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3D scene representation with camera networks

|

AApplications:

- 3DTV, surveillance, etc.

AProblems:

- Compression
- 3D scene reconstruction
- Obiject recognition

E 3D scene ¥, * =

Yyvyvy

Compressed images

.

»

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
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Sparse signal approximations

Sparse approximatio
functions (atoms):

n with an overcomplete dictionary of

y= > zp¢p+n=Lrc+n

kel
y: signal of dimension

N, K KN

{®r } 1 1s a set of atoms chosen from an overcomplete
dictionary D = {¢n } of size > N

Coding the sparse approximation: sendx; and k
Approximations of two correlated images:

y1 = Preq -

- 11

yo2 = Prco -
Q: How are atoms in

— 712
|, and I, correlated?
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Correlation model with geometric dictionaries

Dictionary construction:
Apply a unitary operator U (v) to a generating function g(8, ©)

Atom indexes: v = (7, v, 1, ae&e [
VioX
translations rotations anisotropic scaling

gy =U)9g= D = {¢r} = {gy}er

Any two atoms in the dictionary can be related by a local geometric
transform = parameter transform

gv; = F(g9v) =U(Y)gy; = U 0vi)g
Correlated sparse image decompositions

Subset of atoms (features) prominent in both images: J1 € I1,J> € Io
and correlated under local transforms F;

yo = > x;Fi(di) + D wopdr +mo
1€J1 kely\Jo
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Correlation in multi-view images

i Sparse components in images correlated by local transforms:
A G, inview 1; hfyjin View 2; g, h»)/j D

original atoms g, hy; transforms hy; = F(g;)

°. — . ; ; ; ; ; : —— rtranslations
°° | I | l : : : : : : — ScaIeS

frames

Defining the multi-view correlation model = defining which local transforms
are possible under multi-view geometry constraints!

Af\/\f\r\
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Epipolar geometry constraint on atoms

The epipolar constraint

- two corresponding feature points: Z1 on g+; and z-on h'Yj satisfy:

R,T relative camera pose

3D object Camera |

0

possible atoms positions

ray Li
C. projection of L i

[possible candidates) all atoms positions

Camera 2 ®

atom Fu~ . lies on
the eplpofar line
given by the g;
position of atom
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Atom pairing

Problem statement: Given g~;,~: = (r;,v;,%;, oy, 3;) € I,
find hry y 1§ — (Tja j:wjﬂ _]76_]) EIQ such that h/-)/ == F(g/}/,’/)
where g~; and h~; satisfy two correlation constraints:

1. epipolar constraint: m;-FTRmz- =0 A
m, and m; : atom centers, defined with (7, v;) and (75, V)
Epipolar candidates set:
N r%.E = {'yj|h,7j = U('y’)g»yi,m?TRmi =0}cCr Y

(2. shape similarity: shape indexes @ = [¢) o« B]1 N

d(v;, U —Inf/ du|| <1 . _rE d

( 3 j) L” Li; || || I_,L_ I_?: ﬂri
ng path on the parameters manlfold from v; to 'uj Find 'Yj in the
Shape candidates set: intersection [;

\ ILd — {’YJVM’ = U g, d(¥;, ¥ i) <lyCr -
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Multi-view coding with side information

Slepian-Wolf coding with the proposed correlation model

% Slepian-Wolf R Z H(h’77|g'Yz) h”Yj

Encoder

Decoder

Q%'T

Given side-information g-; , possible h; satisfy the
epipolar and shape constraints = v; € I';
achievable rate:

R > H(vjlv;ely), | <<|I|

ldea: design a coding method where

encoder sends some additional information so that decoder can
distinguish among possible transforms

IVV Vv’\\
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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 (’T, 1/) AN DEE@?/ISP%- {C"'}, QUANTIZER —»
SITION

Shape cosets:

{’Yn}‘
of shape parameters (), a, 3) >
. Coset design: o (o) [T b,
Interleaved vector quantization

. (tm, oo, Bn) l
on a rectangular lattice . Shape cosets [
T
/‘(L?b DE(FZ)/S?ASF’EO {Ou} QUANTIZER —»

Coefficients:
guantized and sent directly

WZ encoder
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Wyner-Ziv decoder

Decoding algorithm: )
{én} SPARSE |

1. Atom pairing | PEQUANTIZER STRUCTION |

[

2. Disparity map estimation
sparty map Gt ]
3. Side information |
construct.lon by disparity ;cn C‘E o~ \w }
mappmg- yt?“ 4”; DECODER ‘ :
4. Decoding of rest of the B
atoms: Y4 e
5. Reconstruction of the DPPATE
image: Y2 | ]
~ | R SPARSE  |7/o
Yo = Yq _|_ AWV d Yir —» DEQUANTIZER {En}w JRECON- =+
Wd: orthogonal complement to the basis formed 1
by the decoded atoms WZ decoder

A : optimization parameter
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Disparity map estimation

Our correlation model matches similar patches in multiple
views under various local transforms
translations, rotations, anisotropic scaling

this can be used for disparity map estimation!

Relate point z1 on 9~; with its transformed point Z5 on ey,

closed form relation: | zo = R{jl : U(R%- - Z1)

R~.and R, are rotation matrices given by Euler angles (735 Vis 3)
and (Tj, Vi, ¢j)
Function u(-) can be obtained in a closed form as a function of
Z1 and 7
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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 dg g is the symmetric epipolar distance between zqand Z-

_: Euclidean
dsp(z1,22) = \/d(zla Czy) + d(22,Czy) distance

. epipolar circle

weight of point Z1 on the atom

In case of multiple candidates in  decoder chooses the
atom with the smallest
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