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Wavelet TransformWavelet TransformWavelet TransformWavelet Transform

Decomposes signal into 
two separate series

Single series to Double series to Single series to 
represent most 
coarse version

Double series to 
represent refined 
versioncoarse version version

S l  FScaling Function Wavelet Function
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Gave us power to move up or down the p p
ladder
We can now indeed zoom-in or zoom-e ca  ow ee  oo  o  oo
out of any part of the signal
This makes the entire analysis ‘scalable’!!This makes the entire analysis scalable !!
Scalability stems out of multi-resolution 
framework !framework !
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How Fourier Works!!How Fourier Works!!How Fourier Works!!How Fourier Works!!
[ ],cos(2 8 )y n nπ< >cos(2 8 )nπ

[ ] 0 6 i (2 3 ) 0 8 (2 8 )
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MomentsMomentsMomentsMoments

The moment of order m, of function f(x) ( )
on (a,b) can be given as

( )
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m
mM x f x dx= ∫ ( )m
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f∫
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Detecting hidden jump discontinuityg j p y

∫ ∫∫ ∫While selecting 
mother wavelet
At least M0=M1=0
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Who gives us coefficients of scaling g g
equation?
Haaraa
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We can thinks of using three guiding g g g
theorems !
Theorem 2:eo e  :

If the scaling function ( ) has compact support on xφ
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We can thinks of using three guiding 
theorems !theorems !
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Verification for Verification for HaarHaarVerification for Verification for HaarHaar

Discrete
O th litOrthonormality
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ApplicationsApplicationsApplicationsApplications

Detecting (hidden) jumps/discontinuitiesg ( ) j p

Suppressing polynomials towards de-Suppressing polynomials towards de-
noising

2D applications: compression and pattern 
itirecognition



Properties of Unitary TransformProperties of Unitary TransformProperties of Unitary TransformProperties of Unitary Transform

Energy compaction: only few transform gy p y
coefficients have large magnitude
◦ Such property is related to the decorrelating p p y g

role of unitary transform

Energy conservation: unitary transform gy y
preserves the 2-norm of input vectors
◦ Such property essentially comes from the fact p p y y

that rotating coordinates does not affect 
Euclidean distance



Unitary Matrix and 1D Unitary TransformUnitary Matrix and 1D Unitary TransformUnitary Matrix and 1D Unitary TransformUnitary Matrix and 1D Unitary Transform

Definition conjugate
transpose

A matrix A is called unitary if A-1=A*T

transpose

When the transform matrix A is unitary the definedWhen the transform matrix A is unitary, the defined 
transform                     is called unitary transform

E ample

y Ax=
r r

Example

11 1 1 11 1 T− −⎡ ⎤ ⎡ ⎤
= = =⎢ ⎥ ⎢ ⎥A A A,

1 1 1 12 2
= = =⎢ ⎥ ⎢ ⎥−⎣ ⎦ ⎣ ⎦

A A A

For a real matrix A, it is unitary if A-1=ATFor a real matrix A, it is unitary if A A
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Original cameraman image X Its DCT coefficients Y
(2451 significant coefficients th=64)

Notice the excellent energy compaction property of DCT

(2451 significant coefficients, th=64)
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Thank You!Thank You!Thank You!Thank You!
Questions ??


