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Introduction

Data link provides pilots and controllers with new means of communication, replacing bad qual-
ity HF communications with automatic position reports, text clearances, surveillance in remote and

oceanic airspace, etc.

All over the world, data link is emerging in various local initiatives, from 15 years old FANS oceanic
operations to an Australian extended continental surveillance and promising European and US data

link communications in a very close future.

The aim of this technical newsletter is to present you briefly the technologies, networks and ser-
vices involved before covering some major data link programmes and worldwide implementations.

Technologies and networks

Early airlines operational communications have paved the way for the first data link applications.

ACARS

Aircraft Communication Addressing and Reporting System
(ACARS) is the first digital data link system for transmission
of small messages between aircraft and ground stations via
digital radio or satellite. It was adopted in the late 80s by air-
lines to collect operational information from the aircraft (phase
of flight, fuel on board...) and Aeronautical Operational Com-
munications (AOC) messages (weather requests, flight plans
upload...) between the airline ground personnel and the cock-
pit crew.

[Figure 1] shows the main pilot interface and [Figure 2] de-
tails the ACARS architecture. The onboard ACARS Central
Management Unit (CMU) is linked to a cockpit screen & key-
board called Control Display Unit (CDU also called MCDU -
Multipurpose CDU - for Airbus and DCDU - Dedicated CDU
- for Boeing) for pilots to read and compose free text or pre-
formatted messages (some airlines have prepared 75 different
MCDU screens!).
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Figure 1: ACARS MCDU
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Figure 2: ACARS Architecture
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There is also a link to the aircraft's Flight Management System (FMS) which allows airline dis-
patchers to send flight plans and weather information to the aircraft FMS.

Datalink messages are processed
through subnetworks that two companies,
SITA and ARINC, propose to airlines for
commercial and operational communica-
tions. They have deployed a worldwide
ACARS network of 1100 digital VHF ground
radio stations [Figure 3] and digital HF
ground stations (for polar communications)
and also propose satellite bandwidth via
Inmarsat satellites for oceanic and remote
areas [Figure 4]. The 66 low earth orbiting
IRIDIUM satellites are now available for the _ _ _
SITA and ARINC network. F%&_SI;F&VFJE-D%LmE.GwSW

ACARS modest data rate (2.4
kbit/s for the Plain Old ACARS -
POA) is being improved with the
introduction of the VDL2 technolo-
gy (VHF Data Link Mode 2) thanks
to both ARINC and SITA upgrade
of digital VHF ground stations and
new aircraft VDL2 receivers. The
increased data rate of this new
service called ACARS over Avia-
tion VHF link control (AOA) is 31,5
kbit/s and represents a strong in-
centive for the industry to upgrade
to VDL2 for their ACARS commu-
nications.

Besides airlines communica- Figure 4: INMARSAT coverage

tions, ACARS allows the exchange
of simple ATC messages with ground air traffic services units.
ARINCG623 is the name of the ACARS protocol for a limited
set of services:
* Automatic Digital Terminal Information Service
(D-ATIS)
* Pre Departure Clearance (DCL) [Figure 5]

Figure 5: ACARS Pre Departure
Clearance
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FANS

The most interesting use of ACARS since 1996 has been for
oceanic ATC communications via dialogues and position reports
in the Future Air Navigation Services (FANS).

FANS-1 (Future Air Navigation Services - 1) for Boeing aircraft
and FANS-A for Airbus are an upgrade from ARINC623 ACARS
protocol to the ARINC 622 FANS protocol.

FANS has allowed airlines and industry to implement in 1996
automatic periodical position reports where radar coverage was
not pqssible for transocear_ﬂc flights. This application is called_ Au- Figure 6: CPDLC dialogue
tomatic Dependent Surveillance — Contract (ADS-C) and will be
explained later in this document.

HF communications can been replaced by clear and unambiguous text messages with the Con-
troller-Pilot Data Link Communications (CPDLC) application, also detailed later in this document. An
example of CPDLC dialogue is shown in [Figure 6].

More than 2,000 aircraft, mostly long haul aircraft, are now equipped with the FANS technology all
over the world and exchange data link FANS ADS-C surveillance and FANS CPDLC communications
with more than 20 Air Navigation Service Providers.

However, it has been recognized that the FANS lack the reliability and capacity required to be
used safely in dense continental airspace (despite a recent upgrade called FANS-1/A+ to remove the
risk of outdated messages delivery).

In these high density areas, all data link communications in the future will use the only network
sponsored by ICAO, the Aeronautical Telecommunications Network (ATN).

