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Summary:

Distributing functionality among and within spagsstems will confer benefits in the form of improvesiability,
robustness, efficiency, versatility, and produtivi

Description:

Individual spacecraft are typically designed withdholithic” hardware and software architecturesaf is, modular
concepts do not inform individual system architeesu Moreover, individual systems are often desigio satisfy
narrow, mission-specific requirements without cdesition of broader, multi-mission operating cortsep longer
term science objectives. While such design appemmay help mitigate known mission-specific ritkey do so
at a cost: such systems are less robust in theofageanticipated off-nominal events, less capabladapting to
changes in mission objectives, less responsivdamging requirements across programs, and favkrsstile in
accomplishing a broader range of objectives. Meegothese architectures do not lend themselves-tse, and
can hinder distribution of the engineering effartass disparate organizations.

To address these limitations, there is interesteiveloping systems and software engineering exsgertithe design
of new classes of spacecraft architectures (haevearonics and software) that exhibit the follogviieatures:

e Fractionated and Distribute@ecoupling and distribution of functions acrosstsgn elements not only enables
greater flexibility and robustness in individual ssions, it allows multiple missions to share resesirand
mitigate risk. Examples include “plug & play” muihission architectures supporting stand alone efgmthat
provide their own computation, power, communicatietc., or access their needed resources from other
elements (e.g., "“beaming” power between spaceicraftconstellation).

o Reconfigurable:Improved versatility can be achieved by developspacecraft capable of reconfiguring
themselves in order to achieve unanticipated nmssibjectives. Designing reconfigurable hardware and
software architectures will additionally enabletsyss to overcome unanticipated failure situati@rs thus
more robustly achieve their original objectives.

e Repairable:Because existing “one-off’ missions cannot acceapabilities from other spacecraft, fault
protection functionality is typically hard-wiredtm individual systems. While missions such as DARP
Orbital Express have demonstrated on-orbit reprabilities, extrapolating these initial conceptssupport
more sophisticated notions of in-situ repair — a@itlon-orbit or on planetary surfaces — will requirevel
spacecraft architectures. Repair operations mayeb®rmed autonomously, or may employ humans-éa-th
loop (e.g., an astronaut swapping out a robotledanstruments by hand).

e ReusableThe above features (fractionation, distributietanfigurability, and repairability) will also paig
the useful lifetimes of space systems. A repa@alystem can get a second chance at a usefubViés, after
experiencing a failure that would cripple or endnession today; a spacecraft that has been arohiteicr
reconfigurability might be able to accomplish nevieace and exploration objectives, even when itgiraal
configuration is no longer useful.

JPL is seeking proposals to tackle this Challenge fa multi-disciplinary, "systems" perspective efdis interest
in exploring the benefits of such systems for eithaulti-spacecraft systems-of-systems, or modulagls-
spacecraft systems. Submissions in responsestadahimight propose the following types of delales:

= Specifications of systems engineering methodologies

= Analysis and Design tools for use across the eeging lifecycle

=  Architecture specifications (including key pattgrns

= Approaches and algorithms for system-level corgnal coordination

=  Proof of concept system implementations and demati@ts (in simulation and/or hardware testbeds)

= Scenarios that quantify the benefit of architedutat move beyond single-element mission concepts
with self-contained resource envelopes, enablingedor significantly different missions.



