Discrete \mage Trams form s (C‘?o ctle mom | e Chi13)
N =I
2ty X or y=Tx Q
\a& J=o J
kerne| modrix

lyneowr troms %rmcct'z‘or\ of vector X nner Proclud’ o
- Inpuk vector X

with \-Th Yow of T

1f T s a Wy;ﬁ&rij mod i

T'=-7"
wd TTE-TET-T (2
Note that the [ j~Th element <>\Q : 15 the, \nner ?mch.gd‘

WC rows chmo(d 35 1) Yhis s 225 umless \*J "
Which case T is zeas., = The Yows o_\)T ore a set 9%
orthonormal vecktors .

Example: Discrete Founter vanf‘;or‘m

\ N -1 2TT\<
"V lS oo umﬁa.&j <no‘f' o(‘ThojO‘na.O)
m c

In ﬁeneﬂ.Q\ Tha. vows OBT (mmAcw"w) Horm am orf%ovxormex@

basis et for adl NXI vectors.

(1) w simply o coorhnalz romsform which yotales x but
does mot hamge \*s \eng’r\n.



' .
Two-dimensionad discrete linear trans{ormothons
Nel  N-

Z z FLK T3 k)m,n)
& =0 K"—‘O \_—\/—\/
kernel Sum chon of the fromsforme

kernel madrix s a. block modri X%
n=\ n=2 n=N

ol IES
" H[] L]

m=~NH L]

¢ jmkmn) T G,m) T (kym)

then it is colled <epdarable omdcan be carriedeutas e

rowwise operotion Sollowed bx&cx column wnse oFemhon
oF Ul yersa.

1]
n

N-

G» = Z_ T(,m) Z FeThn)| o ¢=TET

mv i —_—— —
L=0 =0

Thuerse Mmsgﬂf*m Is

Example: 2-D DFT
T =W

(— |
A
Il
*
(.,'

|G
1]
£
N
kS
3
1
1
-
e
o)
12
pa



Or‘ﬁxoj onad ‘l’mms-?Orms

™ Fransforms used In moge procssing Wowe ém\b
- reol elements in Thave kermel madrix,

T 1& Than am o%ogonaﬁ matrix

The \nverze trom s foem 1<
F=TteT"

T§ T s S\i’\m”:drf: _—

G=TFT omd _F_ =TGT

— ———



The row s o{- the kerne\ ma:‘m'x 'govm a e+t 0-'5 \om%s veetors
N omn M-d\menS\oma,Q Veckor space.,

The rows ore orthonormal
N-d

' —%T - a3 _
i— TIT o0 2 TGila®

R

A bcmi§ \ﬂ'\&%ﬁ Is 3eneradcec& bé inverse 'frwnsxcormc}u g &

coeffiament woknix c.on‘\“o\\v\frlﬁ cn\aong non - 2en0 € \ement which kong

\e. G "% = {S.L_ : } Thio 's the coefficrent matrix
- P/J"%

N————

only mon- 22 for T=1 which is 4

N-

Fon = 2
% -

(o]

N-\
T30, m) 2 SL-P, k—%TCkfn) = T(P)m) T(c%]n)
k=0

- . W\_/
o 15 the outer—
Produat 0 10 two rows

of T



Swnusord el Tramsforms

mairx keenel for e DFT

woo th wb;”-\
W= :
“h-lo oo -1, N
‘ —JQ‘T%
w here Wi = f-[; C
AN s Um\‘*‘fm:j
In ore dmension
t
E=4f ond foWF
Spectrum vector Iy
L N .
ol R R bR N Fepets
I U S I O O A0
0\ L —> N/, N-| Index
Thio s uwuu:i\vér shifred R
FL)Sfx) = Flun)e ¢ Vi)
JT
—e" fx)

rQ*!)X £

w e UWp = -'9::



In two dimensions

G_:: WE— amdl, E - w*tﬁw—*{:

— s
-~ —

Yramsformetion rearrumges
Spectrum to be S\&mmeﬂ'lc
for plotting

/&



/3

discrete osine tramsForm

pol |
G (mn) = “(m)x(n\z Z_ g(ik) cos [leomj {“(i;k:)')n]
(=0 k=0
(2kt1) h
3(“ k) = Z‘O Y?:_()o((w\)w((n )&, (m n)Cos[ 3::\)“\“) 05[“_.2“ ) :}

e w6) =3 omd ) = | for demeN

Tn moknx -Brm) the DCT com be wrtten as a wm%cm,j matriyx o?emj-n&n

= S3%
wheve. '
Q.. = *(m)eos [E%%Q—YP-]

Nolis
¢ com ke c,ompuded bséo.‘pa\s'\‘ a! orﬁhm
o real Vq\u.g,c&
. w\c\e\é used \n (maég compresssbn
Atzerel2ine transform

