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Diffusion‘equationfor image processing
(Withkin 1983)

u, (r,t) =d Bu(r,t) |
Scale-space filter
u(r, O) = | Gaussian filter

Processed'with'the
diffusion equation
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PeronaMalik equation(1990)
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dQDU‘) = - ‘Du\z @ean Curvature Flow

o Osher & Sethian
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Thefirst high-order stochastic. geometric
PDEs introduced foriimage analysis

Wei (IEEE SPL 1999); Greer:&Bertozzi (2004);' . Gilboa,
Socechie/nevi& 0Z e el (02004 . ;; Xu a
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u(r,t=0)=1(r)
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Edge detection using coupled PDEs
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PDE transform for the processing of
Cryo- EM data

Bacterium Type lll secretion system
Feng, Xia, Tong & Wei, IJNMBE, 2012




The first PDE based molecular surfacemodeling
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The cell division protein, PDB ID:
1NOE, 9245 atoms in 1328 residues

Major feature: = Starting from atomic information, instead of a given surface
(Wel, Sun, Zhou and Feig, 2005)



The first PDE based nonlinear high -pass
filter

H_5 ﬂ[du un‘)Du] +c,(v- u),

t
Re

& =P ﬂ[dv qDV‘)DV] + CV(U -

Mt Y

u(r,t=0)=v(r,t =0)=1(r)
EdgdE):
E(r,t)=ul(r,t)- v(r,t)
Wel & Jia (EPL 2002); Sun,Wu,Wang & Wel (2006)
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1 PDE transform
w—aE)ﬂ[d (pu)p B'u]+c,(v- u),

ut Wang, Weil, Yang,
| IINMBE 2011;
l:;t/ _ a Dﬂ[dj QDV‘)D -E?JU]'FCV(U - V) Wang, Wei, Yang,
=0 JSC, 2012

u(r,t=0)=v(r,t=0)=1(r)

Intrinsic mode functions (IMFs)
w =u-v. =H X "k=12..

Xom = 1(r)
XK =X - VVI "k=23...

| =X~ + <erfect reconstruction



Frequency response of the PDE transfor

PDE order controls
time-frequency
localization

0 1 2 3 (Wang, Wel, Yang,
Frequency JSC, 2012)
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(a) The original SST signal (top panel) and the first
four significant intrinsic mode functions generated
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Central Pacific sea surface temperature
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by the EMD method.
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(b) The four modes generated by the PDE trans-
form for the same SST signal on the top panel are
similar to those from the EMD decomposition.
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(a) Continuous wavelet analysis of the SST Nino3 data.
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(c) PDE transform using 4th order PDE.
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(e) PDE transform using 20th order PDE.
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(b) PDE transform using 2nd order PDE.

1960

1980

1880

1900

1920

Time (Year)

1940

1960

1980

0.125
0.25
05

Scale (Year)

16
32
64

0.125
025
05

1

Scale (Year)

16
32

(d) PDE transform using 8th order PDE.
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(f) PDE transform using 40th order PDE.
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PDE transform based correlations

(d) Original camera man image. (e) 4D density of the camera man image. (f) Front view of the Figure 8(e).




