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Abstract

The Autonomous Intelligent Systems Section at Defence R&D Canada — Suffield develops
autonomous capabilities for land and air vehicles. Unmanned ground vehicle (UGV) autonomy
demands numerous capabilities, including traversing outdoor, unstructured environments. As a
rule outdoor terrain is not static as it varies on a seasonal basis due to the life cycle associated
with natural flora. Additionally, outdoor terrain may change appearance due to variations in
lighting conditions that result from the Sun’s relative position and from weather conditions such
as clouds, fog or rain. Finally, unstructured terrain contains many natural obstacles, in addition to
rocks and berms, that are impediments to traversal, such as brush, low lying wet areas, and other,
seasonally varying, soft soil conditions.

The tremendous diversity associated with outdoor terrain has long caused researchers
considerable grief. It has made the development of terrain classification algorithms a very difficult
if not impossible task. Traditionally, researchers have avoided this problem by relying upon

ranging sensors, which provide the data required to construct 23 D or 3D world representations.

Although geometrical representations have been used extensively, the low data rates associated
with laser rangefinders, their limited ranges and the shallow angles at which they operate all
combine to limit their effectiveness. The principal alternative to active ranging sensors in the
visual part of the spectrum is sterco. Stereo vision is subject to a number of problems when used
outdoors. Lighting conditions and textures influence the data’s reliability, and the practical limit
on stereo baseline defines near and far range capabilities. A UGV’s maximum speed is directly
related to the range of its ranging sensors, thus reliance on range data alone to create a
geometrical world representation inherently limits a UGV’s maximum speed.

Although humans possess the ability to estimate range via stereo, this ability is only effective at
short range and is not a key element for a human driving a ground vehicle. Humans, using their
inherent learning capabilities, usually drive using other visual cues such as recognizing size and
shape invariance of objects in the field of view and by following roads, paths or trails. Allowing a
UGV to learn from experience, in a more human like manner, promises to reduce or alleviate
many of the issues posed by unstructured, outdoor terrain. On-line, self-supervised learning
allows a UGV to adapt to changing conditions, thus enabling more reliable operations over a
wider range of possible environments. Defence R&D Canada’s “Learned Trafficability” research
program investigates learning from experience. This report presents DRDC’s progress in

implementing generalized learning capabilities and their applications to extending a 2+ D world
representation using vision and learning from experience.

Résumé

La section des systémes intelligents autonomes a R & D pour la défense Canada — Suffield
développe des capacités autonomes pour les véhicules aériens et terrestres. Un véhicule terrestre
sans pilote (VTSP) autonome exige de nombreuses capacités, y compris les déplacements dans
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des milieux extérieurs non structurés. En régle générale, un terrain extérieur n’est pas statique; il
change de saison en saison en raison du cycle de la vie reli¢ a la flore naturelle. De plus,
I’apparence d’un terrain extérieur peut changer selon les variations des conditions d’éclairage qui
résultent de la position relative du soleil et des conditions météorologiques comme les nuages, le
brouillard ou la pluie. Enfin, un terrain non structuré contient de nombreux obstacles naturels, en
plus des roches et des bermes, qui génent les déplacements, comme les broussailles, les terres
basses humides et d’autres conditions du sol qui varient selon les saisons.

La prodigicuse diversité associée aux terrains extérieurs est depuis longtemps une source de
frustration considérable pour les chercheurs, car elle rend trés difficile, sinon impossible, la
création d’algorithmes de catégorisation des terrains. En régle générale, les chercheurs évitent ce
probléme en ayant recours a des capteurs télémétriques qui fournissent les données nécessaires a
la création de représentations bidimensionnelles (2YzD) ou tridimensionnelles (3D) du milieu
ambiant. Bien que 1’usage de représentations géométriques soit trés répandue, les faibles taux de
données associés aux télémetres lasers, leur portée limitée et leurs faibles angles de
fonctionnement contribuent ensemble a limiter leur efficacité. La principale alternative aux
capteurs de télémétrie actifs dans la partie visible du spectre de la lumiére est la vision
stéréoscopique. Ce phénomene est sujet a un certain nombre de problémes lorsqu’elle est utilisée
a ’extérieur. Les conditions d’éclairage et les textures influent sur la fiabilité de données, et les
limites pratiques de la ligne de base stéréoscopique définissent les capacités de télémétrie a
courtes et a longues portées. La vitesse maximale d’un VTSP est directement proportionnelle a la
portée des capteurs de télémétrie, et donc, le fait de se fier uniquement a de telles données pour
créer une représentation géométrique du milieu ambiant limite de maniére intrinséque la vitesse
maximale d’un VTSP.

