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Diffusion equation for image processing
(Withkin 1983)

Scale-space filter
Gaussian filter

Original Original+Noise
Processed with the 
diffusion equation



Perona-Malik equation (1990)
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Mean Curvature Flow

Original
Osher & Sethian (1988); Chan,…



Geometric evolution equation 

Osher and Sethian (1988)
Mumford-Shah (1989)
Ruidin, Osher & Fatemi (1992)
Catte, Lions, Morel & Coll (1992)
Nitzberg & Shiota (1992)
You, Xu, Tannenbaum & Kaveh (1996)
Acton (1996)
Sapiro (1996)
Torkamani-Azar & Tait (1996)
Kichenassamy (1997) 
Blomgren & Chan (1998), Chan & Vese (2001)
Bajaj & Xu (2005)
******

Incomplete list



The first high-order stochastic geometric 
PDEs introduced for image analysis 
Wei (IEEE SPL 1999); Greer & Bertozzi (2004); Gilboa, 

Sochen & Zeevi (2004); Xu and Zhou (2007); ….
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Noisy image Denoised
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Use of Cahn-Hilliard type of potential



Original

Edge detection using coupled PDEs

Wei & Jia (EPL 2002)



PDE transform for the processing of 
Cryo-EM data

Bacterium Type III secretion system 

Feng, Xia, Tong & Wei, IJNMBE, 2012 



(Wei, Sun, Zhou and Feig, 2005)

The first PDE based molecular surface modeling
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Major feature: Starting from atomic information, instead of a given surface

The cell division protein, PDB ID: 

1N0E, 9245 atoms in 1328 residues

(Wei, IEEE Signal 

Proc. Lett., 1999)



The first PDE based nonlinear high-pass 
filter
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Wei & Jia (EPL 2002); Sun,Wu,Wang & Wei (2006)



Original Coupled PDEs

Wei & Jia (EPL 2002)



PDE transform
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Perfect reconstruction

Intrinsic mode functions (IMFs)

Wang, Wei, Yang, 
IJNMBE 2011; 
Wang, Wei, Yang, 
JSC, 2012



Frequency response of the PDE transform

PDE order controls 
time-frequency 
localization

(Wang, Wei, Yang, 
JSC, 2012) 



Central Pacific sea surface temperature





PDE transform based correlations



Wavelet transform vs PDE transform

Wavelet transform PDE transform



Adaptive PDE transform based local 
statistical analysis

Wang, Wei, Yang, IJBI, 2012 



Adaptive 
PDE 

transform 
for texture 
analysis

Wang, Wei, Yang, 
IJBI, 2012 



Adaptive PDE 
transform for 

sniper 
identification

Wang, Wei, Yang, 
IJBI, 2012 



PDE transform for texture analysis



Adaptive PDE 
transform for 

neuron 
classification

Wang, Wei, Yang, 
IJBI, 2012 



PDET for hyperbolic conservation laws
(Hu, Yang, Wei, CiCP, 2014) 

10th order PDE Transform 

PDET2014.pptPDET2014.ppt



PDE 
transform 

for 
hyperbolic 
conservatio

n laws

(Hu, Yang, Wei, 2012) 



PDE 
transform  

for 
hyperbolic 
conservation 

laws

(Hu, Yang, Wei, 2012) 



Comparison of Hilbert-Huang Transform, Wavelet 
Transform, Fourier Transform and PDE transform



Concluding remarks

• We introduced arbitrarily high order geometric PDE for
image, surface, data analysis and biomolecular modeling.

• We introduced coupled PDEs as high-pass filters.

• We introduced PDE transform as a new approach for
signal, image and surface analysis.
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