iCl JBE Master Internship proposal: Computer vision for robotic
' flexible endoscopy

Context
This internship takes place in the scope of the assistance to medical procedures with robotic
flexible endoscopes.

The AVR team of the ICube laboratory has developed a robotic platform for endoluminal
surgery called STRAS (see photo below). This is a telemanipulated system equipped with an
endoscopic camera and two articulated instruments, with 3 degrees of freedom each. In
addition to the conventional telemanipulation control, we aim at including automatic modes
to the robot, with the aim to perform tasks such as automated scanning, or automatic
endoscope positioning. For reaching this aim, one of the difficulties to be tackled is the
reconstruction of the shape of the environment with the only available sensor: a monocular
endoscopic camera.

Problem to be solved

In this project, we aim at reconstructing the shape and position of the environment (tissues in
in vivo environment, phantoms in laboratory setups) with respect to the endoscopic camera.
The camera being monocular, shape and structure from motion will be primarily used to
reconstruct the environment and motions up to a scale factor. Shape from shading could also
be envisioned. The difficulties are the low quality of endoscopic images, the limited possible
lateral displacement of the endoscope and the possible interactions of the instruments with
the tissues creating disturbing motions and deformations.

In a second step, we will try to reconstruct the metric shape and positions. This can be done
by using odometric measurements on the endoscope. However, these measurements are
known to be imprecise. Specific strategies, will thus be needed to recover the unknown scale
factor, by using for instance Bayesian filtering approaches or machine learning techniques.
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Left: STRAS robotic platform, Right : endoscopic view of the environment during an automatic
movement

Work to be carried out
The intern will have to develop algorithms for shape reconstruction from monocular images
by relying on state of the art methods for tissues tracking in endoscopy (gastroenterology in



particular). Algorithms have already been implanted for pure tracking and can serve as a basis.
Techniques for depth estimation will then be developed, by focusing on the use of embedded
measurements provided by the robot encoders. If needed a second miniature camera could
be added to the setup. Tests will be carried out in the laboratory on phantoms and on in vivo
images acquired during previous preclinical trials.

Work environment

The internship will take place on the medical robotic platform of the ICube laboratory located
at IHU (Institut Hospitalo Universitaire) in the heart of Strasbourg. The intern will be
supervised by Florent Nageotte (associate professor in medical robotics) and Philippe Zanne
(Engineer, responsible for the STRAS robotic system). The intern will have access to a
computer for developing programs, to image acquisition systems, to in vivo images and to the
robotic device for laboratory testing. Developments will be made in C / C++ or Python and
possibly with Matlab for prototyping.

Covid19 conditions: In case of sanitary constraints that may prevent the internship to be
realized on site, a large part of the work could be done at a distance by working on data
acquired off-line. Only robotic testing will be made impossible. The intern will have to work
on his/her own laptop either developing and running algorithms locally or at a distance on a
connected machine.

Candidates profile

We are looking for Master students in the second year or students in engineering school at
the level of Master 2, with major in computer vision or robotics / computer science with a
strong interest / experience in computer vision. Interest in medical applications is a plus.
Proficiency in C/C++ or Python coding is mandatory.

Conditions
5 to 6 months between February 2021 and August / September 2021. The intern will receive
the legal “gratification” (around 550€ / month)

Application

Interested candidates should send CV / resume, master program and grades (if available) and
motivation letter to Nageotte@unistra.fr, by mentioning “computer vision internship” in the
email subject.
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