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ADS-B overview

Cockpit Display of
Trafficdnformation (CDTI)

- Controller

Working

ADS-B g . AlE Position
ground stations
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ADS-B capabilities

: ADS-B OUT :: ADS-B IN :

Function allowing an Function allowing
ailrcraft or a surface vehicle an aircraft or a
to automatically and surface vehicle to
periodically broadcast receive, process
iInformation, including and display ADS-B

\Ldentification, position, etc./ iInformation to pilots
(or vehicle drivers)

\ on a CDTI
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Surveillance Performance Interoperability
- Implementing Rule Draft

|||||
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1.01.2012 for “new” aircraft Yy e
5.02.2015 for retrofit L ‘

= Mode S (Elementary) all aircraft flying IFR/GAT
= Mode S (Enhanced and ADS-B QOut) > 5700 kg MTOM OR >250 kts TAS
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European Implementing Rule

ADS-B

|
Pioneer Phase | | | Mandate Phase

voluntary implementation
In pocket areas
certified existing equipage

rop
Surveillan nE'a teroperablllty
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Why ADS-B?

In a non-radar environment
. w]T In Trail Procedure
: - FE CRISTAL - In Trail Procedure (ITP)

]
St

™~

2 mins saved per flight

. Fuel: - 0.5 %
In a radar environment

ADS-B
radar

Route Charges: - 0.5 % CASCADE ;
he....o4

glIoinollo 0
plioloalloilioll
DIGIDG (al|

100 Qi

10



Cascade Programme Scope

= Ground Surveillance Applications (ADS-B-out) (S
= |n a non-radar environment /
= |n a radar environment
= On the airport surface 2008/9
! ADS-B
Receiver

= Airborne Surveillance Applications (ADS-B-in)

= Situational awareness on the surface
§ = Airborne situational awareness

2011
&?_) / = Visual separation on approach
= |n Trail Procedure
Traffic Situational Awareness ‘only”  GASCADE [ =4
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Requirements Focus Group (RFG)
Scope, Objective & Key Stakeholders

Package |
sround & Airborne Surveillance Application
elopment of Internati >afety, Performance &
Industry Standards operability Requirem
EUROCAE WG51, RTCA SC-186
EUROCONTROL CASCADE, FAA SBS
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Requirements Focus Group (RFG)

Requirements Determination Process

\pplicatio
Definitio

@’w

eroper
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ATSA-ITP (ED-159, DO-312)

ATSA-VSA (ED-160, DO-314)
ADS-B-RAD (ED-161, DO-zz2)

! S
ADS-B-NRA (ED-126/DO30?I

ATSA-AIRB
ADS-B-NRA Enhanced ATS in Non-Radar Areas ;
ADS-B-RAD: Enhanced ATS in Radar Areas i
ADS-B-APT: Airport Surface Surveillance ATSA-SURF
ADS-B-APT
ATSA-VSA: Enhanced Visual Separation on Approach
ATSA-ITP: In-trail Procedure in Oceanic Airspace
ATSA-AIRB: Enhanced Traffic Situational Awareness During Flight Operations
ATSA-SURF: Enhanced Traffic Situational Awareness on the Airport Surface
CASCADE
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RFG SPR-INTEROP Development

Approach

= Key aspects:
= Top-down & end-to-end
= Pragmatic: bottom-up constraints
= Balanced expertise mix

= Design independence: freedom to aircraft integrators, feeds into system
MOPS

= Harmonised EUROPE/US safety approach
= Interoperability
= |n coordination with ICAO

= |s there an alternative ?
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ADS-B Programmes

International Co-ordination

Air Services Australia EUROCONTROL
AIRSERVICES AUSTRALIA ..‘7-’ ’v
'f ) EURCCONTEROL
FAA

Joint ADS-B Harmonisation Statement
e Standards

e Certification
Nav Canada = e Implementation
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ADS-B declared capability