ATN

The Aeronautical Telecommunications Net-
work (ATN) is planned to replace ACARS net- oceanic airspace continental airspace

work in the future and provides authentication, \ \
safety and true internetworking architecture. ,

The ATN has been described in the ICAO An- T S T
nex 10 with all the standard and recommend-

ed practices for the interconnection of air and A\
ground systems.

FANS/ATN compatibility | S sroundsyen ‘ ‘ e |
Aircraft fitted with ACARS and VDL2 sim- Figure 7: FANS and ATN incompatibility
ply need a software upgrade to use the
ATN. The problem is for aircraft already \
modified to Operate FANS: they can- oceanic airspace continental airspace
not use the ATN protocol. Airlines must FANSMTNMdeuaI stack)
choose how to equip their new aircraft:
FANS for oceanic flights or ATN for con- R
tinental operations [Figure 7]. \
An onboard solution [Figure 8] is FANS ground system ‘ ‘ ATN ground system L
planned for Boeing new aircraft (B737-

NG, 747-400, 747-8, 777, 787) which Figure 8: airborne dual stack
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will have the possibility to be equipped with an FANS/ATN dual stack (called FANS-2) that will be able
to switch in flight from oceanic FANS protocol to continental ATN protocol.

Airbus is similarly developing a version of FANS compatible with the ATN (FANS-B) but incompat-
ible with FANS-1/A oceanic centres ground systems. All Airbus aircraft can equip with the FANS-1/A+
version for oceanic FANS operations and A320 can have instead the FANS-B version for continental
ATN operations. A330-240 and A380 will have the possibility to opt for a FANS-1/A+ and FANS-B dual

stack, and all A350 will have the dual stack.

Another solution [Figure 9] is the
ground accommodation with a dual stack
in the ground system. From a controller
point of view, the issue is the the need
for a clear display of data link equipped
aircraft with no distinction between
FANS or ATN aircraft, and a single list of
messages. From a safety point of view,
the issue is that the FANS protocol still
has some flaws already corrected for
the ATN protocol, especially for the risk
of misdelivery of messages to a wrong
aircratft.

oceanic or continental airspace

AN

FANS aircraft 3 K ATN aircraft )

>~

FANS/ATN ground system
{dual stack)

Figur‘e_g: ground dual stack

Current ACARS, FANS and ATN implementations

Departure clearances and digital ATIS are in
use with the ACARS technology in many coun-
tries, as shown in [Table 1].

FANS is also widely used in oceanic areas
for communications (FANS CPDLC) and sur-
veillance (FANS ADS-C) datalink capabilities.

The first ATN operational trials were con-
ducted in Miami ACC between 2002 and 2004
but stopped because of the growing financial
cost and the limited number of equipped air-
craft (around 25).

Maastricht ACC, after a few trials, started
in 2004 a successful programme based on fi-
nancial incentives for companies equipping
their aircraft with ATN CPDLC capabilities. ATN
equipped aircraft have reached the number of
390 in 2008. Maastricht ACC also accommo-
dates oceanic FANS aircraft, with a mandatory
voice read-back for each CPDLC clearance.
This first ATN CPDLC implementation will fit
in the European programme LINK2000+ (de-
scribed later in this document) aiming at the
implementation of ATN CPDLC in all European
countries between 2013 and 2015.
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Applications and Services

Besides these early implementations, data link
applications will offer many more surveillance and
communications possibilities. Here is a short sum-
mary of all the data link applications divided into
many services.

D-FIS application

Data link Flight Information Service is a data link
application that provides the pilot with flight informa-
tion such as text or graphical weather data, status of
airports, airspace, facilities. It includes specific ser-
vices such as:

* D-VOLMET: broadcast of regular meteorological
information via data link

* D-ATIS: broadcast of Automatic Terminal Infor-
mation Service [Figure 10]

* PDC: delivery of Pre-Departure Clearance mes-
sage

CPDLC application

Controller-Pilot Datalink Communications are a
supplementary means of communication to radio te-
lephony. Pilot and controllers can exchange prefor-
matted or free text messages that are transmitted via
the different digital sub networks (INMARSAT satel-
lites, HF or VHF digital radio).

In oceanic airspace and remote airspace, it's a saf-
er means of communication than poor quality HF dia-
logues. CPDLC is currently in use
in the Atlantic and Pacific oceans
for FANS aircraft, and in Europe
in Maastricht ACC for ATN aircraft
(and for FANS aircraft with Maas-

tricht ground accommodation).

The CPDLC application is a
frame offering many services
such as:

« ACM (ATC Communica-
tions Management): transfer of
communications (new frequency)

« ACL (ATC Clearance): in-
structions such as level, speed,
heading, route, new SSR...

« AMC (ATC Microphone
Check): the controller can send

this message to all aircraft on a
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specific frequency

[Table 2] is a compilation of the most used CPDLC messages sent to pilots in the South Pacific.

