant pass 50UNSAAIY AN threshold = 32 1A sigrilficant 4 @1 63 , -34 , 49 , 47

y 4' as = A( d' T
YUN 703 subbordinate pass 1ﬁ’anﬂszﬁwmnm #11IA1 [32,, 48)Lower interval 151 encode = 0

(A1 interval = 48) l1az  AINTA1 [ 48, 64) Upper interval 151 encode = 1

M58 3.2 MIENTHA subbordinate pass

Coefficent Magnitude Symbol Reconstruction Magnitude
63 1 56
34 0 40
49 1 56
47 0 40

Boundary magnitude = 48

AN 63 WU subbordinate pass ma;,i‘lu Upper interval 1dnnaie s6
34 Lower interval 1aA1nA14 40
49 upper interval 1annan 56
47 Lower interval VlﬁfiWéN 40
7611411 dominant pass Y0UT 2 i1 Threshold = 16 Tusuiiae SUM w12 Coefficient Ay
insignificant IusaLsn daudafinyta du significant 11 v Tt 0 ‘
il encode -31 1 LH3 il NEG (negative symbol) ttaz 23 11 HH3 (Ju POS
(positive symbol) 10, 14,-13 T HL2 5118y Zerotree roots uamfu RipY insignificant
1 subbordinate pass ¥0INN interval [48 , 64) [32,48) [16, 31)
9214 subbordinated list (63,49,47,34,31,23)
9214 reconstructed magnitudes (60, 52, 44, 36,28 , 20)
AS¥UIUM5H Dominant pass AL subordinate pass sxdiuge 1y uasngaaiiony

p , o
(doulu bit allocate (AUNI target rate

d o
UNMIIANNUINTOUII 1NN (Tmage Fidelity)

le 1 A : = s o=y 5 L
lumsaadeyamwiu wlidoyaduniliifeianaransogandoly YeRanarafifa

J 4’ = o Y ] v A . J a d,r [] 1
Yuilsriinalunounaiuamnduium  (reconstruction) tezfnuAawaInilszeglusg
A H o Q ﬂ’l’ o/ = o . a/
wilfiaunsoeusuld  dnfunaesimsiaammiiousSwewnmamnsainnldlunisia
UszinEmmvesszuuld dedrunaeiiitonld lumisiaguamusinmie M root-mean-

3 a s ”u v o
square (rms) Y84 error TEHINYOYANNBUWAUAZTNINB M UBANITITIAT rms VBISAT

—
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1 o . . A o
A IUVBIF Y IUNTWTUNIUYEININIB YN (Signal to Noise Ratio) Wedmualidoyaniw
duwmlszneudiousdnna Nx N VoA f (xy) Taofl xy Tauilu 0,1,..N-1 uazua
azganmiiivesssAudimiiduly1d 2" die m dudnuiinvesavluuidmiuynaves

X uaz Y Tu390,1,...N-1 fit error 55MINgANMNBUNNIALIBIYNAD
e(x,y) = g(x,y) - fx,y)
A Ay .
18 f{x,y) D1 input image ¥ A 1o 9
gx,y) fiom output image ™ YA x,y a9
fILRTBYO4 error 1139XBIVOININ (mean square error) fiD
N=1 N-1

el = Z zez x,y)

X=0 y=0

1 N-1 N-1
=77 X, 2 ey = fNP

X=0 X=0

!’
muum rms Y94 error (e) mmmsm‘uau"l Qﬁ fi9

1
b2k
3 1 4{ 9 o J = @
i root mean square error W 1Flumsianuuandvestoyadunniudeoyn

& 1A o 4 1 o y [ 1 4
MY LAIBNIANVWIAvEdBYAIBINWNABVNAYBITRBNBITUAIY (noise) v ATl

J 4 o s é 3
f1 Signal -to- Noise Ratio (SNR) ienmualddygnanwemnnusazyailsznoudae

o

4
dFyanusuyn () vindemdyanasuniu Wude

L4

g(x.y) = flx,y) + e(x,y)
ANTUA1 mean square Signal-to-Noise Yoadoyanmieminn (g) annsamldlags

a

magvesdyanuduynhdmes gx,y) misdaunioveadyanasunuimderes x,y)

L
el

[ »
voadeyamwianua Feannsolouldnail

1 N=1 N=1
'N_Z Z (x,y)
X=0 y=0

1 N-1 N4

N 2 et xy)

X=0 y=0

(SNR)gyss =
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4
1 rms U89 SNR Jaeuisaion’|dn

N-IN-1 N-1IN-1
(SMR)mss = |77 zzg (x, y)/ ZZ[g(x )= £GP
x'-Oy—O

Tasfimeuduvesaumsduuuduaunsvesdygnasunuiieglugdvoinadisznin
Jeimdunmiudeyaeninn
Ay a [ /) a e v dy 1 t:i ¥
103Emsil§lumsTannumeusTwewnmiinaintuuil  Tigwnsofiezas
venneldifunasilunsiinsanldudfistediuion  Tunsdiveammeniynildoinms
A o 1 o ~ L4 o P [l
Ussuramanesudadygia  Taollawamveanudidudisunmwansenmeniinila  ed
19U Broadcast TV , picture phone, %38 31U4A199) 11n15 1% image processing 1Hudu sTUUMS
o} s e a v J
weamuveunuisslidnuusguauidninunanfe ssuumsueariuvesas hasanudy
[y o o‘l’ L) y { [ o '
youaaludnyuzuey logarithmic Aoy eror TuuSnaidiu Aflavesnweziiulddani
A o s o a ' - U o A o
error  Nogluvinuiiain wegszyumsueunuia lhasnisalasuulasesaiuiinulaves
[ % s 1w a & y o o t -] '
seAUdNiudY error finguuvey uielnda vou wvesingesiinadensueaiiuiiniy
a s 9 éﬂ . o v d",ﬂ 9 1 el
error  Noglulassainiiluninndivesnn  Aemgiidudnamasinmezlinives ms

1w v v o ! ' o
error IN1AU xmanimz1]ﬂngﬂ'nmmnmwammmwuaqmsummuﬁumnmmu"lﬁ'

PSNR =20 log((255/RMS)dB

RMS error = '\/Total distortion / Total Coefficients
Total rate = X Rates/8 bits

Distortion = X (original pixel - new pixel )2
Total distortion = X distortion

Total Coefficients = row max * column max
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13

14

15

Jo
$UIUIU N/1024

Set0, 1,23  udulsedan
Haualszanssuau N/256

Set4,5,6
Set7,8, 9 Namlszansimau N/e4
Set 10,11 12 Tidnlszanismau N6
Set 13,1415 iidunlszAnismau N/4

13J® N = Total Coefficients

319 3.5 uaAd Set of subbands 71 1A INN1IN32910 Mutiresolution 5 level
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fretenafi lne1anInaaes Antoninigard Wavelet Filter

File nid.pgm is of type PGM, is 497 x 721 with max gray level 255

Reading 497 x 721 image nid.pgm, writing Anid128.out

Compression ratio 128:1

Target rate = 2735 bytes

Set Precision

0:
1:

N2

®

10:
11:
12:
13:
14:
15:

8

A N N W

N

[oy

[=- R e B o N .

2639.30
1372.99
1233.15
1332.47
3286.85
2791.65
1767.49
2991.82
2648.08
904.26
439.51
469.98
0.00
0.00
0.00
0.00

total rate =2734.7

Rate

7.17
3.73
3.35
3.62
230
1.94
1.27
0.53
0.47

0.16
0.02
0.02

0.00

0.00

0.00

0.00

total dist = 7.36854e+06

total coeffs = 358337

RMS error = 4.53466

Distortion
33284.36
101600.62
93492.19
28182.22
133952.56
147085.72
128496.28
753256.12
589242.88
518715.56
1649688.75
1098768.38
381174.28
870330.19
615803.12
225465.88

PSNR (transform domain) = 34.9999

90.45
276.09
254.05
76.58
93.94
102.14
92.11
133.51
103.92
92.96
73.50
48.83
17.08
9.72
6.87
2.53



f20819Wa T IR91NN13NAREY Villal810 degard Wavelet Filter

Villal810 Wavelet Filter

File j3.pgm is of type PGM, is 252 x 348 with max gray level 255
Reading 252 x 348 image j3.pgm, writing j3v4.out

Compression ratio 4:1

Target rate = 21860 bytes

Set Precision Rate Distortion

0: 9 796.47 9.05 1042.35 11.84

. 9 84051 955 3632 0.41
2 9 80219 912  46.68 0.53
309 86212 980 1142 0.13
4 9 311249 884  49.46 0.14
5. 9 280978 798 11586 033
6. 9 301177 856 1838 0.05
7. 8 876125 642 51595 038
8 9 913123 664  161.84 012
9: 7 691760 5.19 = 443.56 033
10 8 2827886 5.6 94290  0.17
11: 7  21873.96 399 183029  0.33
12: 6 2051836 374 77541 0.4
13: 5 3615887 165 1367494 062
14 4 2130405 097 1486967  0.68
1S: 3 941971 043 454188 021

total rate = 21824.9

total dist = 39076.9

total coeffs = 87696

RMS error = 0.667529

PSNR (transform domain) = 51.6414



fvthanatl 1ne1nn1IMNAaBa Odegard Wavelet Filter

File nid.pgm is of type PGM, is 497 x 721 with max gray level 255
Reading 497 x 721 image nid.pgm, writing odnid128.out
Compression ratio 128:1

Target rate = 2735 bytes

Set Precision Rate Distortion
0: 7 2302.39 6.26 117514.16  319.33
1I: 5 1388.76 3.77 86187.06 234.20
2: 6 1227.65 3.34 73192.89 198.89
3 5 1007.65 2.74 66952.88 181.94
4: 4 2400.98 1.68 328727.50 230.52
5: 4 1932.71 1.34 316564.00 219.84
6: 4 1777.16 127 105989.30  75.98
7: 3 3095.03 0.55 696373.88 12343
8 3 2756.62 0.49 470583.75  83.00 :
9: 2 949.56  0.17 425734.25  76.30
10: 1 490.29 0.02 1409981.25 62.82
11: 2 2254.68 0.10 503563.66  22.38
12: 0 0.00 0.00 366538.56  16.42
13: 0 0.00 0.00 884551.50  9.88
14: 0 0.00 0.00 624346.25  6.97
1s: 0 0.00 0.00 271261.56  3.04

total rate = 2697.94

total dist = 6.74806e+06

total coeffs = 358337

RMS error = 4.33954

PSNR (transform domain) = 35.3819
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A20819HaT IA91AMINARBY Odegard Wavelet Filter

File lena512.pgm is of type PGM, is 512 x 512 with max gray level 255
Reading 512 x 512 image lena512.pgm, writing leOd32.out
Compression ratio 32:1

