
MOJAVE VOLATILES PROSPECTOR (MVP) FIELD CAMPAIGN: APPLICATIONS TO NASA’S 
VIPER (VOLATILES INVESTIGATING POLAR EXPLORATION ROVER) MISSION TO THE MOON.  
J. L. Heldmann1, M. Deans1, A. Colaprete1, R. Elphic1, D. Lim1, A. Cook1,2, T. Roush1, E. Fritzler1,2, M. Shirley1, D. 
Lees1, R. Hunt1, 1NASA Ames Research Center, Moffett Field, CA, 94035 2Millenium Engineering, Moffett Field, 
CA 94035 

 
 
Introduction:  Lunar volatiles are known to be 

sequestered in the Moon’s north and south polar 
regions. Volatiles are important scientifically for 
understanding the age, origin, and evolution of ices 
and volatiles on the Moon as well as other on other 
airless bodies in the Solar System. Lunar volatiles are 
also important for enabling sustained human 
exploration through ISRU (in situ resource utilization). 
However, despite the importance of lunar volatiles for 
both Science and Exploration, the detailed 3D 
distribution, abundance, and physical form of volatiles 
are largely unknown.  

VIPER mission:  To address these outstanding 
questions regarding lunar polar volatiles, NASA’s 
VIPER rover is scheduled to launch to the Moon in 
2023. VIPER’s mobility capability will allow 
characterization of volatiles at scales from meters to 
kms laterally and up to 1 m in depth via drilling. 
VIPER will also utilize near real-time operations 
where instrument data is interpreted by a Science 
Team and used to inform tactical mission operations. 
The instrument payload on VIPER has been 
strategically selected to characterize the form, 
abundance, and distribution of surface and subsurface 
volatiles. 

MVP Field Campaign:  MVP (Mojave Volatiles 
Prospector) was a science-driven field program with 
the goal of producing critical knowledge for 
conducting robotic exploration of the Moon. MVP 
focused on investigating science, payload, and 
operational aspects to inform the development of a 
lunar polar volatiles prospecting mission with a real-
time concept of operations (analogous to VIPER).  
MVP achieved these goals through a simulated lunar 
rover mission to investigate the composition and 
distribution of surface and subsurface volatiles in a 
natural and a priori unknown environment within the 
Mojave Desert. The Mojave typically has on the order 
of 2-6% water, making it a suitable lunar analog for 
this field test and thereby improving our understanding 
of how to find, characterize, and access volatiles on the 
Moon.  

The MVP deployment used a rover-mounted 
payload and operational architecture consistent with a 
short duration real-time operational scenario. We used 
the NASA Ames K-Rex rover (Figure 1) equipped 
with the NIRVSS (Near Infrared Volatiles 

Spectrometer System) and NSS (Neutron Spectrometer 
System); both of these instruments are flying on the 
VIPER rover. A Science Operations Center (SOC) was 
located at NASA Ames Research Center and was 
primarily responsible for assessment of real-time 
telemetry and instrument data, traverse planning, and 
overall operational management. A Rover Operations 
Center was located in the Mojave Desert and was 
responsible for rover operations, instrument 
configuration management, telemetry flow to the SOC, 
and traverse plan execution. 

Results: MVP demonstrated that real-time rover 
operations is a viable concept of operations for 
planetary robotic missions. We will discuss lessons 
learned and identify how the results of the MVP field 
campaign are being incorporated into NASA’s VIPER 
flight mission to the Moon. We will focus on 1) 
console architectures and associated console positions 
and responsibilities, 2) data visualization and analysis 
tools required for real-time operations, 3) 
communication protocols to facilitate real-time 
decision making, 4) strategic and tactical planning 
(including plan flexibility to respond to new 
discoveries), and 5) instrument suites and data 
interpretation to provide complimentary information to 
support the real-time decision process. 
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Figure 2. Science (top) and Rover (bottom) 
Operations Centers for MVP. 

 
Figure 1. K-REX2 rover used for MVP field campaign. 
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