ADS application

Automatic Dependent Surveillance is a surveillance application allowing aircraft to automatically
provide data derived from on-board systems (aircraft identification, 4D position, etc). The system de-

pends on Global Navigation Satellite System
(GNSS) equipment for the position data.

ADS greatly improves safety in oceanic
and remote areas by offering surveillance
where no radar coverage is available.

There are two forms of ADS: Contract
(ADS-C) and Broadcast (ADS-B).

ADS-C

Automatic Dependent Surveillance — Con-
tract is a negotiated one-to-one relationship
between an aircraft providing its ADS infor-
mation and a specific ground facility. Current-
ly only available for FANS aircraft and not for
ATN aircraft, ADS-C reports are used in oce-
anic and remote areas to replace pilot posi-
tion reports by HF voice reports. The ground
center establishes the type of data and the
frequency of the reports that the aircraft will
send (usually every 10 minutes). Data is
used to present the controller with an ADS-C

tracks display [figure 11].
ADS-B

Figure 11: Santiago FIR Controller Displa
A C ke

Automatic Dependent Surveillance — Broadcast is a slightly different surveillance system between
one aircraft and several ground systems and surrounding aircraft [Figure 12]. ADS-B avionics broad-
cast identification, position, altitude, velocity and other data automatically twice every second. ADS-B
ground stations use light antennas that cost the tenth of a radar station and can help cover remote
continental areas where no SSR coverage is considered.

Figure 12: ADS-Broadcast
- " & camel
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Onboard ADS-B equipment consists in a transmission system to send ADS-B info (this functional-
ity is called “ADS-B-out”). Aircraft can be additionally equipped with an ADS-B receiver to display the
other ADS-B aircraft broadcast positions on a Cockpit Display of Traffic Information (CDTI, handheld
or panel mounted or combined with navigation displays) [Figure 13]. This extra function is called
“ADS-B-In".

ADS-B is transmitted mostly on Mode S Extended Squitter (1090 MHz ES). Mode S Radar is the
replacement for Monopulse SSR, providing unique 24bit aircraft addresses and selective interroga-
tion [Figure 14]. Extended Squitter is a derivative technology of mode S that shares the 1090 MHz
channel with mode A/C, mode S and TCAS. Aircraft send their position and data broadcasts (velocity,
heading and in the future, intent) to mode S ground stations and surrounding aircratft.

other aircraft
existing ‘il = 7 AL ModeS
o /’La/ . ground
station station

Mode S equipped new signal

Figure 14: Mode S

Another sub-network selected for ADS-B is VHF data link Mode 4 (VDL4), a self organizing digi-
tal radio protocol with no master ground station. Contrary to Mode S 1090 MHz Extended Squitter,
VDL4 can also uplink weather reports and other traffic “classical” radar positions relays (TIS-B Traffic
Information Service - Broadcast, described below). Sweden has been using VDL4 for ADS-B for 10
years (even for buses at Arlanda airport!).

A third sub-network considered for ADS-B is the Universal Access Transceivers (UAT), specifically
designed for ADS-B and operating on the less busy 978 MHz to offer a greater capacity than Mode
S 1090 MHz. Like VDL4, UAT can also transmit weather reports and and other traffic positions via
TIS-B. The American FAA funded the development of UAT in the 90s to propose a light, cheap and
efficient alternative to mode S for ADS-B onboard general aviation aircraft. It has been successful in
the Alaska Capstone surveillance programme and in Guam, Puerto Rico, Samoa and Virgin Islands,
and will be used on a wider scale in the USA.

Both VDL4 and UAT are independent of Mode S 1090MHz ES and require a specific ground trans-
lation and re-emission so that 1090 MHz ES aircraft can “see” VDL4 and UAT aircraft. This is a pilot
awareness issue because pilots must know if they are under coverage of these re-emission ground
stations before trusting their CDTI for a complete picture of surrounding traffic.

TIS-B

Traffic Information Service — Broadcast (TIS-B) is a service which allows ADS-B equipped aircraft
to receive from a ground TIS-B station the position reports of surrounding simple transponder air-
craft. Pilots can then see on their CDTI both ADS-B aircraft (directly with a refresh rate of 1 second)
and simple transponder aircraft (with at least 5s updates).
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[Figure 15] shows from left to right the
ground SSR report relayed via a TIS-B station
to the TIS-B aircraft for CDTI display.

Despite TIS-B use in Alaska, FAA's interest
for the NextGen program and some experi-
ments in Europe, TIS-B is not the most prom-
ising surveillance technique in remote areas:
the radar coverage is usually poor in these
remote areas where ADS-B implementation is
justified, so one aircraft will generally receive
more direct ADS-B reports than TIS-B ground-
relayed SSR position reports.