Target rate = 8128 bytes

Set Precision Rate Distortion

0: 8 2099.55 8.20 8237.57 32.18

I. 6 1685.05 6.58 8843.45 34.54
2 5 116643 4.56  19421.77 75.87
3: 6 1408.77 5.50 7061.47 27.58
4: 5 4211.83 4.11  74928.34 73.17
5 5 3307.11 3.23  42704.14 41.70
6: 5 304691 298 47761.25 46.64
7. 4 9148.06  2.23 253048.25. 61.78
8 3 3773.72 092 395650.88 96.59
9 3 444157  1.08 294509.31 71.90 ‘
10: 4 16747.54 1.02 558746.62 34.10
I 3 6490.54 040 620872.44 37.90
12: 2 4378.48  0.27 761050.50 46.45

13: 1 3043.49 0.05 2326020.50  35.49
14: 0 0.00 0.00 1120573.88 17.10
15 0 0.00 0.00 695825.62  10.62

total rate = 8118.63

total dist = 7.23526e+06

total coeffs = 262144

RMS error = 5.2536

PSNR (transform dom:clin) =33.7217
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25 UIENANINARBY

Image YUIA 512*512 = 262144 pixels

Total Coefficients = 262144 bytes (Transformed Image)

Compression ratio =32 : 1

Desired rate = 262144/32 = 8192 bytes

Target rate = Desired rate — 4 * number of subbands (decompose 5 levels = 16 subbands)
Target rate = 8192 — 64 = 8128 bytes

Set 0 -15 L&A subband 0 14 subband 15 593 16 subbands

Precision TIAAALA 0-0 LRSI bits ATt coefficient uuAay subband
Rate Uae8 1421 bit A1FUNY coefficient anuaTriiiAaz subband

Distortion A1 A1 error Vitﬁﬂﬁu“lumiaz subband TauldMannS minimization 32635

Lagrange multiplier

y
1@ A \J I o &
Total Rate < Target rate %uagnuuau"lmmﬁ encoding WUA19INAYON budget

- 4 L 1
W59 distortion NOU

15 .
Total rate = Zrate/S = (2099.55 + 1695.05 + ...)/ 8
0

15
Total Dist= Y distortion = 8237.57 + 8843.45+ ..
=

Total Coeffs = 914U transformed coefficients = 262144 bytes

RMS error = VTotal distortion / Total Coefficients
. PSNR = 20 log((255/RMS) / log10)dB
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3.2 HAAINanN131¥ Haar Wavelet Filter

- mmmsﬁué"ﬂi’fay,a #26 Haar Wavelet Filter
- Wavelet Filter ttaaans v 1 ludrednumii 2 nqui) wavelet

Ay v A oy
- pnaldnnmsiiudadeya

h(n) g(n)
0.707106781 0.707106381
0.707106781 -0.707106381
Haar Wavelet Function
Haar Scaling Fypetost Mother Wavelet Highpass Filter
Father Wavelet
' 0.8
r 1
0.6 ! v
0.4 0
0.5 1 1.5 2{s

0.2 0.5

0 1 L] -

0 0.5 1 1.5 2 25

JUf 3.6 uaAY Haar Wavelet Filter #1191un13 convolulted liag nswuaaagy/51e Haar

Wavelet Filter

Haar filter 111 function i1efiqa manzd w51 lumsiom Soud annsorihunls

- < o/ 1 1 Qs &’ o
Tuanudinsed sazdunsevdyanald us psNR ligain noufnvidndeddu luds
weunaEy v lffludednlumseiuw Taummemsuannsznodygnaeeniiu a1lae

;1
Uszana Suduswazdeariy Haar drnsaesvie lddanuiduedied
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H 4 ot ¥ A .3
13199 3.3 fSvuifiow, RMS error, PSNR(B) Y040 1WAN contrast isAunaunnlngld

Haar Wavelet

File nid.pgm is of type PGM, is 497 x 721 with max gray level 255

BRI | 2AB1 | 4@Bl | 8@Bl | 16@B1 | 32401 [64d01| 128401

total rate 178179] 89145.7 446314 223111 11083.8] 5519.11} 2732.58
total dist 25482.8 232278| 8.12E+05 1.95E+06| 4.83E+06{1.06E+07| 2.20E+07
total coeffs 358337 358337f 358337 358337] 358337 358337 358337
RMS error | 0.266672 0.805115| 1.50491 2.3299] 3.66949| 5.44848| 7.83158
PSNR 59.6112]  50.0136] 44.5806 40.784] 36.8387| 33.4053| 30.2538

File j3.pgm is of type PGM, is 252 x 348 with max gray level 255

oasaa | 2@l | 4dol | 8dBl | l6#B1 | 32401 |64d01 | 128401

total Arate 43705.4]  21832.7 10897.5 5410.79]  2666.38 1301}  610.766
total dist 3919.47| 80434.3] 460852 1.56E+06| 3.65E+06)6.82E+06| 1.18E+07
total coeffs 87696 87696 87696 87696 87696 87696 87696
RMS error | 0.211409| 0.957703 2.2924 422149 6.44878| 8.8182| 11.5838
PSNR 61.6283 48.50.62 40.925 35.6215| 31.9412} 29.2232| 26.8538

File lenaS12.pgm is of type PGM, is 512 x 512 with max gray level 255

oas1au | 2¢01 | 4del | 8ADl | 16@pl | 32¢B1 |64@D1 | 128401

total rate 130749  65460.7) 32675.7 16316.2)  8111.57 4023.36] 1981.29
total dist 83617.2| 1.03E+06] 3.68E+06|  8.71E+06| 1.77E+07(2.91E+07| 4.84E+07
total coeffs 262144 262144 262144 262144 262144 262144 262144
RMS error | 0.564778]  1.98278| 3.74907 5.76465| 8.20831| 10.5355] 13.5899
PSNR 53.0933| 42.1853| 36.6523 3291531 29.8457| 27.6777| 25.4664




36

. a ! A o 2 o v e a
?.ﬂ nid.pgm U contrast FTHIN WUNIN LUAZAININUIN mmm"lﬂmwmqmmm

= g

4 o o '
dioiimsanuuia 128 : 1 Tasvuavesdoyaanuinualy Haar Wavelet Filler AUnGUAIN

~ ' dyd ' = v 9
NMWNY contrast BYNUANINADNITUVOAVDUANTN

Y LY .
NNAURTY nid.pgm anuUInA 2 : 1

aAvuUInN 4 : 1 AAvUIN 8 : 1 nAvUIR 16: 1

NAUUIR 32: 1 NAVUIA 64 : 1 NAYUIN 128 : 1

51 3.7 uenagyl nidpgm AUNAUINNSUSZUID A28 Haar Wavelet Filter
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k4
51 J3.pgm il contrast 5113 Nunm wazdamwihunaies Mmsaavinaudanundy
& 4 o @ (R 4
ANAY Haar Wavelet Filter #uilu Filter ineuge gauawvesdoyanmdmSudeimdonn

A ] =1 IC‘ 9
szumﬂsamumagwaﬂm"lmwm 32 :1

AMNAURT J3.pgm AV 2 1

NATUIN 4 : 1 AAYUIR 8 : 1 nAvUIA 16 : 1

aAvUIR 32: 1 NAVUIA 64 : 1 NAVUIA 128 : 1

5191 3.8 uansgy J3.pgm Aundy 9910M13152090 A0 Haar Wavelet Filter
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51 Lenas12.pgm 1ilunmainafiiin3oA 11 Image Processing 19vimsdszanaudatie
WudunpuidionFeuseniedu MmsanvinaudRunaunnale Haar Wavelet Filter 1ana

MNANVUIAAARG 64 : 1

aAvuIR 32: 1 AAvYUIN 64 : 1 anvUUIA 128 : 1

U 3.9 uaAsz)l Lenas12.pgm Aundy 990151520790 A0 Haar Wavelet Filter,



3.3 uaAINan131¥ Villal810 Wavelet Filter

asnmsiiusadoya A1w Villal810 Wavelet Filter

Wavelet Filter n¥auns
d‘ b -~y o 9
amitldnnmsiiudadoya

// Unpublished 18/10 filter from Villasenor's group

39

Real Villa1810Synthesis [] = 9.544158682436510e-04, 2.727196296995984¢-06,
-9.452462998353147e-03, -2.528037293949898¢-03, 3.083373438534281¢-02,
-1.376513483818621e-02, -8.566118833165798e-02, 1.633685405569902¢-01,
6.233596410344172¢-01, 6.233596410344158¢-01, 1.633685405569888e-01,
-8.566118833165885¢-02, -1.376513483818652e-02, 3.083373438534267e-02,
-2.528037293949898e-03, -9.452462998353147e-03, -2.727196296995984e-06,
9.544158682436510e-04};

Real Villa1810Analysis [] = 2.88525650 1123136e-02, 8.244478227504624e-05,
-1.575264469076351e-01, 7.6790484691438e-02, 7.589077294537618e-01,
7.589077294537619¢-01, 7.679048884691436e-02, -1.575264469076351e-01,
8.244478227504624¢-05, 2.885256501123136e-02};

Villa1810 Synthesis
Villa1810 Analysis

2.00E-01
1 1.00E+00
1.00E-01 > o
| 5.00E-01
0.00E+00 > —y— £ 3 <>
* o 4 < o— @
-1.00E-01 2 4 |8 P 0.00£+00 A S T
-5.00E-01 - 2 v 6. 8 10 1

UM 3.10 uaas Villa1810 Wavelet Filter 1191un15 convoluted nag nsmeraaziling

Villal810 WaveletFilter
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H 1] A o
M51971 3.4 WSoifioy, RMS error, PSNR(dB) ¥BATHAN contrast ioAudunmTayld

Villal1810 Wavelet Filter

File nid.pgm is of type PGM, is 497 x 721 with max gray level 255

dasidau | 2ds1 | 4401 | 8AB1 1681 | 32A91 |64%01 | 128401

total rate 178512|  88974.8| 443723 22277.6] 11125.6| 5504.81| 2720.38
total dist 24763.4| 1.69E+05| 5.57E+05|  1.12E+06| 2.12E+06(4.31E+06| 9.64E+06
total coeffs 358337|  358337| 358337 358337 358337 358337 358337
RMS error | 0.262881| 0.686199| 1.24628 1.7656|  2.4317| 3.46891| 5.18696
PSNR 59.7356] 51.4018| 46.2185 43.193| 40.4126] 37.3269| 33.8325

File j3.pgm is of type PGM, is 252 x 348 with max gray level 255

dasieu | 2dAs1 | 4@l | 84Dl 1601 | 32601 |64@01 [ 128401

total rate 43636.1]  21824.9| 10886.9 5408.45|  2673.7| 1301.54| 614.015
total dist 3923.96| 3.91E+04| 2.07E+05|  7.38E+05| 1.88E+06|4.30E+06| 8.87E+06
total coeffs 87696 87696 87696 87696]  87696] 87696 87696
RMSerror | 0.21153] 0.667529| 1.53768 2.90061| 4.63488| 7.0048| 10.0573
PSNR 61.6234|  51.6414| 443935 38.881 34.81| 31.2229| 28.0811

