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3D mesh coding A bio-inspired approach Discussion and challenges

From TV to HDTV...
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! Dif�culties to overcome :
Picture quality degradation caused by the shortening of the relative
viewing distance ! HDTV - H264
How to make such a large screen ! �at-panel displays
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... and beyond

(SUPER HIGH VISION 33 MEGAPIXELS - 24 GIGABITS/S)
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Is there anything left to do in coding ?

From massive to out-of-core data... With billions of faces !

[Rendering of the 940 millions
faces done by I3S lab]

(MICHELANGELO PROJECT - DAVID 940 MILLIONS FACES, FILE SIZE > 20 GBYTES)
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Is there anything left to do in coding ?

From 2D to 3D high resolution rendering

Autostereoscopic screen

Shutter glasses

! Experts in human perception are raising concerns that stereo 3D
TVs could cause eye strain and related health problems.
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Outline

1 3D mesh coding
Problem statement
The semi-regular remeshing
The general coding scheme and applications

2 A bio-inspired approach
The visual perception
The retina : a layered system architecture
Toward a bio-inspired coding algorithm

3 Discussion and challenges
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Problem statement

State of the art
Single rate compression (Lossless)

No asumption on the mesh

Specialized for massive datasets which cannot �t entirely i nto memory

Encoding of connectivity (e.g.Touma-Gotsman, topological surgery, Edgebreaker)
or based on remeshing (e.g. geometry images)

Progressive compression (Lossy to lossless)
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Problem statement

State of the art : Progressive compression

Two kinds of approaches
Based on simpli�cation/re�nement (decimation, edge colla pse,
vertex split)

Based on multiresolution analysis (wavelets)

Objective
Rate-distortion optimization between data size and
approximation accuracy

Marc ANTONINI MULTIMEDIA IMAGE CODING AND PROCESSING GROUP - I3S LABORATORY

Journée GDR ISIS - Action "3D" - Thème D - De l'acquisition à la compression des objets 3D - Edition 2011



3D mesh coding A bio-inspired approach Discussion and challenges

Problem statement

Multiresolution for irregular meshes ?

Two options for computing the transform
Without connectivity modi�cation

e.g. wavelet transform for irregular meshes (Valette, Prost 2004)

A mesh is considered as one instance of the surface geometry
! REMESHING operation

! Create regular and uniform geometry sampling
! Wavelet transform (DWT) for semi-regular meshes
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The semi-regular remeshing

The semi-regular mesh : a multiscale data
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The semi-regular remeshing

Advantage of semi-regularity

Multiresolution structure

Quasi-implicit connectivity (only base mesh connectivity)

Ef�cient compression

Progressive transmission
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The semi-regular remeshing

The most famous semi-regular remeshers

MAPS [Lee et al (1998)]

! A coarse mesh containing geometry and connectivity
! N1 sets of 3D details (ONLY geometry) (3 �oating numbers)

Normal meshes [Guskov et al 2000]

! A coarse mesh containing geometry and connectivity
! N2 sets of 3D details (ONLY geometry) (1 �oating number, i.e., the

normal to the surface)
! MORE COMPACT semi-regular representation

Globally smooth parametrization (GSP) [Khodakovsky et al 2003]

Variational normal meshes (VNM) [Khodakovsky et al 2004]

TriReme [Guskov et al 2007]
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The semi-regular remeshing

Adaptive vs non adaptive re�nements

Remeshing of skull

LEFT Uniform subdivision [Guskov et al. '01]
(262 144 triangles - RMSE = 2:09 � 10� 2)

MIDDLE Original
RIGHT Remeshed with adaptive subdivision (in-house solution)

(140 544 triangles - RMSE = 1:05 � 10� 2)
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The semi-regular remeshing

Multiresolution properties of the adaptive mesh
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The general coding scheme and applications

Coding the semi-regular meshes
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The general coding scheme and applications

DWT for remeshed surfaces : The tools

Butter�y-based wavelet transform (1996)
! A lifting scheme implementation - Interpolating �lter

! The 4-Channels lifting scheme
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The general coding scheme and applications

DWT for remeshed surfaces

Properties for compression
! The connectivity is implicit except for the coarse mesh

! Only the geometry (wavelet coef�cients) must be coded

Optimize the rate-distortion trade-off !
! Bit allocation
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The general coding scheme and applications

Optimal bit allocation algorithm

Objective

Given a rate constraint
P M

i= 1 aiRi � RMAX ,

Determine the optimal set of bit-rates R = f RigM
i= 1

Which minimizes global distortion D(R),

Knowing that D(R) =
P M

i= 1 wiDi (Ri )

Lagrangian optimization : minimize

J(R; � ) =
MX

i= 1

wiDi (Ri ) � � (
MX

i= 1

ai Ri � RMAX )

