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PhD Position F/M Structures motion estimation by an
alternative optical flow method combining sparse and
particle approaches

Contract type : Fixed-term contract
Level of qualifications required : Graduate degree or equivalent
Fonction : PhD Position

Level of experience : Recently graduated

About the research centre or Inria department

The Inria Rennes - Bretagne Atlantique Centre is one of Inria's eight centres and has more than thirty
research teams. The Inria Center is a major and recognized player in the field of digital sciences. It is at
the heart of a rich R&D and innovation ecosystem: highly innovative PMEs, large industrial groups,
competitiveness clusters, research and higher education players, laboratories of excellence, technological
research institute, etc.

Context

Presentation of the Teams

The project is carried out by the 14S research team, which is a joint team between Inria and Gustave Eiffel
University.

Inria: Inria is the French institute for research in digital science and technology. This public research
center of scientific excellence is at the forefront of digital transformation in France. Research in
computer science, mathematics, artificial intelligence (Al), software development, innovation in high-
impact technological disciplines, and entrepreneurial risk (DeepTech) are the DNA of the institute. Inria
is ranked 16th in the global "Al Research" ranking and is the first European institute for exploratory
research in digital science.

Gustave Eiffel University: Gustave Eiffel University is a French, experimental, and multi-campus
university specializing in the study of cities and urbanization processes. It is committed to promoting
academic excellence, cutting-edge research, and innovation, while fostering interdisciplinary
collaboration and partnerships with industry and civil society stakeholders. A leader in sustainable cities
in France, it represents a quarter of French research on this theme. It has unique experimental platforms
and new energy to address the challenges of the future city, as well as economic, environmental, energy,
and societal transitions.

14S: The 14S team (Inferences for Structures) specializes in Structural Health Monitoring (SHM), i.e.
attempting to predict, categorize, locate, and quantify defects or damage that may occur in civil,
electrical, (bio)-mechanical, energy, or aeronautical structures, etc. To do this, it is necessary to combine
multiple data and expertise, such as numerical physical simulation, data processing, sensor development,
embedded electronics integration, statistical uncertainty propagation, etc.

Assignment

General Context

Following recent tragic events (Génes, Mirepoix, ..), a Senate report (2019) highlighted the aging health
status of infrastructure in France and the need to quickly assess the health of structures at any time.
Currently, structure monitoring is ensured through regular visual inspections and locally through
sampling and coring on the structure. This type of monitoring approach has certain limitations in terms
of the number of structures inspected, responsiveness, and duration. In parallel, a non-destructive
approach has been initiated for many years by instrumenting structures with various sensors. Access to
the internal state of the structure is less direct and requires specific skills, but this approach is
preferable and sustainable.

The instrumental approach has given rise to the discipline of Structural Health Monitoring (SHM), which
aims in the long term to achieve the following 4 objectives: detection and localization of damage,
identification/categorization, and quantification of damage intensity. Conventional instrumentation
uses a network of point sensors, e.g. accelerometers, strategically placed to obtain the vibratory response
of the structure through advanced signal processing techniques. Analysis tools then allow monitoring of
the vibratory signature and thus fulfilling the 4 objectives of SHM [6].
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In the long run, point sensor-based monitoring may limit the instrumental approach in terms of
detection, analysis, and implementation cost. In this context, the 14S team has been interested for
several years in the alternative solution of using continuous or distributed sensors. In particular, non-
contact imaging systems allow a full-field analysis of the structure, e.g. TLS laser system, GB-SAR
hyperfrequency radar, video sensor. Among these solutions, video sensors have gained renewed interest
over the past decade, thanks to combined technological advances in terms of resolution, cost, acquisition
and processing speed, and storage capacity. Using specific image processing techniques, video sensors
allow cost-effective evaluation of structure displacement at any point in the image with subpixel
accuracy [8].

The 14S team has been involved in this SHM research field since 2018 and has identified several
numerical methods, the combination of which could contribute to improving motion estimation. These
improvements would also make it possible to consider the possibility of merging them with vibrational
signﬁl zzljnalysis techniques such as Stochastic Subspace Identification (SSI) to design imaging-based SHM
methods.

Main activities

Thesis Objectives and Directions

The main objective of the thesis is to enable more efficient SHM analysis of civil engineering structures
using video sensors in real conditions. To achieve this, the thesis proposes to develop innovative
alternative treatments to improve the first step of the SHM process, namely, the selection of areas/pixels
of interest in the image, and the actual motion estimation. Finally, the thesis will explore the possibility
of simplifying the imaging-based SHM process by combining several steps.

