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Haar transformation

Definition: (Haar functions)

elsewhere
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Definition (Discrete Haar Transform)
The Haar lro\v\s{:-»rm of a NxN umgc, is done L} dividing Lo, 1] inbo P“”"‘\'\"U
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Example Compute the Haar Transform matrix for a 4 x 4 image.

Solution: Divide [0, 1] into 4 portions:




Need +o check :

We get that:

Easy to check that HTH = 1.
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Example 2 Compute the Haar Transform of

Remark:
0110 )
. 100 1 1. Haqr |roms-vurw\ uS\Au“n Pvuo\uu.s coeflicient
1042 Wodrix  ith wove 2eves!
0110
Solution:
20 0 0
semp | OO0 0 0 Move 2Zeros
g=HIH = oo 1 1
00 1 -1
Example 3  Suppose g in Example 2  is changed to: 2. LDCJ‘\}Q_A evver wa QOQ-H\;Q;QW\— \N\q"\y[x Caunses
20 00 ﬂocdivzui erver Ly the recoustructed 1wmage
100 0 O
9=1 00 -1 1
00 1 0
Reconstruct the original image.
Solution:
01 1 0
jomrpgo| 10 0 1 Loco.li}ao( evrot
- 1 1005 05
01 0\0




Elementary images under Haar transform:
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Definition: (Walsh function) _H\e. Ha.lsrku ‘Fu;\d"h;\s a'eh,
3 L
\,sz.wuc) 2 )T L) + cn TR0 ]
where | L\ = bijjtsjﬁ in+ejef smaller +han or egual o ;.L

% = 0 °"1/ J:zolllll"' and

Wo(’UE{ ! il

0 elsewhere

e

ned recursively l:):

Example: Com‘)\t\e Wi ).
Put j=io, 9=-1. Then:
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Definition: (Discrete Walsh transform)

The Walsh Transform of o Nx N image is erh ohs et (o
Deline Wik, = Nk(%) Tiheie LR =0 et N I
T%z \/\)W‘S& %ans‘rwm Modrix is: ‘I,\\,J ’:'\T‘ﬁw Whert e (W(&,i)) e

The Walsh +onstorm of f e Muen is defined as
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Example Compute the Walsh Transform matrix for a 4 x 4 image.

Solution: Again, divide [0, 1] into 4 portions:







Solution:
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Elementary images under Walsh transform:
Under Walsh Tvaw.s—‘:om, 5= |/A:,Tj |/A\/3 '

N TR o —’W.-:
The 5 3£ 405) whe 6-(F7)

~ W =5 ""N
T4y
T':l:)l = e\emevﬂowy imoges Under Walsh transform.




T R ; it i R S SO R

Walsh functions and sine function

Definition: (Rademacher function)
A Rao\e\maclﬂ-@' 'Fum(:lc;tm o-[ ovder N (n4o) s c)e-‘zlmw\ O
RHL‘H = sign[ siv\(ln’ﬁ*)] -Fef ot
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Example : Compute R-Walsh function W, using Rademacher function.
Consider sin(87t): Therefore, R3(t) =

WV




(Wajig(t) = (1)U {W;(28) + (1) W;(2t — 1)})
For Ws(t): As3=_1_-2'+ \1/'20, we have
b by
~ 2
Wat) = [ Ri(t) = Ri(t)Ra(t)
i=1,b;#0

Therefore, Wa(t):




