
A Geometrical Framework for 

Distributed Coding of Multiview 

Images

Ivana Toġiĺand Pascal Frossard

EPFL ïLTS4

EPFLïSignal Processing Institute ïLTS4

http://lts4www.epfl.ch

Workshop on Recent Advances in Distributed Video Coding

November, 6th



2

Outline

¸ Problem description

- 3D scene coding with distributed vision sensors

¸ Correlation model in multi-view images

¸ Multi-view coding:

- Practical Wyner-Ziv coding scheme

- Disparity estimation

¸ Experimental results

¸ Dealing with occlusions

¸ Conclusions
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3D scene representation with camera networks

¸ Distributed coding is advantageous in camera networks:

- no inter-camera communication, no central encoder

¸ Our work:
- Correlation model among multi-view images: necessary for efficient 

distributed coding!

- In particular: omnidirectional images mapped to spherical images

- Methodology: sparse image approximations

ÅApplications: 
-3DTV, surveillance, etc.

ÅProblems:
-Compression

-3D scene reconstruction

-Object recognition
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Sparse signal approximations

¸ Sparse approximation with an overcomplete dictionary of 

functions (atoms):

- y: signal of dimension N, 

- is a set of atoms chosen from an overcomplete 

dictionary                     of size

¸ Coding the sparse approximation: send     and 

¸ Approximations of two correlated images:

¸ Q: How are atoms in I1 and I2 correlated?
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Correlation model with geometric dictionaries

¸ Dictionary construction:
- Apply a unitary operator            to a generating function

- Atom indexes:

- Any two atoms in the dictionary can be related by a local geometric 

transform = parameter transform

¸ Correlated sparse image decompositions
- Subset of atoms (features) prominent in both images:                           

and correlated under local transforms

rotationstranslations anisotropic scaling
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ï Sparse components in images correlated by local transforms:

Á in view 1;         in view 2; 

original atoms 

frames
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Correlation in multi-view images
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Defining the multi-view correlation model = defining which local transforms 

are possible under multi-view geometry constraints!
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Epipolar geometry constraint on atoms

¸ The epipolar constraint

- two corresponding feature points:      on        and      on        satisfy:

R,T  relative camera pose

atom         lies on 

the epipolar line 

given by the 

position of atom
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Atom pairing

¸ Problem statement: Given        ,                                        , 

find        ,                                        , such that                         ,

where        and        satisfy two correlation constraints:

1. epipolar constraint:

mi and mj : atom centers, defined with               and 

¸ Epipolar candidates set:

2. shape similarity:  shape indexes

: path on the parameters manifold from      to

¸ Shape candidates set:
Find       in the 

intersection 
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¸ Slepian-Wolf coding with the proposed correlation model

¸ Given side-information      , possible       satisfy the 

epipolar and shape constraints

- achievable rate: 

¸ Idea: design a coding method where

- encoder sends some additional information so that decoder can 

distinguish among possible transforms

Slepian-Wolf

Encoder
Decoder

Multi-view coding with side information
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Wyner-Ziv encoder

¸ Encoding: Coset coding of atom parameters

- partition the dictionary by two types of cosets:

¸ Position cosets: 

of  atom positions 

¸ Shape cosets: 

of shape parameters 

- Coset design:

interleaved vector quantization

on a rectangular lattice

¸ Coefficients: 

quantized and sent directly

WZ encoder
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Wyner-Ziv decoder

¸ Decoding algorithm: 

1. Atom pairing

2. Disparity map estimation

3. Side information 

construction by disparity 

mapping: 

4. Decoding of rest of the 

atoms: 

5. Reconstruction of the 

image:

: orthogonal complement to the basis formed

by the decoded atoms

: optimization parameter

WZ decoder
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Disparity map estimation

¸ Our correlation model matches similar patches in multiple 

views under various local transforms

- translations, rotations, anisotropic scaling

¸ Relate point      on        with its transformed point      on

- and       are rotation matrices given by Euler angles                     

and  

- Function            can be obtained in a closed form as a function of 

and
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this can be used for disparity map estimation!

closed form relation:



13

Symmetric epipolar atom distance

¸ The closed form for the disparity map: useful to evaluate the 

epipolar distance between transformed atoms

¸ We define the symmetric epipolar atom distance:

- where          is the symmetric epipolar distance between      and

- weight of point       on the atom

¸ In case of multiple candidates in      decoder chooses the 

atom with the smallest 

: Euclidean 

distance

: epipolar circle
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