ATSAW

Airborne Traffic Situational Awareness
(ATSAW) is the next step in surveillance in- Figure 15: TIS-B
creasing the flight crew’s knowledge of the
surrounding traffic situation. The CDTI will
provide permanently updated traffic information (aircraft identification, position, direction, speed, ver-
tical tendency, etc.) via ADS-B that will be used for advanced services such as:

* In Trail Procedure (ITP): longitudinal separation can be reduced when one ITP-equipped aircraft
wants to cross the altitude of an ADS-B-out aircraft by using the information broadcast by this con-
flicting traffic [Figure 16].

Figure 16: ITP_a/rcraft blueg can use position broadcasts
of reference Q'S B.out alrcra re to re uce c:m se aration
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» Enhanced Traffic Situational Awareness on the
Airport Surface (ATSA-SURF): it will improve safety by
displaying other aircraft and vehicle on runways and
taxiways [Figure 17].

» Enhanced Visual Separation on Approach (ATSA-
VSA): during visual approach procedures, it will be eas-
ier for the crew to acquire and maintain visual contact
with other aircraft displayed on the CDTI.

ASAS

The Airborne Separation Assistance System (ASAS)
uses the CDTI fed by data from either ADS-B or TIS-B Figure 17: AISQ;SQRﬂm%\;iUQ'mQQ
to allow the pilots to perform tasks related to separation with surrounding traffic
or spacing. The aim is to reduce the workload of the
controller by transferring separation responsibility to the pilots.

For example the Sequencing & Merging application [Figure 18] allows the pilots (and the avion-
ics systems) to achieve and maintain a given spacing behind a target aircraft. Trials have confirmed
the high potential of this data link service to reduce controllers’ workload when sequencing aircraft.

Seguencing &.Mgrging PmDisglaxs

Fig&q. 18: ASAS Sequencing & Merging
Another service called Crossing & Passing is supposed to help the pilot acquire a target and
perform self separation with this target aircraft, relieving the controller of his separation responsibility
and monitoring. This service will not be implemented in a near or mid term perspective, because of
its dependence on reliable technology, modest workload reduction and delegation of responsibility
controversial aspects.
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Major programmes

Europe is leading the way for ATN CPDLC and ADS-B, and the FAA will address both technolo-
gies in its future NextGen program.

USA data link: NextGen

The Next Generation Air Transportation System (NextGen) is the FAA plan to modernize the Na-
tional Airspace System. Among other technologies (System Wide Information Management — SWIM,
Required Navigation Performance — RNP, Continuous Descent Approach — CDA, Network Enabled
Weather, etc.) ADS-B will play the major role.

Besides Alaska Capstone and Louisville UPS programs detailed below, the Gulf of Mexico will
be the third area to adopt ADS-B surveillance for oil and gas platform helicopters with the aim of a
complete ADS-B national coverage by 2013. ADS-B is also planned for additional functions such
as TIS-B or FIS-B (Flight Information Service — Broadcast, where ADS-B ground stations send out
graphical information from the National Weather Service and flight information such as temporary
flight restrictions).

The Data Communications program is a major component of NextGen and covers the network
aspects (ACARS, FANS, ATN) and a 3 segments approach towards the 2025 NextGen Vision:

Segment 1: Departure Clearance, D-ATIS & Taxi ‘Out’, communications management, en route
clearances, initial 4D trajectories (Continuous Descent Approaches)

Segment 2 : airports and airspace status/delays/constraints, Taxi ‘In’, initial 4D agreements

Segment 3: Merging&Sequencing, Crossing&Passing, In Trail Procedure, widespread 4D agree-
ments

[Figure 19] is a comparison of Nextgen Data Communications and its European counterparts
(Link2000+, SESAR) timescales regarding the common data link services.

Flgure 19iNextGen arlg_. Egroeean datalink degloxments
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SESAR

The Single European Sky ATM Research is a long term Research & Development programme
to increase capacity and safety by adopting new technologies to improve ATM (GALILEO satellite
navigation, automated decision support tools for ATC, user-based 4D trajectory, etc.). Data link will
obviously play a major role in communications, surveillance and 4D trajectory management.

Two major European programmes, Link2000+ and CASCADE will provide the CPDLC and ADS-B
baseline.

European CPDLC: Link2000+

The Eurocontrol Link2000+ programme targets
an initial set of en-route CPDLC services (Com-
munications Transfer Management, Clearances,
Microphone Check) in the European airspace us-
ing the ATN and VDL2. Above FL285, all Single
European Sky (except remote areas) should of-
fer these CPDLC services by 2015, and the core
area should start by 2013 [Figure 20]. Link2000+
has been recognized for SESAR mid-term base-
line (2013).