File lena512.pgm is of type PGM, is 512 x 512 with max gray level 255

sasidm | 2d81 | 4de1 | 8de1 | 16de1 | 32401 |64AB1 | 128401

total rate 130455  65376.6] = 32630.5 163154 8124.92| 4019.72| 1959.57
total dist 54960.9| 6.27E+05| 1.89E+06|  4.10E+06] 8.69E+06|1.83E+07| 3.45E+07
total coeffs |  262144f  262144| 262144 262144] 262144 262144 262144
RMS error | 0.457886|  1.54691{ 2.68796 3.95351| 5.75686| 8.35013| 11.4644
PSNR 54.9157| 44.3415 39.5424 36.1911) 32.9271] 29.6969| 26.9437
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sUnkumsiivsadeya natw 9 das1dan uazAundunindau Villa1g10

MNAURYTY nid.pgm AnUUIA 2 : 1

AAYUIA 8 : 1 nAvUIA 16 : 1

nAvUIR 32: 1 nAVYUIN 64 : 1 NAYUIA 128 : 1

gﬂﬁ 3.11 WaM3 AUNAUNIN nid.pgm 1MNN5UsTNIANAAIY Villal810 Wavelet Filter
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suriumstiveadeya vatw q dasid uazAiundunIwde Villa1g1o

AMNAURTD J3.pgm anAYUIA 2:1

aAvuUInN 4 :1 aAvuIn 811 fAAVUIA 16 : 1

aAvuUInN 32 : 1 NAVUIN 64 : 1 AAvUIN 128 : 1

51N 3.12 Wams AUNAUNIN j3.gm 91nMsUszNIANAAIY Villal810 Wavelet Filter
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suumstindadoya natw q dasrdau waziundunmdae Villa1810

AMNAURTY Lenna$12.pgm anuuIn 2:1

aAvUIn 4 :1 aAvUIn 8 : 1 aAVUIN 16: 1

aAvuUIn 3211 NAVUIN 64 : 1 aAvUIA 128: 1

1A 3.13 wans AUNAUNIN Lena512.gm 910M131)5707aWARY Villa1810 Wavelet Filter
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3.4 UaaaNan131y Adelson Wavelet Filter

Wavelet Filter W%’E)ljﬂi’lﬂ
asumsiiudadoya A0 Adelson Wavelet Filter

o 9 = v Y o & o dy
gﬂw"lﬂmnmswaﬂ‘uaga AMUIAVAIU
// Filter from Eero Simoncelli's PhD thesis -~ used in Edward Adelson's EPIC wavelet coder
// These are probably the filter coefficients used in Shapiro's EZW paper
Real AdelsonCoeffs[] = { 0.028220367, -0.060394127, -0.07388188,

0.41394752, 0.7984298, 0.41394752,

-0.07388188, -0.060394127, 0.028220367 };

Adelson
1
0.8
0.6
0.4 3 r
0.2
O P
0.2 7 B B 1

314 3.14 UTAY Adelson Wavelet Filter 1191ums convoluted ttaz n5 v uanagy Adelson

WaveletFilter



H 4 \J A L.
a15190 3.5 WSvuioy, RMS error, PSNR(dB) Y840 IWA contrast IBAUNTUN N

Tﬂtﬂ‘]’f Adelson Wavelet Filter

45

Adelson Wavelet Filter
File nid.pgm is of type PGM, is 497 x 721 with max gray level 255
oasIdIu | 2@01 | 4481 | 8Bl | 16@dl | 32@01 |64d0 1| 128401
total rate 176652{  87268.7| 44520.1 | 2.2241E+04| 11083.3| 5534.25] 2711.36
total dist 23162.2 189571} 5.69E+05 1.13E+06| 2.10E+06|4.36E+06( 9.40E+06
total coeffs 358337 358337 358337 358337 358337] 358337 358337
RMS error 0.25424( 0.727344] 1.26059 1.77597}  2.42237} 3.4865| 5.12229
PSNR 60.0259 50.896| 46.1194 43.1421 40.446] 37.283{ 33.9415
Adelson Wavelet Filter
File j3.pgm is of type PGM, is 252 x 348 with max gray level 255
ons1aI | 2#B1 | 4dpl | 8@B1 | 16AB1 | 32@01 |64701|128@0 1
total rate 43270.7) 21756.6] 10890.2 | S5.4150E+03| 2666.61] 1305.64] 612.854
tota] dist 4249.51 48909.9| 2.41E+05 7.45E+05 A 1.91E+06[3.98E+06| 7.74E+06
total coeffs 87696 87696| 87696 87696 87696 87696 87696
RMS error 0.22013| 0.746807| 1.65638 2.91549] 4.66927| 6.73945 9.3931
PSNR 61.2772 . 50.6666] 43.7476 38.8366] 34.7458| 31.5583| 28.6746
Adelson Wavelet Filter
File lena512.pgm is of type PGM, is 512 x 512 with max gray level 255
oasdu | 2d01 | 4Bl | 8dB1 | 16@B1 | 32701 [64@01 | 128401
total rate 130845 65460.2] 32674.7 | 1.6316E+04| 8106.19| 4024.91| 1957.75
total dist 53166.6 667114| 2.06E+06 4.50E+06( 8.95E+06|1.69E+07| 2.99E+07
total coeffs 262144 262144| 262144 262144| 262144 262144 262144
RMS error 0.450349 1.59525] 2.80435 4.14393] 5.84171| 8.03776] 10.6869
PSNR 55.0598 44.0742{ 39.1742 35.7826 32.8] 30.0281f 27.5537
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sUrumstudadeya uazAundunIndau Adelson Wavelet Filter

YA 2 : 1

AAUUIA 4 ¢ 1 anYUIA 8 - 1 AAUUIA 16 : 1

L

aAvUIn 32: 1 NAVUIN 64 : 1 AAUUIA 128 : 1

UM 3.15 wams AUNAUNIN nid.pgm 9InM31seuIaNadIw Adelson Wavelet Filter
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AmnduMstiudadoya uazAunaunInAI Adelson Wavelet Filter

s L Ak
YU 4 : 1 AAVUIN 8 @ 1

NAVUIN 64 : 1 AAUUIN 128 : 1

gﬂﬁ 3.16 WAN3 AUNAUNIN j3.pgm nnMsUszaianadls Adelson Wavelet Filter
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MuARIUMsTudadoya uazAundunInaau Adelson Wavelet Filter

AAUVUIA 2:1

aAvYuInN 4 1 aAvuUIN 16 : 1

aAvUIn 32: 1 NAUYUIN 64 : 1 AAYUIA 128 : 1

31U 3.17 wams AUNTUNIN Lena.pgm 91nM5szudanadie Adelson Wavelet Filter



3.5 wa@aanansly Odegard Wavelet Filter

Wavelet Filter W5 0un3510

asnmsiusadeya §20 Odegard Wavelet Filter

AN Y s o 9 o @ @ A
ﬂ'lWVIvlﬂ‘il’lﬂﬂ'l?U'lJﬂﬂ‘Uﬂi‘J,ﬁ AUIABAIU

// Odegard Wavelet Filter

Real OdegardAnalysis[] = {
-0.377403, +0.110624, +0.0238495,

-0.0378285,

y

0.0238495, 0.110624,
-0.0378285};

-0.377403,

49

-0.852699,

Real OdegardSynthesis[] = { -0.0645389, -0.0406894, +0.418092, +0.788486, +0.418092,
-0.0406894, -0.0645389};

0.5
01—+ t t *—
b > 1 1 8 1
4 -0.5
!
-1
Odegard Analysis
1
0.8
0.6
04 ?
0.2
0 7 G 2
-0.2 Z S B
OdegardSynthesis

gﬂﬁ 3.18 UEAY Odegard Wavelet Filter #1191un5 convoluted taz ns e AN 1l Odegard

WaveletFilter
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H ' A o
M13197 3.6 1Ssuifoy, RMS error, PSNR(AB) ¥ TAN contrast iileAundunnlnold

Odegard Wavelet Filter
Odegard Wavelet Filter
File nid.pgm is of type PGM, is 497 x 721 with max gray level 255
dasdIu | 2d01 | 481 | 8A01 | 16MB1 | 32401 | 64701 | 128401
total rate 178980 89000.1] 44596.8] 22264.7} 11116.1 5504.9 2697.94
total dist 19036.6] 1.89E+05| 5.61E+05] 1.06E+06| 1.82E+06] 3.42E+06] 6.75E+06
total coeffs 358337 358337 358337 358337 | 358337] 358337 358337
RMS error | 0.230488] 0.725588| 1.25176] 1.72076] 2.25153| 3.09042 4.33954
PSNR 60.8778 50.917| 46.1804| 43.4164] 41.0812( 38.3305 35.3819
Odegard Wavelet Filter
File j3.pgm is of type PGM, is 252 x 348 with max gray level 255
s | 2dApl | 4@pl | 8eBl | 16@B1 | 32681 [ 64701 | 128%01
total rate 43396.2 21811.7] 10892.6] 5412.15| 2666.42{ 1297.11 618.818
total dist 3.71E+03 43502.3| 2.00E+05] 6.19E+05| 1.53E+06] 3.08E+06{ 5.70E+06
total coeffs 87696 87696 87696 87696 87696 87696 87696
RMS error | 0.205796] 0.704314 1.5109] 2.65576| 4.17568| 5.93034 8.06168
PSNR 61.8621 51.1755| 44.5461 39.647) 35.7163] 32.6692 30.0023
Odegard Wavelet Filter
File lena512.pgm is of type PGM, is 512 x 512 with max gray leve] 255
§amidayu | 2¢81 | 41 | 8de1 | l6Wel | 32481 | 64del | 128401
total rate 130841 65187| 32675.3| 16285.9] 8118.63| 4001.98 ;965.49
total dist 48032.7| 7.14E+05] 1.92E+06| 3.85E+06| 7.24E+06| 1.29E+07} 2.19E+07
total coeffs 262144 262144 262144 262144 262144 262144 262144
RMS error 0.428054 1.65018 2.70563| 3.83317 5.2536| 7.01332 9.14973
PSNR 55.5008 43,7802 39.4855] 36.4596] 33.7217| 31.2123 28.9026
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aiHuMsiudadoya uagAundunIWAI8 Odegard Wavelet Filter

9 % =
AMNWAURVD nid.pgm nAvuIn 2: 1

aAvUIN 4 @ 1 aAvUIA 8: 1 aAvUIA 16:1

nAvUIn 32: 1 0AvUIR 64 : 1 aAvUIA 128:1

gﬂ'ﬁ 3.19 HAMSAUNAD nid.pgm AMsYszuanadi Odegrad Wavelet Filter
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Mwiriumstivdadoya uazAundunInadlo Odegard Wavelet Filter

aAvUIN 2:1

AAVUIN 4 @ |

w
"

