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ABSTRACT

In 1983, the ICAO Council was tasked by its spedammittee on the Future Air
Navigation System (FANS) to provide recommendationthe States with the objective to upgrade
the communications, navigation and surveillanceéesys to cope with the growth of worldwide air
traffic. The concept of FANS relies on digital commications (datalink) and aims at enhancing air
space capacity, efficiency and safety. The datadiystem that provides communication between
aircraft and ground may be divided into two paaigplications (safety and non-safety services) and
infrastructure (networks and subnetworks). In othesrds, datalink can be interpreted as
applications-over-infrastructure.

Safety services applications included in the sooipgir Traffic Services (ATS), such as
Automatic Dependent Surveillance — Contract (ADS-@)d Controller-Pilot Data Link
Communications (CPDLC), employ network infrastruets such as Aircraft Communications
Addressing and Reporting (ACARS) and Aeronauticeletommunications Network (ATN).
ACARS and ATN have several limitations (bandwidtbst of infrastructure and operation) that
challenge the implementation of next generationaffic Management (ATM) concepts such as
4D Navigation (or Trajectory-Based Operations, TBice it requires high performance but low

cost data exchanges between aircraft and grounensys



Envisioning the means to address these limitatidhs, industry (Boeing, Honeywell,
Inmarsat and SITA) are researching the potentialaisa high performance Internet Protocol Suite
(IPS) network in the eventual place of ACARS andNATand also the interoperability and
compatibility of IPS with existing aircraft and gmd systems. This research includes initial
development of a more efficient and backward-coibfgtconnectionless variant of the VHF
Digital Link (VDL) Mode 2 subnetwork. In this papewe will depict the FANS concept, the
aforementioned research being conducted by thesepammes and the possibilities of

implementation in Brazil.
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1. INTRODUCTION

This paper presents the Internet Protocol Suit8)(IB network infrastructure envisioned to
initially supplement and eventually replace ACARAr¢raft Communications Addressing and
Reporting System) and ATN (Aeronautical Telecomroations Network) aeronautical
communication networks. IPS provides larger datasfer capacity and greater efficiency in order
to overcome the current limitations that challetigeimplementation of next generation Air Traffic
Management (ATM) systems.

The Brazilian Air Navigation Service Provider (DE&) by means of the Sirius Program,
intends to implement an IP infrastructure in Branilterritory in order to support ATM related
services and applications, such as Automatic Degr@n&urveillance (ADS) and continental
Controller-Pilot Data Link Communications (CPDLGndicating greater alignment with current
technological trends.

This paper is organized as follows: Section 2 prissthe applications for safety use and the
current infrastructure (networks and subnetworks)aieronautical communication; the capabilities
of Boeing commercial airplane models are also mestl. Section 3 presents the Internet Protocol
Suite (IPS), the implementation of which is recagui as a strategic goal by Boeing and other
stakeholders. Section 4 presents the conclusiodsrecommendations for implementations in

Brazil.

2. APPLICATIONS AND INFRASTRUCTURE: DATALINK FRAMEWORK

In 1983, the ICAO Council tasked its special conieeiton the Future Air Navigation System
(FANS) to provide recommendations to States with dbjective to upgrade the communications,
navigation and surveillance systems to cope wighgitowth of the worldwide air traffic. In 1991,



representatives from 85 nations and 13 internattiorganizations endorsed the concept of FANS -
also known as Communication, Navigation, Surved&Air Traffic Management (CNS/ATM).

Developed to improve the handling and transfentrmation (datalink), extend surveillance
using Automatic Dependent Surveillance (ADS) andsigational accuracy through Global
Navigation Satellite Systems (GNSS), CNS/ATM syst@nvolve a complex and interrelated set of
technologies, dependent mainly on satellites. Heeai CNS/ATM systems leads to safe reductions
in separation between aircraft, allowing for anré@ase in airspace capacity and improved
operational efficiency (Galotti Jr., 1997).

Datalink provides communication between aircraft ground systems, ideally by integrating
avionics and ground automation to enable benefaaghbilities that are not possible with voice
communications, and also superseding voice comratioics when and where appropriate. Digital
data is exchanged directly with the airborne Flightnagement Computer (FMC) through
communication networks.

Datalink systems may be divided into two pagsplications (safety and non-safety services)
and infrastructure (networks and sub-networks). In other words, datatan be interpreted as

applications-over-infrastructure.

