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Digital Signal Processing

Lecture 12
Discrete Wavelet Transform



Announcements

* Midterm |
— This coming Monday. 10am-12pm in class
— Everything till today (including)
— Open everything -- except electronics

 Pre-Lab |l Due Thursday.
— Install SDR drivers
— Install SDR software
— Look at different parts of the spectrum

M. Lustig, EECS UC Berkeley



Back to Discrete

- Early 80’s, theoretical work by Morlett,
Grossman and Meyer (math, geophysics)

- Late 80’s link to DSP by Daubechies and
Mallat.

* From CWT to DWT not so trivial!
» Must take care to maintain properties

M. Lustig, EECS UC Berkeley



Discrete Wavelet Transform
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Discrete Wavelet Transform
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Example: Discrete Haar Wavelet
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Discrete Orthogonal Haar Wavelet

Haar for n=8
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Discrete Orthogonal Haar Wavelet
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Discrete Orthogonal Haar Wavelet
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Discrete Orthogonal Haar Wavelet
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Optional: stop decomposition at Level 1
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M. Lustig, EECS UC Berkeley



Fast DWT with Filter Banks (more Later!)

ho[n] ‘ ‘ hi[n]
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M. Lustig, EECS UC Berkeley



Fast DWT with Filter Banks

ho[n] ‘ ‘ hi[n]
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Fast DWT with Filter Banks

ho[n] ‘ ‘ hi[n]
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Decomposition
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Reconstruction

ho[n] ‘ ‘ hi[n]

go[n] ‘ ‘ g1[n]
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M. Lustig, EECS UC Berkeley



Example, Haar DWT - Level O
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Example, Haar DWT - Level 1
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Example, Haar DWT - Level 2 Buun 11 H‘nmmnrulninﬂr““l“”i]I\IIHWI\I‘\Ii'
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Example, Haar DWT - Level 3 ,,.,A|||”""|“V|'H"”|'||||||“'||'|')'|‘|”
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Example, Haar DWT - Level 4
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Example, Haar DWT - Level 5

M. Lustig, EECS UC Berkeley



DWT Another view
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Haar DWT Example

Haar i 5 g ! g g

M. Lustig, EECS UC Berkeley



Approximation from 25/256 coefficients
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Example: Denoising Noisy Signals
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Example: Denoising by Thresholding
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Compression - JPEG2000 vs JPEG

Jpeg2000 - Wavelet

@ 66 fold compression ratio

M. Lustig, EECS UC Berkeley



Compression - JPEG2000 vs JPEG
Jpeg2000 - Wavelet

@ 66 fold compression ratio

M. Lustig, EECS UC Berkeley
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Approximation/Compression

0.000 % coefficients

M. Lustig, EECS UC Berkeley










Example in BResearch

Robust 4D Flow Denoising using Divergence-free Wavelet Transform

Frank Ong')Martin Uecker!, Umar Tariq?, Albert Hsiao?, Marcus T Alley?,

Shreyas S Vasanawala?, Michael Lustig?

courtesy, Frank Ong and Marcus Alley M. Lustig, EECS UC Berkeley
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Divergence Free Wavelets

/ = Linear spline ®o == Linear spline Yo \
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Divergence-Free Wavelet Denoising
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