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Part1: Markovian Models
Course instructor: Prof. Olivier Alata
Language of instruction: English
2 ECTS
Overview
This course concerns stochastic modeling (1D, 2D, ...) and optimisation.
Markovian models allow us to describe processes whose random variables are dependent on each other. Indeed, it provide mathematical tools
to express the joint (or "global") law of probability,
to express "local" laws of probability which are expressed as a function of a finite neighborhood (the so-called "Markov property") in relation to the structure of dependence of the random variables between them.
Applications of these mathematical tools concerns
process simulation as they are generative models, like texture synthesis, for example,
estimation like model parameters estimation, image restoration, segmentation, ... which implies the use of deterministic or stochastic optimization procedures.
Here are the main points that will be covered in this course:
Presentation of Markovian models used in imaging: Markov fields and Markov point processes
how Markov chains can be used in simulation and estimation. A method exploiting the simulation of a Markov chain is called a Markov Chain Monte Carlo method (MCMC).
Learning outcomes
Complete training in modeling:
- of random sequences (Markov chain),
- random fields (Markov fields),
- random configurations of geometric objects (Markov point process).
Complete the training in optimization with an introduction to Markov Chain Monte Carlo (MCMC) methods (stochastic optimization methods).
At the end of this course, the students are supposed to be able to understand scientific papers dealing with Markov models and image, to develop existing methods based on Markov models and to include in a new framework for image processing Markov models or MCMC methods.
Content
1st session: 
Introduction presenting the interest of Markovian modeling in imaging with examples in medical imaging and satellite imaging. General principle of MCMC (Markov Chain Monte Carlo) methods are given. 
2nd session:
Presentation of the “simple” Markov chains with a finite number of states and their properties followed by a presentation of the Gibbs sampler. Use of Gibbs sampler to simulate a Markov random field (e.g. Potts model). Illustration using Matlab.
3rd session:
Markov fields and segmentation using simulated annealing to optimize the Maximum a posteriori criterion (stochastic optimization).

4th session:
Presentation of the Metropolis-Hasting dynamics and the Metropolis-Hasting-Green dynamics.
5th session:
Presentation of point processes and marked point processes (as well as their use in imaging - for example to extract a road network from aerial images).
6th session:
Writing of an algorithm to simulate a Strauss point process exploiting the Metropolis-Hasting-Green dynamics and programming in Matlab.

During the different sessions, exercises are performed to illustrate the different concepts discussed.

Teaching methods	
Lectures: 9 hours
Tutorials: 10,5 hours
Study materials
X. Guyon, Random Fields on a Network – Modeling, Statistics and Applications, Probability and its Applications, Springer-Verkag, New-York, 1995.
 C.P. Robert and G. Casella, Monte Carlo Statistical Methods, Springer-Verlag NY, 1999.
 W.R. Gilks, S. Richardson and D.J. Spiegelhalter, Markov Chain Monte Carlo in Practice, Chapman & Hall, 1996.
Markov Random Fields for Vision and Image Processing. https://mitpress.mit.edu/books/markov-random-fields-vision-and-image-processing
S. A. Barker, Image segmentation using Markov Random Field Models, Ph.D. dissertation, University of Cambridge, UK, July 1998.
S. Geman and D. Geman, “Stochastic relaxation, Gibbs distribution, and the Bayesian restoration of images,” IEEE Trans. on PAMI, vol. PAMI-6, no. 6, pp. 721-741, Nov. 1984.
 I. Qazi, O. Alata, J.-C. Burie, M. Abadi, A. Moussa & C. Fernandez-Maloigne, “Parametric models of linear prediction error distribution for color texture and satellite image segmentation”. Computer Vision and Image Understanding, Vol. 115, n° 8, pp. 1245-1262, 2011. 
Geyer, C. 1999. Likelihood inference for spatial point processes. In Stochastic Geometry, Likelihood and Computation, O.E. Barndoff-Nielsen, W.S. Kendall and M.N.M. van Lieshout (Eds.) Chapmann and Hall: London.
Møller, J. 1999. Markov Chain Monte Carlo and spatial point processes. In Stochastic Geometry, Likelihood and Computation, O.E. Barndoff-Nielsen, W.S. Kendall and M.N.M. van Lieshout (Eds.) Chapmann and Hall: London.
van Lieshout, M.N.M. (2000). Markov point processes and their applications. Imperial College Press/World Scientific Publishing.
M. Ortner, X. Descombes AND J. Zerubia, « Building Outline Extraction from Digital Elevation Models Using Marked Point Processes », International Journal of Computer Vision 72(2), 107–132, 2007
R. Stoica, E. Gay, and A. Kretzschmar, « Cluster Pattern Detection in Spatial Data Based on Monte Carlo Inference », Biometrical Journal 49 (2007) 4, 505–519.
X. Descombes, « Multiple objects detection in biological images using a marked point process framework », Methods 115 (2017), pp. 2-8.

