N

N

Convergence Real-Virtual thanks to Optics & Computer
Sciences

Xavier Granier

» To cite this version:

Xavier Granier. Convergence Real-Virtual thanks to Optics & Computer Sciences. 4th Sino-French
Symposium on Virtual Reality, Aug 2015, Xi’an, China. 2015. hal-01388310

HAL Id: hal-01388310
https://inria.hal.science/hal-01388310
Submitted on 16 Nov 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://inria.hal.science/hal-01388310
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Convergence Real=-Virtual
Enanis to
Optics & Computer Sciences

Xavier Granier

Sino-French Symposium 2015



Spatial Augmented Reality

La torcia rivelatrice

Con un dito ridai ai marmi i colori antichi.

The revealing torch
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Give back the marbles their ancient colors with your finger.

%a, Mercati di Traiano
8 ¥ Museo dei Fori Imperiali
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Convergence between real & virtual

[¥L0Z Je1uelD — Jsiney — jopiy]
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Convergence between real & virtual

Columbia University 2008
Sino-French Symposium 2015



A unique representation
in @ hybrid systems

Direct Light Field
Lighting Camera

View Light Field
Camera Projector

Lens
Array

Cossairt — SIGGRAPH 2008
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Convergence Real-Virtual

A of light interactions

®

o Physics and Optics laws
o Sensors characteristics (physical & human)

® : models & algorithms

Real World Light Intéractions Virtual World
Optics Digital

Acquire | odel

Render | Display
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Convergence Real-Virtual

A of light interactions
o Physics and Optics laws
o Sensors characteristics (physical & human)

: models & algorithms

Real World . Light Interactions ©  Virtual World
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Render / Display
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MANAO team-project: a bridge

Axe IV: Computational Optics & Mixed Reality
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Team: Image & Sound
Group: Acquisition & Visualization
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Convergence Optics & Computers

4 Challenges

1. Simulation
2. Tools for desigh & Co-design
3. Hybrid systems

4. Certifications

e Systems, tools

e Simulations

Sino-French Symposium 2015 @




Interactive simulation of transfers
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Conception : BRDF orientation field

 Theoretical analysis « Optimization
— BRDF orientiation field — Orientation field
— Highlight tangent field — To obtain highligths

[Raymond — Barla — Guennebaud
— Pacanowski — Granier 2014]
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Co-Design
High-dimensional Imaging
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Computer

Computer
Graphics
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Contrastand image created by combining
LED and LCD images.
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Light-Field Acquisition

Subject
Main lens
Photosensor
Microlens
array
Subject

Main lens
Photosensor

SIGGRAPH 2005 & TR 2005-02: Ng, Levoy, Brédif, Duval, Horowitz & Hanrahan
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Co-design: Plenoptique Imaging

Emmy
Noether-

U - d [Manakov — Retrepo — lhrke 2013]
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Generalized plenoptic imaging

* Many copies of the same view

- HDR
- Spectral Imaging
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How to make many copies

* Directly a diffuser
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How to make many copies

* ... and after a reflection




How to make many copies

e ... and another one




How to make many copies

 Many virtual copies of the diffuser
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Application 1: HDR Imaging

) e E— 5 ) &

Neutral
Density
Filters




Application 1: HDR Imaging




Application 2: Spectral Imaging

Camera

Filtering plane

P

: T
Kaleidoscope /)v Pick-up lenses

Diffuser a
C-mount lens




Application 2: Spectral Imaging
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Imagerie plénoptique généralisée

* Many view-points
- Light-Field

L(x,y,2,1,1,0,t)




How to make many viewpoints

° Remove the diffuser




How to make many viewpoints

* Direct view point




How to make many viewpoints

... and after a reflection




How to make many viewpoints

... and another one




How to make many viewpoints

* Virtual view points




Resulting Image

=
‘_»
?

(32



Application 3: Light field




Reconfigurable Plenoptic Camera

Camera Filters  Kaleidoscope Diffusetens

"
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COEL : Computational Optical Experimentation

Lab

 Experimentation
plateform

— Protyping hybrid systems

— Optical and mecanical components

— Controlable lighting

— Computer resources
« Common effort

— Optic (LP2N)

— Computer Science (Inria) s

Sino-French Symposium 2015



Software ecosystem

Eigen

Linear Algebra & Optimization

S !’"K« I —

; PFStools - ALTA e Patate
'HDR Imaging & Manipulation | Analyze, fit, understand BRDFs Our Computer Graphics results
************ A

HDRsee

HDR GPU-visualization

 For companies & academies

— Historical : Eigen, PFSTools, HDRsee
— Recents : ALTA, Patate
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Certification - ALTA library

" Open-source C++ Library
* Models comparisons (fitting)
* Data analysis
" Plugins
* Easy to extend
* Connections (BRDF Explorer)
= Scripting
= Alpha version

* Open Data format (MERL, ASTM) —
* Non-linear approximation ¢

* Rational functions
* Analytic BRDFs R
* Moment analysis

[Pacanowski — Guennebaud — Barla 2014]
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Conclusion

« Convergence of Virtual - Real Worlds
— From Acquisition to Display
— Need of hybrid tools: Optics + Computer sciences
 Challenges
1. Simulation
2. Tools for design & Co-desig
3. Hybrid systems

4. Certifications

Sino-French Symposium 2015
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