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Relevant keywords about ISPR/ComSee

Topic 1 : Threedimensional Reconstruction of Rigid
Scenes and Vision-Based Metrology

Topic 2 : Visual Identification and Tracking
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ISPR/ComSee: Relevant Keywords

ComSee members (Jun. 2013): (36)
Permanent members: 9 researchers
Non permanent members: 16 Phd, 5 PostDoc, 1 Engineers
5 associate professors
Publications (2007-2010):
20 International journals articles
96 articles in International Conferences
Publications (2010-2012):
10 International journals articles
78 articles in International Conferences
Patents, 2007-2010 (Systems and softwares): 5
Current funded projects: 6 ;“'
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Computer Vision: Definition

Computer vision is a field that includes methods
for acquiring, processing, analyzing, and
understanding images and, in general, high-
dimensional data from the real world in order to
produce numerical or symbolic information, e.g., in
the forms of decisions

Processing
High

Acquiring Dimensional Analyzing
data

Understanding
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Computer Vision: State of the art

1950: Image processing
1960: first image processing algorithms

?. 57

binary and edge
based technics
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Computer Vision: State of the art

1990: projective geometry, a major
contribution to Computer Vision

Parallel Lines

Computer Vision: State of the art

¥
Drawing Plane

>2000: toward robust and realtime

T. Chateau ComSee, Pascal Institute, 2005
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Computer Vision: State of the art
>2000: Learning based methods
| \ l" e 4
T Chateau Deep learning ]
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Why Computer Vision is Challenging ?

o what about the animal vision system ?
e perspective projection (from 3D to 2D)
e object reflectance

e visual features

T. Ch:
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Why Computer Vision is Challenging ?

what about the animal vision system ?

predator: stereoscopic
Tcracas  Prey: 360° field of view  VISION 5
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Why Computer Vision is Challenging ?

perspective projection (from 3D to 2D)

e
9
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Why Computer Vision is Challenging ?

Scene rendering : the direct problem

Produce an image from parameters

Image
Camera Light Source
6 3

4
1 /
View Ray // Shadow Ray

Scene Object

Wikipedia

T. Chateau
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Why Computer Vision is Challenging ?

exemples of virtual images

1
:

Aot Dseial, 2002
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Why Computer Vision is Challenging ?

Computer Vision: the inverse problem

Estimate parameters from images

Image

Camera

Wikipedia

T. Chateau Institut Pascal
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Why Computer Vision is Challenging ?

Image
Camera Light Source

p;
ViewRay Shadow Ray

Scene Object

To solve the inverse problem, we need
to extract image features

Wikipedia
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Why Computer Vision is Challenging ?

visual features:
edges

T. Chateau




Why Computer Vision is Challenging ?

visual features:
edges

T. Chateau

Why Computer Vision is Challenging ?

visual features:
shadow

Why Computer Vision is Challengmg ?
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visual features:
texture
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Why Computer Vision is Challenging ?

Relevant human features for still
images
- Edges
- Shadow

- Texture and color

T. Ch:
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Why Computer Vision is Challenging ?

Most popular geometric features used in Computer
Vision
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Why Computer Vision is Challenging ?
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Why Computer Vision is Challenging ?

Interest Points

T. Chateau Institut Pascal
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Why Computer Vision is Challenging ?

But: should we rely on human vision?

T. Chat
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Why Computer Vision is Challenging ?

Should we rely to the human vision ?

S I ISONS

T. Chateau
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Que voyez-vous entre les carrés ? Du gris ?
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Why Computer Vision is Challenging ?

Should we rely to the human vision ?

which is the Tongest table ?

Why Computer Vision is Challenging ?

Should we rely to the human vision ?

which is the darkest square between A and B?

Edward H. Adelson

T. Chateau
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Why Computer Vision is Challenging ?
Should we rely to the human vision ?
which is the darkest square between A and B?
T. Chateau b‘
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Typical tasks in Computer Vision

Image Processing

Object detection and tracking
2D geometry

3D geometry

Typical tasks in Computer Vision

Image Processing/Analysis

for medical applications

T. Chateau
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Typical tasks in Computer Vision
Image Processing/Analysis

Original Noisy image Denoised image

denoising

P

T. Chat
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Typical tasks in Computer Vision

Image Processing/Analysis

original mask image

Inpainting

T. Chateau

result
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Typical tasks in Computer Vision

L] re - A

face detection

T. Chateau
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Typical tasks in Computer Vision

Object detection and tracking

pedestrian detection

L
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Typical tasks in Computer Vision

Object detection and tracking
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object tracking: meanshift

T. Chateau
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Typical tasks in Computer Vision

Object detection and tracking MOT: Multi objects tracking

Application de Suivi Multi-Objets

T. Chateau ComSee, Pascal Institute, 2009
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Typical tasks in Computer Vision

2D geometry

1"

