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A\ ASTRAEA

The Airspace integration problem

Regulations for manned flight have matured over the past 100 years
Implicit assumption that pilot is on-board
No agreed interpretation on standards and regulations for UAS
100 year maturation timescale for UAVs not acceptab le
Regulatory authorities have provided guidance
— Transparency
— Equivalence
— No less safe than manned aviation
Catch 22 situation
— Regulators require example system to certify
— Industry require regulations to specify requirements Al f
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Global Access to Airspace Initiatives

Public Perception
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Technoloqy Drivers

Customer
expectation

Reduced Operating Cost
Crew

Training

Increased Safety

No onboard pilot
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£\ ASTRAEA

Technology - Business
Targets needs

Non coop’ Sense & Avoid Certification process
Cooperative Sense & Avoid Additional RF spectrum

Dependable Comm’s International standards
Secure Communications  Market pull
ATC Interoperability Breadth of product range

Dependable navigation
Fault management

Flight termination
Obstacle/Terrain avoidance
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£\ ASTRAEA
Introduction to ASTRAEA S e s e

« ASTRAEA 1 - 2007 to 2009 - £32M
« ASTRAEA 2 - 2010 to 2012 - £30M
« Jointly funded by UK industry and the public sector

* Objective: to enable the routine use of UAS in all classes of airspace
without the need for restrictive or specialised conditions of operation

* Aim: the development and demonstration of key technologies and
operating procedures required to open up the airspace

Police Surveillance mission Coast Watch mission
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Who is involved?

UK Public Sector

Technology Strategy Board

Welsh Assembly
Government

Scottish Enterprise

South East England
Development Authority

South West Region
Development Authority

North West Development
Authority

UK Civil Aviation Authority — contractual support pa

Industry

* Agent Oriented Software
- BAE Systems

* Cobham

« EADS

* QinetiQ

* Rolls-Royce

« Thales UK

4\ ASTRAEA

Universities

* Aberystwyth

* Cranfield

* Imperial College
» Lancaster

» Leicester

« Loughborough
 Sheffield

«  West of England
* York

rtners

70+ Subcontract Small Businesses and Universities



PN
Approach to Maturation il ASTRAEA

* Whole system approach considering in parallel

— Technology requirements Segregated AirspTe
"s..“’-
— Regulatory requirements ’

— System of systems integrationcaress

e

* Engagement of the regulatory authorities

Proces

Mandatory

* Visualisation and experimentation
P CAP722 I — | e

" : . —> IS
— EXxploiting synthetic environment

— Validation of certain key technologies in flight tests /

— Integration of prototype technology Tmc
— Regs
B _ L
1900 > 2007 2025
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AN
Global Interaction el AS.TR.AEA
« Collaboration with other international bodies
— Contributions to UK CAA CAP 722 UAS guidance document
— Policy development for UAV certification in EUROCAE-WG73

— Contribution to NATO FINAS Study 4685 on UAS human factors.

— Involvement in European Defence Agency UAS studies
— Support to RTCA SC 203 activity with FAA
* Wide Stakeholder Management and Engagement Plan
» Participates across all legislative and certification study projects

* Working to develop Safety Case, Sense & Avoid Certification path

‘ EUROCAE WG-73 ‘

[ I I 1
SG-1 UAV Operations SG-2 Airworthiness & Certification SG-3 Comms, Spectrum & Security SG-4 Small UAVs
(SG-1a Sense & Avoid)
(Thales)

Regulatory documentation synthesis complete

ECONOPS & supporting documents for Sense & Avoid
i nt
Thales representing ASTRAEA interests

Copyright Thales UK ASTRAEA Proprietary



ASTRAEA Structure and Roadmap

ASTRAEA

A\ ASTRAEA

P
Technology Development and Maturation
(.
) |

Ground Operations and HSI
(S
) |

Communications and ATC Integration

(.
) |
UAV Handling
) |
Adaptive Routing
(.
) |
Collision Avoidance
(S
Multiple Air Vehicle Integration
(S
) |
Prognostics and Health Management
(S
) |
Decision Making (Autonomy)
(.

( ) (
Regulatory Process Development Integration and Flight Demonstration
(. J (.
( I ) ( I
UAV Good Airmanship UAV Propulsion
|\ J .
( I ) ( I
Route to Compliance Qualification of Affordable Processes
(. J (.
( I ) ( I
UAV Operations and Procedures UAV Demonstrations
. J .
( I )
Integration with Operating Environment
. J
e e o G | @
§ [_Police Flying
5 Gip Fiying ] [ Coastal Parol Fiying ]

Diagnostic and planning agent
nse & Avoid demonstrations.