2.1. Types of services and infrastructure

Safety services comprise Air Traffic Services (AT8hd Aeronautical Operational
Communications (AOC) applications. Non-safety sasi include Aeronautical Administrative
Communications (AAC) and Aeronautical Passenger i@onications (APC) applications. Table 1

describes each of these services and their mamaieastics:

Table 1: Types of services and characteristics

Type of

. Purposes
Service
Air Traffic Services ATS) Air traffic control and related purposes.
Safety - For safety-related communications by aircraftrape.

For example, flight plans, weather reports anddasts,
weight and balance information, position and other
reports, and free-text messages.

Services  Aeronautical Operational
CommunicationsAOC)

- For non-safety-related communications by aircraft
Aeronautical Administrative operator, for example, flight crew scheduling, whkair

Non-safety CommunicationsAAC) requests, and engine trend data.

Services

- For communications by passengers, for example,

Aeronautical Passenger .
passenger e-mails.

CommunicationsAPC)




Traditional datalink systems support ATS applicasio combined with AOC/AAC

applications. The division between AOC and AACamstimes unclear. Controller-Pilot Data Link

Communications (CPDLC) and Automatic Depended Sllanee — Contract (ADS-C), examples

of ATS applications, are depicted in Table 2:

Air Traffic Services ATS)

Table 2: ATS safety applications

Applications Purposes
ATS Facilities NotificationsAFN), - Provides initial manual “log on” capability taght crew;
or equivalently, - Supports subsequent automated transfers of comatioms
Context Managemen€CM) from one ATS facility to another.

- Allows ATS providers to establish “contracts” wiavionics for

delivery of single, periodic, and/or event-basqubres;

- Events: waypoint change, altitude change, latealation, etc;
Automatic Dependent Surveillance — Report data: latitude, longitude, altitude, tinpeedicted route,
Contract ADS-C) etc;

- Provides position reporting, separation assuranoaute

conformance monitoring, and trajectory synchromizat

capabilities.

- Provides pre-defined message elements for requmestelivery
of clearances and reports (altitude, crossing caimst lateral
offset, route modification, speed change, free;teid other
categories);

- Most beneficial when integrated with Flight Maeatent
Computer (FMC) or equivalent navigation avionics;

- Enables route clearance loading, conditional releze
monitoring, and validation against navigation datsb

Controller-Pilot Data Link
CommunicationsGPDLC)

The infrastructure for aeronautical communicatiomss been provided by two main

networking technologies: ACARS and ATN.

Aircraft Communications Addressing and Reportingt8sn (ACARS) is a character oriented,

teleprinter exchange (telex) based network. It arggnally deployed in 1978 to reduce flight crew

workload by automatically reporting phase of fligthhanges and more generally to transport

messages no larger than approximately 3.5 kilob{kB3. ACARS carries both ATS and AOC

messages. Its usage and protocols are definedrimugaARINC standards (ARINC 618-7, 2013,

ARINC 620-8, 2014).

Aeronautical Telecommunications Network (ATN) is kit oriented, Open System

Interconnection (OSI) based network that suppomtgraund and ground-ground applications.

ATN was designed starting in the mid-1980s as akd€ompliant network for ATS applications
(ICAO Doc 9705, 2002). Although intended to handl@C applications, the associated business

case never materialized. ATN is only deployed inope.

ACARS and ATN have several limitations (bandwidtbst of infrastructure and operation)

that challenge the implementation of next genemadiw Traffic Management (ATM) concepts such



as advanced forms of Trajectory-Based OperatioBO{Tsince it requires high performance but
low cost data exchanges between aircraft and greyatéms. Envisioning the means to address
these bandwidth limitations, the industry (Boeimtpneywell, Inmarsat, SITA and others) are
researching the potential use of a high performdntanet Protocol Suite (IPS) network in the
eventual place of ACARS and ATN. More details reigag IPS will be provided in Section 3.
Infrastructure subnetworks comprise both line-ghsi (LOS) and beyond line-of-sight
(BLOS) communication systems. Eight datalink sulwoeis are operating or planned. Details of

each subnetwork can be found on Table 3:

Table 3: LOS and BLOS subnetwork infrastructure

Sub-network Characteristics

UMDl Lk~ o Tl P O ACARS (PO s
(VDL) Mode 0/A '

- For ACARS, uses ACARS over Aviation VHF Link Couit
(AVLC) (AOA) protocol;
VDL Mode 2 - For ATN, uses ISO 8208 (ITU X.25) protocaol;
Short-Range LOS - Provides link for aircraft over or near land.

