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WELCH, DAVID

Citation:
For the AIM Flight Operations Team (FOT), for its exceptional engineering and innovative achievement enabling the AIM mission
to continue operations without command uplink.

Justification:

The AIM (Aeronomy of Ice in the Mesosphere) spacecraft has now gone 1193 days without command uplink capability, lost early
in this single-string, low-cost mission due to a defect in the command receiver exacerbated by spacecraft charging and radiation
effects. As described below, the extraordinary innovation and dedication of the AIM Flight Operations Team (FOT) clearly saved
this mission, enabling significant scientific advancements in understanding the coldest region on Earth. Their efforts have pushed
the limits in spacecraft automation beyond anything accomplished before. They enabled science operations to continue despite
an anomaly that could have ended the AIM mission prematurely, and significantly reduced the cost of operating the mission
during the extended mission phase. AIM was launched on April 25, 2007 from Vandenberg Air Force Base. Ten days into the
mission, AIM began having difficulty attaining lock on the uplink subcarrier. Since then, the AIM spacecraft experienced varying
periods, from hours to weeks, between contacts with successful command uplink. The first extended outage of approximately
four days occurred a couple of weeks after the problem surfaced. This drove the FOT to examine new ways of operating the
spacecraft. The FOT made massive software changes while they could, to allow the spacecraft to operate autonomously for long
periods without command uplink. The initial efforts focused on providing a system that was robust against extended command
outages without making significant changes to the risk posture of the program. Then, the priority shifted to developing and testing
groundbreaking techniques for the command and control of a deaf satellite. The first efforts focused on producing an expedited
instrument commissioning sequence using stored commands and developing a stored command sequence to execute in the
event of another extended outage. Next, the FOT increased the onboard command storage capability, improved the on-board
orbit knowledge and provided for an autonomous downlink of recorded data when AIM passed over a scheduled ground station
Then the FOT proceeded to fully automate the spacecraft to handle science observation sequences and to perform autonomous
orbit maneuvers using the onboard telemetry monitors that are nominally used for onboard fault detection and correction
sequences. This provided the AIM mission with a means for continuing science observations in the event of an extended
command outage. Having achieved a level of autonomy that would meet mission requirements, the FOT worked on improving
the science data quality and the robustness of the system. This involved incorporating the ground based mission-planning
software into flight software. In parallel, the FOT developed a process to modulate the RF signal through the TDRSS link in ways
that are observable to the flight software (a.k.a. Morse code commanding), without requiring the receiver to lock onto the
subcarrier. This allows the operations team to trigger pre-loaded stored command sequences to perform emergency recovery
operations. The capability to build custom command sequences is enabling new science as the AIM orbit evolves during
extended mission operations. The AIM spacecraft will be reconfigured to perform science during upcoming years of "full-sun"
condition when the autonomous state vector routine and the on-board mission planning software will no longer function due to
lack of sunrises and sunsets. These innovative modifications continue to enable robust ongoing spacecraft operations with no
loss of science data quality or quantity. The FOT implemented extensive, opportunistic and highly creative operational changes to
both the spacecraft and science instruments, resulting in the ongoing return of over 98% of the science data on a continuous
basis after accomplishing 100% of the science return for the mission. Their accomplishment has enormous potential for the
future conscious implementation of spacecraft autonomy, potentially requiring fewer operators and lower cost to NASA. This was
all accomplished with no change of funding from NASA and resurrected a mission that could have been atotal loss extending it
into years of spectacular science results.
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