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MISSION SUMMARY

Background

With the Moon’s low obliquity, permanently shadowed regions
exist near the poles, which can trap volatile species for an
extremely long time. It now appears likely that economically
significant amounts of water ice may exist, but the distribution,
physical state, and accessibility of this water is still not
sufficiently characterized to determine if it would provide an
economically viable resource for a variety of uses.

Objectives

To evaluate the potential for lunar polar volatiles to be utilized,
VIPER has two primary objectives: (1) Characterize the
distribution and physical state of lunar polar water and other
volatiles in lunar cold traps and regolith to understand their
origin; and (2) Provide the data necessary for NASA to evaluate
the potential return of In-Situ Resource Utilization (ISRU) from
the lunar polar regions.

Key Points

VIPER will be launched to the Moon in late 2023 as a payload
on the Commercial Lunar Payload Services (CLPS) flight
provided by Astrobotic's Griffin lander. After landing near Nobile
Crater (31.97611 E, 85.39290 S), the VIPER rover will
iInvestigate a range of “lce Stability Regions”. VIPER will
conduct surface and subsurface assessment of lunar water and
other volatiles using three spectrometers and a drill.
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Overview of the Volatiles Investigating
g g . .+Polar Exploration Rover (VIPER)

VIPER ROVER

Hardware

VIPER is a four-wheeled, solar-powered, planetary rover. Active
suspension enables changing venhicle ride height, traversing
comparatively large obstacles, and controlling wheel load. The
rover operates with Direct-to-Earth (DTE) communications
using a low-bandwidth omni antenna and a steerable high-gain
antenna. Eight cameras, including a stereo pair on a pan/tilt
gimbal are used for navigation and remote operations.

Software

VIPER's Rover Flight Software (RFSW) runs on-board the rover
on rad-hard (RAD 750) and rad-tolerant (AiTech SP0O-S)
avionics. RFSW utilizes NASA's Core Flight System and
manages hardware, mobility, and spacecraft services. VIPER's
Rover Ground Software (RGSW) runs at mission control on
Earth using commodity computing. RGSW is implemented as
an ensemble of Robot Operating System 2 (ROS2) nodes and
performs navigation, mapping, and driver decision support.

Roving

During surface operations, the rover follows a specific surface
traverse plan, primarily via individual position (waypoint)
commands up to 8 m ahead. The rover operates with constant
DTE communications while in the Sun and in shadows. All-
wheel steering enables the vehicle to point arbitrarily while
roving, €.g., to keep the solar array pointed at the sun.
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Communications
Hi-gain directional antenna on gimbal

Low-gain omni-directional antenna

Subsurface excavation

TRIDENT Drill Situational Awareness (gimbaled)

' - Navigation cams (1pr) (70° FOV)
'''' Navigation lights (1pr)

Localization
Star tracker

Heat Rejection
Radiator (on top)

Situational Awareness
Aft-camera pair (110° FOV)

Prospecting
— Neutron Spectrometer
System (NSS) Instrument

Power

Solar Array (3-sides) |
Battery (internal) /
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Situational Awareness
4 Hazard cameras (1 at each wheel)

“Warm Box” (internal)
Rover avionics
Instrument avionics

- Mobility (x4)
Explicit steer mobility with -
adjustable suspension

Situational Awareness
2 Hazard lights (each side)
4 Hazard lights (corners)
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Prospecting & Evaluation'
Mass Spectrometer Observing

Lunar Operations (MSolo)
Instrument

Prospecting & Evaluation
Near Infrared Volatiles

Spectrometer System (NIRVSS)
Instrument
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Sojourner (1996) Mars Exploration Rover (2004) Mars Science Laboratory (2011) Mars 2020 Rover (2020)

0.6m x 0.5m x 0.3m 1.6m x2.3m x 1.5m 3.0m x 2.8m x2.1m 3.0m x 2.7m x 2.2m
11kg 180kg 900kg 1025kg
Top Speed: 0.5cm/s Top Speed: 5cm/s Top Speed: 4cm/s Top Speed: 4.2cm/s
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Lunokhod 1 & 2 (1970/1973) Lunar Roving Vehicle (1971/1972) Yutu (2013/2019) VIPER (2023)
2.3m x1.6m x 1.5m 3.1m x 1.6m x 1.5m 1.5mx1.1mx1.1m 1.5m x 1.5m x 2.0m
840kg 210kg 140kg 430kg
Top Speed: 55cm/s Top Speed: 500cm/s Top Speed: 5cm/s Top Speed: 20cm/s
Polonium-210 heat source 2 silver-zinc 36 volt batteries H Plutonium-238 RHUs Electric heaters only
1 meter
VIPER will egress via ramps from
] y ] ]
Astrobotic’s Griffin lander
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