


tems for mobile robotics that are both reliable and
robust regardless of the visual environments encoun-
tered during planetary exploration.

Figure 2: Erample test image generated from Argo
class rover CAD models and Martian terrain model.

This paper presents a robust hybrid vision system
designed as a 3D visual localization tool for a net-
work of mobile robots. It takes advantage of the
strengths of several different vision algorithms with
respect to a set of visual constraints often encoun-
tered in autonomous navigation (e.g., varying light-
ing conditions, depths, scales, appearances, and oc-
clusion conditions). As well, the hybrid system draws
upon the complementary strengths of several feature-
based and appearance-based computer vision meth-
ods [3]. Three independent recognition modules are
executed simultaneously on a stream of RGB images.
Based on the quality and confidence measures of each
of the recognition systems an intelligent, higher-level
Decision-Making System (DMS) reports the coordi-
nates, identity and pose of an object of interest. Each
module independently performs recognition and/or
pose estimation and outputs a set of detection ar-
eas. The first module is comprised of a Support Vec-
tor Machine algorithm (SVM) that performs recogni-
tion [4, 5, 6, 7, 8]. The second is built using a Pairwise
Region Comparison (PRC) function utilizing graph-
based image representation techniques [9], as well as a
Directed Acyclic Graph (DAG) recognition and pose-
estimation module [10, 11]. The third module consists
of a combination of a novel Colour-Based Image Seg-
mentation algorithm (CBIS) and a Singular Value De-
composition (SVD) recognition and pose-estimation
tool similar to that of Murase and Nayar [12]. The
combination of these algorithms, which fits perfectly
into an active vision framework [13, 14, 15], are used
to robustly identify surface rovers from images con-
taining various backgrounds.

2 Motivation

The Space Robotics Laboratory at the University
of Toronto Institute for Aerospace Studies is currently
developing a network of ten fully autonomous plane-
tary rovers. The main focus is on the control and
artificial intelligence aspects necessary for the naviga-
tion and exploration of unknown environments. To
accomplish this rover localization is an absolute re-
quirement.

There are many ways of achieving localization using
current technologies. One can, for instance, consider
military level GPS (Global Positioning System), trian-
gulation using known radio beacon locations, odome-
try, as well as vision. The feasibility of using GPS on
other planets is debatable at best. For a given mission,
requiring the placement of external beacons needlessly
complicates mission parameters. Odometry, being a
purely passive, local localization technique is very use-
ful but rapidly accumulates large errors. Vision offers
a tool that can provide a robot with more accurate lo-
cal information, and even global information in some
cases, concerning its location.

Figure 3: Examples of biological systems that mo-
tivate and inspire our work in network robotics.
These systems represent fascinating examples of self-
organizing and cooperating networks.

Another element that motivates the current ap-
proach is inspiration from real biological systems.
Even very simple creatures such as bees can very ef-
fectively use visual cues to navigate [16]. This aspect
not only motivates the choice of vision as a localiza-
tion tool, but also the parallel implementation of the
hybrid recognition engine. To operate in this way,
it becomes necessary that the proposed recognition
system simultaneously extracts multiple visual cues
(appearance, shape, colour) in a similar manner to
many biological systems. As a real life example, one
could eagily recognize a blue jay on a sunny day us-
ing colour, and details of its appearance. At night,
this same jay might only be recognizable as a bird by
its overall shape (i.e. silhouette). The hybrid engine
proposed in this paper investigates this approach to
vision because exploration of unknown environments
may offer a large spectrum of appearances and visual
conditions. We wish to build a system that will be as
robust as possible, and will not overly depend on the
quality of the training data to generalize well to real
scene images.