. Slml\M-Q) DT }O\.d‘ N = Q-? .
., Used \n cartein \mmax_ (.DmPTeSS'\OH &.Ppll(ad‘mhs

N— V-
G.s(mm)= M%\ Z Z q¢i, k) =\n [ CL'H)CV”'HJ {T(L:-Bfnu)}

&xo k—.
5 S ) mi) | [t G
. _ 2 G s TLH)(m+ * | Whiet)
é L\)\()—' m—\- Zo “Z_o S(m/n) ‘h[ M-‘-\ Sin [NESY

T J 2 o [‘W(LH)( ket ):)

Lk [N+ N+



Discree \‘\”'\‘\ei Trasmnsform (bHT)

s thas loaais funchon cas (8)= cos (8)—+sin(8)= VX cos(s —;L)

Forwoad N-V N-) (im+kn)
_\_ . cos AT Lim+kn
N-t N
- G, ;zw((m+kn)
N N
m=0 h=0
N — __
\denhecod Fransforms
T, = L Cas AT Lk
Lk m N
DFT N numbers —» N complex. symmetric numbers
DOHT N nurnbers —» N reod numbers

Compwiahonal al atemathive to Founertroms form wo\d\;\s
C.omp\ex QA(HAVM.'HC..

Convolution tTheorem

2 ()= F6) ¥ hx) & Fl)Helw)+ FEwH (W) = 6

Fu) — Hoatley tramsform of £

G(w) — Hoatley tramsform of g

He (W) — even components of Hw\ﬂej tramsform of
HOCLQv oa&wmpowcnts 05 HM+\eJ-\-vcms€orm o



Hadowrnand tronsiorm (4.\50 called the Walsh ‘*Ywnsgorm)
® sgmnuj ric
s seperable
Py Um'l‘\‘
e ownlu +loamd -\ as e\ements-
e exists for = Q"

om0
Eﬁl = -

Combe 5ucce$tue\j gene_m-\»eé as

Hy = — B o
VN

H Nz - NG

For @ample for N= @

L oy |©

T e N A 7

I B B A 3

\ I I I T B B 4
HB::{:@ LV = === |
T L L e B A

Cy =b=V ==V oy 2

1 [ N R L A I B s
ordered Hadamand, tromsform _
[ T T R T I )

S I T B B |

Lot=v =t ==ty 2

H=-“ O e L T B B T O

& Ve St S SR e Bl 4
b= -1 1 =1 11 =-1]s

I U T ) E I S B I

5

R L At R Wt T B

L

/9

Seguency (S\ a«n-d\wn&es)



JQ

The slamt *romsformr — has a ?m’r tramsform , used for \mage. c_ompressfon,

M
s =L }
=% |-
‘ &) | | | O'i
) o Lo | T |
-
A\ bm, ;"QN by | = Sy, : o
_____ |_.._'._..-——-—-~4—-"-— - 2—.
N r'i' _____ _:—-_—‘-\ —————— \ -~ @] | SN/
o i a0 T lLT T
@) =
Thy avi i vl
[ o Tzl o I
N
ENE N R
N 4N=-) ond ko \/4"'1"‘
o T 111711178 4 T?é &iT
Ll
{ L
49 % ' 2
L A B




Hoar ,
- Ssmmekﬂc.
—sepanakle
—wnitary

-N = 3_?
- vary n both Scale (width) and Pusvhon u sed for wane \ets

RARRRGN ‘ Le oo

%

TT?(riLll .Ogl.[eoeﬂ
S e

o

N= 8 Haor ‘frqms%rm basis {«mc{c{ons i
P spect fes scols, % spect fes undiiv

Mathematically,
ho(x) = '(lﬁ
|72 | < '%
oL
P T 2
h, () = - _~ -3 cxe &
K ) m l %}—_ X< 5?_
Q) oSthevrwise,
Whaene k= Q_Pi-%“l Q,WTM(M%wi' Sower o 2.

Such that QJ’< k omd” 4 s The remainder,



line s

Haax fumctions are Sca.\ed}sh\-(f%ecl versons of am odd ree'\'oxmjm\ar-?w\se

Notes

— not as Ut to P\o‘i’ interms
refer to scale and shft

a& k since Paw\o\%

—_—

add resses \inesamd ed%es directy S0 1% com be used
to call adention to \ling omnd edg& features

} line s

By
e

)

looks forsmadl

r features ot
different

locotions 1n

lmage

i)
&
8
g B
¥
§
E

|

@1 E+2 O+

Figure 13-6 The Haar transform basis images for N = 8
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Figure 13-9 Transforms of an image containing an impulse: (a) DST; (b)
DCT; (c) Hadamard: (d) Haar. The input is an eight-by-eight matrix, zero
everywhere except the upper left element, which has value eight