Old or military aircraft, as well as FANS aircraft
built before 2014 will be exempted of ATN/VDL2
equipment. A controversial issue is that ANSPs
may be allowed to accommodate FANS aircraft
on a voluntary basis.

Today, 390 aircraft are equipped for ATN/VDL2
and around 120 flights a day exchange data link
communications with Maastricht UAC.

Germany DFS will start CPDLC in the begin- . _
ning of 2010 in Karlsruhe ACC. Figure 20: Link2000+ European

ltalian ENAV will implement D-ATIS and DCL in CPDLC Program
Fiumicino and Malpensa airports using ACARS in
2009 and Link2000+ CPDLC services in Roma ACC in 2010.

Portugal NAV will start CPDLC in Lisbon ACC (and also FANS-1/A accommodation) and DCL and
D-ATIS in Lisbon, Porto, Faro and Madeira airports over ACARS in the beginning of 2009. FANS CP-
DLC is offered in Santa Maria OACC since December 2006 via SITA network and Oceanic Clearance
Delivery trials have begun in September 2007.

France DSNA has successfully experimented CPDLC in the EVALINK trials between January and
March 2008 (with FANS accommodation that shown unacceptable message transit times) above
FL345 (and depending on traffic load above FL270) in contact with Maastricht ACC airspace (for
CPDLC communications transfer).

UK NATS offers FANS CPDLC since 2004 in Shanwick Oceanic Centre to 400 aircraft everyday.
Major airports also propose DCL and D-ATIS. Link2000+ CPDLC will be running on NATS future en-
route platform, iFACTS.

European ADS-B: CASCADE

While Link2000+ focuses on CPDLC, CASCADE will coordinate the ADS-B European implemen-
tation (Figure 21]. This Cooperative Air traffic services through Surveillance and communications
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Applications Deployed in ECAC (European Civil Aviation Conference) programme has published
standards for ADS-B in Non Radar Areas (NRA) in December 2006 and currently works on ADS-B
in Radar areas (RAD), In Trail Procedure (ITP), enhanced visual Separation on Approach (VSA) and
ADS-B on the airport surface (APT and SURF).

ADSE requested by Airlines

@® ADSB Planned Implementation
ADSE Trial Site

Figure 21: CASCADE European ADS-B Programme

Mode S has already been mandated for all aircraft, a key enabler for ADS-B which uses Mode S
1090 MHz Extended Squitter. A Single European Sky Implementing Rule (SES IR) will cover ADS-B-
out in 2009 for a possible mandate in 2015.

Trials, simulations and studies involving 10 European states under the name of CRISTAL trials
evaluate the surveillance potential of ADS-B across a range of airspace types and scenarios: CRIS-
TAL General Aviation investigates the needs and constraints for general aviation ADS-B, UK NATS
trial suggests that ADS-B surveillance could be used besides to radar coverage in congested areas,
CRISTAL Med addressed the non radar areas, CRISTAL Iberia addressed the gaps in radar cover-
age and the ADS-B potential to increase surface surveillance (aircraft and vehicles), Ireland inves-
tigated long-range oceanic airspace, Austria tested ADS-B with multi-lateration and UK & Iceland
tested In-Trail Procedure in CRISTAL ITP.

With 17 pioneer airlines, 500 aircraft and 7 pioneer ANSPs, CASCADE is now implementing ADS-
B rescue helicopter operations in the North Sea (in combination with Wide Area Multilateration),
ADS-B covering radar blind spots (Ajaccio, Pescara, Alghero) and providing surveillance in non-
radar areas to improve approach services from procedural to surveillance-based (Azores, Kiruna in
Sweden, Greek islands around Karphatos, Trazbon in Turkey). ADS-B-in should be implemented in
Ostgota, Sweden, in 2009 for en-route situational awareness. Pioneer airlines have also suggested
70 implementation sites!
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International data link bodies

IFATCA is represented in various panels and groups advancing the data link communications
standards and services.

ICAQO Separation and Airspace Safety Panel (SASP)

This ICAO panel develops SARPs, PANS and guidance material for the application of safety man-
agement to ATM systems and also analyses communication, navigation and surveillance perfor-
mance needed to support new separation minima and ATM procedures.

Regarding data link activities, SASP will propose a PANS-ATM amendment for In Trail Procedure
based on the results of the European CRISTAL ITP trial.

Besides the current 5 NM ADS-B separation minima, a new ADS-B 3NM separation standard will
be published.