Airfield movement manager demonstration

Integrated decision support demonstration

Low cost engine mock-up

Integrated synthetic environment demo, Parc Aberporth

Co-operating UAV flight demonstration

Noaswna

UAV Operations from Parc Aberporth

I Systom
: :
:

[ Sub-system iaboratory ]

e ¢ ¢

Fully integrated synthetic

Programmes

201/\ 02

3

[ System & sub-system modelling and simufation

[ Capture and analysis 1

’F,y LindeiNOTAME ‘ Fiy in non-segregated
airspace

Key [ASTRAEA Ph1 addresses (>80%)
ASTRAEA Ph1 part addresses

System Affordability I — ! - ———————— = T ]
Ground control system & HMI | — — = 1 — |
@ |ATCinterface I — > g B 1 i i ]
2 |communications & security | = = o = = = |
T |sense & Avoid I — — — i — — |
8 [coliision avoidance I st - } f = = = ]
& [Mission management I > (mal } y ] = 1
Health & fault mgt I — — e I =1 | =1 |
a I — i M 1 1 1 |

Reat Capture, Sub-system Design | | Modeling & Lab surrogate UAV Range (G 2) UAY UAV Un-segregated Fiight |

Concept formulation| & analysis Simulation Demo el Flight (Gp 1) Experimental (Grp 4)
(manned) Segregated Flight
[ |ASTRAEA Ph2 and beyond



ASTRAEA Key Success A\ ASTHAEA

« Technology

— Autonomy
— Health Management / Prognostics

— Collision Avoidance and Separation

— Communications & Spectrum

— System Integration

* Regulatory
— Certification
— ATM Insertion

Wyl s dhis?? ‘,r 1\1
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ASSISTED

| £\ \STRAEA
Achievements — Autonomy e by sy s i s

rrrrrrrrrrrrrr

AUTOMATION UAS SUPERVISOR
LEVEL AUTHORITY AUTHORITY
SUPERVISOR Full supervisor
COMMANDED 0 None AUTHORITY authority
AT CALL 1 Advice, Request advice
only if requested

ADVISORY 2 Advice Accept advice
Advice and, .
IN SUPPORT 3 if authorised, Accept advice

: & authorise action
action

DIRECT Action i
4 Revok
SUPPORT unless revoked evoke action
AUTONOMOUS 5 Full UAS UAS Interrupt
authority AUTHORITY

* A simulation demonstration of a UAS decision making system

* Performed key parts of a representative set of civilian missions

* UAS Operator overseeing a team of Autonomous UAVS.

« Demonstrated autonomous control of multiple UAVs by a single UAV
 Integration of the decision making system within UAS avionics systems
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Achievements A ASTRAEA
Operator Station and Human Factors .

TGround Elight Oparations Manager

LBl

Rz
T

and
EGFAEGS

e LA R

en LB 2z

Fhaht Time: 558
bt hpe:  Shedved ] 1
- Cabigry BT AT S Mk Mans Cure e 168028 AT |
Ao s = o - — —
“ s = b ommare | B b | ol Lancbng o Paramates | FustAahus | Fiht S | Lo #17 | Dokl Lcg #18
Rogstad Fusl: 3.9 {25k et [ Terhoadcarerlwds, | Donrosd I =
Mo P 2278 (50.0ts. & | timaers =
Lot time; 3z GUell Countdomn Tmer
Flgbtglan Moce: ) ot : ) e e e HE |
2 Ry 2 N [ e il =
i =i Tt @ I e Slvmss
B LI 1O 12 Sl <1 91 Ly ik 2 R
i [oae | P i =
o erter e seueukcoge: (o | | upeate | s
. o (gt | |t L

ACMI and GFOMS — complete ground operating environment for UAVs
Development of a UAV message set

Functionality for real time and high level (strategic) management of UAVs
Process and guidelines for HMI appropriate to UAS
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Achievements A\ ASTHAEA
Health management and prognostics e Y s

flight phase contextualised predicted fault effect escalation>

T Roon s Moo

T
L ;
I T —

OO ]

[=— == WF;[[[[[:EI =1
= OO | S= —
=== I=n = — -
[=[IxC_JL_T || ——

* Generated Real-time Bayesian Network based embedded diagnostics

« The development of a qualitative simulation and reasoning tool

» Supporting Failure Modes and Effects Analysis

* The definition of EHM requirements for UAV applications

« Evaluation and advancement of state-of-the-art reliability analysis methods
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Achievements o |
Spectrum and communications security

» A feasible communications system concept for UAS

* A set of recommendations for the security features of UAS that reduce
the residual safety risk to an acceptable level

« Performance models for the preferred communications option(s) that
feed into a synthetic environment and UAS model
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Achievements - Parc Aberporth SE
Integrated Demonstration

P

c
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Systems Interfaces Avionic Systems LAN (ASLAN)

Multi Company Validation and Synthetic Laboratories established
Parc Aberporth SE Integrated Demonstration
Flight test of PHM & qualifiable affordable structure

Flight test of automatic non-co-operative formation flying
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Achievements — Sense & Avoid

