Mm]%rdn‘mc«zmﬁfm\af

Wave /é -+ /‘?epre Sfin%q% o<

///‘r[ ('S POSQ !‘é" ](3 -f:@ O 571,(- UC,TL

wolre [ et V&PV@SQM‘ILO&%f()V\S and
DWTs For pivultidinens omal

Pl

S)\gma/s - ,LVK IDO\V_I)';C_,U{QV,) we.

w, {1 be m%erﬁ’sw‘@c/ i 2-o DiNT<
{'\OV’ Mﬂoﬁe, dlh&x[}/éz\f.

Th{, bos<, ¢ Scdt/e/ §/;~qc€, ConStryctioim
l's (/Oifv\:)/f’;r[@//y ma\/oﬁous o

/
e [-d casée.

e )o(’/anf\ L:\/ SPCC}“—F\/J‘Mj N
Seolim Fnetiom Cb(fj)

Lulmarb f’e/flﬂ and gemroﬁ& o

SPO\QQ
(=LK
G : ke Zn
e
M/l“%up/e; ot
ynfegers

54



Cyw. a-d Hea

r Scal ﬁma Lonctiom

Let (= (X,‘zp point 1n Hae plone

=

<
X
S

>
)

! o0 x <! 0%y <|
) / b

0.w.
0 Y
A o
4 9 00%4,&2,5))6
N v S [ M -(L4€..(O*JX
2 .‘/s 7
K

’n’ll'S }‘5- A\ \/Q,f\]/ mah/ro\l 9~pr0‘x.'ﬁma4;0h

,Pl/ﬂ(;,},o.m fovr J‘mé\geﬁ Since wWe

}’\.OT"E"/\O‘LHY oSS cvat€

eoc in pa‘Xe-[

Vo lue witln the /‘Vz%e.gfa/ of
1”&@ Lbhol%v‘(}/ﬁr\‘é} (CO’M‘HVIUOUS) ;‘maﬁ‘@/
)"M‘f@k}?f’}\/ ‘FUM(,J"!DW ovexy o S’ma/f

5quar€, feg:‘ow OTE €(DO\C€ N

S



2-d MRA

The 2°d mult'resglution Sf/é’aspoa’zﬁ
oy E (361461/0«}6/0} loy +V&m5/a+€§ OU/Lc]

dilsdes of 4he Scmlm9 function

\/J _ { 209 @(QJ‘E #!:%)JLKQZW' |

And we have

S6



2-d \/\/ab’f,(é‘f g\/lOSPQ(;(fg

Di q{uuH’y o
GOf‘mﬂ £romna 5‘6@/@ Q—J to ;L—-JH
(* e Vv, WQSO[ U o0 2_j 0O 2) ~1

| A 1/0/(,)5,3 A [oss @4) J‘VZ%OWMAOL‘ILJ‘O’/‘;
‘n 4he ratio of QT

L

E x. Hoo r Am:/yq,“g

¥4 N Y A
:[n—frf'f
P2l
é .

T |
T X ! -

’uppoH ot seals ME)
functioms ot
resolubiom 2

SUPPo{‘f et scals l»\j
‘Fuhb’f BN @L‘{' .
FESQ VTS A 2T

—1

_.J-ff —J‘!"]

A+ Scale 7:) cach 2 N,gff?% of
ke plane s “ano V%J’ by 4 scaling
Lunctioinse AR (,om%raﬂ ol scale

I one §LO\/IH§ foretion

2 Oh/\/

onholy zes Fiae Seavnl f‘@,gi\om\

57



To account for +he 271 lass
of informat.on between Vpoand V-
it s necessory to haye Q"
Wove let funchio~s oy e,(;[uwo\/emﬂy

&n-*! Mt\ﬂL\PDLSS Fif%@vQ) +& (J&yry
‘H/HS lost nfo.

