
Lecture 5 Recall :

Separable image transformation O

Given image f
,

transform+ by O to geta (coefficiala
g = 0(f) = AfB

LetA= A"and B = B. Then :

- = AgB" =# g5=(Important formula :

-
Remove terms with

Take away small gij - Image compression.



Definition: (Haar functions)

Haar transformation

Remark:

o = j=N-Real
(Fromnowor WeAssume allimages

(fij)ai

HoltEd ! ifoe

Hi(t) =[
elsewhere

HzP + n
=[

where p
= 1

,
2
, ... ; n = 0

,
1
,

2, ...,
24-1

-

If p is larger , Hapth is compactly supported region.



Examples of Haar functions:

Ho Hi

⑨ O · O

⑨ O O ·

⑧ O

H 2 = 21 + 0 Hs 3 =
21 + 1

p = 1 p = 1

n = 1
· on = 0 · O

Same wavefront

G ⑨ O Different locations

pet wavefront

· O · O n => location



Definition (Discrete Haar Transform)
TheHaar Transformof

a NXNimage is done by dividing to
,
1 into partitions is

Let H(k
,
i) = Hr( where

,
i = 0

,
1
,

2, ...,
N-1

We obtain the Haar Transform Matrix : FEH where H = HIG , illock
, <N-1

The Haar Transform of feMaxn is defined as

g = FfFT

·



Remark:·
-

1. Haar Transform usually produces coefficient

matrix with more zeros !

& More zeros

u ⑳ 2. Localized error is coefficient matrix causes

localized error in the reconstructed image

· G
Localized error



Elementary images under Haar transform:
~

Using Haar transform
,

I can be written as :

f = FigF
↑ transformed image

Let F =[ · Then =gi
·

If] = elementary images under Haar Transform.

e . g. For 8x8 images ,
we have 64 = 8x8 elementary images

:

---
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Recall:
- f=gij

· Image decomposition- elementary images

① Storage saving

② Image processing by modifying transformed image (coefficient matrix)

(e . g. Removing coefficients associated to high-frequency

elementary images)

· 2 Separable Image Transformation :

O SVD (elementary images
not universal and meaningless

② Haar (elementary images universal and meaningful) - unsmooth

↑



Discrete Fourier Transform:
Definition:

Remark:

-

-

The 2DDFT of a MxN image g = (g(k,
1)be ,

where ok * M+,

o = l = N-1 is defined as :

(m,
u)=

(where j = F
,

g50= cos +]sinG)

The inverse of DFT is given by :

j2π(+
g(p. 9)=

(no !) (no-ve sign)



Proof of Inverse DFT:

m,n)
=kl)e

·
(X )

Note that

:= MS) := ME
O

-

if to
in (A) becomes

:(k) MS(-k)N(g-l) = g!



DFT in Matrix form
-

Theorem : Consider a NXN image g ,
the DFT ofg can be written as :

= UgU (DFT in matrix form)

where U = (Uml)on-1EMan and Ure =-

of 21g()

Ne
(athone,

IX

in=ii)I
( (=)I -- j2ETn = (Uno

,
Un

, ...,
UnN)

-j2(n)Ugh(k, 1)=g(m) =(e-j, , ...)
= LHS



Theorem : 4
*

U = I where 2
*

= (IT)T(conjugate transpose

nu
*

= I ↳sing = caso-jsino
i . H

"
= (NU)

*

= e
=20)

Iroof: Later !!



Image decomposition by DFT
~

Suppose = DFT(g) = Ugl

Then : UU
*

= I = u
*
2

. g = (NU)
* (NU)

*

: g=Elementary image of D

where w = Eth cot of (NU)
*


