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EXPAND OUR PLANET.
EXPAND OUR FUTURE.

Our mission is to locate and utilize resources
necessary to extend human life into outer space
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 FOCUS ON UTILIZING THE MOON'’S
RESOURCES, ESPECIALLY WATER ICE

TO BE THE WORLD’S

SO UL . FOLLOW AN INCREMENTAL, PHASED

~ EXPLORATION

 SPECIALIZE IN MICRO-ROBOTIC SYSTEMS




FOCUS ON THE MOON'’S RESOURCES

ICE

H20 Ice
Rocket Fuel
Breathable Oxygen
Drinking Water
Radiation Shielding

METALS

Al Ti, Fe, Si
Infrastructure
Conductors
Ceramics
Solar Panels

PRECIOUS
ELEMETNS

Rare Earth Elements
Platinum Group Metals

Gold, Silver, Etc
Moon Treasure

VOLATILES

SHe, 4He, H2 , Carbon
Compounds, N2,
Energy
Plant Growth
Alr



THE ISPACE 3 PHASED LUNAR EXPLORATION APPROACH

PHASE 1 2017 PHASE 2 2018- PHASE 3 2024 - 2030

2023

ACK TO THE MOON. FOR GOOD.
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Google Lunar XPRIZE RESOURCE PROSPECTING & MAPPING  RESOURCE EXTRACTION
-Technology Demonstration Build Engineering and Economic Models Supporting the CISLUNAR Econosphere



PHASE 1




\/ HAKUTO

« Organized by the XPRIZE Foundation and sponsored by Google, the “Google Lunar XPRIZE” is an

international $30 million competition to land a privately funded robot on the moon.

Gooal .
i XPRIZE

Grand Prize

The $20 million prize goes to the first team that:

* Drives their rover for 500m on the moon

- Sends HD-images&videos back to Earth
by the end of 2017

%Second prize: $5million

%Bonus Prizes add up to $5million
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of 2017.
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STROBOTIC

Launch Rocket Lunar Lander Car-Pool
Scheduled launch will be carried out by Perigine Lander developed by Our rovers will share the ride
Falcon 9

Astrobotic with Astrobotic



\/ HAKUTO

5 "*h b Florlda USA e EeA T Pennsylvania, ; ";;“5’ *'_':"7.“"‘3"" * . TheMo bf#
Cape Canaveral At X5 Plttsburgh , Lacus Mortls
Scheduled Launch Site Mission Control Center Planned Landing Site
Cape Canaveral, Florida, where HQ of Astrobotic, located in Lacus Mortis, where the
the Cape Canaveral Air Force Pittsburgh, Pennsylvania presence of a lunar lava tube
Station is located has been confirmed
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Micro-Robotics

Il space



HISTORY OF 4-WHEELED ROVERS AT THE SPACE ROBOTICS LAB

2002 2006 2010 2012 2014 2015 2016




\{ HAKUTO

. Minimize the mass of a

capable rover
- Minimize power consumption

.  Create a scalable and

modular design

. Create standards for

microrover design

—1  Region of interest, 0-12 kg
4510 NASA Apollo LRV missions
A ROSCOSMOS Lunkhod missions
40 - — CNSA Yutu mission A
O NASA Mars rover missions O
35 -
E 30 -
y 3
< 25 -
8
= 20 -
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0.5 1 10 100 1,000

Mass (kg)




QUICK & COST EFFECTIVE ACCESS TO SPACE

900KG 30KG
M AN astroBoTic 120KG
Ve PLANETARY  vyTU
e 4KG ROVER PLANETARY
us ROVER
HAKUTO g,
PLANETARY

ROVER

JAPAN




260° VISIBILITY MOONRAKER PFM 4KG

| HYBRID
The rover’'s camera system COMMUNICATION

uses four cameras that
capture images from 360°
for both research and
maneuvering.

The hybrid communication
architecture combines the
900MHz and 2.4 GHz
frequencies for connectivity
and speed.

SOLAR PANELS

Lightweight solar panels
positioned on either side of
the rover offer more
exposure to sunlight.