Mode S ELS/EHS/ES Equipage Trend
(measured at Charles De Gaulle)
100,00%
80,00% L IEl a=l o=l el il =1 ool BBl Inl It asl asl WRl Isl =1 ASt IRl ISl ISl ISl
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o ™
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Jan-07 Apr-07 Jul-07 Oct-07 Jan-08 April_08 Jul-08 Oct-08 Jan-09 Apr-09
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ADS-B-NRA Pioneer Airlines & Trials leading to

implementation

AIR FRANCE Z “CRISTAL”: Pre-operational Evaluations
’!I/ -y CYPRUS AIRWAYS th ANSPs”
CEM odee Wi

KLV ‘@ U TUlfly.com

| Royal Dutch Airlines

"M WUNITED
TURKISH AIRLINES .
= AEGEAN
mAirEuropa l{ ¥
BRITISH AIRWAYS V784
R ¥ & YScandinavian Airlines Air Wieditorranée
AIRBUS TRANSPORT INTERNATIONAL snc.

T y
D A

Pioneer airline project
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Pioneer Airline

Certification basis

= Safety, performance & interoperability = EASA Airworthiness Approval Acceptable
requirements (SPR/INTEROP) for the Means of Compliance AMC 20-24
ADS-B-NRA application

AMC 20-24 Effective: 02/05/2008
Annay 11 to ED Dacision 2008/004/R of 25/04/2008

AMC 20-24
Certification Considerations for the Enhanced ATS in Non-Radar Areas using
ADS-B Surveillance (ADS-B-NRA} Application via 1090 MHZ Extended Squitter,

1 PREAMBLE
The European Organisation for Civil Aviation Equipment 11 The scope of this Acceptable Mezns of Compliance (AMC] is the sinworthiness
and operational approval of the "Enhanced Air Traffic Servicas in Non-Radar Areas using
Lo e pour Equil PAviation Civile ADS-B Surveillance” (ADS-B-NRA) zpplication.
1.2 Operational banefits of the ADS-B-NRA applicasion incluce the enhancement of
i H i ADS-B-NRA would provide

s i S Sl sireraft positans, and in conssguance
appropriate separation minima could be apolied depending on the environment and the
the competent authority. Current non-radar airspace is controlled usi
pracecural methods which demand large separations. ADS-B-NRA separation minimz
would be smaller thar that used in current non-radar sirspace. Alerting Services in non-
radar airspace wiill be enhanced by more sccurate nfarmation on the latest posicion of
sircra

Hence, it is expected o sress where radar coverage is not feasible or net
Ceninieally, Wt thes appliton vl privida. Benefie W caaciy; eficimcy. and
=afety in a way similar to what would be achieved by usa of SR radar.

1.3 The European CASCADE prog is the mechanism for co-ordi

of the

SAFETY, PERFORMANCE AND INTEROPERABILITY Eurcpesn implementation of ADS-B [ADS-B-NRA and other ADS-B bassd ground and

] arborme survellance appiicatons). One of the programme’s zims is to ensurs
REQUIREMENTS DOCUMENT harmonisation and efficiency of implementation,

1.4 CASCADE uses the globally intsroperable 1050 MHz Exrended Souitsr (ES)

FOR ADS-B-NRA APPLICATION data link technology, compliant with ICAQ SARPS in Annex 10 and in line with the

recommendations of the Conferance ICAD ANC-11.

1.5 Inparallel, the FAA Airsarvices Australis and Nav Canada plan to deploy ADS-B
using the same daa link sachnology. It fs assumed that aircrafz will be interoperable with
all implementation programmes using the EUROCAE/RTCA ADS-B-NRA smandard (ED-
126, DO-303).

1.6 The meaning of abbreviations may be found in Appendix 1

2 PURPOSE

2.1 This AMC is for operators seeking to operate in airspace classifications A to £
where ADS-B-NRA services have been implemented by the Air Navigaton Service

=
Provider. It provides the basis for approval of sircraft systams and identifies operational

considerations,
EDA26V30

May 2008

It may zlso ssist other stakencldars by alarting them to sircraft requirements, operator
procedures and refatsd assumptions, These athar stakaholdas: could lnchude airzpace
planners, air wa rvice providers, ATS system manul rers, surveilance datz
processing system manufacturars, communication service providers, sircraft and avionics

equipment manufacturers and ATS regulatory autho

2.2 Acceptable Means of Compliance (AMC) illustrate a means, but not the anly
means, by which 2 requirement contained in an EASA airworthiness code or an
ing rule of the Basic Regulation, can be met.

