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Introduction:  NASA's push to pursue a sustainable lunar presence and therefore enable further exploration of the Moon requires in situ characterization of lunar resources [1].  Understanding the form and distribution of the lunar polar volatiles will inform both science and exploration goals [2].  To this end, the Volatiles Investigating Polar Exploration Rover (VIPER) mission includes a suite of instruments integrated on a rover that will explore the lunar polar region to characterize volatile resources.  
VIPER Instrumentation: The measurement goals of the VIPER mission include locating surface and near-surface volatiles, excavating and analyzing volatile-bearing regolith samples from various thermal regions of the lunar south pole, and characterizing the form and extractability of the resources.  VIPER is comprised of three prospecting instruments, the Neutron Spectrometer System (NSS), the Near InfraRed Volatiles Spectrometer System (NIRVSS), and the Mass Spectrometer observing lunar operations (MSolo) [3].  A fourth instrument, The Regolith and Ice Drill for Exploration of New Terrains (TRIDENT) supports the interrogation of near subsurface volatiles by sampling regolith from up to 1-meter depth, bringing 10-cm sample bites to the lunar surface for analysis by NIRVSS and MSolo.  To enable the characterization of subsurface regolith tempertaures, TRIDENT has two integrated temperature sensors as well as a heater the drill bit [4].  VIPER also includes eight cameras as a part of the Visible Imaging System (VIS) that provide the ability to visually interpret the local environment and understand the interaction of the rover with the lunar surface [5].  

Measurement Goals: Science and exploration goals overlap in the effort to understand the form and location of lunar polar volatiles.  Orbital observations have provided insight into the distribution of volatiles, however the measurement scale is on the order of kilometers [6-10].  Measurements at much smaller scales are needed to enable validation of mineral models and inform ISRU technology development for resource extraction.  VIPER aims to provide ground truth for models and orbital data sets at small scales, correlating surface characteristics and volatile distribution.  The data gathered by VIPER will be used to address key scientific hypotheses on the sources, sinks, transportation and distribution of polar volatile resources [11].  
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Figure 1 VIPER hardware integration nearing completion in readiness for environmental testing.  NASA/Josh Valcarcel
VIPER will explore the lunar south pole in several modes of operation, these include rails, prospecting, and drilling.  The instruments have corresponding unique modes of operation to maximize science return.  During ‘rails’ operation, the rover will operate at it’s maximum speed with arrival at a specific waypoint being the priority.  This mode ensures the ability to optimize solar power and communication needs of the rover as it transitions between areas of high scientific value.  In ‘prospecting’ mode, the rover operates to optimize science observations by traversing at a rate that allows the instruments to gather higher resolution data.  Science will also advise modifications to the baseline traverse plan that can be incorporated into the real-time operations based on the instruments measurements.  Drilling mode will position the rover to enable drilling operations to take place.  The collected analysis of the measurements will provide input to mission operations that can modify the drilling plan for overall depth and analysis duration.
Mission Operations: The VIPER mission will operate over several lunar days and explore areas characterized to support ice stability at different depths within the top meter, including a permanently shadowed region (PSR).  Traverse planning is currently ongoing to establish a baseline plan derived from currently available high-resolution data products.  VIPER mission operations will engage a team of scientists in the Mission Science Center (MSC) to evaluate the measurements and data from the rover in an effort to maximize science return.  Modifications to the baseline traverse plan will be incorporated as the team navigates the challenging lighting and communication environment. 
Summary:  The VIPER mission will be NASA’s first mobile robotic lunar drilling and volatiles assement mission bound for the lunar south pole.  From a resources perspective, the data acquired through VIPER’s operation on the lunar surface will inform future Artemis missions.  The VIPER mission will provide important geotechnical details as well as volatiles qualification and quantification. The VIPER mission instrumentation suite and the overall science mission objectives will be presented at the European Lunar Symposium 2024. 
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