Algorithms and models to propose Sense and Avoid actions

Preliminary Safety Assessment Case for a S&A system

Development of a fault-tree for events in a near miss/mid air collision
Integration of the Sense and Avoid models within an autonomous system
Assessments of the UAV Operator with autonomous Sense avoid.
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S&A Conflict Management Requirements
» Conflict Management

— Other airspace users
— Terrain
— Vertical Obstructions

— Obstructions on Ground

Y

4 [
+ 9 F
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S&A Separation Provision Requirements
« Separation Provision

— Other airspace users
— Incompatible Airspace
— Significant Weather
— Cloud (VFR)

— Wake



Concept of Operation

— Separation Assurance

« Medium-term route changes to prevent a potential collision
avoidance situation from occurring

* Where no ATC is provided (usually uncontrolled airspace)

— Collision Avoidance

¢ Man-in-the-loop Manoeuvre
— Equivalent to manned aviation
— All types of Airspace

* Autonomous Manoeuvre

— Direct to Flight Management System
— All types of Airspace



Sense Avoid UAV Performance Analysis
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Future Work

— Continuation of Regulatory activities

* Virtual Certification exercise with CAA
« EUROCAE WG73

— Sensor Modifications
— Algorithm Refinement
— SE Laboratory Experiment Analysis

* Increase modelling fidelity (e.g.
turbulence and effect on sensors)

— Human Factors
— Flight Trials

« Data Gathering
 Model Validation

« S&A Demonstration (Surrogate)
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Achievements - Support to Requlators

- CAA

— Workshops/discussion sessions held across
ASTRAEA topic areas

 Eurocontrol

— Development of generic safety case VLOS ops
and IFR Class A-C

* ICAO UAS Study Group
— Development of a UAS manual (ATM, Flight safety)

* JARUS (Joint Authorities for Rule Making on UAS) Group

— Aiming to develop harmonised UAS regulation —
EUROCAE WG-73

« CAA CAP-722 - Significant input to the guidance
document.

— Internationally recognised sense and avoid policy
document.

— Inputs on Sense and Avoid, Security, Autonomy
and Human Factors

* NATO FINAS - inputs to report for Sense Avoid
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Stakeholder Engagement

Virtual

certification

Consultancy

advice

Eurocontrol

Thales representation on
NATO NIAG
Study Group for
Sense and Avoid Safety

case

ASTRAEA 2 — a route to UK, European and Internationa

Copyright Thales UK
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Thales representation
on WG-73 working
groups for Sense and
Avoid operations and
regulations
development

standards

EASA

Internationally
agreed

UAS

\ 4

NATO
S&A
STANAG

\ 4

UAS regulations
and performance
standards

)

ICAO

¢_l

Certified
—>  UAS S&A
system
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Phase 1 to Phase 2 Project Mapping

T1:
T2:
T3:
T4:
T5:
T6:
T7:
T8:
El:
EZ2:
E4:
R1:
R2:
R3:

R4

Phase 1 Projects Phase 2 ‘Collector’ Projects

Ground Ops & HSI
Communications & ATC
UAV Handling
Adaptive Routing =

» HSI & Ground Operations

Comms & Spectrum

Collision Avoidance —__

—_—

Multi-air vehicle Integration 3 Sense & Avoid

\
Prognosis & Health Mgmt \\

Decision Making

Propulsion/Power System Operations, Utility & Affordability

Avoidable Processes  <S5
v
Demonstrations //
: . Autonomy, Decision-Making
Good Airmanship & Contingency Management
Route to Compliance

Operating Rules & Procedures

. Interaction with Operating Environment Management & Coordination
P17: Management & PR

“Seamless Focused Transition”
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ASTRAEA 2

3 year programme 2010 - 2012
Two main projects

— Separation Assurance

— Autonomy

Structure Based linked to CAP722 5 main ‘collector’ projects
Establish architectures / frameworks for the key fu nctional elements
Undertake surrogate and unmanned flight demonstrati ons in the UK
Strong Regulatory Engagement

Virtual Certification

Engage user community

Raise the profile of the utility of UAS to the publ iC

Developing a dynamic relationship between Users /R equlators / Producers

will be key to achieving the next stage
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UAV Civil Market

Volcanoes
Monitoring

Nuclear Radiation
Monitoring

Earthquake Monitoring

Search and

eeeeee Firefighting

_ Catastrophe
Situation Assessment

Flood Disaster
h Operations
Watd management

Copyright Thales UK

« Potential to address many

applications in the civil sector.

» Service-oriented solutions could

become the norm.

* Unmanned to Manned Autonomy

Technology potential

» Utopia could only be a few years

away!
y' Law Telcoms
Enforcement 13% .
3% Forest Fire
Powerline 12%
- %
Pipeline 5
6%
Borders
11%
Coastguard
Earth
a 13%

Observation
ASTRAEA Proprietary37%



Going Forward Together

Autonomous
Decision-Making
Software
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