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‘Abstract: - A Sustalnable, Reliable Mrsslon-Systems Archrtecture that Supports ’
B, _a System of Systems Approach to Space Exploratlon ‘ o

A mrsslon-systems architecture based on a highly modular systems of systems
infrastructure utilizing open-standards hardware and software interfaces as the enablmg
technology is absolutely essential for an affordable and sustainable space exploration -
- ‘program. ‘This architecture requires (a) robust communication. between: heterogeneous
systems, (b) high reliability, (c) minimal mission-to-mission reconfi guratron G)] affordabla
1 - development, system integration, and verification of systems, and (e) minimum- .-
~ sustaining engineering. This paper-proposes such an architecture. Lessons Iearned
" from the space shuttle program are applled fo help def ne and refme the model

This rnrssron systems arch:tecture consrsts of three ma)or components .
A hardware layer based on a node-based network with tunable redundancy.
- automated fail-over based on intefligent agents, and plug and play Interacnon
 that includes automatic reconfiguration- A
o Asoftware architecture applicable from the Iowest Ievel subsystem 10 the o
integrated mission system based on open-standards middleware -~ ..
» - Atransparent switching framework of flight hardware, flight equrvalent S
hardware, emulation of flight hardware, and network-connected computers o
- containing hlgh-f' idelity software models ' v o

“A central concept of the new U.S. Na’uonal Vrsron for Space Exploratron is that space
_exploration activities must be ‘Sustainable™ (NASA's 2004 H&RT Formulation Plan).
- Sustainability encompasses four key areas. The mnssson—systems archltecture clearly

supports all areas . : O L

. -Affordabrllty : : : : :
' e Transparent switching srgmt' cantly reduces costs by supportrng new systems
concept validations earlier without real hardware, by reducing hardware ~ °
. requirements for training scenarios, and by reducing systems mtegratuon eﬁorts
« Raliable automatic reconfiguration virtually-eliminates expensive ground-based
' reconfiguration apphca’uons and reduces human-rn—theloop mterachon

. requirements. o .

- e “Incremental building block approach S|mp||F es mtegratlon of new systems lnto

. .‘,eX|st|ng fllght systems ) . - . : L

Relsabllrty/Safety ' L o R S A
‘ Redundancy tuned to the level requrred whether N+1 N+M orfull duplrcatron Do
where necessary, 0. grve quantrf able probabmty of rnrssron success G

Effectlveness : S i : ISR
"Building upon recogmzed rndustry/space standards srgnlf cantly reduces costs
~ and the risk of development while offering a hlghly eﬁectrve combrnatron of real- :
. trme performance scalabxlrty and fault—tolerance S .
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