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3D localization for Mobile Robot using Foveated Wide-angle
Vision System
Nobuyuki Kita  Andrew J. Davison

We approach to realize generai vision for mobile robots based on our foveated stereo active vision system.
To cope with the passive motion of the optical center sufferd from locomotion, we propose general

localization method to be used for the different type of mobile robots and the various environments.
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In our system, the inter-robot measurement is
an implementation of the general self-measurement
capability built into our localisation software frame-
work. As well as being able to make measure-
ments of arbitrary features in the world, a robot

3 oRy hOBHBBEBKVWEHLERT S
BF

or robot group has the potential to make measure-
ments of its own internal parameters; in the multi-
ple robot case this includes measurements between
the robots.

3.1 Experiments: A Cooperative In-
spection Task

In this scenario, the active vision robot and its
assistant carrying the active lighting system must
collaborate to inspect a portion of pipe which lies
towards the back of the arrangement of equipment
in our plant mockup. In order to achieve a clear
view, the vision robot must navigate through a
narrow gap (only a few centimetres wider than
itself) to get into position, while the lighting robot
moves to a nearby position to supply illumination.

From starting points on the far side of the mock-

up, the robots navigate according to a pre-programmed
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route of known “waypoints”: these are simply linked
positions through which they must move. Of course
though, a robot must know its location in order to
know when it has reached a waypoint, so this is
a pure test of the robots’ localisation capabilities.
The robots were initially manoeuvred by hand to
known positions in the scene and these position-
s inserted as the initial state x, — note though
that the precision of these initial placements was
also estimated and used as the initial covariance
P, (for example the precision to which the robot’s
orientations could be aligned by hand was assessed
as a couple of degrees).

During navigation, the vision robot made re-
peated measurements of features in the scene, which
in this experiment had been supplied as a prior
map so that their positionsy,wc‘are perfectly known:
the features were natural features in the scene such
as dials and the corners of door-frames, initialised
by hand-measurement of their positions and cho-
sen to lie in widely-distributed locations in 3D.
(Automated building of a map of features of this
type is also possible using active vision within a
SLAM framework as detailed in [1].) At various
points on its trajectory apart it turned to check on
the progress of the lighting robot by measuring its
beacon marker (although the active head carried
by the vision robot provides an almost hemispher-
ical field of view, when the lighting robot is behind
it -is necessary for the vision robot to rotate in or-
der to bring it into view). After visual search has
located the marker, the measurement of it’s lo-
cation relative to the vision robot is fed through
the localisation filter to produce updated position
estimates for both robots. ' ‘

Figures.4 and 5 explain the inspection task in

more detail.

3.2 Evaluation

We have shown in these experiments how a
very sparse map of visual features can be used
~ for extremely accurate and repeatable localisation..

Rather than as in many approaches to robot nav-
igation where very dense feature maps are made,
our approach concentrates on just a few high qual-
ity, widely spaced features, and uses intelligent ac-
tive measurement selection to switch attention be-
tween them as necessary. By making occasion-
al measurements of a carried beacon, it can also
greatly aid the localisation of an assistant robot

‘with poorer sensor capabilities.

In this style of multiple robot navigation, where
an inter-robot measurement is only made quite in-
frequently, it is essential that the reliability with
which the beacon placed on the second robot can
be matched is high: since the uncertainty in the
robots’ relative location will be large, making this
measurement will involve a large search region,
and there is the potential for making mismatch-
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(e) (f)

B 4. Collaborative inspection. (a) Start posi-

tion. In (b) and (c) the vision robot makes an
observation of the marker carried by the lighting
robot to improve its position estimation (note that
the vision robot rotates here to bring the lighting
robot into view). At (d) the vision robot must pass
through a narrow gap to reach the ideal inspection
position (e), where the lighting robot illuminates
the scene to provide view (f) of the pipe to be
assessed.
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(d) (e) ()
B 5. Collaborative navigation while performing
an inspection task. Ground truth robot position
measurements in black are superimposed on lo-
calisation estimates in grey. The point features
referred to are also shown. From starting position
(a), the robots move forward together in the up-
ward direction; the vision robot 1s in front of the
the lightihg robot. Pair (b) and (c) are snapshots
before and after an inter-robot measurement, and
the improvement in the position estimate of the
lighting robot can clearly be seen. The position
estimate of the vision robot remains good through-
out, such that at (d) it can enter a narfow gap to
reach the inspection position (e).. The vision robot
exits through the gap again in (f) and"the robots
are ready to continue their inspecfion tour.

x(lef)

Robot Frame R

2" (forward)

World Frame W

B 6. Coordinate frames.
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B 7. The “piecewise planar” approximation to an
undulating surface.

o

v

Traversing the First Ramp (Side View)

oy

L-shaped journey Map State

I 8. Estimated robot position sequences obtained

while traversing the course of ramps.
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