- Aeronautical Mobile Airport Surface Communicaton

- Will be based on IEEE 802.16 WIMAX;

- Will provide high-speed IP-oriented link for aiaft on airport
surface.

AeroMACS
(future implementation)

- Provides polar coverage;
HF Data Link (HFDL) - Generally, a last-choice link due to performacicallenges.

Inmarsat Classic Aero - Does not provide polar coverage.
SATCOM

Iridium SATCOM

- Provides polar coverage.
Long-range BLOS

- High-speed, uses Internet Protocol (IP);

LU - Does not provide polar coverage
SwiftBroadband P P ge.
Iridium Certus - Will be high-speed, use IP;

(futureimplementation) - Will provide polar coverage.

2.2.ATS application sets

ATS applications are implemented via tegplication sets: FANS-1/A and LINK 2000+.

FANS-1/A (where the “1” stands for the system inmpémted by Boeing, and “A” for
Airbus’s) consists of AFN, CPDLC and ADS-C applicas that use the ACARS network. FANS-
1/A normally supports TBO and other capabilities passible with voice communications. Initially
operational in 1995 (in the South Pacific), FAN®-bow is operational worldwide and planned in

many areas, as can be observed in Figure 2.



LINK 2000+ consists of CM and CPDLC applicationatthse the ATN network. Intended to
reduce frequency congestion and controller workldiae limited LINK 2000+ CPDLC message set
only replicates common voice phraseology. LINK 200ts low benefits since it does not allow
TBO operations (not FMC-integrated) against higlplamentation costs, and its deployment is
facing both operational and technical obstacleNKL2000+ has not expanded outside of Europe.

Figure 1 depicts the conceptual architecture &h lapplication sets. ACARS has evolved to
use multiple sub-networks, including VDL Mode 0/Asing the “Plain Old” ACARS (POA)
protocol, VDL Mode 2, using the ACARS over AviatidrHF Link Control (AVLC) or AOA
protocol, high frequency data link (HFDL), Inmar&zlassic Aero SATCOM, Iridium Short Burst
Data (SBD) SATCOM, and imminently Inmarsat SwiftBdband SATCOM. ATN is currently
limited to one subnetwork, terrestrial VDL Mode @ther subnetworks can technically be

supported by ATN, but it is very costly to specdgd develop, and again the business case is

limited.
FANS 1/A LINK 2000+
: ] |
[ ! : [
Applications AOC/AAC | AFN CPDLC ADS-C | | CM CPDIC |
| 1
1 I
Tt oo ettt it e s 2 [ AN ———
Metworks ACARS ATM
Subnetworks VOLMO/A HFDL et VOLM 2
Classictero
Inmarsat
VDLM2 Iridi
it SwittBroadBand

Figure 1: Conceptual architecture for FANS-1/A andLINK 2000+.

Future developments of applications set are reddyyBaseline 2 (B2). Initial standards were
published in April 2014, and Rev A standards weubligshed in March 2016. B2 consists of CM,
CPDLC and ADS-C applications. It is FMC-integratadd capable of supporting TBO, 4-
Dimensional Trajectory Data Link (4DTRAD) and Dakank Taxi (D-TAXI). Boeing may
implement the B2 applications as FANS-3 in the eadly 2020s.



L eoErve Air Traffic Services (ATS) Data Link Map ke

CogaTe & 2006 Basing. Al ngies fserveid

i . . . . . FANS operational . LINK 2000+ operational
FI|ghF Inforrrfam:ulrr R.eglan .{FIR) boundaries are pll'owded by ICAO. D FANS planned D LINK 2000+ planned
Service availability is depicted to the best of Boeing's knowledge. i
R i ¥ T . FANS and LINK 2000+ operational D Mo services operational or planned
Service is not necessarily available throughout an indicated FIR.
[ ] FANS and LINK 2000+ planned [7] FIR not delegated by ICAD

Figure 2: Datalink implementation map.

2.3.Boeing “s airplanes capabilities

All Boeing airplanes are capable of using ACARS rowHF, SATCOM, and HF
subnetworks depicted in Table 3. Boeing airplaried have LINK 2000+ capability are also
capable of using ATN subnetworks. FANS-4’ ‘adds uplink message latency detection per RTCA
DO-258A CPDLC to the original RTCA DO-219 FANS-1 DIEC; however, no ATS providers use
the latency detection function yet. Boeing alsolengented the FANS-2 application ‘superset’ as
an integrated combination of FANS “+” and LINK 2000+ application sets. FANS-2 enabl
seamless transfers between FANS and LINK 2000+ecgnproviding common flight crew
interface and integration with FMC or equivalentigation avionics.

