











































































































































































































































































































































































































gies (e.g., high-definition television)
that permit the general public to share
directly in the exploration experience.

Discussion

Mission definition is crucial in imple-
menting the Lunar Exploration Way-
point. The issue is whether to
establish a fixed outpost, gradually
building up to a permanent base, or
to conduct separate, multiple mis-
sions to different sites. Each option
has specific advantages: a fixed out-
post rapidly builds up infrastructure
while multiple sites greatly increase
the scientific return of the waypoint.
If the primary reason for going to the
Moon is exploration, then multiple
sites might be preferred. However, in
combination with other equally
emphasized activities, a fixed outpost
might be more attractive.

Extended access to multiple sites is
a key requirement in conducting sur-
face exploration. This is best accom-
plished by a crew using a pressurized
rover. The pressurized rover is an
essential part of geologic exploration
and provides a means of traveling to
distant sites b:ut also exploring while
traversing the terrain. Surprising and
significant discoveries could be made
in this way.

“Telepresence” robots can conduct
some geologic field work. While such
a technique might greatly enhance the
scientific return, the details of how
such robots might work with people
remain to be developed. Operators
for these telepresence robots need
near-instant radio contact with the
robots. This may be marginally
obtainable by having the controllers
on the Earth, but operators on or near
the Moon have a near-zero time lag
for robotic teleoperations. An opera-
tor located at an Earth/Moon
Lagrange point (L1}, for example,
would have complete line-of-sight
radio access to almost the entire near
side of the Moon. Teleoperations
from this vantage accomplish signifi-
cant field exploration by projecting

human powers of thought and obser-
vation into the robotic alter ego on the
surface. This operations concept is
particularly valuable at Mars, where
telerobotic control from Earth is not
feasible because of the great time lag
in radio communications. Although
the robots advocated here are ex-
tremely capable, people still maintain
an edge as explorers, probably for the
indefinite future.

Initial Operational Capability

The Initial Operational Capability is
substantial, designed to build on the
unique scientific opportunities pro-
vided by an optimum mix of robotic
and human presence, each support-
ing the other. The waypoint can be
implemented in several ways, each of
which provides specific exploration
advantages. A crew of six returns to
the Moon. Five crew members
descend to the surface and explore a
carefully selected site during one
lunar daytime (14 Earth days), with
the sixth crew member remaining in
orbit. During initial missions, crew
members live out of the lander, which
keeps the total delivered mass to the
lunar surface small at the Initial
Operaticnal Capability. These mis-
sions explore the immediate vicinity
of the selected site, returning samples,
observations and data on the site
geology, resources and physical envi-
ronment. Surface activities include
geologic surface reconnaissance and
field work, instrument package
emplacement, detailed mapping and
initial data analysis. Mission success
depends largely on the ability to do
effective, long-duration extravehicu-
lar activity. Based on experience, a
low pressure (~5 psi), reliable, redun-
dant, rugged and flexible extravehicu-
lar activity suit is required. The
extravehicular activity suit should
have no prebreathe requirement.

On the initial missions, the crew
has the ability to traverse distances of
up to 50 km from the lander space-
craft in & small (~5 metric ton class)

pressurized rover; this distance
increases to 100 km on subsequent
flights. The pressurized rover sup-
ports a nominal crew of two (three in
an emergency) for a period of up to
three days, and is designed to protect
the crew from solar radiation. It has
an airlock, so that the entire rover is
not depressurized for extravehicular
activity. It has robotic manipulators,
for the astronauts to collect reconnais-
sance samples and emplace small
instrument packages enroute. And it
has the ability to be teleoperated (e,
driven) from the Earth or lander con-
trol center. This small, pressurized
rover is constructed so that its capaci-
ty and traverse range can be increased
incrementally on successive missions.

Flexible scheduling and mission
control are key to successful surface
operations. Because the task of the
crew is fo explore, they must have as
much autonomy as possible to deter-
mine their own pace and style of
investigation. Although crews work
within a general exploration plan Gi.e.,
pre-identified targets and their back-
ups), the actual traverses and surface
activities are not planned on rigid
timelines, as was done during Apollo.
Flexible surface operations are essen-
tial if significant discoveries are to be
made and the necessary follow-up
investigations carried out.

During the course of a two-week
visit to the Moon, a crew of two is
able to make at least three traverses in
the pressurized rover. The other
remaining crew members are in-
volved in detailed field work near the
lander site, with one crew member
designated as the surface “mission
director,” remaining in the lander and
operating the telepresence robot.

A key feature of the Initial Opera-
tional Capability is pre-deployment of
the lunar telepresence robot. This
robot acts as a human surrogate dur-
ing surface exploration, possessing
much of the sensory capacity and
manipulative ability of humans,
including vision sensors optimized
for geologic exploration. The tele-
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