� : common slope to curves Di (Ri )
hypothesis : Di (Ri ) are convex and monotonic
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The general coding scheme and applications

Measuring error between meshes

Mostly used : The surface-surface distance
The point-surface distance

d(p; M0) = minp02 M0kp � p0k2

The unilateral distance between 2 surfaces M and M0

- RMSE ! �d(M; M0) =
�

1
j Mj

R
p2 M d(p; M0)2dM

� 1
2

- Hausdorff distance ! �d(M; M0) = maxp2 M d(p; M0)

! The symmetrical surface-surface distance

dS(M; M0) = max[�d(M; M0); �d(M0; M)]
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The general coding scheme and applications

Typical results
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The general coding scheme and applications

Human perception and error metric ?
Still an open problem

Cost : QUALINET
EUROPEAN NETWORK ON QUALITY OF EXPERIENCE IN MULTIMEDIA SYSTEMS AND SERVICES

Its main objective will be to develop and to promote methodologies to
subjectively and objectively measure the impact in terms of quality of
future multimedia products and services.

WG1 : Application areas

WG2 : Mechanisms and models of human perception

WG3 : Quality metrics

WG4 : Databases and validation

WG5 : Standardization, certi�cation and dissemination
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The visual perception

Biological vision

Easy for Human... not for computer ! !

Select the images containing a tree Establish a correspondence
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The visual perception

Biological vision

Easy for computer... not for Human ! !

Rectangles with different sizes ? Parallel lines ?
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The visual perception

Biological vision

The visual system pathway

! The retina
Stimulus acquisition
First processing stages
Stimulus encoding
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The retina : a layered system architecture

The retina

A layered system architecture

The retina is a succession of layers.

Light stimuli progresses from the outermost light receptors layer, to innermost
ganglion cells layer
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The retina : a layered system architecture

How neuroscientists can "see" the output of a retina ?

A Micro-Electrod-Array on a Salamander retina
Courtesy of O. Marre from Princeton Neuroscience Institute
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The retina : a layered system architecture

Coding strategy of the retina : still not a solved issue !

How to interpret the neural code ?
Several hypothesis in the literature :

Synchronous/asynchronous �ring, spike timings/spiking r ates,
etc....
The average �ring rate is the most commonly used approach.
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The retina : a layered system architecture

A biologically realistic retina model

"Virtual Retina"
[Wohrer-Kornprobst, Journal of Comp. Neuro. 2009]

! The most complete model which reproduces biologically
plausible raster plots :

Reproduces the behavior of all retina layers.

Involves : spatio-temporal �ltering , gain control, non linearity, and
spike generation mechanisms.
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The retina : a layered system architecture

Analogy to A/D converters

Interestingly
[Masmoudi-Antonini-Kornprobst IEEE ISCAS 2010]

Bipolar cells layer $ gain control stage

Amacrine cells layer $ non linear recti�cation stage

Ganglion cells layer $ spike generation stage
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The retina : a layered system architecture

The spike generation stage

Ganglion cells ! Leaky Integrate and Fire neurons
Ganglion cell is modeled by a leaky integrate and �re (LIF) neuron.

The ganglion cell integrates the input current IG(t ) following :

cG
dV(t)

dt
+ gGV(t) = IG(t ) + � (t ); 8 t 2 [Ti ; Ti+ 1[;

Whenever the ganglion membrane voltage reaches a threshold � value,
a spike is emitted .

Membrane voltage is reset to zero , then restart integrating after a
refractory period :

�
V (Ti ) = �; 8 i > 0; Ti 2 [0; � T [;
V (t) = 0; 8 i > 0; 8 t 2 [Ti ; Ti + Tref [:
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The retina : a layered system architecture

Dynamic system behavior along time

Early vision...
Rapid but rough estimation
of input stimuli

Suitable for fast
categorization tasks

... re�nement along time
The non linearity is
accentuated

High magnitude stimuli well
rendered

[Masmoudi-Antonini-Kornprobst AREADNE, 2010]
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Toward a bio-inspired coding algorithm

Toward a bio-inspired coding algorithm

Model

DoG used for analysis
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Toward a bio-inspired coding algorithm

A coding/decoding result

Short term vision (� 50 ms)

20ms (0:02bpp) 30ms (0:4bpp) 40ms (0:7bpp) 50ms (0:8bpp)
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Discussion - Challenges

Meshes and animations
Deal with complex objects and/or more detailed (out-of-core)

Demo QUANTIZER TECHNOLOGY : Real-time displaying of millions
of polygons !

Take into account human visual perception

Bio-inspired coding solutions
Cracking the neural code :

An important issue encountered in the study of spike-like codes is
to decode them.

Propose ef�cient bio-inspired image and video coding

Toward bio-inspired 3D coding ?
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Thank you ! !
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