VYU 32: 1 NAVUIN 64 : 1 NAVUIA 128 : 1

JUN 320 wWams AUNEY j3.pgm 9INMsUszulanadls Odegard Wavelet Filter
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awirumsiiudadoya uazAundunngao Odegard Wavelet Filter

AMWAURY Lenna512.pgm anUUIA 2:1

aAvuUIN 4 @ 1 AAUUIR 8: 1 nAUUIA 16 : 1

faAvuUIn 32:1 AAVUIR 64 : 1 NAYUIR 128 : 1

51 321 wams Aund lena.pgm 9 INMIsIszranadIs Odegard Wavelet Filter



3.6 ut’rmwan‘lﬂ‘t’f’ Daubechies8 Wavelet Filter

Wavelet Filter Wi ouns
mswmsﬁué’m’f&ga él”JU Daubechies8 Wavelet Filter

y

Hy v A o oy o o w o
ﬂ‘!Wﬂ‘lﬂmﬂﬂ‘li‘UUBﬂ‘Uﬂﬂva AU MNUAIU

Daubechies-8 Wavelet Function

e

54

h(n) Lowpass Filter

2303778133 0
7.148465706
6.308807679 1 s

2798376942 r I I
0

-1.870348117 | ——3
3.084138184 b~ [ % ~n3 l é 6 7 8

3.288301117 5
-1.059740179

g(n) Highpass Filter
-1.059740179 D
-3.288301167 { *
3.084138184 T
1.870348117 0 P . ? l L
-2.798376942 ! l 4 s 8 b
-6.308807679
7.148465706 10
-2.303775813

711 3.22 UeAY Daubechies8 Wavelet Filter 71 1411n15 convoluted uaz ny 1 uaaagyl

Daubechies8 WaveletFilter
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. . a o « o 2 .
Daubechies filter 114 function NFUATIZH WIINAMAAIAAT H9 Daubechies 2 filter fi

;) (] %3 r . H o & 2 G’l’ 1] y
B Haar filter 1U1BY §M5Y Daubechies filter N1FAU UAMWEMAUA 2-20 TunTaiTiis

17on1% Daubechies-8 ms1zUszndamrlumssning uazguamessdyanud

' . \ 4 v
A15137 3.7 (JToufioy, RMS error, PSNR(dB) Y840 AN contrast iaAundunIn Inald

Daubechies8 Wavelet Filter

Daubechies8 Wavelet Filter

File nid.pgm is of type PGM, is 497 x 721 with max gray level 255

gasdau|  2@v1] 40l 8Apl| 16¢e1| 32401 640l 128AD1
total rate 177747 88972.8| 44690.4| 22309.8] 11123.4} 5512.91 2695.3
total dist 22374.6 177904|  598744| 1.17E+06| 2.34E+06| 5.23E+06| 1.23E+07
total coeffs 358337 358337| 358337, 358337| 358337| 358337 358337
RMS error 0.24988| 0.704607)  1.29263| 1.80695{ 2.55617| 3.82132 5.86099
PSNR 60.1762| - 51.1719| 459013 42.9919  39.979 36.4865 32.7714

File j3.pgm is of type PGM, is 252 x 348 with max gray level 255

sanda| 2de1]  4dvi| sde1| l6dni| 32401 e4dvil| 128401
total rate 43580.7{  21847.7| 10890.5| 5411.29] 2666.06| 1305.07 619.675
total dist 4789.98]. 62662 301238  923073| 2.44E+06{ 5.47E+06{ 9.88E+06
total coeffs 87696 87696 87696 87696 87696 87696 87696
RMS error 0.23371} 0.845303| 1.85338| 3.24435| 5.27006| 7.89743 10.6166
PSNR 60.7573|  49.5906| 42.7715| 37.9082] 33.6945] 30.1811 27.6111

File lena512.pgm is of type PGM, is 512 x 512 with max gray level 255

oasiaaul  2@vl]  4@pl| 8Bl 16wB1| 32481 64e01| 128401
total rate 130728 65336.3] 32685.4] 16307.5| 8101.31] 4022.46 1976.89
total dist 72426.4 758949 2.22E+06{ 4.87E+06| 1.05E+07| 1.97E+07 3.41E+07
total coeffs 262144 262144 262144 262144] 262144] 262144 262144
RMS error | 0.525628| 1.70152f 2.90775( 4.31231] 6.31965| 8.67662 11.4007
PSNR 53.7172] 43.5141} 38.8597] 35.4366| 32.1169f 29.3638 26.9922
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MwiFuMsTusadeya uazAundunIWAI Daubechies8 Wavelet Filter

nAvUIAm 2: 1

aAavuIn 4 1 anvuIn 8 : 1 ARvUIN 16 : 1

aAvUIn 32 : 1 AAUVUIA 64 : 1 AAUYUIA 128 : 1

JUN 3.23 Wams AUNGY nid.pgm 91AN5UsEUIANAAIY Daubechies8
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awirdumsDudadoya uazAundunIm@ay Daubechies8 Wavelet Filter

AMNAURTY J3.pgm anvuIA 2:1

nAvUIN 4 : 1 DAVUIN 8 1 1 aAvUIA 16: 1

nAvuUIR 32: 1 nAvYUIN 64 : 1 aAvUIA 128 : 1

519 324 wans AUNAY j3.pgm 91NM31/5202aHARIY Daubechiess
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' =

awirumsiudadoya uazAundunIndiy Daubechies8 Wavelet Filter

YU 4 : | aAvUIA 8: 1 AAvUIN 16 : 1

gﬂﬁ 3.25 Wan13 AUNGY lena.pgm 1InN13Uszaanadiu Daubechies8
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3.7 wams‘li’f' Antonini Wavelet Filter

Wavelet Filter nouns1y
ms1umsiiudatoya A2 Antonini Wavelet Filter
Uy - o Y o v w dy
ﬂ'lW‘Vlvlﬂmﬂﬂ'ﬁ‘UUﬂﬂ‘Uﬂ%lﬁ AUAAVAIU
// 7/9 Filter from M. Antonini, M. Barlaud, P. Mathieu, and
// I. Daubechies, "Image coding using wavelet transform", IEEE

// Transactions on Image Processing", Vol. pp. 205-220, 1992.

Real AntoniniSynthesis [ = { -6.453888262893856e-02,-4.068941760955867¢-02,

4.180922732222124e-01, 7.884856164056651e-01, 4.180922732222124e-01,
-4.068941760955867e-02, -6.453888262893856€-02 };

Real AntoniniAnalysis[] = { 3.782845550699535e-02, -2.384946501937986¢-02,
-1.106244044184226e-01, 3.774028556126536e-01, 8.526986790094022¢-01,
3.774028556126537¢-01, -1.106244044184226¢-01, -2.384946501937986¢-02,

3.782845550699535e-02 };

Antonini Synthesis Antonini Analysis

1.00E+00 1.00E+00

8.00E-01 V

6.00E-01 5.00E-01

4.00E-01

2.00E-01 0.00E+00

0.00E+00 F G 3 2 4 6 8 1
-2.00E-01 i v 5 -5.00E-01 :

31U 3.26 UAAY Antonini Wavelet Filter i1¥11n15 convoluted uazns W uaaigy Antonini

WaveletFilter
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a13197 3.8 WSvuIHvy, RMS error, PSNR(dB) Y840 AN contrast iilenunduninlagld

Antonini Wavelet Filter

Antonini Wavelet Filter

File nid.pgm is of type PGM, is 497 x 721 with max gray level 255

onsau | 2A01 | 4@1 | 8@el | 16ABl | 32Dl {64AD1|128M01

total rate 178296  89242.4| 44290.1 |2.2327E+04| 11123.2| 5491.89| 27347
total dist 19809.7 179348} 5.40E+05 1.02E+06} 1.80E+06{3.51E+06| 7.37E+06
total coeffs 358337|  358337| 358337 358337|  358337| 358337 358337
RMS error 0.235122} 0.707461} 1.22794 1.68768 2.23846] 3.13007| 4.53466
PSNR 60.7049 51.1367| 46.3472 43.585 41.1318{ 38.2197| 34.9999

File j3.pgm is of type PGM, is 252 x 348 with max gray level 255

oasidI | 2de1 | 440l | 8@pl 16681 | 32601 |64 1 | 128081

tota; rate 43658.2|  21786.9] 10889.6 | 5.4145E+03| 2667.05] 1296.77| 613.518
total dist 3215.04 41069| 2.01E+05 | 6.23E+05| 1.51E+06|3.37E+06| 6.42E+06
total coeffs 87696 87696] 87696 87696 87696 87696 87696
RMS error 0.191471] 0.684333| 1.51435 2.66487| 4.14718] 6.19799] 8.55914
PSNR 62.4887 51.4255] 44.5263 39.6173]  35.7757) 32.2858| 29.4822

File lena512.pgm is of type PGM, is 512 x 512 with max gray level 255

oA | 2491 | 4@l | 8Ap1 16681 | 32081 {64A01 | 12840 1

total rate 130192 65185.8 | 32697.2 1.63E+04| 8123.07| 4028.16] 1968.69
total dist 58834.3| 6.79E+05 | 1.87E+06 |  3.88E+06| 7.53E+06|1.45E+07| 2.49E+07
total coeffs 262144 262144 262144 262144 262144] 262144 262144
RMS error | 0.473746{ 1.60935 | 2.66836 3.84756| 5.35894| 7.43846| 9.74008
PSNR 54.6199 43.9978 | 39.6059 | 3.6427E+01| 33.5492| 30.7011| 28.3596




A s o Y A [ 9y o.'d .
NMANFHIUNMITVUDAVBYA LIASAUNAVNINAIY Antonini Wavelet Filter

MWAURTY nid.pgm anUUIA 2 : 1

oy

%“;ﬁ , : :
AAVUIRN 4 : ] AU 8 : 1 AAYUIR 16: 1

aAvUIR 32: 1 NAYUIRN 64 : 1 nAvUIA 128 : 1

;ﬂﬁ 3.27 Wan3 AUNGY nid.pgm 1AMsUsZuIanadIu Antonini Wavelet Filter
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amidumsiudadeya uazAundunIndiu Antonini Wavelet Filter

&
3 g - 3

aAvUIN 4 : 1 aAvUIN 8 : 1 nAvUIA 16: 1

DAYUIN 32 : 1 NAYUIN 64 : 1 aAvuIA 128 : 1

31U 3.28 wams Aunay j3.pgm 9InMs1szudanadls Antonini Wavelet Filter

62
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amiiumstiudadoya uazAundunInday Antonini Wavelet Filter

aAvUIA 2:1

aauuInN4g 1l AAVUIAN 8 : 1 aAvuIn 16 : 1

aAvUIR 32: 1 NAVUIN 64 : 1 aAvUIA 128: 1

71/ 329 a5 AUNAY lena.pgm 91nM5UszUIANARIY Antonini Wavelet Filter
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[9] d a d
4.1 HanNUNNITUAIITH