An apolicant corractly implementing this AMC in its entiraty is assurad of acceptance of
compliance with the airworthiness considerations prior 1o use of the auroma
dependent surveilance broadcast equipment. The operational considerations in this AMC
are consistent with the cperational considerations in the position paper 039 revision 8,
Trat s andersed by the AR Operafions Sectorial Taam (OST). An Operator that, in
conjunction with the sirwerthiness considerations, has correctly implemented this AMC

# Etemne Dot et 1)
PARIS, Malakofl, France Fax: 2314
[ eurceae o Email - eurocae@eurooae com

CASCADE
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Pioneers and Certification

Yk .. . .. .. """/
“Applicant” Ac type
Airbus A380
A330/A340
A320 family
Boeing B737-600/700/800/900
B757, B767
cl_) B747-400
B777
ATR ATR72
Dassault Falcon 2000
Aeroconseil A321
ATI A3ST
E Air France B777, B747
British Airways A320family, B777, B747
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Safety case:
on the path towards ADS-B-NRA operation
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010I00 |T'6'|'||f|:i;| ':'._ “I' : -




WHICH BENEFITS ?

mto Local Safety Case

and Operation Approval

PRELIMINARY
T—
SAFETY CASE A reusable structure

(PSC) for Local Safety Case

Document & Support available
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WHICH BENEFITS ?

A key input to Local Safety Case

and Operation Approval

PRELIMINARY
SAFETY CASE A reusable structure
(PSC) for Local Safety Case

Document & Support available
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Key input to the local safety case

A
ADS-B-NRAPSC

(Preliminary Generic
Safety Case)

Transition
to
operation

Specificatio

Local Safety Case

0101001101110 I;‘ '
1GIoonlt i

chscaDE £
_—
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Key input to regulatory bodies

EUROPEAN ORGAMISATION
FOR THE SAFETY OF AIR NAVIGATION

Preliminary Safety Case for

Servieas i Non-Radar Areas SRC POSITION PAPER

using ADS-B surveillance
PSC ADS-B-NRA

PRELUAINARY SAFETY CASE
Avtamatic Dependent Suvellonce
Broadcast, Non Rador Arens (ADS- B.HRA)
Vetsion 1.1, defte 12 Decembe 2008

-
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o
=
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WHICH BENEFITS ?

mto Local Safety Case

and Operation Approval

PRELIMINARY
SAFETY CASE A reusable structure

(PSC) for Local Safety Case

Document & Support available
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Argument/Evidence structure reusable for

Local Safety Case

" EVIDENCE

. CASCADE = £

QlQiQaI1IIT_5IIIIUUIII =
[ IO ool
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Guidance to Local Safety Case included

= Local safety case can largely refer/re-use the PSC when it is directly
applicable

= (Guidance material highlights where the development of local
argument/evidence is needed

CASCADE £
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Guidance to Local Safety Case included

(example)

Preliminary Safety Case for Enhanced Air Traffic Services in Non-Radar Arees using ADS-B surveillance
22 August 2008

5.5.1 Safety Requirements relating to Operational ADS-B-NRA Procedures

As already mentioned in section 4.3.1 the ATS procedures to be used for
ADS-B-NRA are similar to those,used in reference radar service. Table 7
below lists the related safety requirements to be applied:

Actor ADS-B-NRA p dural Safety Requi
SAF001. Controller shall apply PANS ATM Doc4444

ATCo [Ref.2] procedures to perform ADS-B-NRA application.
SAF002, Flight crew shall apply PANS-OPS Doc
Flight Crew 8168 [Ref.8] procedures to perform ADS-B-NRA
application.
Table 7: Safety R i 1ts on ATS P d for ADS-B-NRA
GMO014. Guidance material to be considered for local implementation:

"Guidance for the Provision of Air Traffic Services Using ADS-B in Non Radar
Areas’ ([Ref.11] and "The NRA Fight Crew Manual" [Ref.10]. E

GMO15. Any divergence in terms of procedure at local implementation
level will have to be addressed under argument 1.3 (section 3.4.3].