WHEELS

The powder-like sand of
the Moon presents new
challenges for mobility, so
we developed wheels with
grouser tracks.

CARBON-FIBER
ENFORCED
PLASTIC

Carbon-fiber enforced
plastic (CFRP), makes up
the rover’s body. It offers
unparalleled weight
savings and strength.

ULTEM RESIN

We’ve 3D printed the
rover's wheels from
ULTEM, which can h
extreme heat and offe
strength and rigidity.



MOONRAKER PFM 4KG

| PINPULLER
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Micro Rover Technology

B MINITUARIZATION AND LIGHTWEIGHT

The rover highlights the strengths of Japanese engineering
by fitting numerous complex components into a small
space, miniaturizing technology while keeping a
lightweight design.

B CONSUMER PRODUCT APPLICATIONS

~ Commercial parts keep costs down and contribute to a
% y Smoother development process.

gy m \/IBRATION RESISTANCE

After considerable testing, the rover can withstand 14Grms
liftoff vibrations.

B THERMAL CONTROL

Lunar temperatures can range between -150° and 100° C.
To compensate for this, silver coated Teflon covers the
rover and helps keep inside temperatures stable.




PHASE 2

Prospecting and Mapping




HOSTED PAYLOAD PROSPECTING

500.0

PROTRUSION FROM - — '

FRONT AND REAR < 3 /

OF ROVER IS ' : = ,
N TS o

POSSIBLE \
 PAYLOAD REGION 1 y 44.0

23.0

PROTRUSION FROM |

THE BOTTOMOF 4
ROVER IS POSSIBLE




NIRVSS/NIRSpec

IRSpec

.
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Ra&o to ?m()m

:

Ratio 10 PreDm

Ratio 10 ProDeitl

images from each drill hole (DH) at 30 cm depth (left)
and associated spectral averages (right) of a Swt. %
H,0 doped LHT simulant. H,0 ice features at 2000 and
3000 nm are apparent in DH1-DH4, but absent in DHS
where the cuttings are filling a pre-existing hole




COMPACT HIGH-PERFORMANCE MASS SPECTROMETERS  wausu

INSTITUTE
OF SCIENCE
AXD TECHNOLOGY




CAVE & CRATER EXPL/ORATION

10 NRAKER PF

HT : 4KG




W HAKUTO

LROC Lunar Surface Images
(GSFC/Arizona State University, M.S. Robinson, et al 2010)




FUTURE MISSIONS: Crater Exploration

P i REM = o o o e n O

LINK BETWEEN ROVERS
TOP OF CRATER

TETRIS ROVER
CRATER FLOOR

GPR
FLOOR SCANNING
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CAVE & CRATER EXPLORATION TEST
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el PHASE 3 o
SUPPORTING THE CISLUNAR ECONOSPHERE

PROSPECTING TEST DRILLING DEVELOPMENT .PRODUCTION - STORAGE - DELIVERY
JUNIOR MINING COMPANY | ~ SENIOR MINING COMPANY (SHELL, BP, RIO TINTO) ;
@ VNNG @ ) SEtneg | e
W | MACHINE - - MINING PRODUCTION; SUPPORT - - o
ROVER," (DELTION, EQUIPMENT (CATERPILLAR, - STORAGE TANK
SENSORS, ETC . ANASAL Sy D HONEYBEE, ) E0 ~ (PRAXAIR)

LAUNCHER

LANDER (ASTROBOTIC) =~ LARGELANDER . -~ FROMMOON
UV e VA
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COMMUNICATION BETWEEN EARTH AND MOON FOR OPERATION
: (INTELSAT KDDI, SES)
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'POWER SUPPLY TO MINING SITES
(SUNCORE,SHIMIZU) -

/

SPACE AGENCIES, ' , . SR e : ' @ : .
" UNIVERSITIES, G e , . N et . PAYLOAD
RESEARCH . ; s fa : i o g
.. COMMERCIAL ROCKET . : -
INSTITUTES COMPANIES, ". SATCOMS LUNAR BASE
: B o e GOMBIINIRRS . - COMPANIES - . WATER

.
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Payload
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