@ COMPETITIONS

ny news broadcast reveals that
Mother Nature and human
nature are not always on our
side. Shifting demographics
make society increasingly susceptible to
both natural and man-made disasters.
Densely populated coastal cities prone
to flooding and bad weather invite
heavy tolls from natural disasters. Man-
made disasters come in many forms,
such as chemical spills, weapons of
mass destruction, release of radiation,
and so on. Humanity must improve its
defenses against such threats, i.e., we
must prepare for the unexpected.
During the Fukushima disaster,
many Japanese citizens, aware of the
development of humanoid robotic plat-
forms, asked, “Can’t robots help us?” It
turns out that they could not, at least
not then. The Defense Advanced
Research Projects Agency (DARPA)
Robotics Challenge (DRC) aims to
work up to robots that can help in the
near future. The DRC is a program in
human-scaled robotics for disaster
response. DARPA’s goal is to create
robots that could interface with human
environments, use human tools, and be
commanded by humans without spe-
cialized training. We want robots that
can adapt to assist in any disaster.

Why a Challenge?

DARPA issued a challenge to seek solu-
tions to a series of problems by posing
them to the community. How can we
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design a robot to respond to an unstruc-
tured set of tasks? How can we make it
work in partnership with a human
leader despite limited communications?
How do we benchmark performance?
What tools do we use? We don't know
the answers, but we do know that no
corporation, school, or individual is
going to solve these problems alone.

We also chose the challenge model
as it offers the best way of engaging
the global community. If the prize
structure is properly tuned and the
solution is valuable enough, we’ll
reach not only major robotics contrac-
tors but also individual thinkers, hob-
byists, and academics.

We felt a more diverse funding
model was necessary compared with
the previous model of the DARPA
Grand and Urban Challenges as we did
not have an existing technology base
(i.e., automobiles) from which to start.
We are providing development funds
to some teams, chosen through pro-
posal evaluation, with a number of
down-select points based on perfor-
mance. We are allowing other teams
with independent funding to compete
without submitting proposals. We will
remove a barrier to entry for software
developers by providing a robot and
technical support to teams that per-
form best in a preliminary, simulation-
based competition; simulations will
run on an open-source tool that we are
developing in parallel and hope will
become a community-standard
resource for producing and sharing
new robots and testing environments.
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In total, more than 100 teams from
around the world are registered: large
contractors, small businesses, universi-
ties, government agencies, and groups
of individuals.

Collaboration Brings Solutions
We believe that we can achieve unique
knowledge transfer through a com-
munity-wide challenge. For example,
as we develop the government-funded
platform and simulation environ-
ment, we have a hotline to experts
with a vested interest in the program’s
success. If we are having difficulties in
developing a real-time simulation
environment or scoping requirements
for a walking controller, we can reach
out to hundreds of participants. What
elements are critical in rolling out
these tools? The decision should rest
with the engineers and scientists who
will use them and who collectively
possess the theory and applied experi-
ence to prescribe solutions.

By proposing a challenge that
addresses manipulation, locomotion,
perception, and communications, we
force experts in each domain to pool
their intellectual horsepower. We are see-
ing super-groups formed from institu-
tions that might never have collaborated
otherwise. Between teams, we see an
increase in cross-talk using challenge-
endorsed forums; such cooperation
might not occur in a conventional, per-
former-based program. Nobody wants to
give away the secret sauce, but in point-
ing each other to key resources, teams
significantly raise the knowledge floor.
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Benchmarks

When you aim to solve the issues we are
taking on, there is no falling back on a
single standard to benchmark a good
robot. We are leveraging great work
done at the National Institute of Stan-
dards and Technology on its E54.08.01
rescue robotics metrics but taking a step
back with their oversight. Rather than
scoring the functions that describe
robot performance (e.g., visual acuity,
dexterity, maneuverability), we look at
holistic solutions that reflect a robots
ability to complete a mission. We feel
that this is the only way to develop a
robot that can operate in an arbitrary
environment, rather than having a
“hose grab” mode and a “ladder climb”
mode. The successful robot will adapt
to its surroundings and operate despite
degraded communications.

In writing benchmarks, we routinely
see the value in community involvement.
For example, we cannot pick a scoring
rubric out of thin air, so we solicit input
from participants on how to score the
events. In the Virtual Robotics Chal-
lenge, set for June 2013, we face the diffi-
cult task of measuring robotic perfor-
mance in events based on time, speed,
and bandwidth usage. To resolve how we
determine a winner, we proposed a set of
rules and teams helped to generate a set
of scoring criteria that preserves the
authenticity of the challenge. Experts in
remotely operated robots, robotic
manipulation, and locomotion weighed
in with different perspectives to expose
flaws in methodology and develop new
means of assessment that will force teams
to complete tasks efficiently. Thus, we
anticipate the competition will drive

innovation in the areas where we need to
push community focus.

Conclusions

We expect to see great strides in a num-
ber of directions as a result of the DRC,
including new crosslinkages in the
robotics community. In the end, the
community wins under any or all of
three scenarios: we create algorithms
necessary for multifunctional robotics,
we develop one or more excellent robot-
ics platforms, or we coalesce on an
open-source simulation environment
with a widespread user base that cata-
lyzes the industry. With so many
thought leaders engaged, we are confi-
dent that the resulting technologies will
soon be able to help humans respond to
whatever crisis the world dishes out.
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In the future, unmanned cars will be essential to help
reduce fatal traffic accidents, and developmental
experiments in this technology have been extensive.
If we were able to discover the principles that
represent human driving skills, we could replicate
optimal human driving performance in an unmanned
vehicle.

MotionLab LLC has discovered the principles of
human driving skills with a new concept called
Abstract Vehicle Motion. This concept is based on
an innovative mathematical theory, Symmetric
Geometry. This rock-solid foundation creates
extremely precise motions that not only replicate, but
surpass, human driving performance. Visit
www.motionlab.com to watch our Swan robot’s
parallel parking and back-in parking motions.

You can download the Vehicle Motion Bible
(a 108-page PDF document) free from
www.vehiclemotion.net/. The Bible describes
MotionLab’s Abstract Vehicle Motions and
Symmetric Geometry.

MotionLab’s Vehicle Motion Platform is a
Java®-based simulator that installs all Abstract
Vehicle Motions developed by MotionLab.
Alicense can be purchased for $399, also from
www.vehiclemotion.net/. The Platform has a
programmable capacity that allows users to write
programs to test and run new Abstract Vehicle
Motions. Download the Platform with confidence;
a standalone Java® application is never a threat
to security.
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