Fast Tracking of Deformable Objects in Depth and Colour Video
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One challenge in computer vision is the joint reconstruction of de-

forming objects from colour and depth videos. So far, a lot of research
has focused on deformation reconstruction based on colour images only,
but as range cameras like the recently released Kinect become more and
more common, the incorporation of depth information becomes feasible.
In this article, a new method is introduced to track object deformation in
depth and colour image data.
The tracking is done by translating, rotating, and deforming a prototype
of an object such that it fits the depth and colour data best. The proto-
type can either be cut out from the first depth/colour frame of the input
sequence or an already known textured geometry can be used. A NURBS
[2] based deformation function allows to decouple the geometrical ob-
ject complexity from the complexity of the deformation itself, providing
a relatively low dimensional space to describe arbitrary ’realistic’ defor-
mations. This is done by first approximating the object surface using a
standard NURBS function .4” and then registering every object vertex to
the surface as depicted in figure 1.
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Figure 1: Left: a mesh vertex described by its native (x,y,z) coordinates.
Right: a vertex mesh described by the parameters (u,w) and offset o.

For every vertex v = (x,y,z) the closest NURBS surface point A" (u, w)
is determined, such that the surface normal directly points at v. Defin-
ing the signed distance between v and .4 (u, w) along the surface normal
as offset o, the vertex v can be described completely by the parameters
(u,w,0) for a given NURBS surface function .4
An object mesh, registered to a NURBS surface in such a way follows the
translation and rotation of the NURBS surface as well as its deformation
(see fig 2) when addressed via (u,w,0).

Figure 2: A triangle mesh registered to a NURBS function is deformed
according to the NURBS surface it is registered to.

‘We assume to have a known, calibrated [3] acquisition setup, so syn-
thesised depth and colour projections can be generated according to the
real capturing devices. A mean square error sum over all vertices is calcu-
lated according to their fit of the synthesised pixels to the real input data.
Additionally, a penalty is introduced to prevent the NURBS surface from
shrinking or stretching too far.

The error function at hand provides a measure to determine the fit of a
deformation to the image data. This error function is minimised for every
frame separately using the global optimiser CMA-ES [1]. Figure 3 shows
tracking results for a piece of flabby silicon.

Figure 3: First row: Colour images from a deformation sequence recorded
with a Kinect camera. Second row: The resulting coloured 3D mesh and
the NURBS surface approximating the deformation of the tracked object.
Third row: The deformation applied to a cube with a shape similar to the
tracked object

Since the deformation information is completely decoupled from the
object geometry, any other object can be registered to a NURBS function
describing a deformation sequence. The bottom row of figure 3 shows a
simple box model emulating the deformation of the tracked object from
the input sequence.

Modelling the deformation tracking as an analysis by synthesis prob-

lem is robust, but usually computationally expensive, however, a set of
optimisations is introduced, allowing a very fast calculation of the error
function. The object vertices store the computationally expensive part of
the NURBS evaluation in a "NURBS cache’, reducing the synthesis cal-
culation to only few mathematical operations.
The small number of function evaluations CMA-ES needs to find the so-
lution inside high dimensional search spaces leads to a system that is ca-
pable of tracking complex deformations of large objects (6000 triangles
and more) with more than 6Hz on a common desktop machine.
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