1. Determination of areas of interest and/or active pixels by LRR:

In the approach used in ongoing work, motion is quantified based on areas of interest in the image, i.e.
boundary elements of the structure and/or active pixels whose intensity varies the most in the sequence
of video images. The selection of areas/pixels requires specific preprocessing. As an alternative to current
preprocessing methods, this thesis will evaluate the family of methods called Low Rank Representation
(LRR) [4, 7]. They are based on a sparse representation of the video image sequence and allow for a
drastic reduction in the dimension of the data space. These methods have led to significant research
activity [1] and find applications in many areas involving computer vision and also have a major impact
on big data. The 14S laboratory conducted a preliminary study on this subject in 2022 and tested one of
the many variants of this family, i.e. Go Decomposition (GoDec), on low-resolution images.

2. Structure motion estimation by LBM:

As an alternative to the currently used optical flow method [5], the thesis will seek to evaluate the use of
the Lattice Boltzmann Method (LBM) to estimate the motion of the structure. This particle method
offers a formalism generalizing the optical flow method and, in comparison, has the advantage of taking
into account the image before and after the current image in the algorithm. In addition, LBM does not
need to use markers in the image to estimate motion [2, 3]. In the thesis framework, LBM could provide
higher measurement precision than conventional optical flow, without additional computational
overhead. Motion calculation would be limited to the sparse pixels/zones identified by the LRR
preprocessing introduced earlier. A statistical analysis will determine the motion estimation
uncertainties with the developed methods, as well as the minimum vibration amplitude of the structure
necessary to perform subsequent SHM analyses.

3. Fusion of the first 2 steps of the SHM process:

The steps of estimating the motion of the structure and its vibrational analysis by SSI are currently
performed sequentially. Building on image vectorization, this thesis will explore the possibility of
performing SSI directly from the vectorized series of video images. The large size of this 2D matrix may
pose a significant challenge to the feasibility of this approach.

The creation of a test cohort will allow a comprehensive evaluation of different algorithms
systematically in various conditions (synthetic images with and without noise, with oscillating or random
movements, laboratory cases, and in-situ image sequences). This cohort will leverage the various
experiments already conducted in the laboratory and will be enriched throughout the thesis. Special
attention will be paid to the noise sensitivity of this new algorithm and the calculation speed.
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Skills

Technical skills and level required : A certain autonomy in programming languages (Matlab, Python, C++
and/or Julia) is required. a synthetic mindset and writing skills are expected.

Languages : English (French would be an asset)

Other valued appreciated : Experience in motion detection would be a plus.

Benefits package

o Subsidized meals

o Partial reimbursement of public transport costs

o Possibility of teleworking (90 days per year) and flexible organization of working hours
o Partial payment of insurance costs

Remuneration

Monthly gross salary amounting to 2100 euros for the first and second years and 2200 euros for the
third year

General Information

« Theme/Domain : Optimization and control of dynamic systems
Scientific computing (BAP E)

Town/city :Rennes

Inria Center: Centre Inria de I'Université de Rennes

Starting date :2024-10-01

Duration of contract:3 years

Deadline to apply :2024-04-30

Contacts

o InriaTeam:14S
o PhD Supervisor:
Noel Romain /romain.noel@irisa.fr

About Inria

Inria is the French national research institute dedicated to digital science and technology. It employs
2,600 people. Its 200 agile project teams, generally run jointly with academic partners, include more
than 3,500 scientists and engineers working to meet the challenges of digital technology, often at the
interface with other disciplines. The Institute also employs numerous talents in over forty different
professions. 900 research support staff contribute to the preparation and development of scientific and
entrepreneurial projects that have a worldwide impact.

The keys to success

o Master's degree in signal and image processing or structural dynamics.
« tastes and appetencies for sciences,

e curiosity,

« cross-disciplinary knowledge related to scientific research works...

Warning : you must enter your e-mail address in order to save your application to Inria. Applications
must be submitted online on the Inria website. Processing of applications sent from other channels is
not guaranteed.

Instruction to apply

Please submit online : your resume, cover letter and letters of recommendation eventually

For more information, please contactromain.noel@inria.fr


http://www.inria.fr/centre/rennes
https://www.inria.fr/equipes/I4S
mailto:romain.noel@irisa.fr
mailto:romain.noel@inria.fr

Defence Security:

This position is likely to be situated in a restricted area (ZRR), as defined in Decree No. 2011-1425 relating
to the protection of national scientific and technical potential (PPST).Authorisation to enter an area is
granted by the director of the unit, following a favourable Ministerial decision, as defined in the decree
of 3 July 2012 relating to the PPST. An unfavourable Ministerial decision in respect of a position situated
in a ZRR would result in the cancellation of the appointment.

Recruitment Policy :
As part of its diversity policy, all Inria positions are accessible to people with disabilities.
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