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Introduction: Safe and effective extravehicular ac-

tivity (EVA) will be a critical component of future hu-
man missions to the Moon and beyond and will be a pri-
mary means by which scientific discoveries are made. 
The NASA Biologic Analog Science Associated with 
Lava Terrains (BASALT) research program (2014-
2019) conducted science-driven exploration analog 
EVAs to investigate the best tools, techniques, training 
requirements, and execution strategies for conducting 
Mars-relevant science under spaceflight operational 
conditions. BASALT field tests were used to iteratively 
develop, test, evaluate, and refine new concepts of op-
erations (ConOps) and capabilities for future lunar and 
Martian crewed missions, while simultaneously per-
forming Mars-relevant geobiochemical science [1-3]. 

Methods: BASALT field tests were comprised of 
ten simulated EVAs. Each EVA included two EV crew-
members executing the field science (e.g., collecting 
imagery and instrument data, extracting samples) and 
two intravehicular (IV) crewmembers who supported 
the EV crew in real-time from inside a simulated habitat 
or pressurized rover. A remote, “Earth”-based Mission 
Support Center (MSC) included scientists and operators 
who provided expertise during the EVAs across Mars-
relevant space-to-ground (S2G) communication laten-
cies. Science objectives were derived from a detailed 
Science Traceability Matrix; science plans were up-
dated during and after each EVA as new information 
was gleaned from the field. Science Operations goals 
focused on capabilities that enabled pre-EVA planning, 
intra-EVA operations, and post-EVA data archiving. 

Discussion: BASALT Science Operations objec-
tives sought to address the following: If remote mission 
scientists have the opportunity to provide expertise dur-
ing EVAs, what EV, IV, and MSC tasks and capabilities 
are needed? What are the necessary features and inter-
faces to achieve them? And how are the tasks and capa-
bilities integrated into timelines such that meaningful 
S2G interactions can occur without the EV crew incur-
ring idle time? 

The intra-EVA ConOps was accomplished through 
the strategic design and implementation of EVA time-
lines and supporting capabilities that were optimized in 
their phasing, tasking, and conditioning to support the 
highest degree of scientific return. Minerva was 

developed to support scientific planning, monitoring, 
and data archiving, and to create scientific and opera-
tional situational awareness for the IV crewmembers 
and MSC [4]. Immersive mixed-reality terrain models 
provided MSC scientists with unique perspectives that 
enhanced traverse planning, EV crew with a pre-EVA 
terrain familiarization tool, and IV crew and MSC per-
sonnel with a virtual telepresence system during the 
EVAs [5]. Augmented-reality field systems aided in ter-
rain navigation and annotation [5]. 

The operational articulation of the BASALT team’s 
science goals led to the design of both mission and EVA 
timelines that purposefully incorporated ground assimi-
lation time (GAT) and facilitated tactical and strategic 
scientific decision making. BASALT EVAs were struc-
tured such that scientific data was gathered in system-
atic stages, creating necessary GAT so that the EV crew 
had input prior to beginning the requisite tasks. A dy-
namic leaderboard was continuously updated and pro-
vided to the IV crew as the science team reviewed in-
coming field data, conferred, and reached consensus on 
sampling priorities [6]. Communication protocols were 
developed, in concert with simulated mission expecta-
tions, and stress-tested before being incorporated into 
training and use during each EVA. Clear delineation of 
roles and responsibilities for each EV and IV crewmem-
ber, as well as all MSC personnel, enabled efficient 
transfer of communication during EVAs. Flight rules 
were established to govern all aspects of field operations 
and to provide guidelines with respect to safety and mis-
sion management and authority. 

Conclusion: The BASALT program sought to build 
critical knowledge to inform ConOps and capability 
definition for future science-driven planetary EVA. 
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