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ABSTRACT

This paper describes a possible method of converting a single performing robot
algorithm into a multiple performing robot algorithm without the need to modify
previously written codes. The algorithm to be converted involves spill detection
and clean up by the HERMIES-III mobile robot. In order to achieve the goal of
multiple performing robots with this algorithm, two steps are taken. First, the task
is formalgf divided into two sub-tasks, spill detection and spill clean-up, the former
of which is allocated to the added performing robot, HERMIES-IIB. Second, a
inverse perspective mapping, is applied to the data acquired by the new performing
robot (HERMIES-IIB), allowing the data to be processed by the previously written
algorithm without re-writing the code.






1. INTRODUCTION

The U.S. Department of Energy, Office of Nuclear Energy, sponsors a joint
university/ORNL research project pursuing the development of advanced robotic
systems that are capable of operation in hazardous environments [1]. In 1988,
the mobile robot HERMIES-IIB planned and followed a path in a partially known
environment. The target of these maneuvers, a mock control panel, was found and
inspected. HERMIES-III is the more sophisticated successor of HERMIES-IIB and
is equipped with a seven degrees of freedom manipulator. In 1989, it navigated
autonomously through an obstacle ridden environment and detected, located, and
cleaned up a simulated spill using a vacuum cleaner mounted on the tip of its
manipulator. The spill cleaning task for HERMIES-III consisted of two main sub-
tasks accomplished sequentially. In addition to navigation in an obstacle ridden
environment, each sub-task required a specific sensory and effectual capability; a
vision system was required for the spill detection and a manipulator was required
for the spill clean up.

When such a task consists of two or more sub-tasks that can be performed con-
currently or consecutively, and the sub-tasks require differing system performances,
it can be appropriate to distribute the sub-tasks to multiple robots to minimize
either the “task time” or the costs for the “job”. For the spill cleaning task, this
means that the spill detection could be accomplished by HERMIES-IIB and the
spill clean up by HERMIES-III. HERMIES-IIB would seek out the spill and trans-
mit the spill location, size and shape to HERMIES-III, whereupon the larger robot
could move directly to the spill and remove it.

Transferring the proven spill detection system of HERMIES-III onto HERMIES-
IIB could be part of the strategy to achieve the goal of multiple performing robots.
However, this is complicated by the following geometric constraint. On HERMIES-
IT1, a camera attached to the tip of the manipulator images the floor and an image
processing software module [2] detects and maps spills. This eye-in-hand camera
is oriented so that the image plane of the camera is paralle] to the floor. This
camera geometry provides a simple relation between image coordinates and floor
coordinates for the software module. But due to the mechanical design of the robot,
a camera mounted on HERMIES-IIB cannot assume the pose of the HERMIES-III
camera (Fig. 1). In addition to this constraint, it would be expedient to use the
cameras and lenses already mounted on HERMIES-IIB, which are different from
those on HERMIES-III. Doing so would further alter the relation between image
and floor coordinates that was established for the HERMIES-III algorithm.

For the above reasons, the HERMIES-III image processing software cannot be
used on HERMIES-IIB without adaptations. An elegant method to avoid direct
modification of the image processing software is to map the HERMIES-IIB camera
images to the perspective of the HERMIES-III camera, by applying a coordinate
transformation termed inverse perspective mapping [3].



Fig. 1. HERMIES-IIB at simulated spill site with cameras directed at the flcor
(cameras located on “head” of robot).



2. INVERSE PERSPECTIVE MAPPING

Inverse perspective mapping projects the image of a camera onto a plane dif-
ferent from the original image plane while retaining the center of projection. Fig. 2
shows an object point P in space being viewed by a camera with lens nodal point
O and image plane E.

image plane,

horizontal plane, EL p'

Fig. 2. Coordinate sytems for the inverse perspective mapping.

The image point p of P is determined by the process of central projection, i.e.
it is the point where the ray from the object point to the nodal point intersects the
image plane. Then the inverse perspective mapping of p onto a plane E’ is given by
the point of intersection of the same ray with E’. The inverse perspective mapping
Q:E — > E’ maps a point p (x,y) in the image plane E onto a point p’ (x’ ,y’) in a
plane E’ slanted by an angle ¢ with respect to the optical axis:

Q:R? — R?

(z’) _ h u' ) (1)
y')  —v' cos o+ fsin ¢ \v'/sin ¢

(Note: Without loss of generality for the definition above, the X and X’ axis are
chosen to coincide). Inverse perspective mappings as defined here can also be viewed
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as the class of image transformations that could be achieved by changing the focal
length or camera target orientation relative to the optical axis. It is this feature of
inverse perspective mapping that is exploited to change the orientation and focal
length of HERMIES-IIB’s camera to match that of HERMIES-III's camera.

In terms of projective geometry, inverse perspective mapping is a projective
collineation [4]. Its application to images has been reported by Gonzales and Wintz

[5], and its functional implications on the computation of optical flow and stereo by
Mallot, et al [3].



3. ADAPTATION OF THE SENSORY DATA

The implementation of inverse perspective mapping is rather simple. After
measuring h - the height of the cameras nodal point above the floor, and ¢ the
inclination angle of the cameras optical axis with the floor, all parameters of Equa-
tion 1 are known. If a more accurate estimation of the orientation parameters is
required, any calibration method for standard cameras can be utilized (e.g. [6]).
Fig. 3 shows a view of the floor from a HERMIES-IIB camera.

Fig. 8. View of the simulated spill from a HERMIES-
IIB camera.

The perspective distortion of the imaged floor is due to the non- orthogonal
view of the camera. This image is then mapped into a new image frame by applying
Equation 1. As a result of the inverse perspective mapping, the distortion of the
floor is compensated for and the mapped image (Fig. 4) can be passed to any
succeeding image processing module, providing an orthogonal view of the floor.



Fig. 4. HERMIES-IIB, view of the spill after
inverse perspective mapping has been applied to
the image.



4. IMPLEMENTATION OF THE MAPPING

In order to perform the mapping function, the destination of each pixel in the
original image must be calculated. This may take quite some time, as equation
1 must be solved for every pixel in the image. For a 256 x 256 image it took
approximately 3 minutes to perform the mapping on a 68020 VME bus system.
However, the performance can be greatly improved by first computing a look-up
table. We can consider the orientation of the camera to be stationary, because
neither its height nor inclination change, even if the robot is moving (on a plane).
Therefore, if we compute a lookup table that contains the calculated destination
for each pixel in the original image, we can quickly map any images with a single
pass through the lookup table. For a 256 x 256 image it took approximately 1.75
seconds to perform the mapping on a 68020 VME bus system using a previously
computed look-up table. Another advantage of the lookup table scheme is that it is
readily adaptable to a parallel computer architecture, such as a hypercube, which
would allow even greater performance. To reiterate, the lookup table need only be
computed once as long as the camera’s height and inclination don’t change.



5. SUMMARY

The goal of this paper was to show how the spill detection and clean up algorithm
currently implemented on the HERMIES-III mobile robot could be modified in or-
der to utilize multiple performing robots with little or no modification of previously
written codes. To that end, the following steps were outlined. First, sub-tasks that
could be performed concurrently or consecutively and that required differing system
performances were identified. Second, the sub-tasks were divided and a portion of
them were allocated to a different robot, HERMIES-IIB. Third, the difficulties with
a simple transferral of algorithms to the new robot were outlined, namely the inabil-
ity of HERMIES-IIB cameras to assume the pose utilized by HERMIES-III during
spill detection. Fourth, the method of inverse perspective mapping was explained
as a solution to this problem, and initial experimental results were described.
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