Bien que les humains soient capables d’estimer la distance par la stéréoscopie, cette aptitude n’est
efficace qu’a courte distance et ne constitue pas un ¢lément clé¢ pour un humain qui conduit un
véhicule terrestre. Grace a leurs capacités d’apprentissage inhérentes, les humains conduisent
généralement en ayant recours a d’autres repéres visuels, par exemple en reconnaissant la
grosseur et 'invariance de forme des objets présents dans le champ de vision et en suivant des
routes, des sentiers ou des pistes. Le fait de donner a un VTSP la capacité d’apprendre par
I’expérience, d’une manic¢re plus humaine, promet de réduire ou d’atténuer bon nombre de
difficultés posées par un terrain extérieur non structuré. L apprentissage virtuel permet a un VTSP
de s’adapter a des conditions sans cesse changeantes, ce qui rend possible des opérations plus
fiables sur une plus grande plage de milieux potentiels. Le programme de recherche « Learned
Trafficability » de R & D pour la défense Canada examine 1’apprentissage par 1’expérience. Le
présent rapport présente les progres accomplis par RDDC dans la mise en pratique des capacités
d’apprentissage généralisées et de leurs applications dans le prolongement d’une représentation
bidimensionnelle (2YzD) grace a la vision et a I’apprentissage par [’expérience.
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Executive summary

Generalized, On-line, Self-Supervised Learning for
Autonomous Vehicles

G.S. Broten, D.J. Mackay; DRDC Suffield TR 2009-220; Defence R&D Canada —
Suffield; December 2009.

Background: Defence R&D Canada researches Autonomous Intelligent Systems as defined by
the DRDC Technology Investment Strategy (TIS) where the TIS defines autonomy as
”...automated or robotic systems that operate and interact in the complex and unstructured
environments of the future battlesspace”. The Defence S&T Strategy identifies Intelligent
Autonomous Systems for operation in complex environments as a key research field. Section 5.1
states “The challenge is to develop environment recognition and course of action algorithms for
flexibility ...”. Thus, the ability to operate in complex and, unstructured environment is an
important unmanned ground vehicle (UGV) capability. This environment is notoriously difficult
for UGV operations as it defies attempts at using machine vision. Historically, researchers have
skirted vision problem by building geometric world representations from range data provided by
ranging sensors. This representation is commonly referred to as a terrain map, where the map’s
extent is proportional to the lookahead distance. Unfortunately, the terrain map technique suffers
from myopia where the lookahead distance is limited. Given that the maximum possible vehicle
speed is directly related to the maximum distance at which obstacles can be identified, increasing
the lookahead distance is advantageous. Additionally, looking further ahead of the vehicle
benefits navigation as the path planner can better anticipate whether the terrain is traversable.

Principle Conclusions: A generalized, on-line and self-supervised learning process was
implemented under Defence R&D Canada — Suffield’s “Architecture for Autonomy”. This
implementation can, in real-time, learn the relationships between arbitrary inputs and outputs. The
algorithm has memory, meaning it can apply the knowledge learned from previous experiences to
its current situation. This self-supervised learning implementation has been applied to the
generation of a terrain map. The system effectively learned the relationship between colour visual
cues from an on-board camera and geometric properties of the terrain derived from laser
rangerfinder data. Hence the technique inferred a scene’s geometry using the colour information
provided by the camera. The resulting inferred map has a significantly extended lookahead
distance.

Significance of Results: Under this technique the lookahead distance has been significantly
extended. This technique was implemented on the Raptor UGV. Traditionally, a terrain map,
based upon laser rangefinder data, was limited to a lookahead distance of approximately 20 m to
25 m. Using this technique it was possible to more than double the lookahead distance to 60 m,
thus, reducing myopia and allowing the navigation system to make more informed decisions.
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