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C’est quoi la vision artificielle?

* La vision par ordinateur consiste a utiliser des techniques informatiques pour extraire des
informations significatives a partir d'images ou de vidéos. Cela permet a des systemes
automatisés de "voir", comprendre, et réagir a leur environnement visuel.

Quel genre de scene?
Ou sont les voitures ?

A quelle distance se trouve le
batiment ?



Systeme de vision artificielle

a) Acquisition d'Images

cameéras, scanners, vidéos, drones,
etc.

Les images sont ensuite converties
en données numériques (pixels)
que l'ordinateur peut traiter.

b) traitement de I'lmage

Filtrage, Segmentation, détection
de contours,Points
caracteristiques, descripteurs

c) Reconnaissance et Classification
Algorithmes d'apprentissage
automatique.

CNN: Une architecture
couramment utilisée pour traiter
les images, en imitant le
fonctionnement du cortex visuel
humain.

Human Vision System

Senting device responsitie for

capturing images of
the erwironment

bowl, oranges,

Interpreting device responsible for
understanding the image content

Computer Vision System

Sensing device

Interpreting device Output




* Objectifs de la vision artificielle
 Comprendre et interpréter des images.

e Automatiser des taches visuelles qui nécessitent normalement une
intervention humaine.

La vision est vraiment difficile
* Permettre l'interaction machine-environnement basée sur la vision.
* La vision est une caractéristique étonnante de l'intelligence

* La vision occupe plus de place chez I'humain que dans toute autre
chose



Pourquoi la vision par ordmateur est-elle
difficile ?

The state of Computer Vision and Al: we are really, really far away.
Oct 22, 2012



* Ou cette photo a-t-elle été prise ?

 Combien de personnes y a-t-il ?

* Que font-elles

e Sur quel objet se tient |la personne a gauche ?

* Pourquoi cette photo est-elle dréle ?



Occlusions

Apparence intra-
classe

. .
Point de vue



Defis : variation Intra-classe




Histoire de |la VA
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Marvin Minsky, MIT
Turing award, 1969

“En 1966, Minsky a embauché un
étudiant de premiere annee de
licence et lui a assigné un probleme
a résoudre pendant I'eté :connecter
une camera a un ordinateur et faire
en sorte que la machine décrive ce

gu'elle voit.”
Crevier 1993, pg. 88



MASSACHUSETTS INSTITUTE OF TECHNOLOGY

PROJECT MAC
Artificial Intelligence Group July 7, 1966
Vision Memo. No. 100,
THE SUMMER VISTON PROJECT Half a century later,
Seymour Papert we're still working on it.

The summer vision project is an attempt to use our summer workers
effectively in the construction of a significant part of a visual system.
The particular task was chosen part%! because it can be segmented into
sub-problems which will allow individuals to work independently and yet
participate in the construction of a system complex enough to be a real

landmark in the development of “pattern recognition!l.



Application: detection de visage (Face
detection)




Face recognition

Photos: Suggest Tags

This helps your friends label and share their photos, and makes it easier to find out when photos of you are posted.

g |

Suggest photos of me to friends Disabled v
When photos look like me, suggest tagging me

Enabled
This feature uses a comparison of photos you're tagged in to suggest that friends tag you in new photd  Disabled

Facebook face auto-tagging



Smile Detection

The Smile Shutter flow

Imagine a camera smart enough o catch every smile! In Smile Shutter Mode, your Cyber-shot®
camera can automatically trip the shutter at just the right instant to cafch the perfect expression.

Smile Captured!

Smile Captured!

Sony Cyber-shot® T70 Digital Still Camera Slide credit: Steve Seitz



http://www.sonystyle.com/webapp/wcs/stores/servlet/ProductDisplay?catalogId=10551&storeId=10151&productId=8198552921665200469&langId=-1

biometrie

“How the Afghan Girl was Identified by Her Iris Patterns” Read the story wikipedia

Slide credit: Steve Seitz



http://www.cl.cam.ac.uk/~jgd1000/afghan.html
http://en.wikipedia.org/wiki/Afghan_Girl_(photo)

Vision-based Biometrics

Touch ID.
Advanced security.
Right at your fingertip.

Touch 1D lets you unlock your phone and make purchases with

Apple Pay simply by using your fingerprint. It uses highly

sophisticated algorithms to recognize and securaly match your
fingerprint. And the improved Touch 1D sensor detects your
fingerprint even faster than the previous generation.

Learn more about Apple Pay »



Optical Character Recognition (OCR)

 Technologie permettant de convertir des documents numérisés en
texte
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Digit recognition, AT&T labs License plate readers
http://www.research.att.com/~yann/ http://en.wikipedia.org/wiki/Automatic_number_plate_recognition
Slide credit: Steve Seitz



http://www.research.att.com/~yann
http://en.wikipedia.org/wiki/Automatic_number_plate_recognition

Computer vision in sports

W OFFICIAL
ROLE REVIEW

Hawk-Eye: helping/improving referee decisions



https://en.wikipedia.org/wiki/Hawk-Eye

Visual recognition for photo organization

Automatically organized Search by what
by what matters you remember

Google photo



3D from thousands of images

[Furukawa et al. CVPR 2010]



http://www.cs.wustl.edu/~furukawa/papers/cvpr10.pdf

Style transfer

Source image (Style) Target image (Content) Output (deepart)

A Neural Algorithm of Artistic Style [Gatys et al. 2015]



http://arxiv.org/pdf/1508.06576.pdf
http://www.deepart.io/

Special effects: Shape capture

The Matrix movies, ESC Entertainment, XYZRGB, NRC

Slide credit: Steve Seitz



Vision In space

NASA'S Mars Explorationover Spirit captured this westward view from atop
a low plateau where Spirit spent the closing months of 2007.