Hnaat Threshold RMS error L6 PSNR~ 484 Dr. Geoff Davis, Dartmount University
Real rms = sqrt(totalDist/(Real)totalData);
Real psnr = 20.0 * log(255.0/rms)/1og(10.0);

M319h 4.1 uEAAANIINa1 PSNR(B) 1102 RMS error

BRI 1N AAYUIAN N PSNR(dB) RMS error
f251INNI A51ieend

4:1 43.71 1.66

8:1 ' 39.42 273

16:1 36.18 3.96

32:1 33.17 5.60

64:1 30.22 7.86

® 19Ne1391399 MY 1 Introduction to Document Image Processing Techniques, Ronald

G. Mattesson, Y1111 240-242
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v . ¥ - <
MI1N 4.2 uaar ASsumou aavuia 4 de 1 eaavianmals msulayawiin

Haar, Villa1810, Adelson, Odegard, Daubechies8, Antonini

f3auiey aAvia 460 1101 RMS error < 1.66 PSNR >43.71
File nid.pgm
Wavelet Haar Villal810 Adelson Odegard | Daubechies8 [ Antonini
total rate 89145.7) 88974.8 87268.7 89000.1 88972.8 89242.4
total dist 232278 1.69E+05 189571 1.89E+05 177904 179348
total coeffs 358337 358337 358337 358337 358337 358337
RMS error 0.805115 0.686199 0.727344 0.725588 0.704607 0.707461
PSNR 50.0136] 51.4018 50.896 50.917 51.1719 51.1367
File j3.pgm
Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini
total rate 21832.7| 218249 21756.6 21811.7 21847.7  21786.9
total dist 80434.3| 3.91E+04 48909.9 43502.3 62662 41069
total coeffs 87696 87696 87696 87696 87696 87696
RMS error 0.957703| 0.667529 0.746807| = 0.704314 0.845303| 0.684333
PSNR 48.5062 51.6414 50.6666 511755 49.5906f  51.4255
File lena512.pgm

Wavelet Haar Villa1810 Adelson Odegard | Daubechies8 | Antonini
total rate 65460.7] = 65376.6 65460.2 65187 65336.3] 65185.8
total dist 1.03E+06| 6.27E+05 667114| 7.14E+05 758949| 6.79E+05
|total coeffs 262144 262144 262144 262144 262144 262144
RMS error 1.98278| 1.54691 1.59525 1.65018 1.70152| 1.60935
PSNR 42.1853| 44.3415 44.0742 43.7802 43.5141] 43.9978
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; , , ; 4
M5 4.3 uaasm nlSsuion apvuia 8 @e 1 dlsaavianindls maudasnian

Haar, Villa1810, Adelson, Odegard, Daubechies8, Antonini

nf3suifisy aavina 8 Ao 1 1M1 RMS error < 2.73 PSNR> 39.42
nid.pgm
Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini
total rate 44631.4| 443723 44520.1 44596.8 44690.4| 44290.1
total dist 8.12E+05| 5.57E+05| 5.69E+05 5.61E+05 598744 5.40E+05
total coeffs 358337 358337 358337 358337 358337| 358337
RMS error 1.50491 1.24628 1.26059 1.25176 1.29263| 1.22794
PSNR 44,5806 46.2185 46.1194 46,1804 45.9013| 46.3472
File j3.pgm
Wavelet Haar Villal810 Adelson Odegard | Daubechies8 Antonini
total rate 10897.5| 10886.9 10890.2 10892.6 10890.5| 10889.6
total dist 460852| 2.07E+05| 2.41E+05 2.00E+05 301238| 2.01E+05
total coeffs 87696 87696 87696 87696 87696 87696
RMS error 2.2924] 1.53768 165638 1.5109 1.85338] 1.51435
PSNR 40.925| 44.3935 43.7476 44.5461 427715 44.5263
File lena512.pgm

Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini
total rate 32675.7) 32630.5| 32674.7 32675.3 32685.4] 32697.2
total dist 3.68E+06| 1.89E+06| 2.06E+06 1.92E+06 2.22E+06| 1.87E+06
total coeffs 262144 262144 262144 262144 262144 262144
RMS error 3.74907| 2.68796 2.80435 2.70563 2.90775| 2.66836
PSNR 36.6523| 39.5424 39.1742 39.4855 38.8597| 39.6059
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MINN 4.4 uaase 0l5sumon aavua 16 48 1 disaavian1nale nsuasian

Haar, Villal1810, Adelson, Odegard, Daubechies8, Antonini

W3suieuanvinanni 16 de 111 RMS error <3.96 PSNR > 36.18
File nid:pgln
Wavelet Haar Villa1810 Adelson Odegard | Daubechies8 Antonini
|total rate 22311y  22277.6 2.2241E+04 22264.7 22309.8| 2.2327E+04
total dist 1.95E+06| 1.12E+06 1.13E+06| 1.06E+06 1.17E+06]  1.02E+06
total coeffs 358337| 358337 358337 358337 358337 358337
RMS error 2.3299 1.7656 1.77597 1.72076 1.80695 1.68768
PSNR 40.784 43.193 43.1421 434164 42,9919 43.585
File j3.pgm
Wavelet Haar Villa1810 Adelson Odegard | Daubechies8 Antonini
total rate 5410.79( 5408.45| 5.4150E+03 5412.15| 5411.29| 5.4145E+03
total dist 1.56E+06{ 7.38E+05 7.A5E+05(  6.19E+05 923073] 6.23E+05
total coefTs 87696 87696 87696 87696 87696 87696
RMS error 422149 2.90061 291549 265576 3.24435 2.66487
PSNR 35.6215 33.881 38.8366 39.647 37.9082 39.6173
File lena512.pgm
Wavelet Haar Villa1810 Adelson Odegard | Daubechies8 Antonini
|total rate 16316.2| - 16315.4| 1.6316E+04 16285.9 16307.5|  1.63E+04
total dist 8.71E+06| 4.10E+06 4.50E+H06| 3.85E+06 487E+06|  3.88E+06
total coeffs 262144 262144 262144 262144 262144 262144
RMS error 5.76465| 3.95351 4.14393 3.83317 4.31231 3.84756
PSNR 32.9153| 36.1911 35.7826 36.4596 35.4366| 3.6427E+01
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Haar, Villa1810, Adelson, Odegard, Daubechies8, Antonini

niouifieuaavinamwii 3260 1 vh RMS error <5.60 PSNR > 33.17
File nid.pgm
Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini
total rate 11083.8] 11125.6 11083.3 11116.1 111234, 111232
total dist 4.83E+06| 2.12E+06 2.10E+06 1.82E+06 2.34E+06{ 1.80E+06
total coeffs 358337| 358337 358337 358337 358337 358337
RMS error 3.66949 2.4317 2.42237 2.25153 2.55617 2.23846
PSNR 36.8387| 40.4126 40.446 41.0812 39.979] 41.1318
File j3.pgm
Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini
total rate 2666.38 2673.7 2666.61 2666.42 2666.06|  2667.05
total dist 3.65E+06{ 1.88E+06 1.91E+06{ 1.53E+06 2.44E+H06| 1.51E+06
total coeffs 87696 87696 87696 87696 87696 87696
RMS error 6.44878|  4.63488 4.66927 417568 5.27006|  4.14718
PSNR 31.9412 34.81 34.7458 35.7163 33.6945 35.7757
File lena512.pgm
Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini
total rate 8111.57| 8124.92 8106.19 8118.63 8101.31 8123.07
ftotal dist 1.77EH07| 8.69E+06 8.95E+06| ~ 7.24E+06 1.05E+07| 7.53E+06
total coeffs 262144 262144 262144 262144 262144 262144
RMS error 8.20831| 5.75686 5.84171 5.2536 6.31965|  5.35894
PSNR 29.8457|  32.9271 32.8 33.7217 32.1169f  33.5492
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Haar, Villa1810, Adelson, Odegard, Daubechies8, Antonini

wlSsuievaauIannn 64 610 1 1¥11 RMS error < 7.86 PSNR > 30.22

File nid.pgm

Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini

total rate 5519.11f 5504.81 5534.25 5504.9 5512.91 5491.89
total dist 1.06E+07| 4.31E+06 436E+06| 3.42E+06 5.23E+06| 3.51E+06
total coeffs 358337 358337 358337 358337 358337 358337
RMS error 5.44848| 3.46891 3.4865 3.09042 3.821321  3.13007
PSNR 33.4053| 37.3269 37.283 38.3305 36.4865 38.2197

File j3.pgm

Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini

total rate 1301| 1301.54 1305.64 1297.11 1305.07 1296.77
total dist 6.82E+06| 4.30E+06 3.98E+06| 3.08E+06 5.47E+H06| 3.37E+06
total coeffs 87696 87696 87696 87696 87696 87696
RMS error 8.8182 7.0048 6.73945 5.93034 7.89743|  6.19799
PSNR 29.2232( 31.2229 31.5583 32.6692 30.1811 32.2858

File lena512.pgm

Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini

total rate 4023.36] 4019.72 4024.91 4001.98 4022.46| 4028.16
total dist 2.91E+07| 1.83E+07 1.69E+07(  1.29E+07 1.97EH07| 1.45E+07
total coeffs 262144 262144 262144 262144 262144 262144
RMS error 10.5355| 8.35013 8.03776 7.01332 8.67662|  7.43846
PSNR 27.6777|  29.6969 30.0281 31.2123 29.3638] 30.7011
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Haar, Villa1810, Adelson, Odegard, Daubechies8, Antonini

nlSeuiasuaavinanmni 128 ée 1M

File nid.pgm

Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini

total rate 2732.58| 2720.38 2711.36 2697.94 2695.3 2734.7
total dist 2.20E+07| 9.64E+06 9.40E+06| 6.75E+06 1.23E+07| 7.37E+06
total coeffs 358337| 358337 358337 358337 358337 358337
RMS error 7.83158| 5.18696 5.12229 4.33954 5.86099 4.53466
PSNR 30.2538| 33.8325 33.9415 35.3819 32.7714 34.9999

File j3.pgm

Wavelet Haar Villal810 Adelson Odegard | Daubechies8 | Antonini

total rate 610.76| 614.015 612.854 618.818 619.675| 613.518
total dist L18EH07| 8.87E+06 7.74E+06{  5.70E+06 9.88E+06| 6.42E+06
total coeffs 87696 87696 87696 87696 87696 87696
RMS error 11.5838|  10.0573 9.3931 8.06168 10.6166|  8.55914
PSNR 26.8538|  28.0811 28.6746 30.0023 27.6111 29.4822

