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Robots vs. People
& P for Lunar Settlements and Exploration
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Human missions are a major driver of high cost, long schedules, and the
need for risk mitigation

— Training astronauts or selenauts is a multi-year and very expensive
process

— Typically, there will be many people in Mission Control on Earth
supporting people working in space or on the Moon

Autonomous robotic missions are also dramatically slow and expensive

— Developing robots or autonomous systems typically takes several
years

* Once developed, they need to be tested in space before operational
systems are built. This adds more delay and cost.

The net result is that space missions, particularly large ones, are typically
exceptionally slow and expensive

There may be a solution in using robots and people together, but it will
require thinking differently about space programs and lunar settlements.




The People Conundrum
« 8, P
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For Iunar space programs, people are both a major driver of high cost and
a major source of cost reduction
For a single experiment, such as the IM-1 first commercial mission to the
Moon, the cost of making it a human mission would have been
dramatically high and prevented the mission from occurring
« However, had it landed near a lunar settlement, the cost of sending out
someone to put the spacecraft upright would have been very small
The cost of a lunar enclosure and the resulting protection from vacuum,
radiation, and thermal extremes depends almost not at all on how many
people are living inside the enclosure
« As the number of people increases, the cost per person for food and
services (such as clean water or medical care) decreases
« People that spend $1M or more for a lunar vacation, won’t make their
own bed, clean their bathroom, or vacuum the hallway

e We also don’t want to invent a robot to do this

People are a major source of high cost and also a major element of cost
reduction. Going from “selenauts” to “people” is a key part of the solution.




Q Autonomous Robots Aren’t a
) Good Answer
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On Earth, inventing robots to construct a building would be exceptionally
expensive and increase the building timeline by many years

« It would be much harder for constructing a building on the Moon

 The robot construction process, once developed, would need to be
tested and revised prior to building and launching the operational
system

When a piece of autonomous equipment becomes stuck or broken, how do
we fix it?

There is no easy or cheap solution to trying to construct a complex lunar
settlement autonomously or via remote control

Facilities could be built on Earth, shipped to the Moon, and them inflated
 Would be very small, expensive, and hard to ship
 Doesn’t make use of the lunar resources
* No real way to fix anything that goes wrong

A robot constructed lunar settlement would have high risk, high cost,
and drive the lunar settlement timeline into decades rather than years.




Combining Robots and People may be a

) Realistic and Sensible Compromise
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« Example 1: Mini-Robot Rovers for lunar exploration and “remote access”

« Use mini-robot rovers controlled by students on Earth to explore,
image new locations, and pick up rocks

« Can be quickly and cheaply built

« Bring the mini-robot back to the “garage” to take out the rock, label it,
and put it in a package to return to Earth

 Leave the robot in the garage at night or to recharge the battery
 Use people to rescue robots that get stuck or broken
« Example 2: Vacuuming the rooms in the Lunar Marriott

« Use existing Robot Vacuums to continuously clean up any dust or
regolith on the floor

« Use a vacuum cleaner for the corners and chairs

« Use people to “rescue” robots that were kicked over by guests or got
stuck under a chair

Combining people and robots lets us take advantage of what both do well
and can dramatically drive down both cost and schedule.




The Role of Small Spacecraft and Small Mooncraft
‘ P or Lunar Robots in Lunar Settlements
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« Small spacecraft have become remarkably valuable in low Earth orbit
missions

 Have replaced many potentially larger, more expensive missions
« Can be used in lunar orbit, but aren’t as critical

« Comm is valuable, but most of it can be directly to Earth or via L1, L2,
or the lunar settlement

« Observations are important for mapping, but don’t need continuous,
real-time disaster monitoring

« Don’t want lunar robots before people arrive

« Dramatically increases schedule and adds both cost and risk

The bottom line:

* Fully autonomous small spacecraft in lunar orbit are normal and should
not be a problem

 Autonomous rovers or robots on the Moon will drive up both cost and
schedule

 Lunar rovers or robots used in conjunction with people can make the
best use of both, can increase performance and drive down cost




Supplement 11B-
‘M. c) The Grand Copernican Rim Hotel and Downhill Ride: !
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Low Lunar Orbit

* The crater Copernicus—visible from Earth at the edge of Oceanus Procellarum

« The “Grand Copernican Rim Hotel” is 3.5 km above the crater floor and 93 km
from the opposite rim—seen as sharp and crisp as if it’s right in front of you

* From the top of the rim to the crater floor the wall slopes downward, dropping
3.5 km (12,000 ft) over a distance of 19 km in a series of rolling terraces

« In 1/6t g this is the downhill ride of a lifetime, taking perhaps an hour at an
average speed of 35 mph, with lots of twists and turns—a roller coaster ride
like nothing on Earth



What Should We Put Supplement 11Bé
‘ » in the Mountains in the Middle of Copernicus
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What do you think should be there?

For me, | like the idea of the Copernicus World Library—a collection of all
of the knowledge of the world (nearly all in digital form) in a location that
will last for hundreds of millions of years

— The Copernicus crater was formed about 800 million years ago (the
dinosaur extinction was about 65 million years ago) and is still very
fresh—one of the youngest craters on the Moon

— Data could be accessible to all the world via the internet

Data transmitted between the Earth and the Moon via laser comm links
— Data rates of up to 10 GB/sec ( = 10,000 MB/sec)
— 600 MB/sec to the Moon has already been done

The environment is remarkably benign

— No large earthquakes, hurricanes, volcanoes, storms, tsunamis—
essentially no erosion at all on the surface of the Moon

A world library on the Moon is far more Protected from Danger and
Destruction than any location on Earth and is still remarkably accessible.
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