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Overview

@ Image Processing
® Denoising
® Segmentation
® Registration

e
@ Object recognition
® Object classification
@ Motion estimation
-



Denoising by a linear and a non-linear
diffusion process

linear
diffusion

non-linear
diffusion
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Diffusion PDE

Initial iImageu, : Q —[0,]]

0,u—div(G(Vu_)Vu)=0 in R xO
u(0)=u, in Q
0,u=0 on R* x 00
e linear
G(v) =1 Q(XJ

e isotropic non-linear
G(v) =g(l[v]) scalar

e anisotropic

G(V) — BT (V)(gl((I)IVIl) 0 )B (V)

g, (V)




Denoising by anisotropic diffusion




Segmentation by the level-set method




Level-set equation

Initial Image and level - set function p, ¢, : Q2 —[0,]1]

o+ t7[p,@]- V=0 in R xQ
(0(0):(00 n Q

The level-set is driven by different forces f°[p, @] =

filplme  +  flolwym  + &

image based internal forces dependent forces, e.g.
forces dependent on the form of level-sets, an advection field
on p,Sp e.g. curvature rfm] from a simulation
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Segmentation by the level-set method
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Registration by a reguralized
gradient flow
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Cascaded gradient flow on a multi-scale

hierarchy
Input imagesT,R: Q2 —[0,]]

Energy measure E[u] :%“T 0(1+U)—R‘2
Q
Gradient regularization Aloc)=1- GTZA
ou+ A(o) " grad , E[u] =0 in R xQ

u(0)=0 in Q

o,u=0 on R* x o
Multi-scaleon T, =S(e")T, R, =S(¢)R
multi-grid Eg 0] . ”T (1 )—R ‘2
regularization AU =5 [1io(lTU)— R, .

: Ma.”
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Registration by a reguralized
gradient flow

11



Local Gather Operation

Step n

Step n+1
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Object recognition by the Generalized
Hough Transform
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Generalized Hough Transform

Generate

poses £ ) Store pose k

of different as a list of _
perspective Q offset vectors 1%
and scale

3D geometry

Draw
Image
with the result
offsets
CH(xy) = > 1€+ 1" y+1) C*(x,y) = C*x,y)/|1*]
i=1
-
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Object recognition by the Generalized

Hough Transform
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Object classification by skeletons
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Adaptive Generalized Distance

Transform
boundary _
coarse image
full solution
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Distance Transforms and VVoronol
Diagrams

&= Generalized weighted Voronoi diagram
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Motion estimation by an eigenvector
analysis of the spatio-temporal tensor
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Motion estimates as weighted least
sguare minimizers
Input imagesequenceu(é):Z —[0,1], Z:=(Q,R"), &:=(x1)

Brightness change constraint equation, one equation two unknowns

=G5 (&5 =d

Local continuity assumption of the flow P gives the minimization problem

I w(& —5')(dT (&) p(é'))T (dT (&) p(é'))df' ~ p' (E)I (&) p(E) > min

J(&) = Lw(g—g')d(g')dT(g')dg' w: = —>[01] weight function

The of the symmetric spatio-temporal 3x3 tensor
J=VAV', V eigenvector basis, A diagonal eigenvaluematrix
gives a as the solution to the minimization problem

p=(2,2 " =% "y egenvector tosmallest eigenvalue

Vi
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Motion estimation by an eigenvector
analysis of the spatio-temporal tensor
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Global Gather Operation
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Coarse Adaptivity — Tiling
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