File lena512.pgm

Wavelet Haar Villal1810 Adelson Odegard | Daubechies8 | Antonini

total rate 1981.29 1959.57 1957.75 1965.49 1976.89 1968.69
total dist 4.84E+07| 3.45E+07 2.99E+07| = 2.19E+07 3.41EH07| 2.49E+07
total coeffs 262144 262144 262144 262144 262144 262144
RMS error 13.5899| 11.4644 10.6869 9.14973 11.4007|  9.74008
PSNR 25.4664| 26.9437 27.5537 28.9026 26.9922 28.3596




42 nfssumsumstiusamndiednsoIv4:1,8:1,16 : 1,32:1 64: lua

128 :1

HANIINARBY Wavelet Function wazifssuiion Tasagl

M3 4.8 HANITNANGY Wavelet Function # 1% nmAunduAiga uaasn PSNR(B)

R3NS3 NN nid.pgm NN j3.pgm NN Lena512.pgm
AAVUIAN N

4:1 Villal810 51.40 Villal810 51.64 | Villal810 44.34
8:1 Antonini  46.35 Odegard  40.55 Antonini  39.60
16:1 Antonini” 43,59 Odcgard 39.65 Odcgard  36.46
32:1 Antonini  41.13 Antomini— 3578 | Qdegard 33.72
64:1 Odcgard | ~38.33 Odcgard = 32.67 Odcgard  31.21
128 : 1 Odegard — 35.3819 - A\ "

43 ayUwan1sl¥ Wavelet Function Nivisnzaungadenisanvaamulunth

ynna

VNHANIUILUIN WU Wavelet 3 Fila fiD Odegard, Antonini, 1183 Villa1810 1¥n1n
niguamA derwvuiumsaavian Tag douaavuianni 16 : 1 4az 32 1 ugmnd
' 9 v
fludiedesmsanvuians auisasinldng 64.: 1 uay 128 « 1 Bisloaldmsaavunait 2 : 1

(enmsdnBmuieay 7) warannse 19 128 : 118 Mnnmil Foreground 1z Background

» 9
(9189 2 Tone udarumnveanti iy mw s huadewvmdevn
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Y
aUnanazveiauenuz

5.1 ajUwna

namsdszurana aauanmdsen1imms TWASeauY gray scale 256 3 &
msudadavidn 6 vila 18un Haar, Villa1810, Adelson, Odegard, Daubechies8, (182 Antonini
Wavelet Function iinisiiudadeyanimlunihyana 3 am
nid.pgm Fuihunmumu mmdhssmsnmsndgaluneauy
13.pgm Fafunmmu amdrsmmmsmnelmadeauy uas
Lena512,pgm MwanasgulsidSoudioy msdszunamaiu signal processing
f10 BATIFIUMTAAVUIANN 2 ; 1,4:1,8:1,16:1, 32:1,64: 1103 128:1 1'3’:u
Using Wavelet filter itminzauiigalusiuau ¢ siatumsanvinadeyanmirssns
wmﬂum?muuu fisnsrdauntsandoya 4 1 i Villa1810 Wavelet filter
Wavelet filter fitmngaufumsanvuiadeyanmdissmsnmshuadeawy Asas
78 : 1,16:1,32:1 19 Antonini Wavelet filter 118% Odegard Wavelet filter
Wavelet filter Smnsaufumsaavuiadeyanmshssmanmshuniewuy #sasdau
32 :1f® Odegard Wavelet filter
msth Wavelet filter #iiala Ty 190 umastilsaSinuiidedldifudoyamnitos nie
vinauflufeyanmeiigaiidesdwszunniens wesssAuRuamvesnmnduAud
Foantsidau #isuiusih il Odegard Wavelet Filter ivunamisandeya 32 de 1 tife

YszndananlumsUszuiana uazidqunmndufuindifiesn mduntiy

5.2 UDITUBDIU

e ar

1 4
msIsuiiannse i I lussvugudeyanduilseiaddima  veensufidana
s neatigrmsnmisgaga uazlussvuidonTvanTevionmis §330 manded wliga
wwe luiSes nwd RGB
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maffudndaganiluwiyans
Taeldmavalaasaslidin
(Homan face Image Compression
using Wavelets Transform)
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dunsuFouiisy nstiudndeya 32 in
v ] v -3
seanlumityaas 19~ agld 1vién
ﬁuuuu 4 wun laun Antonini, Daubechiess,
Haar, Villa1810 annuanimmaaesdsng
Antonini (Jutoidnyilinanisiudndeoys
U
nmwluwihnangn

;24
as.os Anm’
a - ¢ 2
wnudo A58 pwuna

Abstract

The Wavelet Transform (WT) is
of interest for the analysis of Human image.
WT can be viewed as a signal decomposi-
tion onto a set of basis functions. In fact,
basis functions called wavelets always
underlie the wavelet analysis. They are
obtained from a single prototype wavelet by
dilations and contractions (scaling) as well
as shifts. The prototype (mothef) wavelet
can be thought of as a bandpass filter. This
paper aims at to compress gray scale Hu-
man face images with ratio 32:1. By using
four wavelet functions ; namely Antonini,
Daubechies, Haar, and Villa1810, it was
shown that an Antonini Wavelet filter is the

best for Human Face Image Compression.
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1. UNU

1Jaquiu Wavelet Transforms (iu
vadeddufidunuanlunirdrruiaua
Agyreuane ] wazgnuednumatialuy
Anazuililunisuanauadtyrnuiiefinmey
arAnaiaInmsinaaiiatunsarvun
szAuAuNWIaNadns AR ueTaeie
Faunlunasldusslosdidnsyadyin
vanmuazidedluumanuiiinauengs]
\iaediures Wavelet n1suas Wavelet
wurlidaiiias (Discrete Wavelet Transforms)
waznanriudndeyanisAiunauniwluwin

UAAA

2. NuLInLtan (Wavelet Theory)

nsudas Wavelet (uniswmun
W’ STFT (Short Time Fourior Trans-
forms) TiAnenuAa nisulas Wavelet 14
window AUFunualfmudaenaad (Fre-
quency Range) U STFT Atasnzwdtyono
neld Fixed Window lunisuszunaua
ARDAMN Plane (gﬂﬁ 12) Tuweus Wavelet
finsuladlaadl window waneaula 1359
'ﬁtﬂﬁzvfﬁ’ﬁnﬁu'lu%a Constant-Q w3ie
Constant Relative Bandwidth Analysis
gl dnsamaussiuiuaus iU
Tne84qana9109AnT center (JU7 1b)
ANN1TNATIZY window MATY ] TUNG
I AnuasBuasuANNTAiTY
LA TRIALAMNAE B IR WIANAH
Tuludosnnuiige wiandmdmiouils 4
Wavelet ¥ms9tAsnzrann Time-Frequency
Window #iauasoUsusiaesléiiiu Narrow
Window Viamnmwmmmﬁ'qq uaziu
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Frequency Frequency

Time Time

(a) (b)

(a) Short Time Fourior Transformation

(b) Wavelet Transformation

< . .
#Un 1 n1sur/ay Short Time Fourior

uay nisutlasianian

Widen Window ﬁf-;mnmwmm’mﬁ'ﬁ'\
atialsfinnn Nuiily Window ailumesiu
@g'ﬁu'jmna'lq'ufaqmmu?inwm_lmﬁcymﬁm'lﬁ
atflupluonawidn AosaFraanvasiaidy
NAFIU #Gondn Widn (wavelets) neu
el diudaidugiuuuy videwsinuy (Mother
Wavelet : W(t)) Basis Function Form :

Yao(t) = 1/{lal, P((t-b)7a)  (1.1)
VM5 ti9/98uNRIId9U (Scaling function)
ot a A wirlmes te/988 LAy b Ao
Wfines Beus Ul ay e a
fwunlugy Basis Function astilusuuuy
19lun1s98199unn (Low Frequency)
wantiioAn a flwunmdn Basis Function Ay
Wusiuwuuldlumsedesunn (High Frequency)
mM3v81e (dilation) uarniste (Contraction)
Tnonsemnuuduuululauuman asdas
ANWUSAUNIN dilation wazn19vin Contrac-
tion lulatuarnddaanisuastanidn
uuu&im‘ﬁm (The Continuous Wavelet
Transformation, CWT) 183&0UuIns x(t)
wilfiann inner product 189 x(t) WAL



Q6 FMINTIVAIT VN,

¥, (1) (1BNa17919BmNELaT 1)

W.(@ab) = [x(OW* (dt  (1.2)

\e* Ae Complex conjugation

aa W, , 1uBasluuuammin (Orthogo- -

nal) dnyoyinuian (Original signal)
ATAWNTOYNATINNAUAY (Reconstructed)
lAfaAIANANRUSHNAY  (Inverse
Relationship) #ail

x(t) = /W (ab)¥, (tdadb (1.3)

(o HuAacirsnmamFiany
(constant of proportionality) a7nN1TWsILN
Wavelet Function, W(t) 1ﬂ7j Multiresolution
Analysis AesnaldWaiduyagiuiiaudusn
AD Scaling Function, @(t)

Scaling Function 14lunasuias
aryyruainasdualuautaerudalunig
UJRtsuny Scaling Function #2669 nsad
AMNAAN (Lowpass Filtering) luanz#
Wavelet Function ynuiifiad1asansas
AGige (Highpass Filtefing) 34 Scaling
Function Hgduvusiofi

Scaling Function Form:
Dop(1) = 1/{1al. B((t-b)/a)  (1.4)

2.1 nisdasasny Auunuy

Waruualitisumanzasanisin
(Discretization of dilation and Translation
Parameters) nisudaaavidnuuuseiies 5
Taife 2 Ussmis Ae Arwdrday (Redun-
dancy) uaryjumasalaenn (Impracticality)
Toyviaaeaudlelilag nIgunIiiines
AuFuvnnirdasapng uazyiumung
(Dilation and Translation) wuanianasg
uitloyw Anilug Family of Wavelets way
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Scaling Function NIwAsltmafruImians
AUawIzA (Discrete paramelter) .
W a - 2, uaz b = kbya,™ wnsn

- P(t) uaz G(t) RNAaNNI 1.1 waz 1.4 169

ko = 25" (2, M-kb,),  (1.5)
Do = 2, " *D(a, "t-kb,),  (1.6)

e mk s uadinuse -
1NN 1 waz by ldwindy o

WAUAIANNTS 1.5 fauaunas 1.2
‘161’:4'1ﬁuﬂixawg'ummmﬁwuuum:qu lay
A1 (Wavelet Coefficients in Discrete Form)
(1BNAT OB LAY 2):