ICAQ Aeronautical Surveillance Panel (ASP)

This panel has a technical work programme on ground and airborne surveillance systems in sup-
port of the ATM operational concept. It includes 1090 MHz Mode S Extended Squitter (and the need
for mode A transmission), and ADS-B (producing some guidance material on the safety issue of
broadcast data integrity).

Eurocontrol ADAS DUG

The Eurocontrol Advanced Dat-
alink & ASAS Data Link User Group
(ADAS DUG) produces Service
Descriptions for advanced services
not included in Link2000+ and CAS-
CADE [Figure 22] but in line with
SESAR: 4D trajectory applications,
graphical D-TAXI, ASAS (Crossing
& Passing, Sequencing & Merging).

SC214-WG/8

The FAA and Eurocontrol have
requested the American RTCA (Ra-
dio Technical Commission for Aero- Figure 22: Eurocontrol ADAS long term objectives
nautics) Special Committee 214 and g —— - —
European EUROCAE (European
Organisation for Civil Aviation Equipment) Working Group 78 to develop common standards for data
link services that will be used in SESAR and NextGen (clearances, D-TAXI, D-OTIS, 4D trajectory;...).
These services are currently in the description phase before the operational hazard and performance
assessment and the production of the final documents for the ANSPs: SPR (Safety and Performance
Requirements) and Interop (ACARS, FANS and ATN interoperability for theses data link services).

ICAO OPLINK Panel

ICAO identified the need for convergence between Atlantic FANS-1/A operations and European
ATN CPDLC [Figure 23], beyond local accommodation. Furthermore, SESAR and NextGen being
developed outside ICAO, there is a need to support the development of data link applications on a
global basis.
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The former OPLINK Panel (Operational
Data Link Panel) will be reactivated to act as fo-
cal point for the consolidation and development
of ATM data link operational requirements.

Worldwide implementations

Oceanic Operations

In a context of bad quality HF communica-
tions and broad separation minima, CPDLC and
ADS-Contract bring unambiguous text commu-
nications, automatic position reports (using the

Figare.23: glg_tl;a_Lcor!yezggrlce.

FANS ADS-Contract), reduced separations of 50 NM with Required Navigation Performance of 10
(i.e. total system error no greater than 10 NM for 95% of the time) and 30 NM with RNP4, route and
FL conformance ground monitoring, In-Trail Climb or Descent,...

North Atlantic (NAT)

Whereas the end goal remains SARPs com-
pliant systems using the ATN, FANS aircraft
are accommodated in the North Atlantic air-
space for ADS-C [Figure 24]: Gander, Shan-
wick, Reykjavik, Santa Maria, Bodo and New
York OCA. Bodo is the only OCA which does
not offer FANS CPDLC. Reykjavik offers basic
CPDLC requests (speed, altitude) with a freet-
ext acknowledgement from the ground followed
by a voice clearance. Santa Maria, Gander and
Shanwick also offer CPDLC altitude and speed
clearances and new frequency messages. Full
CPDLC operations are provided in New York
OCA.

Oceanic Clerance Delivery

Figgre.24:_‘ Ncl(th_Atle_l_mi_(‘:_ da&a.t_link areas

e N o

Data link Oceanic Clearance Delivery (OCD) service is provided via digital VHF and satellite to
ACARS equipped aircraft by Gander and Shanwick OACC.

ACARS flights request their oceanic clearance 90 minutes before the oceanic entry point with the
Request for Clearance (RCL) downlink message. The clearance [Figure 25] contains a cleared oce-
anic flight level and a NAT track (or a cleared oceanic route if operating on a random route). The pilot
sends a Clearance Acknowledgment (CLA) message and can request an amendment via voice; a
re-clearance will be sent via data link via a number 1 to 9 to identify it in the pilot clearance acknowl-

edgement (CLA).

OCD is also in trial in Santa Maria Oceanic Control Area since August 2007.
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Figure 25: Gander Oceanic Clearance
- T e A - e

South America

Brazil has already tested data link communications, and FANS CPDLC and ADS-C will be in-
stalled in Recife Center for Atlantico FIR services.
Argentina will implement FANS CPDLC and ADS-C for the oceanic sector of Ezeiza FIR.

South Atlantic

Spain is conducting FANS ADS-C and CPDLC trials in the Canarias FIR, currently with a voice
readback for safety reasons.

FANS CPDLC and ADS-C are also in trial in Cape Verde’s Sal Oceanic FIR.

In South Africa, Johannesburg uses Eurocat-2000 for ADS-C and CPDLC on oceanic routes to
India (and next it will be for South Atlantic).

Africa

ASECNA (Agence pour la Sécurité de la Navigation Aérienne en Afrique et & Madagascar, an
agency representing 18 states) will install FANS-1/AADS-C and CPDLC in Antananarivo, N'Djamena,
Niamey, Dakar, Abidjan.

