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Abstract

Most of vision-based algorithms for motion and lo-
calization estimation requires matching some interest
points in a pair of images. After building feature
correspondence, it is possible to estimate camera mo-
tion/localization using epipolar geometry. However
feature matching is still a challenging problem because
of time constraint or image variability for example. In
several robotic applications, the camera rotation may
be known thanks to a gyroscope or another orientation
sensor. Therefore, in this paper, we aim to answer the
following question: can the knowledge of rotation from
a gyroscope be used to improve feature matching. To
analyze this new approach of camera and gyroscope
data fusion, we proceed in two steps. First, we rotation-
ally align the images using rotation information of the
gyroscope. And second, we compare the quality of fea-
ture matching in the original and rotationally aligned
images. Experimental results on a real catadioptric se-
quence show that gyroscope data permits to sensibly
improve the number of inliers according to epipolar ge-
ometry.

1. Introduction

Most of vision-based algorithms for motion and lo-
calization estimation requires matching some interest
points in a pair of images [11][15][16]. Once some fea-
ture correspondences are built, it is possible to estimate
camera motion and reconstruct the scene in 3D using
epipolar geometry. Nowadays, a very large literature
exists about feature extraction/matching and in practice,
two methods are widely used. The first one consists in
extracting Harris corners [6] and matching them by nor-
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malized cross-correlation (NCC) [10]. This approach is
trivial to implement and can run very fast, but contains
some limitations in terms of robustness. The second
method refers to the SIFT operator [13] which extracts
particular interest points and builds a 128-dimensional
descriptor for each feature. These keypoint descriptors
are robust to changes in illumination, noise, occlusion
and minor changes in viewpoint. Thanks to their high
distinctiveness, they are used to efficiently match the
extracted features.

Whereas impressive results can be obtained, extrac-
tion/matching is still a challenging problem. Existing
methods do not verify at least one of the following cri-
teria: accurate localization of the features, low com-
plexity, robust matching independently of illumination
changing, image distortion (lens or mirror), camera mo-
tion or view point. In several robotic applications, the
camera rotation may be known thanks to a gyroscope
or another orientation sensor. Therefore, this paper
aims to answer the following question: does the knowl-
edge of rotation from a gyroscope can improve features
matching. Surprisingly, no similar works have been per-
formed previously. Obviously the idea to combine gyro-
scope and camera is not novel but has been essentially
applied to improve the localization estimation and not
the feature matching. For example in [9] [17], the au-
thors use the rotation to constrain the motion equations
and achieve more accurate localization. What we would
like to do is to take advantage of the rotation in order to
improve the feature matching as a pre-processing step
for motion/localization estimation.

To analyze our proposed new application of camera
and gyroscope data fusion, we proceed in two steps.
First, we rotationally align the images using rotation in-
formation provided by the gyroscope. And second, we
compare the quality of features matching in the orig-
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Figure 3. Ratios of the number of Harris-
NCC inliers in the rotationally-aligned and
original images (blue solid line) skipping
1 (a), 5 (b), 10 (c) and 20 (d) images. The
green dashed line corresponds to the ref-
erence unit ratio.

results lead to the conclusion that image alignment us-
ing gyroscope plays an important role for Harris-NCC
in terms of inliers verifying the epipolar constraint, es-
pecially when the relative motion is large. At the con-
trary, it appears that SIFT is robust enough to efficiently
handle camera rotation. Therefore, one may argue that
there is no need to align the images and use corners ex-
traction/matching since SIFT performance remains un-
changed. However, SIFT suffers from several disad-
vantages: it is computationally expensive, not accurate
in localization (jitter effect of the extracted features)
and a license must be obtained for commercial appli-
cations (key limitation for low-cost systems develop-
ment). At the contrary, Harris corners can be extracted
very quickly, are accurate in localization and can be
used in commercial products for free. Their matching
is usually not robust but we have shown that gyroscope
permits to efficiently overcome this traditional limita-
tion.

5. Conclusion

Matching extracted features in an image pair is still
a challenging problem because of time constraint or im-
age variability for example. In several robotic applica-
tions, the camera rotation may be known from a gyro-
scope or another orientation sensor. Therefore, this pa-

per has aimed to answer the following question: can the
knowledge of rotation from a gyroscope be used to im-
prove feature matching. Experiments on real catadiop-
tric images have lead to the conclusion that image align-
ment from a gyroscope efficiently improves the match-
ing of Harris-NCC features, especially when the motion
amplitude is large, and that such an improvement was
not noticeable for SIFT features. This difference is ex-
plained by the stronger robustness of SIFT to rotation.
Finally, we would like to emphasize that we are not
aware of previous works that have proved the efficiency
of rotational alignment by gyroscope data for feature
matching. Therefore, the practical consequence of our
work is that, if gyroscope data (rotation information in
general) is available, Harris corners becomes preferable
to SIFT features, because corners are extracted faster,
more accurate in localization and license-free.
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Figure 4. Ratios of the number of SIFT in-
liers, similarly to Fig 3.