Vision systems (JPL) used for several tasks

« Panorama stitching

« 3D terrain modeling

» QObstacle detection, position tracking

* For more, read “Computer Vision on Mars” by Matthies et al.



http://www.ri.cmu.edu/pubs/pub_5719.html
http://marsrovers.jpl.nasa.gov/gallery/images.html

Industrial robots

Vision-guided robots position nut runners on wheels

http://www.automationworld.com/computer-vision-opportunity-or-threat



http://www.automationworld.com/computer-vision-opportunity-or-threat

Medical imaging

Image guided surgery

3D imaging
MRI, CT



Computer vision for the mass

Nigeria, estimated daily per capita expenditure (2012-2015)
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Formation d’image
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Formation d’image

RN T

a/b CMOS sensor

FIGURE 2.17 (a) Continuos image projected onto a sensor arrayv. (b) Result of image
sampling and quantization.
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Comment un pixel obtient-il sa valeur

Facteurs principaux

* Intensité et direction de I'éclairage , Light emitted

e Géométrie de la surface | Light reflected to

camera

* Matériau de la surface
 Surfaces proches

* Gain/exposition de la caméra Sensor




Que nous disent les différences d’intensité
sur la forme ?

* Modifications de la normale de surface
* Texture

* Proximité
* Indentations et bosses
* Rainures et plis

Photos Koenderink slides on image texture and the flow of light



Images in Matlab

* Images represented as a matrix

* Suppose we have a NxM RGB image called “im”
—im(1,1,1) = top-left pixel value in R-channel
— im(y, x, b) =y pixels down, x pixels to right in the bt channel
— im(N, M, 3) = bottom-right pixel in B-channel

* imread(filename) returns a uint8 image (values O to 255)
— Convert to double format (values 0 to 1) with im2double

row 0.92 [ 093 [ 094 | 0.97 | 0.62 | 0.37 [ 0.85 | 0.97 | 0.93 | 0.92 | 0.99 | ﬁ
095 [ 0.89 | 0.82 | 0.89 | 0.56 | 031 | 0.75 | 0.92 | 0.81 | 0.95 | 0.91 |
0.89 | 0.72 | 051 | 055 | 0.51 | 0.42 | 057 | 0.41 | 0.49 | 0.91 552 1 0.5 G
096 | 0.95 | 0.88 | 0.94 | 0.56 | 0.46 | 0.91 | 0.87 | 0.90 | 0.97 095 | 091
071 | 0.81 | 0.81 | 0.87 | 057 | 037 | 0.80 | 0.88 | 0.89 | 0.79 ' '
0.91 | 0.92
0.49 | 062 | 0.60 | 0.58 | 0.50 | 0.60 | 0.58 | 0.50 | 0.61 | 0.45 097 | 0.95 0.92 | 0.99
0.86 | 084 | 0.74 | 058 | 0.51 | 039 | 0.73 | 0.92 | 0.91 | 0.49 0'79 0'85 0.95 | 091
0.96 | 067 | 054 | 0.85 | 0.48 | 0.37 | 0.88 | 0.90 | 0.94 | 0.82 0' 25 0'33 091 | 0.92
0.69 | 049 | 0.56 | 0.66 | 0.43 | 0.42 | 0.77 | 0.73 | 0.71 | 0.90 o' 29 0'7 p 0.97 | 0.95
0.79 | 0.73 1 090 | 0.67 | 0.33 | 0.61 | 0.69 | 0.79 | 0.73 | 0.93 0'82 0'93 0.79 | 0.85
\ 4 091 | 094 | 0.89 | 0.49 | 0.41 | 0.78 | 0.78 | 0.77 | 0.89 | 0.99 ' ' 045 ] 033
e e A e A L 0.90 | 0.99 0.49 0.74
0.79 | 0.73 1 090 | 0.67 | 033 | 0.61 | 0.69 | 0.79 | 0.73 | 0.93 | 0.97 o'sz 0'93
091 | 094 | 0.89 | 0.49 | 0.41 | 0.78 | 0.78 | 0.77 | 0.89 | 0.99 | 0.93 |— '
oo T o oo oo o oo T oo 0.90 | 0.99
l 079 | 073 [ 0.90 [ 0.67 [ 033 [ 0.61 | 0.69 | 0.79 | 0.73 | 0.93 | 0.97
l 091 | 094|089 | 049 ] 041|078 ] 078|077 089 099 | 0.93




Color spaces: RGB

Default color space

(G=0,B=0)

(R=0,B=0)

RGB cube

e Easy for devices

B

e But not perceptual (R=0,G=0)

e Where do the grays live?
Where is hue and saturation?

Image from: http://en.wikipedia.org/wiki/File:RGB_color_solid_cube.png
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Saturation

* Hue, Saturation, Value (Intensity)
* RGB cube on its vertex

* Decouples the three components (a bit)
e Use rgb2hsv() and hsv2rgb() in Matlab

Slide by Steve Seitz



Intuitive color space

Color spaces: HSV

Hue

Saturation




Color spaces: L*a*b*

“Perceptually uniform” color space

+L

(L=65,b=0)

b

(L=65,a=0)




