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Motivation for FAST o =

« Some TPF concerns regarding Formation Flying (FF):

— System Functionality
« formation deployment and initialization
« collision avoidance (in the presence of faults)
« fuel balancing
« complexity of end-to-end operation
— Coarse Formation Control
* collision avoidance

e sun avoidance

* target acquisition
— Fine Formation Control

» station-keeping

 on-the-fly observation

e instrument interactions

! I ‘PI \  Terrestrial Planet Finder Mission

 synchronized thruster firing

anasa * These issues, among others, can be addressed by simulation.
Origins
Mission
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Our approach.
Constder existmy tormation itving alvorithim designs:
+ NASA Code R Distnbuted Spacecratt Technology
» Starl rght Project Phase A development
L everage above to jumpstart desten of formation fving ateonthms tor TP
Implement i a theht-Tike distributed real-tme stmulation environment:
« NASA Code R Distributed Spacecratt Technology
Apply seenarios to shake out the system,
Result
We are developing a simulation testbed to demonstrate the
end-to-end operation of multiple spacecraft formation flyving
in a distributed real-time environment.
flight algorithms

executing on flight-
like processors
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Features of the FAST

+  Advanced algorithms for formation flying

‘v

Formation Guidance (with colliston avotdance)

W

Z Formation Estimation

33 ----- Formation Control

? « Relative sensor suite models (acqusition. medium. fine sensors)
€ *  Distributed real-time execution on multiple tlight-like processors
;}% * Distributed real-time simulation on Beowulf cluster

Z * Inter-spacecraft communication model

E [latency. throughput. connectivity]

« Inter-spacecraft ime synchronization
.= Faultmjection
— spacecraft computer reset

— thruster mistire
— sensor fatlure
— Inter-spacecraft communication dropouts

anasa ¢ Functional interferometer model
Origi - ~ ~ . . . .
e [demonstrates capability for formation flying to interferometer hand-ott]

Mission
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FAST Plan

. Demonstravon of distributed real-time stmulation enyironment

T harh Ry - ; Aot b, Vot iaan,n
2003 St eht desion runninge on distributed real-time svsiem

o formauon intudilzaton

T

* Stop-and-siare

+ Re-targeting

« TPE formation flying nominal operations

Finder Miss

!
i

il 2004 TPEF nominal op’s on desktop workstation

-

& o Formanon synchromzation

:: «  Observation on-the-th

: «  Basic colhson avordance

- 2005 TPEF nonimal op’s i distributed real-time (DR 1)

)

e o Above [PF desten execuning on distributed real-nime westhed
_ = IPF formaton ying oll-nominal operations

2003 TPF otf-nominal op’s on workstation

«  Robust colliston avordance (g S Creset while i retargeting maneuver)

2006: TPE off-nominal op’s on DRT system
e o Above t distributed real-time. with fault protection sofiware

« TPF formaton tlving operation with mterferometer

gggSA 2006: TPE operation with hand-oft to imterferometer on DRT system
rgmns : . : . P .
Mission «  Formation ying with demonstration ot hand-eft to interterometer
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FAST in1it's Current Form

I »  Formation Attitude Control
: A E(rt\! 1?‘ 111 i E‘ /‘\ l/ e
g - l\ib!l Lilli 1\i1x’\._x)]iuin
cPCT chassis with with Software Executive
PowerPC SBCs N ‘ ,
running VxWorks on tlight-like PowerP(

CPUs running VxWorks.

Lnvironment stmulation

Cluster Computer runs Oon a “Clll.‘%‘[el‘
/ RTAI-LI / - .
WIRTAFLIXXE0 | computer”™ with Intel

Pentium processors

running a real-time Linux.

« Console for commanding
Workstation and data analysis on

for commandin ‘ _ .
& data analysisg desktop workstation.

A NASA
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AST Hardware Block Diagram
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Summary

Mission
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» I'PF has funded the Formation Algorithms and Simulation Testbed to

address concerns with the development of formation flving for flight

The FAST 1s pushing FF technology readiness toward flight:

formation flving algorithms will be executing n a flight-hke software

executive. on thght like processors with flight-like environment.

The FAST will help prove that formation flying will work for TPF:
performance of formation flving 1s achievable

robustness of formation tlying is achievable
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