Algeria, Mauritius, Angola and Morocco will also implement FANS CPDLC and ADS-C.

Egypt and South Africa already use D-ATIS. Rwanda will install it in Kigali.

Middle East

Bahrain, the UAE and Kuwait use D-ATIS.
Lebanon has adopted FANS-1/A and D-ATIS since November 2007.
Saudi Arabia will install 17 VDL2 ground stations, and D-ATIS in 14 airports.

South Pacific

FANS CPDLC has been used as the primary communications medium in oceanic airspace since
1995 in most of the South Pacific FIR [Figure 26]: in Oakland since 2000, Anchorage, Tokyo since
1998, Singapore, Bangkok, Hong Kong, Magadan, Tahiti, Ulan Bator.

ADS-C has been used in the Tokyo, Nadi, Tahiti, Auckland, Brisbane and Melbourne FIR since
2000 (but still in test in some FIR).
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ADS-C is part of the FAA's Ad-
vanced Technologies and Oceanic
Procedures (ATOP) and in trial in
Oakland (since December 2005)
and Anchorage (since April 2006)
oceanic airspace.

In the Oakland FIR trial (started
in 2005 and expanded to the whole
FIR in March 2007) [Figure 27],
FANS-1/A aircraft can expect SAT-
COM satellite CPDLC and ADS-C
for 50 NM (with RNP-10) and 30 NM
(with RNP-4) separations. Ocean21
is the integrated ground system re- ; . pp ;
quired for 30/30, which provides FI%ZQS%P%FI&OUS&F%
oceanic controllers with integration
of ADS-C and conventional position reports, CPDLC, interactive electronic flight strips and automated
conflict prediction [Figure 28]. 30/30 separations are also implemented in other pacific FIR such as:
Nadi, Honaria, Nauru, Tahiti, Fukuoka.

Figure 27: Oakland FIB.Oceanic Sectors
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Tahiti

For more than 10 years an air situational display called VIVO allowed the visualization in oceanic
airspace of FANS aircraft using ACARS satellite network and digital VHF in the vicinity of the island.
A new visualization and flight plan system called TIARE has replaced VIVO in the end of 2008.

Besides, ADS-B ground stations should be installed in 2010.

Asia

Vietnam conducted a successful trial in March 2007 of FANS ADS-C and CPDLC on 6 oceanic
routes in Ho Chi Minh FIR.
India has installed FANS ADS-C and CPDLC in Mumbai and Chennai FIR since 2006.

IFATCA Datalink Technical Newsletter Page 18



Japan is using ADS-C separations in Fukuoka FIR since April 2007.

FANS ADS-C and CPDLC is used in Fidji, Mongolia, Myanmar, New Zealand, Singapore and Sri
Lanka airspaces.

Russia has a FANS-1/A compatible ground system in Madagan for polar routes n°3 (between New
York and Honk Kong) and n°4 (between Detroit and Beijing).

Indonesia is conducting ADS-B (Broadcast) trials in Jakarta and Makassar ACC and relays the
ADS-B data to Singapore ACC and Brisbane ACC.

Thailand is the first nation to announce ADS-B implementation plans in South East Asia.

China

Hong Kong is using DCL (Departure Clearance), D-ATIS and the ATN structure since 2001. DCL
and D-ATIS should be available at other airports in 2008.

China will be equipped with 110 VDL2
ground stations by 2010 for ACARS oper-
ations. Some ground stations will be built
for ATN trials.

ADS-B surveillance is planned for
Western China, with already 2 ADS-B
ground stations installed in Sichuan to
compare with radar data and experiment
on ground vehicles for airport surface
movement surveillance.

The Silk Road {Figure 29] is a route
between Europe and Asia in West China
opened in January, 10th 2001 (code num-
ber is FANS-L888). Its whole range is over
2800km and it is valuable to pilots, com-
pared to current air route across India and
Middle-East). This route uses ADS-C and
CPDLC, rather than radar surveillance Figure 29: FANS Silk Road
and voice communication. ADS worksta-
tions have been installed in several ACC.
A second ADS-C road is planned.

Canada

NAV CANADA has implemented the use
of ADS-B in January 2009 in the Hudson Bay
(Montreal FIR) [Figure 30] between FL330
and FL370 or FL410 (radar surveillance only
covers the East and West of the Bay). ADS-
B ground stations have be installed around
the Bay in 2008 (5 ground stations have
been tested since December 2007) and a
segregation is planned between ADS-B and
non-ADS-B aircraft. A reduction in separa-
tion from 80 NM to 5NM between ADS-B air-
craft has been approved after a safety study.

