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Human spaceflight often requires long-term isolation of crewmembers in extreme environments. These environments
introduce stressors to both crewmember physiology and psychology. Specific human-factors stressors include
long-duration isolation, sleep loss, circadian desynchronization, and high workload. These stressors present a real risk of
performance decrement during a spaceflight mission. Research done on spaceflight analogs such as Human Exploration
Research Analog (HERA) provide a unique opportunity to study these effects and develop essential metrics to identify
and prevent performance decrements in an operationally-relevant setting.

In the field of human spaceflight, real-time performance metrics, and quantification of performance during
operationally-relevant tasks and scenarios has the potential for making existing operations safer and more efficient, as
well as for improving the design of future vehicles. The identification of critical performance decrements, either in
measures of task performance, workload, or situational awareness, may be used to alter the human-automation task
allocation or suggest changes to crew resource management. These metrics have been previously developed for the
following operationally relevant tasks:

* Piloted lunar landing using a generic lunar lander design.
» Manual control of SAFER during an inspection of a solar panel by an EVA (extravehicular activity) crewmember.
* Multi-purpose crew vehicle (MPCV)/Orion docking operations with the International Space Station (ISS).

Future missions may be operating with delayed communication, or in extreme cases, without communication to Earth for
ground-based support. In addition, all of the environmental parameters likely will not be known in advance (e.g., asteroid
spin rate). A simulation capability that can be used to assess operational performance can be used to inform temporal
function allocation (e.g., performance benefit/cost of human performing all the tasks vs. auto to start and then allow
human to takeover at the end). This can help to inform mission design and crew resource management as a function of
mission duration, sleep state, circadian synchronization, and workload. Real-time performance metrics are a valuable
tool for quickly identifying performance decrements, and for determining the performance impact of delayed or sparse
communication.

We propose to integrate an existing configurable and portable simulation platform for use during HERA missions. This
platform can simulate multiple operationally-relevant scenarios—a generic lunar landing task, EVA SAFER inspection
of a solar array, and MPCV/Orion docking with the ISS. This simulation platform is will be used to characterize
real-time performance metrics including flight performance, workload, and situation awareness as a function of time in
HERA.

New project for FY2016.
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