Concerning the conditions on which separation minima can be applied by the
controller, the related safety requirements are presented hereafter:

SAF003. Separation minima of 5NM shall be only applied by controller to
aircraft being eligible for ADS-B-NRA in en-route

Note: see aircraft eligibility conditions in section 5.5.3.3.

SAF004. Separation minima of 3NM shall be enly applied by controller to
aircraft being eligible for ADS-B-NRA in TMA.

Note: see aireraft eligibility conditions in section5.5.3.3.
See GMO01 for ICAQ provision with respect to separation minima applicability.
5.5.2 Safety Requirements relating to Data ltems

This section provides safety requirements relating to data items provided and
used by the different elements of the ADS-B-NRA system.

5521 Safety Requirements on Operational Surveillance Data ltems

Concerning the operational surveillance data items required at the ATCo
interface (i.e. at point of measurement G2 in Figure 1), the list of related

CASCAD
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WHICH BENEFITS ?

mto Local Safety Case

and Operation Approval

PRELIMINARY
SAFETY CASE A reusable structure
(PSC) for Local Safety Case

Document & Support available

CASCADE £
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Flanning

ELRDCONTROL = cascade * CASCADE Home
SCAD
o0
8

RN KN
1ol
Tooliornieny

CASCADE Home

ADS-B for Alrcraft Operatars
D5-B for ANERs

Al

 EASAhas published the

Acceptable Means of :
The CASCADE programme it ) dpean - forADS-HI
implermentation of ADS-B (Autordati ; aillance CEMWIMRmEn
Broadcast), a sureillance | i i > EASS  has  published  the
‘hroadeasting their identity Acceptable Means of Compliance
This signal can be captlre p for ADS-B in & non-radar
purposes (ADS-B-ou i W Mher Aircraft for air traffic environment.  The document is
situational ang” airhorne separation applicable since 02 May 2008, A
assistance. A | 4@’ reach initial operational number of aircraft have alresady
capahility stg n for air trafic situational ‘ohtained  their  airworthiness
i to meet the sureeillance -approval.

n o overdiew of the CASCADE. one ar more airpors.

\ralldatlon_ aCtW_'T'ES and i =+ MAena Spain has confirmed that it
Iz find dedicated information i irtends to join the CASCADE pre-
and docurments, FAQS andi operational validation work with
H one  of more  airports. The
| invalvement sl start with & cost
i benefit analysis, hopefully leading
i up to the installation of one or

p o Dwerviewy

: more ADS-B stations and pre-
| operational trials.

p  Walidation

ADS-B-HEA Safety Case

p  Documernts

- "Preliminary  Safety Case for

H Enhanced Air Traffic Services in

E kMon-Radar Aress using ADS-B

.................................................................... 1 Surveillance”  wversion 1.0 hasz

,  Cortacts nowy been published to provide

the basiz for  Eurocontrol

--------------------------------------------------------------------- regulatory approval and to be an

p  ADS-B for Aircraft Operatars input for AMSPs to produce their

owen local Safety Case for the

""""""""""""""""""""""""""""""""""""""" ADS-B-MEA application. it

»  ADS-B for AMSPs includes substantisl guidance to

local ADS-B-MNREA  implemerters.

This PSC is at the moment under

Safety  Regulation  Commision

[SRC) rewiewn.

