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Artemis missions face an unprecedented data 
management challenge 

2Icons can be found at: https://www.flaticon.com/

• At present, there is a noticeable absence of
contractual mechanisms in place to ensure seamless
interoperability of data sets from a myriad of mission
assets with the purpose of supporting mission
operations personnel.

• We assert in this paper that mission data are at risk
for becoming siloed, being in inconsistent and
incompatible formats, and requiring custom tooling to
manipulate.

• These risks result in limiting mission data utility and
delaying the acquisition of actionable information
within mission operations workforce unless there is a
deliberate effort to create temporally and spatially
integrated data management systems
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Artemis missions should design software solutions that 
align with mission operations work needs 
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This paper describes a specific set of tools, known collectively as the
Extravehicular Activity (EVA) Mission System Software (EMSS), to transform
the EVA plan, train, fly, explore work processes.

Plan Train Fly Explore

Traditional Flight Operations Mission Phases8,9 Explore examples include:
• Continued scientific learning 

from Apollo.10,11

• Mishap reporting such as ISS 
EVA Suit Water Intrusion 
Mishap Report12



EVA Mission Software System (EMSS) Initiative Overview
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In 2013, Miller and Pittman apply cognitive systems
engineering methods to the EVA work domain to
design and develop novel decision support systems
for EVA operations.15

In 2015, Feist launched Apollo 17 in Real-time
and later Charney joined to support the
launch of Apollo 11 and 13 in Real Time.14

In 2013, Montalvo began working Maestro, an EVA
procedure execution and authoring tool to reimagine
ISS EVA.8,13

In 2018, crew health and
performance personnel joined
the first integrated effort known
as EVA Operations System.19
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EMSS Development Methods
• The EMSS suite of applications leverage a common

architecture.
⎻ React.js is used as the front-end framework for

creating dynamic user interfaces.
⎻ The back-end consists of Node applications that

communicate with data sources and provide data to
the front-end.

⎻ The applications are deployed into the Flight
Operations Directorate's secure server environment
using Docker containers, which are like lightweight
and portable virtual machines that isolate the
application from the host environment.

⎻ The suite also leverages continuous integration and
continuous delivery (CI/CD) tools to automate the
testing, building, and deployment of code changes.

⎻ This enables ongoing rapid development and
deployment of new features and ensures that the
systems are always up-to-date.

5

Collectively, these software development and
deployment efforts bring modern software
capabilities to allow EMSS team to support EVA
plan, train, fly, explore for both ISS and future
Artemis missions.
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Collaborative Operations Data Activation (CODA) 
as a concept
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Collaborative Operations Data Activation (CODA) 
as it exists today
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Maestro as a concept
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• The Purpose of Maestro:
• consolidate the authoring and execution process within a dedicated tool that can handle the 

interconnected and unique constraints of EVA procedures. 
• Note: Maestro enables custom capabilities that are different from existing ISS planning and execution tools such 

as Optimis21,22 and PRIDE.23,24 

• What Motivates Maestro Development?
• EVA requires the choreography of at least two EVA crew members and support personnel, therefore 

necessitating the need to handle in parallel the sequence of events for two or more agents at a granular 
level of detail. 

• Crew work both in tandem and independently, depending on the needs of the EVA tasks. 
• Crew procedures must be inherently associated and tracked to ensure overall EVA objectives are effectively 

managed and achieved. 
• In addition to simultaneously handling the planning of at least two agents, EVA procedures for ISS are 

highly proceduralized, demarcating minute details that must be accomplished at specific moments. 
• Maestro enables users to coordinate activities with minute precision while also fully describing the 

necessary actions with dependencies to be accomplished for two crew members who need to perform 
hours of work



Maestro as it exists today
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Artemis EVA Geographic Information System 
(AEGIS) as a concept
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Artemis EVA Geographic Information System 
(AEGIS) as it exists today
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Areas of Integration between EMSS and Mission 
Operations Work Efforts
• Actively supporting ISS operations and NBL training:

⎻ Maestro has successfully been deployed in 6+ ISS EVAs to-date and is now actively used in the support
of planning and training activities at the NBL.

⎻ CODA is routinely used in support of anomaly reporting for on-going ISS operations and there is active
development underway to align NBL data streams to bring similar CODA capabilities to review all NBL
EVA training activities.

• Integrated into Artemis development:
⎻ Dr. Miller has been named the NASA Science Mission Directorate - Artemis Internal Science Team

Software Systems Lead
⎻ Integrated component of the NASA EVA and Human Surface Mobility Program (EHP)30 and leverages

NASA Joint EVA Test Team (JETT) events to inform Artemis functionality across the EMSS tools.
⎻ Supported the JETT3 field test in October 2022, that included the most complete Artemis flight team

surface EVA planning and execution activities performed to-date.28,31

⎻ Close engagement with with the Artemis Geospatial Data Team32 so that EMSS tools can leverage the
most relevant lunar surface map data for EVA FOD utilization.

⎻ Active support is ongoing for JETT5.
• EMSS Awards include:

⎻ CODA was awarded the JSC Software Excellence Award and subsequently received the NASA agency-
wide Major Space Act Award in 2022.

⎻ Maestro has received numerous acknowledgements within the FOD for helping pave a modern way of
enabling the flight team to conduct EVA and has also been awarded the 2023 JSC Software Excellence
Award and the 2023 EVA and Human Surface Mobility Program Recognition of Excellence Award 12



Conclusion: Supporting human spaceflight operations requires the seamless
integration of temporal and spatial data to enable mission operations personnel to
make timely and accurate decisions

13

Snapshots taken from 16mm film shot during Apollo 17 EVA. Video feed from the lunar surface (A) was transferred to
Polaroid still photography (B) and collated into panoramas (C) that were overlaid with precursor imagery to estimate crew
location and facilitate scientific interpretation (D). These images were compared with other map products (E) to synthesize
and articulate real-time science priorities that were passed along the chain of command to impact crew behavior (F).
Additionally, estimates of crew location were indicated using icons moved manually on a map alongside operations relevant
data such as clock time and event markers (G), which were all shared among the flight team via overhead projector (H).



Questions and Contact Information

Presenter: Matthew J Miller, Ph.D.
Email: matthew.j.miller1@nasa.gov
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