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Context
Ancient manuscripts constitute a primary carrier of cultural heritage globally, and they are currently being
intensively digitized all over the world to ensure their preservation, and, ultimately, the wide accessibility of
their content. Critical to this research process are the legibility of the documents in image form, access to
live texts, and similarity between document image within huge collections (big data). Several state-of-the-art
methods and approaches have been proposed and developed to address the challenges associated with
processing these manuscripts. The key issue to be tackled to face these challenges is the learning of prior
representation of the document images that can be used in many computer vision and image processing
algorithms.
Beyond pixel-based representation, patch-based image models enforced by non-parametric sampling
shown increasingly more vitality and they could be very interesting representation in many successful
applications, i.e. exemplar-based image inpainting, image denoising, such as non-local mean, patch-based
image denoising, BM3D, exemplar-based super-resolution, sparsity-based, object recognition (i.e. SIFT,
LBP, SURF, and SOR), image retrieval and document image binarization. All these could be seen
somehow related to representation learning.
Patch-based representations shown to be more reliable to smoothly preserve implicit information carried by
an image, such as its spatial and frequential (for instance phase information) relations. The two aspect of
information carried by document images, i.e., spatial relations, and frequential relations, are all of equivalent
importance to the thesis position/proposal, and the candidate is required to contribute to all of them by
introducing separate or hybrid representations.
Patch-based representation could be extended smoothly to deal with vector-valued (color and multispectral)
document images. The latter contain additional information in a widespread electromagnetic spectrum
(visible and invisible) more suitable for the design of more discriminative features. In addition to the spatial
and frequential relations that can be learned from similar patches, spectral relations-along the different
bands-is an important feature that may play a key role in the design of reliable processing models of
enhancement, restoration, among others.
Objective
The goal of this research is to develop image “representations”, which in a smooth go beyond the traditional
pixel-wise representations, and preserves implicit information carried by an image, such as its spatial,
spectral, and frequential relations. These new representations should be applicable and transformable. Not

limited to that but also to be more generic in order to be used in many application of computer vision, image
processing, and machine learning. Therefore, developing the associated models, algorithms, and methods
to enhance, restore, or do any other process on images is part of this PhD research/proposal.
Research Questions
In addition to the following research questions, the student is requested to open new possible questions
and provide with innovative hypothesis, in order to supply his thesis. Three issues could be raised.
●

●
●
●

●

What are the attribute or the features that we need to capture -from the patches- for
providing accurate datasets allowing to design robust and reliable systems, for learning as
well as for testing; and also to respond to specific questions posed by end-users (scholar,
librarian, .. ) about their documents.
What is the best way to model the prior models of an image: using visual data directly from
the image or using explicit intermediate representation (i.e. transformation to features)
What is the best metric and what is the appropriate metric space (Cartesian, Riemannian,…)
are suitable for dealing with big data.
Is it possible to develop generic methods to solve more than one type of degradations of
documents images? Otherwise, several questions arise: how many types of degradations
are there and how many methods should be developed?
What would be a representation that can absorb spatial, spectral, frequency, among other
information carried by images with minimal information loss and maximum transformability?
What would be it in the case of document images, in the case of a manuscript image, and in
the case of a collection of manuscript images?

Requirements
The candidate must hold a M.Sc. in Computer Science (or equivalent). He/she must very good skills in
image processing, statistics, pattern recognition, algebra, optimization, and matlab (and C/C++)
programming. The candidate should have good writing skills in English. He/she must be highly motivated,
independent, with a real ability to organize and follow a schedule.
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