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Second Generation Wavelets

Wavelet Fourier Transform
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Wavelet Construction
Nested grids:
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Solving PDEs
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Numerical Algorithm

Elliptic problems:

1. Perform the wavelet transform of � �� on

� �
�

2. Update

� �� �
�

3. If

� �� �
� � � �
� , go to step 5

4. Interpolate � �� to

� �� �
�

5. Solve the system of equations to obtain � �� ��

6. Stop if

� �� �
� � � �
� and

� � �� �� � � �� � � ��
� ,

otherwise go back to step 1

� �
� - computational grid at �-th iteration
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Regions of Turbulent Field
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F( ∂u~
∂t

, u~, ∇u~,  q, x~, t)=0

time evolution of vector function u~

Φ (u~, ∇u~,  q
~
, x~, t)=0

(boundary conditions, definition of q
~

,

algebraic differential equations)

u~ =  u~> + u~<  decomposition
(coherent, (residual
wavelet   incoherent)
filtered)

M. Farge (Phys. Fluids, 1999)



Evolution of Coherent Structure  u~>

F( ∂u~>

∂t
, u~>, ∇u>, q

~
 , t, x~)= f

Φ(u>, ∇u, q>, x~ , t)=

where

f =[F( ∂u~>

∂t
, u~ >, ∇u>, q

~
 , x~, t) -

F( ∂u>

∂t
, u>, ∇u>, q>, x , t) ]

=[Φ (u~, ∇u~,  q
~
, x~, t)−Φ(u>, ∇u, q>, x~ , t)]

is the residual incoherent field forcing
that needs to be modeled statistically



FIG. 2. Wavelet filtering of vorticity. Left: total field. Middle: coherent part. Right: incoherent part.~a! Vorticity v. ~b! Modulus of velocityuVu. ~c! Stream
function C. ~d! Coherence scatter plotv vs C.
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Motivation: High Rayleigh Number Convection

� 3-D DNS calculation,

��� � � � � 
 �

,

��� � �

� Computational grid:

� � � � � � � � � � �

� Results of F. Dubuffet and D.A. Yuen
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CONCLUDING REMARKS
AND PERSPECTIVES
(1) Wavelets can be used as an efficient

adaptive method for numerical simulation
of multi-scale phenomena (Vasilyev,
Podladchikov, Yuen, Geophys. J. Int.,
2001, Vasilyev and Bowman , J. Comput.
Phys., 2001 ) can also use wavelets to tell
you where to put the points according to
your own scheme (Jameson, L., 1996 in
book ed. by G. Erlebacher et al. )

(2.) Wavelet decomposition and de-noising ( D.
Donoho, 1993) can be used potentially  as
an effective tool in modelling of complex
multiscale physics in geophysics.
Deomposition into coherent (organized )
and incoherent (random, or Gaussian )
fields. We can then MODEL the coherent
structures at a much  lower computational
cost.



CONCLUDING REMARKS
AND PERSPECTIVES

(3.) Statistical analysis over irregularly
spaced grid which has been
decomposed by wavelets to
evaluate the effect of the incoherent
components.

(4.)  Wavelet-based feature extraction,
based on thresholding reduces
greatly the data storage , between
10 to 100 depending on the degree
of non-linearity. This portends well
for wireless or mobile computing.

(5.)  Wavelets are not everything,
beamlets and curvelets to come
soon.
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