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! Pan Sharpening
! Hyperspectral Sharpening
! Density estimation and data fusion
! Diffuse interface methods for inpainting and 

deblurring
! Diffuse interfaces on graphs
! Convex Splitting for fast computation
! Curvature dependent geometric curve evolution 



Moeller, Wittman, Bertozzi

! IHS
!  Brovey
!  PCA 
! Wavelet Fusion 
! First variational approach: ’A Variational Model 

for P+XS Image Fusion’, Ballester, Casselles, 
Igual, Verdera, 2006 
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L. M. Smith, M. S. Keegan, . Wittman, G. O. Mohler and A.  
L. Bertozzi, EURASIP J. on Advances in Signal Processing, 
2010.

Ginzburg-Landau functionalTotal variation

Bertozzi, Esedoglu, Gillette, IEEE Trans. Image Proc. 2007, SIAM MMS 2007
Transitioned to NGA for road inpainting. 
Transitioned to InQtel for document exploitation.
Continue edges in the same direction – higher order method for local inpainting.
Fast method using convexity splitting and FFT

H-1 gradient flow for diffuse TV
L2 fidelity with known data

US Patent No. 7,840,086
• Dobrosotskaya, 
Bertozzi, IEEE Trans. 
Image Proc. 2008, 
Manuscript accepted 
Interfaces and Free 
Boundaries.
• Transitioned to NGA 
for road inpainting. 
Transitioned to InQtel 
for document 
exploitation.
• Nonlocal wavelet 
basis replaces Fourier 
basis in classical 
diffuse interface 
method.
• Analysis theory in 
Besov spaces. 
• Gamma convergence 
to anisotropic TV.

H-1 gradient flow for diffuse TV
L2 fidelity with known data



Dobrosotskaya and Bertozzi, IFB 2011

Theorem:

Dobrosotskaya and Bertozzi, IFB 2011

Joint work with Arjuna 
Flenner

Replaces Laplace 
operator with a 
weighted graph 
Laplacian in the 
Ginzburg Landau 
Functional

Allows for 
segmentation using L1-
like metrics due to 
connection with GL

High dimensional fully connected graph – use Nystrom extension methods for fast 
computation methods.



Schoenlieb and Bertozzi, Comm. Math. Sci. 2011

Basic idea:

Art is to choose Ec to give an implicit problem that is easy to solve
-  e.g. Ec is H1 semi norm – can be solved using FFT
- in wavelet case Ec is wavelet Laplace operator

Contraints on Ec and Ee so that splitting is unconditionally stable

Proof of convergence of splitting schemes for various
 higher order inpainting methods.

Perona-Malik LCIS-based method

Noisy data

ALB. And Greer CPAM 2004

Image Snakes (KWT ‘88)

Droske & Bertozzi – 
geometric corner snakes
2010-SIAM Im. Sci.

Chan-Vese 2001

CV with corners, Gao 
and ALB to appear in 
SIAM J. Imag. Sci.

Idea – segmentation requires a 
regularization
It is analogous to denoising.  
CV, Snakes reduce length of 
curve.
Removes corners as well as 
noise.
Instead regularize with the 
“curve” analogy of TV – 
nonlinear penalization of 
curvature-based functional.
Extend to curve evolution using 
either Lagrangian framework or 
Level sets.
Extends LCIS PDE to an 
intrinsic geometric based 
motion – a nonlinear form of 
surface diffusion. 

Marc Droske and Wenhua Gao
Lou, Bertozzi, Soatto, JMIV 2010

Blurry data ROF deblurring Our method

Uses training 
data

Dictionary based

Inverse problem 
not solved

Fit data to blurred 
dictionary then 
directly unblur

Solves problem of 
amplifying noise 
with solution of 
inverse problem
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appear in SIAM J. Imag. Sci., 2011. 
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