Assumed Knowledge
Basics in Probabilities and statistics. Fundamentals in image processing (segmentation, denoising, …), Matlab (or Python) programming.
Evaluation criteria
2 written evaluations and a tutorial report.


Part 2: Inverse problems and deconvolution
Course instructor: Ferréol Soulez
Language of instruction: English
3 ECTS
Overview
Inverse problems can be found in virtually all engineering and scientific disciplines, from applications in geophysics to medicine or astrophysics. It proposes a methodology to extract maximum information from given observations under practical circumstances. This course presents the theory of inverse problems, the different resolution approaches (Maximum likelihood, Linear Minimum Mean Squared Error (LMMSE) and Maximum a posteriori) and how to design numerical methods and algorithms to solve them in practice. Throughout the lecture, image deconvolution will serve as an illustration. 
Learning outcomes
After this course, the student shall be able to formulate simple inverse problems from relevant applications and to suggest a suitable regularization, if needed, and to develop a numerical solution.
Content
1st session: 
	- Introduction, 
	- linear algebra tools
	- Fourier transform
	- Convolution
2nd session:
	- maximum likelihood
	- linear regression
	- practice in Matlab

3rd session
	- Maximum likelihood deconvolution
	- Maximum likelihood  detection
	- LMMSE  (Wiener filter  )
4th session:
	- Matlab practice session
	- Wiener filter

5th session:
	- Matlab practice session
	- Maximum a posteriori (Tikhonov regularization)

6th session:
	- Maximum a posteriori ( non linear regularization)
	- Optimization
	- Sparsity

7th session:
	- Matlab practice session
	- Sparsity





Teaching methods	
Lectures: 12 hours
Practice session: 9 hours

Assumed Knowledge
Basics in linear algebra, statistics and Matlab programing
Evaluation criteria
2 practice session reports and 1 written exam.

Erasmus


 


Mundus


 


Joint


 


Master


 


Degree


 


Photonics


 


for


 


Security


 


Rel


iability


 


and


 


Safety


 


 


     


 


Advanced


 


Image


 


Processing


 


5


 


ECTS


 


 


 


 


 


 


UJM


 


semester


 


3


 


Part1:


 


Markovian


 


Models


 


Course


 


instructor:


 


Prof.


 


Olivier


 


Alata


 


Language


 


of


 


instruction:


 


English


 


2


 


ECTS


 


Overview


 


This


 


course


 


concerns


 


stochastic


 


modeling


 


(1D,


 


2D,


 


...)


 


and


 


optimisation.


 


Markovian


 


models


 


allow


 


us


 


to


 


describe


 


processes


 


whose


 


random


 


variables


 


are


 


dependent


 


on


 


each


 


other.


 


Indeed,


 


it


 


provide


 


mathematical


 


tools


 


·


 


to


 


express


 


the


 


joint


 


(or


 


"global")


 


law


 


of


 


probability,


 


·


 


to


 


express


 


"local"


 


laws


 


of


 


probability


 


which


 


are


 


expressed


 


as


 


a


 


function


 


of


 


a


 


finite


 


neighbo


rhood


 


(the


 


so


-


called


 


"Markov


 


property")


 


in


 


relation


 


to


 


the


 


structure


 


of


 


dependence


 


of


 


the


 


random


 


variables


 


between


 


them.


 


Applications


 


of


 


these


 


mathematical


 


tools


 


concerns


 


·


 


process


 


simulation


 


as


 


they


 


are


 


generative


 


models,


 


like


 


texture


 


synthesis,


 


for


 


example,


 


·


 


estimation


 


like


 


model


 


parameters


 


estimation,


 


image


 


restoration,


 


segmentation,


 


...


 


which


 


implies


 


the


 


use


 


of


 


deterministic


 


or


 


stochastic


 


optimization


 


procedures.


 


Here


 


are


 


the


 


main


 


points


 


that


 


will


 


be


 


covered


 


in


 


this


 


course:


 


·


 


Presentation


 


of


 


Markovian


 


models


 


used


 


in


 


imaging:


 


Markov


 


fields


 


and


 


Markov


 


point


 


processes


 


·


 


how


 


Markov


 


chains


 


can


 


be


 


used


 


in


 


simulation


 


and


 


estimation.


 


A


 


method


 


exploiting


 


the


 


simulation


 


of


 


a


 


Markov


 


chain


 


is


 


called


 


a


 


Markov


 


Chain


 


Monte


 


Carlo


 


method


 


(MCMC).