Interest point matching

T- Chateau Institut Pascal ~ Fascal

Typical tasks in Computer Vision

2D geometry: 2D pattern tracking

V. Lepetit, EPFL, Lausanne, 2006
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Typical tasks in Computer Vision

2D geometry: video stabilization

before after

Pascal Institute, France, 2006

T- Chateau Institut Pascal ~ Fascac

Typical tasks in Computer Vision

2D geometry: augmented reality

0 ol

ComSee, Pascal Institute, France, 2011

T. Ch: '
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Typical tasks in Computer Vision

3D geometry

2D interest

points
3D
model
2D/3D
optical 5 matching
center
Image 5
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Typical tasks in Computer Vision

3D geometry: 3D reconstruction

M. Lhuillier, 2002

4 T

T. Chateau Institut Pascal

Typical tasks in Computer Vision
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Typical tasks in Computer Vision

3D geometry: 3D reconstruction

_ e
ComSee Pascal Institute/Cea, France, 2005 ;”
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ISPR/ComSee: 3D-Localisation

Monocular based localisation for automatic guidance

Step 1: supervised guidance and video recording

Visual Memory: Matching

Step 2: 3D reconstruction

* Interest point detection (1500 per image)
» Correlation ZNCC (11x11 pixels ROI)

image t image t+1

Visual memory: interest points detection

Step 2: 3D reconstruction

Interest point detection

Visual Memory: key images selection process

Step 2: 3D reconstruction

+ Key images:
— far enough to produce a precise 3D reconstruction
— close enough to keep matching points.

.“«@

6 |

Nb matching > M

Nb matching > N N=300, M=400

1"




Visual Memory: 3D textured points Visual Memory: 3D points

Step 2: 3D reconstruction Step 2: 3D reconstruction

10'm°

10 meters

—a

3D reconstructed poi.nts
(125 m. 172 kev imaaes. 23000 3D points) (125 m, 172 key images, 23000 3D image)

Visual based localization Processus Innovant : Guidage Temps Réel vidéo

Step 3: realtime online localization

Visual memory
3D patchs

2D/3D matching
and localization

Camera
localization
6 dof

Realtime localization (15 fps) — precision: 10cm
Eric Royer, Maxime Lhuillier, Michel Dhome and Thierry Chateau, Localization in urban
environments : monocular vision compared to a differential gps sensor. IEEE CVPR2005,
Computer Vision and Pattern Recognition. San Diego, USA, June 2005

Current image

20 21




Expérimentation en milieu urbain : Place de jaude

Clermont Fd downtown ”

ISPR/ComSee: 3D-Localisation

Monocular based localisation for automatic guidance

Toward the Vipa Project: using two cameras (rear-front)

s

ISPR/ComSee: 3D-Localisation

Monocular based localisation for automatic guidance

Toward the Vipa Project: using two cameras (rear-front)

Typical tasks in Computer Vision

3D geometry: localisation, augmented reality

CVlab, EPFL, Lausanne h
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Typical tasks in Computer Vision

3D geometry: localisation, augmented reality,

ComSee, Pascal Institute/Cea, France, 2013

Institut Pascal
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Typical tasks in Computer Vision

3D geometry: localisation, augmented reality,

ComSee, Pascal Institute/Cea, France, 2011

T. Chateau Institut Pascal

Typical tasks in Computer Vision

3D geometry: localisation, augmented reality,

ComSee, Pascal Institute /Cea, France, 2011

T. Chateau Institut Pascal

Typical tasks in Computer Vision

And many other applications ...

1. Chatan Lasmea/France
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Computer Vision Systems

®|mage acquisition
®Pre-processing

e Feature extraction

e Detection, segmentation

eHigh level processing

T. Chateau

Computer Vision Systems

L7

Image acquisition:

T. Chateau

sensors

©
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Computer Vision Systems

Rolling shutter Vs Global shutter

T. Chateau

Computer Vision Systems

color cameras

Lens Bayer sensor

filter

T. Chateau

Sensor
RAW

Image
processor

JPEG

output
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Kinect 1 : structured IR active camera

Depth

Depth Image
CMOS

IR light

Color @B Mandatory
Color Image & Optional
CMOS

2
microphones
Audio <
4 external digital
audio sources.
use2.0
°
v Na
69 P
T. Ch: -
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Kinect 1 : structured IR active camera

Scene

sour a - .
1R hght
SMIOUICE  iandard

Light Coding /'? CMOS Servor_ PS108050C
¥ /)-,

Scene projected

by nisbie I ght

Scene Depth Image

Kinect 1 : structured IR active camera

T. Chateau
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Kinect 2 : time of flight camera
AP
A The light is reflected from a surface
éi“/,‘ >
~ "
An active illumination unit sends out light
Wanted: distance d from the camera to the object
72 5

T. Chateau
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Kinect 2 : time of flight camera

IR Emitter
, ]
Ny :
NN o L
, v |,
Object Depth = %% A DDD Sensor
T Chateau Institut Pasc:ls t