Wa(mk) = 2, ™2 fx ()W (a, ™t-kby)dt (1.7

\1az1@an Wavelet Family #
mmma%’wﬁmrgﬁmlﬁunﬁuﬁu'lﬁ@thoqnm”m
(1BNANTDNBIMM AT 1) Tnsanzadneia
Wavelet Family Aoaa1sngig Orthonor-
mal basis Tu LA(R) 1% dufesefisnmoy
i

S OF* e (0dt=1 e | memy, Kok

WiD = 0, NIiEu 1 (1.8)

Orthonormality Condition w151
fnoTa =2 uarb,=1 "'nmu'mﬁqﬁorf-ﬁ"uagagwu
azilu dyadic scale (lanans$19Bmuntiay 3)

¢

2.2 NITILATIEASEALAINASLE LA
TIAQYUINULLUNR I s A Y
(Multiresolution Analysis)

- J °
WusAnUugniuttauelne  Mallat
v a d o va aa
(L2NAITDNDINNIULAY 4) ‘natﬂugﬂnmqﬁ
IREF TR Orthonormsl Wavelets a1n
auNAFIUD Original Signal x(t) anansniaen
IAuaziNG9 U Ta (Finite Energy) lnainng
usndtyryo x(t) luusszauaaniiiu 2 dou



WBY - NeNHIAY

Ao Alaolszanmdaunils uasdudstans
yaaEndnaumii lsnnsvi Convolution
x(t) A78 Wavelet Filters uaz Scaling Filters
NTAATIEANATIB BALLUNAI T T AL

(Multiresolution Analysis)

(N) Lo e d,(n)
xo(n) 2(N) feorin d,(n)
X, (n)
h(n) [:10: )8 PR dy(n)
Xp(n)
h(n)
h(n) |, xmin)
Level L:evelz LevelM

g1#i 2 Pyramid Decomposition
Algorithm DWT

Falsznauding set vasiuifigh
tnulln (Closed Subspaces) {v, | 0 =m>=M}
e LY(R) Msuamszfuanuaziden (Reso-
lution Level) 109ftyturoutdia i m=0 uax
7:C~Tum'mazt§ﬂmﬁﬂqm*7§ m=M (18na17818Y
WNNELRY 2)

2.3 U3pditiay (Subspaces)

HAnANIRTINIUAD

1. Causality (wmnnw) : J3igi

¢ - o o~
aines V NANMUALIDUNTEAL m+] Lﬂu

m+1

indestenipinanes v, finnuandan

Tuszau m

neWUNA. €V, ,CVrG Voo auduanTy
2. Completeness (m’mﬂugﬂﬁ) :

Wi pfinanaifoailusdamutouly

UVp=Li(R) — nV,,={0}
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3. Scaling (gouazuene): UipHiaes
duannlalszanuaansoauanls Tnams
. 3 P [%
Scaling wrszdnyyrulamlszunn fae
ARAIUIDIANANALIDUAY 2 TEAU ULAD
i x(t) cV,, udrszlan x(at) v, ,
4. Orthogonality (daszmRanu):
Vi1 =V ©W o e W i
Complement 783 V, lu V,_ _, Wuda V,_,
<y = - d = ) gt
AW vioanuuwul Vi, davinu 'V,
TNAUTBANASBARMANDNg UL
aNtENY W, Aouauasin Orthogonality uay
- L IJ
Causality a7150U1 W, 9 Span set L7(R)
v v e . . &
uruimunulalaons (Direct sum) AIUU

Vi = Wi ®W ,0W, . @.... (1.9)
TRINNTOLTANNANR USRS Scaling Func-
tion, @(t) NU V,,, uaz Wavelet Function ¥(t)
nu W, fssunsnidieu @(t) 1aan:

D(t) = 22 h(n)B(2t-n)
agAsimeanuatsndou () o

W(t) = 22, g(n)¥(2t-n) (1)

\Hogauasmdinlszana hn) une

(1.10)

ABUAUBIIDIWUNY impulse 199 Lowpass
filter luntuey g(n) ilunanauauaszaamiog
u < d . - oL
impulse 10 highpass filter T9TATDIANLTLANE
o o
g(n) mildann h(n) feil
g(n) = (-1)"h(1-n)
sanses (Filter) ¥ h(n) uay g(n)

(1.12)

fesegmelideulsfiviuouieazainsn
Auamwnaulaetinanysnl (Perfect Recon-
struction) Aaii:
2.h(n) =1 (1.13)
T hi(n) = 172 (1.14)
22 h(n-2m)h(n-2k) = §(m-k) (1.15)

>,8(n)=0 (1.16)
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anidouly Orthogonality, h(n) uar g(n)
v 2 afeilulumuasnig

22, [h(m-2n)h(k-2n)+g(m-2n)g(k-2n)]

= 8(m-k) (1.17)

Z.h(n-2k)g(n-2m) =0  (1.18)

AUMTVIMNARUARNNIT 1.10 AUR

ANNIT 1.18 RTBFUNLAMUANTREIANYUDY

Wartduimani

3. mssUagtawianuulsicatilag

(Discrete Wavelet Transforms
(DWT)

mﬂqumNLﬁwuuu'laJﬁi@tﬁmgn
v tdiudnyonunanlinedas (Dis-
crete Time Signal) Usznoumusisy 199
h(n) uat g(n) ANAIWAIITLABTI0Y Dilation

] -

war Translation 1nududygn, nuilugdo
(981
3.1 One - Dimentional DWT
AlABYs s YRy iy ey
LisalosfiianuanBonanasrionii ¥lg
Tatnirdtynynou x(n) 11 Convolve frumansas
ANAR (Lowpass Filter) WRIANA2DEN
dynyrniduduuind (Decimation) (Wean
umm”ma;mam?mﬁ-:E‘Eﬁtﬂummmnﬁmnﬁm
WanuuRugy efiualidynn ey
ALBUARARY %qmmm’l’ﬁﬂixmauaqmmw
wuullsdials lusuzi@aaiufi Convolve
snudyy luusasduilsfiagie fanses
ANDge (Highpass Filter) atiung
Urzunaus Aeglidnlsedandianidn
fumummmnﬁ:ynpruuuuﬂmﬁm
1. Convolution #usiansas h(n)
w78 g(n)

81
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2. quitagwiazafy uaay

3. ¥ Normalization g V2

wsiazudenazusneeniaunis Con-
volve Ang Highpass Filter uar Lowpass
Filter aauluiaz 2 shuwnia azladeyaiiiu
2 49U douiithu Highpass Filter (G) e
MuazBunvesioyai resolution v Sndou
fitinu Lowpass Filter (H) Aateyavely
7R resolution 1iu %ﬁaqaumui{ﬁ:gnﬁw
WAmsziluseiy resolution dinly Tnemialy
TunAprsiliaufossiud 3 vesnnuandon
(level 3 resolution) yailanunsn AUANTWNAL
(Reconstruction) ‘la‘fv,m'iTvumu INTIZTAY
Adalssaniionidnuar i ssantveadn
Tmﬂﬂszmmﬂms:ﬁuﬁﬂqm (M) 13 vi3anan
Smivwilair DWT 204 x(n) Urgneudag
1AI0IANANTEANG (Coefficient set): Xm»
d, m=1,..M

3‘1/77 3 One-Step Decomposition Algorithm

3.1.7 msusndyy (Decom-
position)
Muualis Aud o auuanly
faifiae x(n) e LAR) annsnunsndunlsyang
Tnslszanuannmsiusu@auiati (Com-
puted Recursively)
X (N)=Y2 Z h(k-2n)x,(k);m=0,1,....M-1
(1.19)
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e x,(n) udygroiiliain
srAuANNALIBYAT m; laufi x,(n) {u
Fynnandan BldnavinAunisvninses
AT (Lowpass Filtering) 794 X(n) UA9
dudtyyrnRaedianaziaiusaennly
\Weanruratayassrsmiliuazansnsaidan
AuNIIaIN WS e Audtyynunaulduuy
Usiia laeidanldsansoswuy FIR (Finite
Impulse Response) 499 h(n) n1TnTaamy
a7 (1.19) aunraunulafag matrix vector
product:

Xmer = V2 Hxp, (1.20)

e H dainny

rl | rg ... ] | I
h(L-1) h(L-2)... ..h{(0) o o
H= |0 o h(L-1).. ..h(2) h(1)h(o)}(1.21)

WAT Xy = [ X (=1),%,(0),x, (1)..]7
Matrix H ({uldmu@euls (anu
LONANTEIDIMUNLAT 5)
2HH" = 1 (1.22)
Lﬁ"ﬂ I AD Identity Matrix waz [.]"
A (Transposition Operation) §UNRIN ANNNT
1.22 WAy 1.14 azadronunisleeanainug
WearuiusnsesaEnladulssanainmian
WseiuAMuasdn Amninanreiumil
dp.(n) = V—Z_Zkg(k—Qn)xm(k) (1.23)
1ﬁ'@'qmﬁuﬂfxaw%( g(n) NMwum N
guMT 112 Msa¥ e matrix G luvihues
WwaanuAuanms 1.21 aLlsadn
2GG' = 1
HG™ = 0
MIOUMNANNITRA 1.18

uazle (1.25)

(1.24).

A
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as

3.1.2 NISAUNAUF U LAY
(Reconstruction)
MNnAANTFYDILE it subspaces)
Vi'l%uwuﬁn;npmmfu%ﬁm@gjn’m'lﬁtfi@u‘lm
Vm-1 Vm ® Wm
AsansminlszgndiieRundudiudygnng
usia:?:ﬁuﬁqend'ﬂﬁm‘ﬂvh Projection &7
1ipiltieudaszAoni 1e3rsailaqniu Projec-
tions IBIUAREATYYIUAILIU V,, uAzT W, 1

1alng
Xm=2H'Hx_, andd,, = 2G'Gx,, (1.26)
RINGNNIT 1.9 WAL 1.25 Projection iiju

Orthonormal W&z Span 15 iitiatintneaxisal
AIUURNANNIT 1.26 URZANNAUNUS

Xm = Xp+dp azlén 2[H'H+G'G] = 1
(1.27)
AdladanaiiunmsAunaudyyralaningl

o &
UL

Xm-1(n) = Y2Z [h(n-2k)x,(k)+g(n=-2k)
d.(k)] (1.28)
Agarigas (1.28) lnounuraunis
1.19 uar 1.23 luaunis 1.28 uazviligrannas
117 aRnrandasinefigayd aannnewn
IDIANMT 1.28
Xmoy(n) = V2Z, [h(n-2k)x,, (k)
+g(n-2k)d,, (k)]
= W/_Z_Zk{h(n—2k)[\/-§2jh(j—-2k)
Xm-1(D]+8(n-2K)[V2 I,
(-2K)xp_, (D]}
= 2Ek2j[h(n-2k)h(j—2k)
+g(n=20)g (- 2k) X, ()
= Xp-(n)
LR
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%) J\lz\ (D H

v 2 ——] Xy () .