@ Preliminary Safety Case for
Enhanced Ajr Traffic
Services in Mon-Radar Areas
uzing ADS-B Surveilance
[QR)]




CASCADE support to Local Safety Case

= to ANSP, in developing their Local Safety Case

= Coordination is already taking place with DHMI on the ADS-B-NRA Trabzon Local
Safety Case
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SUMMARY OF THE BENEFITS

A key input to Local Safety Case

and Operation Approval

PRELIMINARY
SAFETY CASE A reusable structure

(PSC) for Local Safety Case

Document & Support available
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ADS-B-NRA
Preliminary

ADS-B-NRA
Example at

ADS-B-NRA
(European)
-

International
Co-guahin

= .[4

CASCADE
Scope
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BACKGROUND




BACKGROUND

= Non-radar APP/DEP + Aerodrome Control

= Daily traffic average : 40 Flights; Peak traffic 8 Flights/Hr. (2007
figures)
= 90% of traffic delivered by 4 airlines (Turkish, Pegasus, Sunexpress, Onur)
= 30% Traffic increase expected by 2010

= Constraints:
= Frequency congestion due to procedural control
= Controller workload due to communication tasks
= Lack of surveillance. Controllers unaware of hazardous situations
= Mountainous terrain.

CASCADS
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ADS-B Expected Benefits

= Safety
= Improved Controller Situation Awareness
= Enabler for safety nets like STCA and MSAW
= Reduced Controller Workload
= Improved quality of information for Alerting Services.

= Capacity and Efficiency
= Reduced Communications
= Increase sector capacity
= More efficient traffic flow

CASCADE
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European Implementing Rule

ADS-B

Pioneer Phase

voluntary implementation
In pocket areas
certified existing equipage

Mandate Phase

rop
Surveillan nE'a teroperablllty

Implementing Rule

flartial ADS-B Out equipage
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CHANGE: VARATION AND MNIMUMS

BRG and TRACKS are MAG
ELEV, ALT and MGT in FEET MSL
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ADS-B-NRA

CASCADE £
w S

gIoIaonllo
DIO!{]GIIICIiliﬂlll

DICGIOGO | [N N

43



=

REAL TIME

LOCAL OSED LOCAL SAFETY CASE SIMULATION
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Safety case:
on the path towards ADS-B-NRA operation

LOSED &
RTS
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=

REAL TIME

LOCAL OSED LOCAL SAFETY CASE SIMULATION
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REAL TIME SIMULATION

= Majority (13) of Trabzon Controllers participated at request of DHMI
= 2 Simulation Sessions of 2 weeks each
= 3 Days Training including revision of vectoring
= 7 Days Measured Runs - R'W 11 & R/W 29
= 30 “exercises’
= 6 Baseline (Procedural Service)
= 6 100% ADS-B Equipped
= 24 50% ADS-B Equipped

CASCADE £
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Procedural traffic patterns ADS-B traffic patterns
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ADS-B versus Procedural - Shorter
Approach Route PGT2427

© 2008 Cnes/Spot Image
Data S10, NOAA, U.S. Navy, NGA, GEBCO

41°0327.71"N  38°52'28.57"E




=

REAL TIME

LOCAL OSED LOCAL SAFETY CASE SIMULATION
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RTS Safety activities

= POST EXERCISE QUESTIONAIRES
= LOSS OF SEPARATION ASSESSMENT

= HAZARD IDENTIFICATION WORKSHOPS
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RESULTS

= Mountainous terrain in the south can create new hazards when aircraft
are vectored perpendicular towards the mountains, waiting for a final turn

= During frequency occupation by procedurally controlled aircraft
= During communication loss
= Not a typical ADS-B issue, but a surveillance issue.
= Overall workload with partial equipage still lower than procedural control
= Some peaks during separation of ADS-B and procedural aircraft.

= ATC Procedures and use of controller resources acceptable from
controller point of view.

= Clear procedures need to be established, especially for R/W 29.
= Overall handling partial equipage was acceptable to the controllers.
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G.Caligaris: gilbert.caligaris@eurocontrol.int CASCADE 9'
n 1 1ell1n

M. Gurbuz: mesut.qurbuz@eurocontrol.int 010108101115
54 CASCADE: www.eurocontrol.int/cascade