 


Learning


 


outcomes


 


Complete


 


training


 


in


 


modeling:


 


-


 


of


 


random


 


sequences


 


(Markov


 


chain),


 


-


 


random


 


fields


 


(Markov


 


fields),


 


-


 


random


 


configurations


 


of


 


geometric


 


objects


 


(Markov


 


point


 


process).


 


Complete


 


the


 


training


 


in


 


optimization


 


with


 


an


 


introduction


 


to


 


Markov


 


Chain


 


Monte


 


Carl


o


 


(MCMC)


 


methods


 


(stochastic


 


optimization


 


methods).


 


At


 


the


 


end


 


of


 


this


 


course,


 


the


 


students


 


are


 


supposed


 


to


 


be


 


able


 


to


 


understand


 


scientific


 


papers


 


dealing


 


with


 


Markov


 


models


 


and


 


image,


 


to


 


develop


 


existing


 


methods


 


based


 


on


 


Markov


 


models


 


and


 


to


 


include


 


in


 


a


 


new


 


framework


 


for


 


image


 


processing


 


Markov


 


models


 


or


 


MCMC


 


methods.


 


Content


 


1st


 


session:


 


 


Introduction


 


presenting


 


the


 


interest


 


of


 


Markovian


 


modeling


 


in


 


imaging


 


with


 


examples


 


in


 


medical


 


imaging


 


and


 


satellite


 


imaging.


 


General


 


principle


 


of


 


MCMC


 


(Markov


 


Chain


 


M


onte


 


Carlo)


 


methods


 


are


 


given.


 


 


2nd


 


session:


 


Presentation


 


of


 


the


 


“simple”


 


Markov


 


chains


 


with


 


a


 


finite


 


number


 


of


 


states


 


and


 


their


 


properties


 


fol-


lowed


 


by


 


a


 


presentation


 


of


 


the


 


Gibbs


 


sampler.


 


Use


 


of


 


Gibbs


 


sampler


 


to


 


simulate


 


a


 


Markov


 


random


 


field


 


(e.g.


 


Potts


 


model).


 


Illustration


 


using


 


Matlab.


 


3rd


 


session:


 




Erasmus Mundus Joint Master Degree Photonics for Security Reliability and Safety        

Advanced Image Processing 

5 ECTS      UJM semester 3 

Part1: Markovian Models 

Course instructor: Prof. Olivier Alata 

Language of instruction: English 

2 ECTS 

Overview  

This course concerns stochastic modeling (1D, 2D, ...) and optimisation. 

Markovian models allow us to

 

describe processes whose random variables are dependent on each other. 

Indeed, it provide mathematical tools 

   to   express   the   joint   (or   "global")   law   of   probability,      to   express   "local"   laws   of   probability   which   are   expressed   as   a   function   of   a   finite   neighbo rhood   (the   so - called   "Markov   property")   in   relation   to   the   structure   of   dependence   of   the   random   variables   between   them.  

Applications of these mathematical tools concerns 

   process   simulation   as   they   are   generative   models,   like   texture   synthesis,   for   example,      estimation   like   model   parameters   estimation,   image   restoration,   segmentation,   ...   which   implies   the   use   of   deterministic   or   stochastic   optimization   procedures.  

Here are the main points that will be covered in this course: 

   Presentation   of   Markovian   models   used   in   imaging:   Markov   fields   and   Markov   point   processes      how   Markov   chains   can   be   used   in   simulation   and   estimation.   A   method   exploiting   the   simulation   of   a   Markov   chain   is   called   a   Markov   Chain   Monte   Carlo   method   (MCMC).  

Learning outcomes 

Complete training in modeling: 

- of random sequences (Markov chain), 

- random fields (Markov fields), 

- random configurations of geometric objects (Markov point process). 

Complete the training in optimization with an introduction to Markov Chain Monte Carlo (MCMC) methods 

(stochastic optimization methods). 

At the end of this course, the students are supposed to be able to understand scientific papers dealing with 

Markov models and image, to develop existing methods based on Markov models and to include in a new 

framework for image processing Markov models or MCMC methods. 

Content 

1st session:  

Introduction presenting the interest of Markovian modeling in imaging with examples in medical 

imaging and satellite imaging. General principle of MCMC (Markov Chain Monte Carlo) methods 

are given.  

2nd session: 

Presentation of the “simple” Markov chains with a finite number of states and their properties fol-

lowed by a presentation of the Gibbs sampler. Use of Gibbs sampler to simulate a Markov random 

field (e.g. Potts model). Illustration using Matlab. 

3rd session: 

