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Abstract
Wide area surveillance requires high-resolution im-

ages of the object of interest derived possibly from only
low-resolution video of the whole scene. We propose
a combined tracking and resolution enhancement ap-
proach that increases the resolution of the object of in-
terest during tracking. The key idea is the use of an
object-specific 3D mesh model with which we are able
to track non-planar objects across a large number of
frames. This model is subdivided such that every trian-
gle is smaller than a pixel when projected into the image
to facilitate super-resolution on the model rather than
on the image. We apply our approach to faces and show
that it outperforms interpolation methods by achieving
resolution enhancement, while being less blurred.

1 Introduction
Wide area surveillance situations require many sen-

sors, thus making the use of high-resolution cam-
eras prohibitive because of high costs and exponential
growth in storage. Small and low cost CCTV cameras
may produce poor quality video, and high-resolution
CCD cameras in wide area surveillance can still yield
low-resolution images of the object of interest, due to
large distances from the camera. All these restrictions
and limitations pose problems for subsequent tasks such
as face recognition or vehicle registration plate recogni-
tion. Super-Resolution (SR) offers a way to increase the
resolution of such videos and is well studied in the last
decades [6, 7, 3]. However, most existing SR algorithms
are not suitable for video sequences of faces because a
face is a non-planar and non-rigid object, violating the
underlying assumptions of many SR algorithms [2].

Super-Resolution methods can either be applied to
single images to several frames [6]. The authors of [3]
use a Bayesian approach to estimate images of higher
resolution. Super-Resolution optical flow [2] is pro-
posed by combining several frames of a video sequence.
But according to [2] most existing approaches are not
suitable for non-planar and/or non-rigid objects.

An approach which obtains the super-resolved tex-
ture during tracking is proposed by [5]. They track pla-
nar objects and predicts the super-resolved texture using
a Kalman filter. In [10], SR optical flow is used to track
planar patches of different parts of the face individually
to account for non-rigidity. The resolution of the face
is increased for these different facial parts individually
but no 3D object-specific mesh is used. The authors
of [8] use a Bayesian approach for high-resolution 3D
surface construction of low-resolution images given a
user provided 3D model. Synthetic images are rendered
using the surface model, compared with the real low-
resolution images and the difference is minimised.

We propose a resolution enhancement technique us-
ing an object-specific 3D mesh model for alignment.
A combined geometric and appearance based tracking
method uses this mesh to track low detail objects in
video. The 3D mesh model is subdivided, such that
each triangle is smaller than a pixel when projected into
the image, which makes super-resolution possible [8].
Each triangle then accumulates the average colour val-
ues across several registered images and a higher resolu-
tion 3D appearance model of the object results. This ap-
proach differs from classical SR techniques as the reso-
lution is increased at the model level, rather than at the
image level. Furthermore only the object of interest is
tracked and super-resolved, rather than the entire scene
reducing computation costs.

The novelty of our approach is the use of an object-
specific 3D mesh model within a combined tracking
and super-resolution framework which means that the
super-resolved image is created during tracking. The
3D mesh model allows for accurate tracking of non-
planar and low-resolution objects, and unlike optical
flow based super-resolution methods our methods does
not need initial resolution increase by interpolation,
thus results in less blurred super-resolved images. The
resulting high-resolution 3D models can be used for a
number of applications such as generating the object
under different views and different lighting conditions.
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Ecolour also depends on the correct alignment of the
masks between different resolution levels which results
in varying errors Ecolour.
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Figure 4. Frames vs. quality of super-resolved mask.

The super-resolution result of Person4 is shown in
Fig. 5. The faces on the left show the facial mask
that is textured with a single frame with face sizes of
60×40(5(a)) and 30×20 (5(f)) respectively. The sec-
ond, third and fourth mask show the increase in resolu-
tion after 20 (5(b) and 5(g)), 50 (5(c) and 5(h)) and 200
(5(d) and 5(i)) frames have been added to the super-
resolved mask. The last column compares these results
with a single frame that has been increased to double
its size using B-Spline interpolation. In both cases, in
Fig. 5(e) and Fig. 5(j), the interpolated result is more
blurred and less detailed.
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Figure 5. Resolution increase for face sizes 60×40
(top) and 30×20 (bottom).

This experiment shows that the resolution increases
within the first 20 to 30 frames depending on the initial
face size. As more frames are added to the mean face,
the more blurred it becomes resulting from increasing
tracking errors, misaligning the tracked mask. How-
ever, by choosing only frames with low RMSE (Eq. 4),
the amount of blur is reduced to a minimum.

Compared to super-resolution optical flow our ap-
proach does not require initial interpolation and thus re-

sults in less blurred images. Furthermore, optical flow
is not well suited for estimating a dense flow field of
non-planar and non-rigid objects across a large number
of frames which is needed for best results [2]. Space
constraints prohibit the presentation of further results.

4 Conclusion
We describe a new super-resolution technique that

uses a face mask to increase the resolution of non-
planar objects despite changing viewpoints. Using
this technique high-resolution images of objects in
low-resolution video can be calculated during or after
tracking. Experiments show that the proposed super-
resolution algorithm increases resolution most signifi-
cantly within the first 20 to 30 frames depending on the
initial size of the face. Our combined geometric and
appearance-based tracking algorithm is well suited for
tracking faces of small size, using a 3D model mesh,
which is a pre-requisite for the resolution enhancement.
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