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Safe and precise lunar landing will require complex interactions between the astronauts and the vehicle automation. This
level of involvement will change from lunar orbit through terminal descent to touchdown. Although the exact tasks for
the astronaut and the automation have yet to be specified, we can begin to define human-automation task allocation and
model and predict supervisory control performance. This proposed research will quantify the effects of both human and
automation errors as they propagate through a supervisory control system, as well as the effects of information display
on mission and pilot-vehicle system performance through dynamic modeling and experimentation.

There are four integrated specific aims:

(1) Perform a critical analysis of Apollo human-automation interactions and task allocation during terminal descent
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through touchdown, as well as the information requirements, decision making process and selection of action,

(2) Develop a closed-loop pilot-vehicle model, integrating vehicle dynamics, human perception, decision making and
action, and analyzed using reliability analysis techniques in MATLAB/Simulink® to quantify system performance.

(3) Conduct experiments in the Draper Laboratory fixed-base lunar landing cockpit simulator to validate critical
parameters within the integrated pilot-vehicle model, and determine decrements in flight control performance and pilot
workload during nominal and off-nominal scenarios.

(4) Extend the dynamic model to include the effect of spatial orientation on system performance and conduct
experiments on the NASA Ames Vertical Motion Simulator to investigate the effects of motion cues on pilot
perception, decision making, and control during instrument failures, or loss of visual references during terminal descent
through touchdown.

This proposed research will produce an integrated human-system model that includes perception, decision making, and
action as an early-stage model-based simulation design tool to identify the appropriate human-automation task allocation
and information requirements to enable safe and successful lunar landing.

New project for FY2009.
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