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Project Objective The objective of this task is to enable a novel mission capability to autonomously investigate highly dynamic and uncertain environments, such as those occurring

during low altitude small solar system body mapping. Although this research focused on demonstrating autonomous small body science operations, the systems autonomy
framework and reference architecture developed in this study can be used for missions ranging from cryobots, aerial systems, observatories, deep space servicing, etc.

The Benefit of Systems Autonomy Systems autonomy integrates traditional The Benefit of FRESCO The Framework for Robust Execution and Scheduling
control and functional autonomy, e.g. where decisions are made specific to a task, so a of Commands On-board (FRESCO) was derived from decades of JPL work on autonomy
mission system can accomplish its goals without ground intervention. Systems autonomy and defines high-level principles for developing architectures that:
can: — Integrate traditional controllers and function-level decision-making (e.g. path
— Enable brand new missions architectures and new science planning, science data analysis, robotics) with system-level decision-making and fault
— Improve science return protection
— Regain functionality in the event of fault — Have consistent interfaces and components with verifiable functions that can be
— Ultimately, reduce the cost of operations designed, built, and tested more reliably than ad hoc approaches
Study Results Infusing autonomous systems requires a coordinated approach throughout the lifecycle.
= lati Project
ormuiation Vendors Flight Systems
, _ g , 2 To address the perception that system-
In order to support the qusmn of M/// P level autonomy requires a change in
system-level autonomy, this task has ﬂ i,,, systems, process, and lifecycle

supported formulation efforts,
iIncluding:
 ASTERIA Technology
Demonstration Mission &

&

products, this study has produced the
Spacecraft Autonomy
Recommended Practices document.
For missions using autonomous

SR&TD P systems, it recommends:

+ Five JNEXT concepts, Formulation » Guidelines for the developing
including Aerocapture and verifiable FRESCO architectures
CHROWE » Contributions to existing lifecycle

) ﬁfgﬂﬁggg L?LAJPI(;}%a;’;eCh- products and impact to processes
Space Servicing y P Project Ground Systems * Lessons learned from this study

« Submitted an Astrophysics
Decadal White Paper Flight Systems

Vendors This study has developed the Framework for Robust Execution and Scheduling of Commands On-board (FRESCO) and implemented a
reference architecture, below, that can be leveraged by other missions. Two software architectures were developed. One for use in flight, using
JPL does not build most of the space JPL's F Prime ﬂight software (FSW), Multi-mission :
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typically build by industry vendors.
While on-board controllers capable of
conditional sequence block execution
are used by vendors,
planning/execution called for in
FRESCO is not. Therefore,
partnerships and technology transfer
are critical to infusing system-level
autonomy.

A pilot study with Utah State |
University Space Dynamics i
Laboratory has been proposed to |

Updated Controls Updates

understand what changes are fault
required technically and institutionally * Automated downlink of science imaging Testing small body mapping operations in
to partner on autonomous missions. o « Trajectory correction maneuver (TCM) to DARTS, top, and using Caltech CAST’s
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Ground Systems A preliminary investigation of the impact of on-board autonomy to ground tools and processes was performed. We prototyped a GUI Ground Tool that defines
mission plans and spacecraft goals, tasks, and states, similar to APGEN. We also developed tnet domain-specific language (DSL) to facilitate FSW and tasknet development.
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