Kinect 2 : time of flight camera

74
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Kinect 2 : time of flight camera

q
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Kinect 2 : time of flight camera

1.) Low Resolution

3D-Scan of a Room

T. Chateau Institut Pascal ~ FAsca
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Kinect 2 : time of flight camera

77.';
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plenoptic cameras

78b
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Computer Vision Systems

Image acquisition: communication

S USB 4

FireWire
GIGABYTE.
!I:IM!IIAI
[ ) £
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Computer Vision Systems

Image processing: hardware

T. Chateau
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Computer Vision Systems

Image processing: software

A pgthon MATLAB o

C/C++

ADD R3, SP, #0x218+var_210
Hou RO, R3 3 char ==
LDR R3, =(aSshpassPSSsh0S - 0x2510)
ADD R3, PC, R3 ; “sshpass -p %s ssh -0 st
Moy R1, R3 ; char =
LDR R3, =(anlpine - Bx251C)
ADD R3, PC, R3 ; “alpine"
OBJECTIVE-C HoU R2, R3
LDR R3, [SP,HBx218+var_214]

P
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Further Readings (from wiki)

= Dana H. Ballard and Christopher M. Brown (1982). Computer Vision. Prentice Hall.
1SBN 0131653164.

= David Marr (1982). Vision. W. H. Freeman and Company. ISBN 0-7167-1284-9.

= Azriel Rosenfeld and Avinash Kak (1982). Digital Picture Processing. Academic Press.
1SBN 0-12-597301-2.

= Berthold Klaus Paul Horn (1986). Robot Vision. MIT Press. ISBN 0-262-08159-8.

= Olivier Faugeras (1993). Three-Dimensional Computer Vision, A Geometric Viewpoint. MIT Press.
ISBN 0-262-06158-9.

= Tony Lindeberg (1994). Scale-Space Theory in Computer Vision. Springer. ISBN 0-7923-9418-6.

= James L. Crowley and Henrik |. Christensen (Eds.) (1995). Vision as Process. Springer-Verlag.
1SBN 3-540-58143-X and ISBN

= Gosta H. Granlund and Hans Knutsson (1995). Signal Processing for Computer Vision. Kluwer
Academic Publisher. ISBN 0-7923-9530-1.

= Reinhard Klette, Karsten Schluens and Andreas Koschan (1998). Computer Vision - Three-
Dimensional Data from Images. Springer, Singapore. ISBN 981-3083-71-9.

= Emanuele Trucco and Alessandro Verri (1998). Introductory Techniques for 3-D Computer Vision.
Prentice Hall. ISBN 0132611082.

= Milan Sonka, Vaclav Hlavac and Roger Boyle (1999). Image Processing, Analysis, and Machine
Vision. PWS Publishing. ISBN 0-534-95393-X.

= Bernd Jahne and Horst HauBecker (2000). Computer Vision and Applications, A Guide for Students
and Practitioners. Academic Press. ISBN 0-12-379777-2.

= Linda G. Shapiro and George C. Stockman (2001). Computer Vision. Prentice Hall.

ISBN 0-13-030796-3.
T. Chateau
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Further Readings (from wiki)

= Bernd Jéhne (2002). Digital Image Processing. Springer. ISBN 3-540-67754-2.

= David A. Forsyth and Jean Ponce (2003). Computer Vision, A Modern Approach. Prentice Hall.
1SBN 0-13-085198-1.

= Richard Hartley and Andrew Zisserman (2003). Multiple View Geometry in Computer Vision.
Cambridge University Press. ISBN 0-521-54051-8.

= Gérard Medioni and Sing Bing Kang (2004). Emerging Topics in Computer Vision. Prentice Hall.
ISBN 0-13-101366-1.

= Tim Morris (2004). Computer Vision and Image Processing. Palgrave Macmillan.
1SBN 0-333-99451-5.

= E. Roy Davies (2005). Machine Vision : Theory, Algorithms, Practicalities. Morgan Kaufmann.
ISBN 0-12-206093-8.

= R. Fisher, K Dawson-Howe, A. Fitzgibbon, C. Robertson, E. Trucco (2005). Dictionary of Computer
Vision and Image Processing. John Wiley. ISBN 0-470-01526-8.

= Nikos Paragios and Yunmei Chen and Olivier Faugeras (2005). Handbook of Mathematical Models in

r Vision. Springer. ISBN 0-387-26371-3.

= Wilhelm Burger and Mark J. Burge (2007). Digital Image Processing: An Algorithmic Approach Using

Java. Springer. ISBN 1846283795 and ISBN 3540309403.

= Pedram Azad, Tilo Gockel, Rudiger Dillmann (2008). Computer Vision - Principles and Practice.
Elektor International Media BV. ISBN 0905705718.

T. Chateau
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