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Description of the "reconstruction problem'’

The reconstruction problem:
How to find a good approximation of a 3D surface

on the base of several images in 2D (and
corresponding projection parameters)?




A minimum s-t cut formulation

Formulating the solution space

A solution surface associates to
every point of the reference

Image a depth value in the
matching volume.

matching volume : MV

reference image -

reference image depth map of
a solution
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A minimum s-t cut formulation
Formulating the solution space

(0,0,0)

D¢ ={0,1,...,ms =1} x {0,1,...,mp— 1}

: Graph representation : V'
The matching space : MS % z : o ek
(Representation of the matching space in N”)

A solution in the graph representation is called "graph surface" and is
defined by a function

f.ct *DL: :.

We denote by F& the set of all graph surfaces. This set describes the
solution space.




A minimum s-t cut formulation

Optimization through energy minimization

E: f(} — R+
E(f%) = +

= Y K€ f%a1,b1) - f(az,bo)|

= Y «(a,b,f%a,b)) (a1,b1),(az,b2)€DC
(a,b)eDE s
where K& e N
optimization problem ) argmin E(fG)
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A minimum s-t cut formulation
Transformation to an s-t cut problem

The reconstruction graph G = (V, E, k)

additinna.l slice

There is a natural one-to-one correpondence between graph surfaces and s-t
cuts with finite values. Additionally the energy of a graph surface is equal to
the value of the correspondent s-t cut.




A minimum s-t cut formulation

Correspondence between graph surfaces and
s-t cuts of finite values
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An s-t cut of finite value splits the vertices into two sets, one in front of a
graph surface and one behind.



A minimum s-t cut formulation

Correspondence between graph surfaces and s-t cuts of finite values

P -
! _%Hls
s < IH Ak

e agraph surface fG

the edges in the corresponding s-t cut

The energy minimization problem reduces to a

minimum s-t cut problem in the graph G.




Objectives of the master thesis

= Empirical and theoretical analysis of different
algorithms for the resolution of the minimum s-t
cut problem.

= Study of border and internal conditions.

= Developement of methods for the resolution of
large scale problems (parallel algorithms, ...).

= |mplementation of an efficient program allowing
to solve reconstruction problems and to apply
different proposed methods. -




Analysis of flow algorithms

augmenting path
algorithms

preflow-push

—~

General labelling algorithm and
Edmonds-Karp algorithm

Dinic's algorithm
Capacity scaling algorithm
MA-orderings

Algorithm of Goldberg and Rao
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Analysis of flow algorithms

Preprocessing

We developed two fast preprocessing methods allowing to speed
up augmenting path algorithms when working with large
capacities. The idea is to solve a preliminary problem where we
consider only a subset of the smoothness arcs.

Performance

Examples with about 5'000'000 vertices have a typical
computational time between 20 seconds and 1 minute.

Compared to a known existing implementation, we only need
about a third of the time for solving a reconstruction problem.
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Disparity reduction

A formulation allowing to reduce the disparity range was proposed.
Border and internal conditions can be seen as a special case of this
depth reduction.

Advantages of our formulation:
& Ihe size of the graph is reduced.

& We retain the rectangular graph topology.
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Disparity reduction

Theoretical results and consequences

A theoretical study of the disparity reduction technique allowed us to:

« Characterize errors in subproblems.

« Propose a method for finding local upper and lower bounds of the
optimal solution.

Characterization of errors in subproblems
Errors always originate from borders where we cut the image.
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