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Description du sujet

The principle of augmented reality (AR) consists of inserting digital information (virtual images) onto real
images (captured in real time from direct or indirect viewpoint). Adding this synthetic digital information must
be made in a way that virtual images are registered with the real ones (it means that both the position and the
orientation of the virtual camera must the same as for the real camera).

To register images, it is required to compute the real camera pose (its 3D position and orientation, assuming that
its internal parameters are already known). Once the pose is determined, it is possible to display virtual objects
at the right place onto real images.

Pose computation is a complex problem, especially in augmented reality where computation time must be very
short. Several types of solution already exist:

- Black and white markers: since the end of the 1990s, Kato and Billinghurst [KB99] have proposed the
ARToolkit system based on a known set of planar black and white markers to compute the camera
pose. The main drawback of this approach are the markers have to be entirely visible and occupy a
significant part of the image

- Markers based on natural features: more recently, some free or commercial libraries such as Vuforia or
Metaio propose to use a set of classical images instead of instead of black and white patterns to
compute the camera pose. Those real images must be processed offline to be then detected in real-time.
However, those markers require highly textured images and are very dependent to illumination
conditions.

- Untextured markers: to overcome the limitations of preparing natural images and illumination
problems, it has been proposed to use pseudo-random points sets to compute the camera pose
[YNM15].

This last type of techniques is said to be 2D-2D matching: a set of coplanar point is known (it can be extracted
from a standard image or from an artificial marker) and the user wishes to match them with the ones extracted
from a real camera image. It is possible to use only the spatial layout of points or to use as well texture
information (if available and if invariant descriptors are available).

There also exists a set of techniques allowing to perform AR by looking for known 3D objects. This case is
called 2D-3D matching: the system tried to find in the 2D camera image a set of points representing the 3D
model [RNK15]. These methods usually based on edge tracking or on a partial reconstruction are complex and
only work in controlled environments.

The goal of this PhD thesis is to exploit the recent works [YNMZ15] of our research team to study the possibility
to extend them to the problem of 2D-3D matching. Another interesting case is 2.5D-3D matching, i.e. matching
between a depth-cam (such as a Kinect) and a 3D object.
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