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14 Slots
9 Lessons/exercices

3 evaluations
«  MCQ (30%)
*  Projects (30%)
*  Final exam(40%)



LITIS Lab. (http:/ /www litislab.eu)

* Access to Information
— Machine learning (Deep & kernels)
— Information retrieval, knowledge

— Document image processing

* Ambiant Intelligence
— Intelligent vehicule

— Complex systems

* Biomedical Information Processing

— Medical image processing
—/

— Genomics
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Ambient & Territorial Intelligence

Inteligent transportation system team (STI)

Main Interests

* Perception, localization, decision for ADAS
« Multimolality, fusion, incertainty

* ADAS, Intelligent systems (Robots, vehicles). (g

Approaches

*Vision Systems
* Multiple Sensors Fusion

Projects and Collaborations

* Intelligent Vehicle (Valeo - Renault - CETE Normandie - NéxtMO\;e)

* Alberto Broggi, VisLab, Intercontinental Challenge
30/10/2023



Overview

Image application and tasks
Image digitization
Contrast enhancement

Image segmentation : edges/Moprhology,
corners, and regions

Optical flow estimation
Application : Deep learning for images
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Image

* Bi-dimensional representation of a scene

Signal : 1D function of time
* Image : 2D function of space

Output (digitized) image
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Natural images




Images examples

Medicale imaging

Minerals Minerals .
(wbrational absorption) {electrenic absorption)

Satellite imaging Hyperspectrale imaging
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Image processing tasks

e Low level:

Denoising, deblurring, compression, super-resolution,
inpainting

e Mid-level:

Segmentation registration

* High level.

Object detection, object recognition



ontrast enhancement

Improve the image quality
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Image compression
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http://artic.ac-besancon.fr/sciences70/coin_technique/compresser_image.htm



Image inpainting




Image inpainting




Content based image retrieval

by Image content I hy Keyword | Results

Import IDraw | |1U 3:
=6 search

70.26% 69.91% 59.63% 69.46%

773 images | /backup-reiser/deviant/pholand/arizona_sunset.jpg 4



Image segmentation

Image IRM d’une tumeur du foie




Semantic segmentation

W sky Bltree  [Proad [Porass -water .bldg

.mntn .fg obj.



Image registration

Source Target Deformed source to match the target




Satellite image

Compare a new image with existing map

C
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Source : http://www.peda%o ie.ac-
nantes.fr/1168527883328/0/fiche _ ressourcepedagogique/&RH=1160730548828



Object detection and recognition

Autonomous driving

truck




Road scene analysis

* Traffic analysis

UISITION - [MULTI

License plate recognition

Source : www.macqel.fr



Object detection and recognition

Multi-label

Instance

Object Detection Segmentation

CAT, DOG, DUCK CAT, DOG, DUCK
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Multiple objects




Object detection and recognition

Multilabel

person, sheep dog
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(a) classifiation (b) detection (c) segmentation



Facial recognition

Cancel Found 2 Faces
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Medical images
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Security

* Videosurveillance
* Biometry (authentication)
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Handwriting recongnition

SGr2575955 S N e

SHL SSSYSIS e ‘ Yohde e

gFEEE8E8he rmon wnwn g
CHEGQUE ORIGINAL

Brr.f.f.cﬂ_ﬂc_ PATED

LA POSTE -

[ ‘L I
HY B paad TRZ4GI ™ momy L Lk

VA
4 SOURCE 1LEMIEREET B o a1y

HE U HEE s
CCH. N*
€3438 VIGHT. s

LR (v ptats Pu Uad [ERT

Cours L. Heutte Université de Rouen



Sattelite images segmentation

Source : https:/ /deepsense.ai/ deep-learning-for-satellite-imagery-via-image-segmentation/



Overview

* Image acquisition and digitization
— Image encoding
— Gray level and pixels
— Sampling and quantization
— Image profile
— Super-resolution



Image acquisition and coding

| v *i’

Acquisition -

Digitization

Processing
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Image encoding

An image is a table or a matrix
Each cell is a piXEl (picture element)

Correspondance between the value and the color : given by the colormap
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Look-up table (LUT)




Grey levels and pixels

Width
_— » Column
index
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Numerical image |/ Ne [N ,N |

min max

1+ (N - N )= thenumber of gray levels

Log(N -N )= thedynamic

min



rey levels and pixels
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Grey levels and pixels

239221 0
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136] 0 |255
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Grey levels and pixels

* In general, each pixel is coded on 8 bits
* There are 256 grey levels

* How much memory does it take to store this image?
- Image size :
200 x 300 pixels
— Each pixel is coded on 8 bits




Digital image: sampling and
quantization

e Sampling corresponds to a discretization of the
space. That is, of the domain of the function, into
F s S [,

ab

FIGURE 2,17 (2) Continuous image projected onto a sensor array. (b) Result of image
sampling and quantization

* Quantization : finite number of grey levels
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Image resolution

 Digital image implies the discretization of both spatial and
intensity values.

* The notion of resolution is valid in any domain.

- Usually refers to the resolution in sampling (nbr of pixels)

- It also can refer to the number of quantization levels
(ex. 256 if coded on 8 bits)



Sampling and quantization

Résolution...
...spatiale :

64x64

Quantification




Detinition of an image profile

* Image 256 x 256, 8 bits per pixel

A

plot the intensity values of line 177 as a function of x

140

120 -
100 -

> @t

A profile can be taken anywhere in the image
depending on the need o

It can be horizontal, vertical, diagonal, etc Horizontal profile

1 1
0 80 100 180 200 280 300




Image representation

For each pixel in (x, y) its grey level (or intensity) is given by I(x, y)

A

An image is a bidimensional

function: —250
(x,y) = 1(x,y)

- 4200

To display the matrix or function ||

as an image we use a Colormap

100

v

(x,y) domain ? I(x,y) domain ? . .
What if we don’t assign a color

to I(x,y) but a 3rd dimension
[:[0, N-1] x [0, M-1] = [0,255] (height)?

(x,y) = 1(x,y)




Image representation

Fonction 2-D
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Image Fonction

* The surface representation does not correspond to the relief perceived
by our eye and our brain



DPI resolution: interface between digital and real

world

*  When the image of « real » dimensions (for example a paper photo), is

digitized : dpi resolution

— dot per inch (dpi) or pixel per inch (ppi)

(1inch =2.54 cm)

* Example:

— A photo of 15cm x 11cm
— It is scanned with a 300 dpi

— What is the size (in pixels) of
the digital image?

1 Pixel

5 Pixels

| 5Pixels |

'I 'I

Resolution =
5 DPI (dots per inch)

http://www.minutemanbristol.com/images/dpi.jpg



Super-resolution

* Super-resolution is class of technics that aim to enhance the
resolution of an imaging system

Super-resolution

Ex : extracting signal from noise, processing at a sub-pixel level
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