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Introduction

Visual odometry

It is well known that navigation
systems based on GPS
technology are vulnerable.
The outcome of this
research is a navigation
system which combines
complementary visionbased techniques together
with inertial sensors to
navigate a UAV in case of
GPS outages.

Image registration

Sensor fusion

Cross-correlation between
sensed and geo-referenced
aerial imagery has the capability
to compensate for position drift.

The UAV position is estimated
fusing together information
from visual odometry and
image registration. The statespace model associated to the
problem is:

Feature tracked in the image.

Features after RANSAC outliers
detection.

A visual odometry algorithm based on
homography estimation (H) computes the
UAV displacement from frame-to-frame
using the following homography
decomposition:
1
H = R + T ⋅ nT
d

On-board results
The approach proposed runs in real-time
on-board the UAV. Experimental flight-test
results are presented in this section.
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Registration between reference and sensed
image.

C (u, v) =

∑x, y [T ( x, y) − µT ][ I ( x − u, y − v) − µI ]
∑x, y [T ( x, y) − µT ]2 ∑x, y [ I ( x − u, y − v) − µI ]2

where u
is the odometry
r r r
displacement and p( yt | xt , zt )
the image registration
likelihood. The point-mass
technique is used to solve the
Bayesian filtering recursion.

A separate Kalman filter is used to fuse
inertial data and position data from the
point-mass filter to estimate the UAV
velocity and attitude as described in [1].
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Cross-correlation result.

GPS reference
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Probability density function of the UAV position
computed from the point-mass filter.
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