Figure 30: ADS-BJ'n Hudson Ba
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Alaska

The FAA declared ADS-B suitable for air traffic services in Alaska
[Figure 31] after the Capstone program success (10 ADS-B ground sta-
tions, 200 aircraft) in increasing safety in the Yukon Delta and South-
east Alaska for the past 6 years. 13 more stations have been built in
South East Alaska, for 175 aircraft. Weather information and surround-

ing traffic information (T1S-B) are also available.

5NM separation has been accepted after live traffic data shown the
high accuracy of ADS-B surveillance. These studies will help the US

nationwide ADS-B deployment.

UPS in Louisville

The FAA has approved UPS airline for advanced ADS-B
operations in Louisville using the CDTI [Figure 32] to pro-
vide traffic information for Merging & Spacing (controllers
delegate the task of maintaining accurate in-trail spacing
to the flight crew during the descent), assisted visual sepa-
ration on approach and surface area movement manage-
ment. More than 100 UPS aircraft have been equipped.

During the strategic ground setup phase, the UPS ground
system sends speeds via ACARS to UPS pilots for an early
regulation.

When passing the merge fix, pilots receive again with
ACARS from UPS the Traffic To Follow and the time inter-
val.

Then starts the tactical phase, where pilots use the CDTI
to adjust their speed for Flight Deck Merging and Spacing
[Figure 33].

The controller remains responsible for separation and in-
tervenes if necessary.

Figure 31: Capstone.

Figure 32: Louisville UPS CDTI
for Merging & Spacing

Figure 33: Louisville UPS Merging & Spacing Phases
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Sweden’s Green Approach

Scandinavian Airlines has performed more than 1,800 Continuous Descent Approaches (CDA)
also called “green approaches” at Stockholm-Arlanda airport since January 2006. Via ACARS the
expected Green Approach STAR is sent to the aircraft [Figure 34] which sends back a precise Es-
timated Time of Arrival (ETA) to the controller who can ask for a Required Time of Arrival (RTA).
The aircraft FMS then follows the 4D trajectory, according to the time constraint, in an idle descent.

Figure 34: Sweden Green Approach

Australia

The Burnett Basin trial in 2001 showed that ADS-B per-
formed as well as radar for surveillance (allowing Australia
to approve a 5NM separation), that ADS-B ground stations
cost one tenth the cost of en-route radar station, and that
ADS-B avionics (1090 MHz Extended Squitter) could be in-
stalled even on helicopters or home built aircraft.

Australia plans to rely primarily on ADS-B for en-route
surveillance (and GNSS for en-route and approach guid-
ance at regional airports) in 2013. The current use of ADS-
B through the Upper Airspace Program (10 ADS-B ground
stations have been installed in non radar areas) will be
extended to include most the Australia’s busiest airspace
(from 10 to 28 ground stations in the end of 2008) [Figure
34]. This program includes financial assistance to general
aviation for the equipment of ADS-B avionics to Australian
fleet (up to $10k or $15k per aircraft).
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Trials on Tailored Arrivals (customised RNAV arrivals to reduce fuel consumption) have started in
2004 in Melbourne [Figure 35]. Tailored Arrival clearances are calculated on the ground according to
the aircraft type and wind conditions, and transmitted via FANS CPDLC to the aircraft (and uploaded
in the Flight Management Computer thanks to the FANS integration with the FMS). FANS ADS-C
position reports help monitor the aircraft ability to comply with the Tailored Arrival different segments.

Figure 35: Melbourne FANS Tailored Arrival
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Conclusions

From the old but upgraded FANS technology to the ICAO-sponsored open and robust but still
incomplete ATN, there may be some confusion for ANSP, manufacturers, airlines and ANSPs when
investing time and money in these new technologies whose benefits for capacity, safety and workload
reduction have been proven in numerous trials and implementations.

Data link has been a reality for more than ten years for oceanic flights, and the transition from
HF voice position reports to FANS Automatic Dependent Surveillance and Controller-Pilot Data Link
Communications has greatly increased safety. Fuel efficiency, a popular argument today, could be at-
tained through in-trail oceanic climbs and continuous descent approaches. In continental high density
airspace, data link now has to prove that it can avoid technological divergence for surveillance and
communication avionics and confusing or hazardous ground mitigations.

As air traffic controllers, we have a lot to gain from these new tools, in remote areas to replace HF
communications and enjoy radar-like surveillance, and in dense airspace to reduce voice congestion
and workload for repetitive tasks. However, we must pay attention to the elaboration of the new ser-
vices in the numerous working groups, the choice of the implementation technologies by our ANSPs,
the potential ground mitigations impacting our workload and the probable shift of responsibilities be-
tween pilots and controllers.
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