Ex. Hoa r Amo\,[y $1 S

To F&plf”e,Scmf +he Jy Herenee Le Foeen

% A \/‘) L&, 1\ vj‘ -1

_i'h[ -]-} ‘

3’ an o

fatne
> S
o & AT U

YGPWas&er Hae deyiationg

we need 0
pi@c&wfgc ConstnAT &PPKDX?VL,Q'/L:JH |

of dhe V) } )
gvey the P&@mm [OJ.?:J*])X[D)ZJ 9 frorm

the \/J"l COMS%OMWL O\PPYDX.‘M(}*/OM ovey

The Same rmafon,

5¢



N

These deviotions o detoils”

oY £ rejf)rese,vx‘}'cd Lx\/ Pu’cj@cﬂ'nﬂﬁ

+lve E:Wxﬁxcﬂ@ ovito ke 2-d Hoav

Wovelet s ¢

v (57, ’z)bgm Y%, o)

N
73 i‘JH ,,1{‘“ ~Z
. LI
O 2’) 2"1“-“ .K N s
vevt eal hovy zontal
- +l ’H’] )
(ET A W ( ) L/d"
fi-if‘ il
1’3‘” #7:'3“"
e
K
dfaujo nal
Note s

|
V' corries the hor.eo o]

( 60"/ seymsas \/GY‘/"\COL(

dev. otiom

edges ov deda(s )

kf)?’ cayyes Vet col deyviation
(¢, Senses hovizontal mlﬁce")

z
S‘) . Cavives V/H?w?omc}/ B}?—Vw&)')’f()ﬂ

(l,@. SES ‘(1\/& 10 chd- ?Qhﬁz S"ffl/c:f'uwf/)



V-d \Wovelet Su bspoces

%O, N 72-d  we have 3 ruevelet

/

Subspocts oF coclh scole

\.1\/'-' W - and U\fj

y ! )

\ z 3

: A 2 S ; ;
EX. et W}/m/h = Y (AJX"‘H/ 2}%*‘ m) CHaaw
wavelets

o eitin

l/cf_v.-ff\/ +hot

PVJ- J(?C,g;) = P‘/} f(]cjg,) # PW; %(xjf#)
r P Floy) PWJ; Fx,q)

71 <cyblices {o shov fhat Qoich

Hint: 14 .
1nT . |
S“QQI»‘M(‘}) fvnedronr ‘{7 (& '+, 3 ‘6“”,\)
o()t(?ir-\

1 as o hineor Cconloww

copr be @Xpressel 2 ]
| \ . <~ 0 i o
O‘{" '{Cb (2)')4’/5??"?) LJU{B’ - )_\ &"Ll/\.f‘-} ZL(-P (,,_j/c’,-f lv-gj?_ éAL)JQ;;{le,g

46



Pvp%a%y pe

Note +hat ﬂﬂf’,v Hﬁ@/ wove lets

J 2
X,y ) -
g A Y Oy N Vluy)
{ - [ e
£ |x e
AN 2k
o i /r_lé @ i o
(ﬁ> i
SR
_‘L. A
L =
2 2 —_
O | X

Con all be T*prégf/w%-ed AS pwctf~/(~’f§

ol |-d Hoar oo lots  oamnd
SC_,GL]\\V\?J WCVWC%IOVWS'

Y Ply).
P lay) - T ¥l
q}g(ﬁvc&) - Y WC%)

il

Y40

l) o2 X < |
| V£ C"C)‘?
whe ¢ { o o
| i 0z x <k
- )
O/ G w

Cl



lholds

A Ty J'lf?\\f conStructon

In %e—hb\/m\ .

Thwr ¢ Let ¢ be a sealing Fyncdion

(lhd W e +ht c,az/r%spomo)m9 L2

(3eme/\fc«,+\m9 o afﬂno%o»\a.l i R A

ol LFURD . Define Hhree waveleds 3

¢ 9

Vorgs ) O?O Y oy = YOO )

Cougd = q/tvﬁ

and  For R=1,2,2
b P, 4.

et

(et

Then o R
"« an OM. bOSIS fur W,

2 g s
{ W};W’)“ mpnez” 2
and 3
s ol z W % \ 5
{ (r)jv}ﬂn)w P [})JJM/”’ VR el J,m, e e ¥

basis tov L’ECJ\Z?").

s a0

(2



The 2-d Dw 1

Led  f(%y) be o 2d image, %yeR,

ond et { P(x-m, %—»m')kmjm be. on
0.n. bas.¢ ‘FC);/\ \/0 Q/V\Q{
L : .
)L. q)jfh’lm(%/g)km)ﬂ e an on. basis

R _ .
{or WA | =123 jzo

Then e Con  wrde

) = iﬂcocm,h) & ()
! Z Z_ Z__ d (‘""‘JV‘)L{) U\’ﬁ%)
);'O = mn = -oo

wheye

os= (5 Sy )
dj%""‘/"‘) B <§, 2 '(P(ijfm/f%rh>>

/LU'\)QCW’,P‘)§ = L«JQ\N&(C:} LO&‘FRU‘@\W(@ At
‘ P

Sl @ 'J:j &wm? Grievtoton L.