® —

[ H
2

31/71' 4 One-Step Reconstruction Algorithm

3.2 Two Dimension DWT

1% V', 1flu Set of subsequence N
flulumuideuls Multiresolution azlé Vector
space Vi, LU tensor product 484 subspace
v'_lu L*(R)?

vV, =V,®V, (2.1)
1T1@NI0Rz @ Scaling Function 2 §i 18
fatl

D(t,,t,) @ (1,)D (t,)  (2.2)
waz Wavelet functions 2 &1 1oiflu

Y(tL) = DY) (2.3)

Pt = Y(L)D()  (2:4)

Wi(t,t) = P)E(L,) (2.5)
Waridum 2 i {u Orthogonal Baruuaziu

s

s AU Tuyagu 2 37, Aulszans
uavnmé’nwmzmwwxmqmwﬁ

el R

3 A(Subband*;g}

83
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3.2.1 menszanaWaidu (Decom-
position)

wiAagLlsEIuBd X, (n,, n,) UAY
mdulszandiaidnd', (n,, ny), 1= 1,2,3 g
masraudgnueasilaglsenm fissau
mm’\mﬂ Scaling Filter uaz Wavelet Filter
mvm Horizontal uaz Vertical mu
= 2% X, (k.Dh,

(1-2n,)h,(k-2n,) (2.6)

xm+](n1»n2)

' pi(nyny) = 25 E X (kDh,
(1-2n,)g,(k-2n;) (2.7)
d?mn(nl'nz) = 2z"kz"le(k'l)gn

(1-2n,)h,(k-2n,) (2.8)

& pa(nyny) = 255X (kDgy
(1-2n,)g,(k-2n,) (2.9)

>

2 Subbundd

Horizontal Vertical

H

ﬂJYI 5 MwnIsNsEae 2 NG

JUADY NAFNSTATENLY 2 JRA
YANITNTEANEULY 1 NA 2 TEAU N3
nrzangasausn lagvinmisdszanudnymyno
AuAansaayagauluuwug Horizontal (FN
LUAUDUTBININ) WAZANTNTEANEATIT 2
{agvinnisUssarudyIiuAINTBIYAFIU
Tuwun Vertical (muumﬁvwmmw) NAAIN
v tusuaunsulatawi@nuan nwar
gnutieeaniiu 4 dau wdszduFandn
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) g 1w a o . g
subband tAuANaNUszANS (Coefficient) ity
uaavisaINMT Convolve #at Lowpass  Filter
uaz Highpass Filter mugu#t 6

subband1 gubband:s

(a)
st 6
(a) ufmesubband tiunisuasaniansza
7l
(b) udmy subband wasnisuauInian 2
SEAY :

Horizontal

Vertical

d’ & - s
3‘1/7] 7 YUNBUNITAUNAUNIN

32.2 MESATRMANAUAY (Recon-
struction)

fanoinalumsainnmnauAu A
ms@muuw?né‘luuuouﬂuuazuuoﬁvwziu
Aeaiumsnszanaiaidy
2[HTVHTVHHHV+GTVHTHHHGV+HTVGT}{GHHV
+G',G",,G,G,) = I (2.10)
anaINluNNTAFININNAUAURINANNIT 2.6
anansouandlddugiuumeunying feil

Xn =, 2H' H' Xy +2G VH yd s

m

+2H',G",d%,.,+2G WG ud iy (2.11)
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4. Biorthogonal Wavelets

nsldaansasrUNARURL LA I LS
[ %4 o < J 1 -

HAGWSANMTANUIUTIATITU WROIAINTE
autiuldasmiiladyuraldiieane
AuFuhATeRdyiunin (939anlERg
d. €2 -~ ) 1
FaflusianTesaglunan
WanduflAr (Fundn Biorthogonal bases
A FU Biorthogonal mansasnldlunisusn

o £ 4
NIBUNALTAUAY

agitariimsiamed aziluauazgn

nusianseanldlunisAunan  ludunns
FATIEUIUN 8 WARINITUENLALNITIN
AU UAINTL 1 dunay

1) DV with Bicthegenal Mend s @ I

U7 8 DWT with Biorthogonal

YVavelet Matrix furmat
H,G, = GH, = 0 (2.12)
2HH, = 2G,G, =1 (2.13)

ho(n) lumansaainadaienis
AiaTev '
h,(n) usansalainadauianis
- s Vv ar o
aapreiaclaninsaaaian
Gy(n) = (-1)"h,(1-n)
G,(n) = (=1)"hy(i-n)

awiuRaulimsAuanwdynunanysaily

(2.14)

(2.15)

Biorthogonal Bases An

2[H,H, + G,G,] = 1 (2.16)



102 Aangayans un.

5. fan1sviaaay

nnmnaaastaandeyanmwlumn
yanalugnindou 321 lauld Wavelet

Function 4 11a A9 Antonini, Daubechiess,

’

85

Uit 37 1seanil 2542

Haar waz Villais1o lanalsingaiumisig

A1 Filter Scaling Parameter h(n) QW.ﬁ"@’]ﬂ

HUAN 7. WUUYNE TI@INIT0ATUIUIMIAN

Wavelet g(n) laann aumiﬁ 1.12
g(n) = (-1)"h(1-n)

(1.12)

uan1svnaray/ Wavelet Filter Haar Daubechiess Antonini Villa1s10 !
Total.rate 2666.38 2666.06 2667.05 28387 §
5 Tolal‘jdisto‘r\tior_l, ... 3.65E+06 2.44E+06 1.51E+06 1.88E+06
: s 87696 VV8476'?6 ' “'7*:8'7@6‘ % K .;‘::3'76%&_' i
~“-RMS error 644878 ©5.27006 474718 4.63488
PSNR _(t_rans_fo'r_mhdér‘qéin) _’ : 3']“_9412'_ 33.6945 35.7757 . . 34.81. t

a b

U 9.2 nawinld Haar

L 000" W :
q’ Q \.'QJ Al
: . 4 i

e

-

§U% 9.1 _nawnlg Daubechiess

nvwmfAntcnini
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6. mnaqﬂ

AENTIUNARANTTLL A9 WIAN

5UN 9.4 nwnld Villa1810

e
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ARTUIATONA 32 10 WARAINNT0ATINIW
nauAulalnalAsanIWAN daulszneuddty
gaaluutn wu veum seuluwtin niawy
wifiuAneny Highpass Filter, g(n) @wiy
daudu vedlumi sndudiy drzaure
Gray Level InatAsariu t1leifusag Lowpass
Filter, h(n)

7. auanuaaeA Filter Scaling Function
h(n) #ldlun1snaaauisAuIns wien
g(n) l@a1n g(n) = (-1)"h(1-n)

A h(n) M4 4 WU (3 EmuaISLRaL

1. Haar

Real HaarCoeffs [} = {1.0/Sqrt2,1.0/Sqrt2};

2. Daubechiess

Real DaubsCoeffs [] =

W lFiATIe uarduassiamyyiala vn
Uszian Taomndenlfariduyagiuiimny
&y ann137 Wavelet Transform @12750
wiviayaasniludou 7 1Fednadnau dau
lun1s9tATaeviiuy Multiresoiution 13739
aunsousndaysaonléiiudiu g auane
feans nsfiaouligenrsasiansan 7
srauANAzlann (Resolution) §9ndn
fpnuin  agdasRansaniinnaigaia
- nandfiRn e ArssnTRTAVIIN Wavelet
Transform muzaniuIlseananadaya
AlifeansoaniBoaiinnuige a1nns
naadld Wavelet Function 4 ia aziiuledn
Antonini Wavelet \flu function Muunzay
faadmiunisiiudadoyaniwain  Filter
Parameter 4 WUULWI1297 Antonini Wavelet
1A Peak Signal to Noise Ratio (PSNR)
@94m (35.77) Inuil Vanishing Moment 784
parameter it 7 War 9 ALY M3

bt 0.2303778133088964,
h27 == 0.7148465705529154,
h3 = 0.6308807679398587,
ha = =0.0279837694168599,
hs O\ E --0.1870348117190931,
he (= 0.0308413818355607,
h? = 0.0328830116668852,
hg = _-..0.0105974017850690
3. Antonini

7/9 Filter from M. Antonini, M.
Barlaud, P. Mathieu, and I. Daubechies,
“Image coding using wavelet transform”,
IEEE Transactions on Image, Processing”,
Vol. pp. 205-220, 1992.
AntoniniSynthesis[] =

{-6.453888262893856e-02,
-4.068941760955867€-02,
4.180922732222124e-07,
7.884856164056651€-01,
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4.180922732222124e-01,
~4.068941760955867¢-02,
-6.453888262893856€~02 } ;
AntoniniAnalysis[] =

{3.782845550699535e-02,
~2.384946501937986e-02,
~1.106244044184226e-01,
3.774028556126536e-01,
8.526986790094022e-01,
3.774028556126537e~01,
-1.106244044184226e-01,
~2.384946501937986€~02,
3.782845550699535¢-02 };

4. Villaisio

//Unpublished 18/10 filter from
Villasenor’s group Villa1810Synthesis [] =

{9.544158682436510e-04,
-2.727196296995984e-06,
~9.452462998353147e-03,
~2.528037293949898e-03,
3.083373438534281€-02,

-1.376513483818621e-02,
~8.566118833165798e-02,
1.633685405569902e-01,

6.233596410344172e-01,

6.233596410344158e-01,

1.633685405569888e-01,

-8.566118833165885e-02,
-1.376513483818652e-02,
3.083373438534267e-02,

-2.528037293949898e~03,
-9.452462998353147e~03,
~2.727196296995984e-06,
9.544158682436510e~04};1

A 37 1sednil 2542

Villa1810Analysis[] =
{2.885256501123136e-02,
.244478227504624e~05,
~1.575264469076351e-01,
7.679048884691438e-02,
7.589077294537618€-01,
7.589077294537619€-01,
7.679048884691436€-02,
~1.575264469076351€-01,
8.244478227504624€-05,
2.885256501123136€-02};

8. fuINLLEAINIS ﬁqu?qu a1
HNARNE
Total rate A& SRIINIAITRYAT
ABINTT 11U TUNATENA 87696 bytes HpanTs
compress 32 W1 azlaan
Total rate = 87696/32 = 2740.5 bytes
Total distortion A® Fi’lﬁmwmmwﬁkumm
VAW
Total coefficient A9 1UIAIBITOYANIN
RMS error =
VTotal distertion/Total coefficient
PSNR (Peak Signal to Noise Ratio)
PSNR = 20 log (255/RMS)dB

9. Lan#15anudy

[1] Olivier Rioul and Pierre Duhamel, “Fast
Algorithms for Discrete and
Continuous Wavelet Transforms,”
IEEE Transactions on Information
Theory, Vol.38, No.2,pp.569-586,
March 1992

[2] Ali N. Akansu and Richard A. Haddad,
Multiresolution Signal Decomposi
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