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Complex systems and complex missions lake yvears ol
planning  and force launches w0 become  incredibly
expensive. The longer the planning and the more
expensive the mission, the more catastrophic if
he solution I been to plan better, add
redundancy, test  thoroughly and use high quality
components, Based on our experience in buildi
based mobile robots (legged and wheeled) we arg
for cheap, fast missions using large numbers of mass
produced simple autonomous robots that are small by
s standards (1 1o 2 Kg)l. We argue that the time

between mission conception and implementation can be
radi v reduced, that launch mass can be slashed, that
totally autonomous robols can be more reliable than
ground controlled robots, and that large numbers of
robots can change the tradeoff between reliability of
individual components and overall mission  success,
Lastly, we suggest that within a fow years it will be
possible at modest cost to invade a planet with millions
tiny rubuis.

I. INTRODUCTION

Owver the last four and a half years the MIT Mobile Robot
Group has pursued the goal of building total
autonomous mobile robots for a variety of tasks. We
have refined hardware and software wols so that we
quickly build robust interesting robots. For instance
renghis x legged walking robot shown in Fig. 1
was completed 12 weeks after initial conception, in
response 1o a JPL workshop on micro spacecrafi [1]. The
robit [2,3] was principally built and debugged by two
people, with occasional supporting help from about
a dozen others. The robot weighs less than a Kilogram
and can seramble over very rough o A follow-on
vehicle [4] will he able to climb metre high rocks, and
travel at around three kilometres per hour. Such casy o
build high performance robots suggest some new ways
of thinking about planetary exploration,

Two of the principal costs  in  planctary  surface
exploration  missions  arise from the mass ol the
planetary rover upon launch, and hand construction of
the unique vehicle itselll In this paper. we demonstrate
that technology has progressed to the slage where we
an tackle both of these problems simultaneously by
creating swarms of 1otally autonomous microrovers in
the | to 2 Kg range. This way, total mass delivered to the
planetary  surface is minimised and in addition, the
multiple copies of the rovers increase the chance of the
Mission's success

E . Cost savings in terms of construction
dollar per Kg result, due to the opportunity 0 apply
mass production technigues to the roved manufacture.

AST, CHEAP AND OUT OF CONTROL: A ROBOT INVASION OF THE

Fig. 1 Gemghis is o 1 Kg six Jogged robot. It cam
walk and climb  over rough terrain has four|
onboard  pracessers,  twelve  actuatars  with foree

feedback, sin  pyroeleciric  semsors  iwo whishers,
amd  pitch and tall inclinemeters Total time for the)
project between mitial conception  and completion
of the robod wus dwelve weeks,

Total autonomy actually increases mission reliability,
Out of control of ground based operators, the robots can
use force control with tight sensing feedback loops.
This is in contrast 1o the minutes 1w hours long position
control  feedback loops of long  delay teleoperation.
Force control is the key to reliable performance in the
lace of any uncertainty. By completely removing all
ground based comtrol of the rovers, their complex
goes down drastically as there is no need for much of the
alions cquipment. and no need for the ground
support  maintaining  communication: Simplicity
In fact, the resulting reduced
ion will allow complete
prog 1w be con . re: hed, developed and
launched on time scales more reminiscent of the sixties
than those of today.

commu

increases  reliability

In the last part of this paper we present some radical
ideas on how to scale down the size of plan
even further, to the milligram range inspiring missions
which will capiali

tary rovers

ise on thousands or even millions of
rovers roaming a planetary surface.

2. CREA

NG INTELLIGENCE

The general problem we seloul to solve 4 172 years ago
was how to build a brg ar, 1o answer the question of
what it would take to build something that we would
consider clever, Whal were the essentinl  components
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Fast, Cheap, and Out of Control
Is the name of an essay written by
Brooks in 1989.



Fast, Cheap, and Out of Control

Is a non-linear, experimental essay on humanity's relationship
with animal and machine, Fast, Cheap is Morris' most
ambitious, charming, and unclassifiable film. It is also his most
personal.
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Richard Richardson - Cinematographer

In Fast, Cheap, and Out of Control Robert Richardson, uses many of the same camera techniques he used
in his other films, JFK and Natural Born Killers. In addition to 35 mm cameras, he also uses Super 8 mm
film. The film is extensively cut with scenes from older films and television shows.



Errol Morris- Eye Contact

A major difference between Fast, Cheap and Morris' previous works is the
Interrotron.

The subject, in responding to a virtual filmmaker, is always looking into the camera.
Morris admits the Interrotron is a gimmick, but said it was a "gimmick with
metaphysical content."



The Interrotron is a modified TelePrompter that,
using video and a one-way mirror, projects the face of
an interviewer onto the lens of a camera. The
interviewee, while watching this video image of the
interviewer, creates direct "eye contact” with the
camera.
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Robert Greenwald is the founder of
Brave New Films, a nonprofit film and advocacy
organization whose work is distributed for free
in concert with nonprofit partners and
movements in order to educate and mobilize for
progressive causes.
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Wal-Mart: The High Cost of Low Price, 2005

Question: What year did Wal-Mart re-brand with a new logo?



1962 - 1964

Sam Walton names his new slores

WALMART mouser mewamnrane s 1981 - 1992
presentad in just about any fontistyle =4 The looc was updaisd again in 1984
avallable o the printer VR PG Wi ! Q | 1881

1964 - 1981 1992 - 2008

E
- Also known as the “Frontier Font Logo,” this WAL*MART The siar was adopled as an updata o the
was the first official and consistently used existing logo in early 1992

logo

g -
" WE SELL ™

FOR LESS The Discount Clty mark was used in print :
WAL'MAHT advertising, on the uniformsa/smocks, in-store Naw logo adopted by Walmart Stores U.S

signing, and other things. However, Il was
DISCOUNT CITY naver used as bullding signage or in an

. SATISFACTION 2
N GUARANTEED annual report

Greenwald’s documentary came out in 2005

Wal-Mart’s current logo launched in 2008



Super Size Me, 2004
Another Documentary that Influenced Corporate Change



Change in Package Design
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From Styrofoam to Paper Designs that look “healthy”.
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Health Inspired
Package Design



Slogan & Logo Change

McDonald’s
FAMOUS
BARBECUE "
1940 2006
2003
.I!\:{FT}
i'm lovin’it’

Detail of Doc
Poster, 2004
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