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What 1s ASTRAEA

 Objective

— to enable the opening up of the UK and
European airspace to the routine use of
UAVs, without the need for special /
restrictive conditions of operation.

 Phase 1.
— 3 year programme 2006-2008

— £32M programme, Funded 50% industry
50% government
(TSB,NWDA ,WAG,SE,SWRDA,SEEDA).
BAE Systems is approx 30%.
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ASTRAEA Partners - -

» BERR/TSB > Industry » Universities
_ = Agent Oriented = Cranfield
> Regions Software = Lancaster
= Welsh Assembly = BAE Systems = eicester
Govt = EADS » Loughborough
= Scottish Enterprise = Flight Refuelling = Sheffield
= SEEDA = QinetiQ = West of England
= SWRDA = Rolls-Royce
= NWDA = Thales
» CAA

60 Subcontract SMEs and Universities
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ASTRAEA Organisation

Autonomous Systems

Development Programme
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T7: Prognostics & Health Management

T7 aims to provide technology and systems so that UAVs
can

e monitor their own state,

o perform real-time prognosis of their immediate and
future capabillities,

« make decisions on how best to assist the optimal
mission performance.
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E4: UAV Demonstration "

Under E4 sub-theme the BAE SYSTEMS-AIr System will
demonstrate ASTRAEA Technologies usmg the
following:

Synthetic Environment
System Integration Laboratory
Flying Demonstration

Lo ghborough University o
sity < meester
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Fuel Model Design Process '

Model Inputs Model Creation Model Usage
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Geometric Data

e Tanks are simple fuel solids
(no pipe work or components
subtracted)

« Centre tanks are single cell
tanks

* Wing tanks are three cell
tanks
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Functional Data
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bond graph schematic with
associated text file detailing the
components which is then compiled
Into a model using MATLAB
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Model Creation : L -

e The input data is processed by MATLAB in order to
create a set of system equations followed by creation of
the Simulink model and s-function generation.

 Once compiled the s-function can be run within Simulink
using the configuration parameters below:

T Configuration Parameters: fuel_sys/Configuration

Qg{gct; | i stion time

Salver Start time: I Stop tme 500
D ata Import/E 2pat 2

(0 phirnization
= Diagriostics
Sarnple Time Tope: Fied-step w |Solver odel [Euler]

Data Valdiy Penodic sample time congh st Unconstianed
Type Corversion

Connectivity Fined-step size (fundamental sample time) 0.02
Compatibility Tasking mode bor pericdic sample tives: | Auto
Model Feferencing [] Higher piicity value indicates higher task piior
Hardware | mplemertation .
Model Referencing [ Awtomatically handle data ransfers betweer tasks

Solver options

b.ré" Lo B gl T e s e A e o

Eﬁns+ QinetiQ

THALES LIUEAGLAD)

B Loughborough T University of
University “ Leicester




| £\ ASTRAEA
Fuel Rig : ol R
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Fuel Rig
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Fuel ng . SN -
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Fault Injection & Monitoring Outputs M N
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Faultlnjectlon | Hod oy T
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Faultlnjectlon | Hod oy T
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Demonstration . Sy R

Two mini-demonstrations:-

1. Integrated UAV Bravo — A
MATLAB / Simulink flight
dynamics model, built using
the Real-Time Workshop
(RTW), exporting behaviour to
X-Plane (single computer).

2. Networked Fuel Model — A
MATLAB / Simulink fuel model
Interacting with fault injection,
mission authorisations and
visualisation (two computers).
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Next Steps "

oo g s | « Construct a large granularity,
simplified, electrical system

model

e Testing to confirming
behaviours for a limited set
of scenario based test cases.

e Apply noise models to the
fuel prognostics.

« Compare models behaviour
to that of the Fuel Systems
Rig.
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Lessons learnt

e The integration of multiple models from multiple partners
remains a challenge within a complex project due to:

— differences in modelling approaches (physics or
scenario based),

— configuration management
— MathWorks release compatibility.

 There remain some unresolved (model initialisation)
ISsues encountered when attempting to integrate this sub-

model (s-function) with the whole vehicle system within
the Real-Time Workshop.
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Conclusions

 The Prognostics and Health Management project requires the robust
modelling of system failures at a component level in order to validate
diagnostic or prognostic methods.

 This methodology, applied to a Fuel Systems model, has
demonstrated

— computationally fast, embeddable model for use within a larger
Simulink vehicle system model

— the benefit of the available code generation tools for rapid
prototyping

 Producing a model that encompasses multiple features, whilst
accommodating a variety of modelling approaches suggests that it is
convenient to use a selection of custom tools.

 The MathWorks Simulink tool provides an excellent environment
within which to rapidly prototype and test system models.
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e http://www.projectastraea.co.uk/
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ASTRAEA is a pioneering £32 million aerospace programme which is addressing key
technological and regulatory issues in order to open up non-segregated airspace to

unmanned autonomous aircraft.

Ernail
ASTRAES imwalves a consortium of major aerospace companies, including BAE Systems, EADS, Flight
Refuelling, Qineti}), Rols-Rovee, and Thales, working with autonomous systems specialist Agent Oriented
Software, many of the most innoyative small companies in the sactor, and leading academic minds. Hiaai
ASTRAEL is one of a number of aerospace technology validation programmes attracting Gowernment
inwesktment at DTI and regional level to ensure that the aerospace industry maintains its global strength and
develops world class technologies in line with the Mational Aerospace Technalogy Strategy. o
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