63



Campumﬂ the 2-d DWT

@ Accume. on Tnitral set o
§CA(=VL3 Cpe/wc('i‘c\‘a,m-l-g icj(m/n)?h’\)n,)

Y‘G»me/Sua—}mg an mpprayjmo\}mh

= \ffWC (fv (T s suff i@xVﬁb>
1o Ak ”’Vu&qe& ot scale J .
{CJ(V‘—VMJ} ave Hne

j-:!/\, 'OT’O\C,‘}‘ﬂ\c_Ci y

.Pa“x:e/? vedlyes 6f o dfraf-fox,l fma\ge‘

@ The weveler ond saa)m? (,aa,ml(;a'c?h‘fj’
OHL Coo VN 5e v §LO\{@,5 ‘ ) & 3_} AV e
J/

€, 0w FU1 ed v’L_CuVS:‘v(yiy wsi'm VAN

[~d lG'l'\J()O\SS Sooxlwwj fo{’}t\f f'\,‘ff\(‘”?]f(“h

s

fond o {;____d

{ 0 (-0 G- I

h 1'3L\pd55 ‘FWH‘@/V’

< EXP(O}ﬁchmg §Lpahf&gb}‘{lll»\{ of

Wauve, et bosi s -Fuhcfmong

6Y



® o= <F, 2 (Deem, Xy

= Z: L(m-3 )[/}(n,.:lhl> Cjﬂ(m’/h’)
o0
® 't = T heam ) b o-2n') i L)

mn /

highpass flder

lowpass
- ows fildey columns
Chotvzon b 1) (UevFieal)
/ P AR g mf)
d}z(zm:n') - 7 h (meam ) L\’(h 2n ) Cigy ()
Mj V'!,/ EC"WPQS& L"'hglﬂpﬂfj
, ) Lo
43'(nf\‘;hf = ("1‘(?-"‘”"2—!""\,) Hi(h"lm) C){-l(w\jm)
I myn’ y y

L;'@L\paﬁs b rqhpass

MNote & Decinadiom in both L/G,WL:\C/J&I

c‘fbh()] L\@V”\-V%ov\{—(j\l C{I\KQ’CJ'}']OﬂS

65



@Yﬂm;‘%o&wah ond Da‘splay of
2d-DWT

Assvore wi L;@glh o
Q/JXQQ ds“gdﬁ\\ )‘Yv\g\@é, AF_J_

, ._ _ 27-1
Cp.,, 3 i QTCM'}V\Djm/h:D ) J

Becovse of decnation ol each

S“f‘wac_,j W, L\Oﬂi@

9 = ‘ )
{ dj ™y m)f D x2 Snstead
o no O )
0<y<J .

Note that the Je-scale (Jo<T)

DT o+ 70; pfa()/daég

2% -1

| 270 .
ZCEO("‘“}”)} and idi C“’wh)%;

MiNZ0O '\’i/l’l’;O

\)Tjﬁj"‘/:rwi‘

- 5
EXG\C’;H\/ 20 27 Scal,m? and  ave let
Loe_wf cie htsS,

AS



Mgt

4
i

WO/ CBvin or’g)awf&e, JU\AE, C,oc‘i{r'

[z/\JCO a0 t\’\fxo%e/ )@‘g') Joj 2

. J
(00}, (0,25-1)
csonfimnt
Cgﬁthv/h) _da_;ém)m) |
(I‘,‘."‘!JO> { J\Til(m,h)j
{gfth)ﬁ {fg;?—('m,h)j

T ¢
gd;_ U“"/V")j LCJJ“I(MJHJJ

|

(21, 27 i)

TLLC Hﬁvjpfmmz)c._s v &ve .COKJQC'Z’IOV\S'

U‘{ W vele + P S’c_o\[;hﬂ Lagﬁf,‘(,a‘chf‘j
at e Po\\/%fguio\r §c,ov{€/ Cat«c/ 2Vveint ot o

lo 4he wovelet caSQ)

67



&

DWT of an Image

- £

Scaling and Wavelet

Coefficients

68