The capabilities of each Boeing commercial airplarvelel are depicted in Table 4:



Table 4: Boeing commercial airplane model capabilies

Aircraft
737NG/MAX 747-400 747-8 7571767 777 787/777X  MD-11
Yes Yes Yes Yes Yes Yes Yes
FANS-1 (“+) Optional (“+) (“+) (“+) (“+) (“+)
Optional Standard Optional  Standard  Standard  Optional
or and or and and
Yes Yes Yes Yes Yes
LINK 2000+ (CMU) (FANS-2) (CMU) Obtional (FANS-2)
Optional Standard Optional P Optional

3. INTERNET PROTOCOL SUITE - IPS

Future ATM concepts, such as four-dimensional aftdrajectory and real time flight plan
information, require increased data exchanges legtvegrcraft and ground systems that are not
fully supported by the current ACARS and ATN netisor A new, broadband network
infrastructure must be implemented in order to mtaradvances in traffic management. Boeing,
Honeywell, Inmarsat and SITA are researching thiemg@l use of a high performance Internet
Protocol Suite (IPS) network in the eventual plateACARS and ATN, recognizing that the
transition to an updated infrastructure must haweimpact on the existing flight deck and
applications (Saccone, Olive, Matyas, & Smith, 2015

IPS can provide a more efficient and robust netwitastructure. Its use will move toward a
simplified and cost-effective architecture and wllmaximum flexibility and compatibility. The
preliminary IPS specification (ICAO Doc 9896, 2014)based on standard commercial Internet
Protocol (IP) network technology designed (or peafj to support the performance required for
aeronautical safety services. It will also supdegacy ACARS applications (AOC, FANS-1/A
messaging) by carrying ACARS messages and/or data.

IPS will use LOS and BLOS subnetworks, includingelide communications (Inmarsat
SwiftBroadband, Iridium Certus), AeroMACS, and VHBgital Link (VDL) Mode 2. Future
communication networks such as the L-band Digitarohautical Communication System
(LDACS) will also be supported as they are intrastlic

There are many benefits of transitioning to the :IR®mmonality with mainstream
communication protocols is one major advantagenjgng greater availability of commercial off-
the-shelf (COTS) solutions and technical expertssgl migration toward IPS-based solutions for
ground-ground messaging.

From the application level, the introduction of IR&l not change existing ATS and AOC
applications, including FANS-1/A as well as AOC/AAplications. An IPS-based solution should
also serve as a basis for compatibility with adeah8TS applications, such as the B2 applications
(Saccone, Olive, Matyas, & Smith, 2015).



Figure 3 presents the transition to IPS protocohe Tprotocol stack for air-ground
communications would also be simplified with IPSamyg of the aviation-unique legacy protocols
are replaced by a unified IPS-based architectut@chwallows multiple applications to take
advantage of the capabilities of the different camiwation media without the need for new or

additional protocol stacks.

CARS Applicati ATH Applications CARS Applicati ATN Applications
[e.g. FANS, ADC) {e.g. CM, CPDLC) (e.g. FANS, ADC) (e.g. CM, CPDLC)
: + +
051 Dialog Service IPS Dialog Service I
ATHULCS
ACF Tranaport Tranaport
[FANS) (T4 COTR) | (TCPIUDF)
Metwork
AG13 {CLMP) Metwork
150 3208 (IR}
(X.23 PLP)
AVLC AVLC . : AVLC
' F
|
¢ Opticnalto i
support ___ !
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Non-IF Legacy IP-based i Mon-1P Cegacy IP-based
Sub-networks Sub-networks | _Sub-networks Sub-networks

Figure 3: IPS protocol transition.

By August 2016, Boeing, Honeywell, Inmarsat and AlThrough their Joint Research
Program, had conducted successful laboratory afi@yin demonstrations of LINK 2000+ CM and
CPDLC message exchange using IPS over SwiftBroablbemd over VDL Mode 2. The
demonstrations that utilized VDL Mode 2 also sustidy/ proved the concept of the
connectionless VDL Mode 2 variant, which is expdcte be more robust than the connection-
oriented variant that has experienced problemsuiofe. Future work to be developed includes:
prototype CMU updates, performance characteriz&tondPS over VDL Mode 2, more in-depth
SATCOM testing, ground gateway requirements andspla update relevant industry standards
(Saccone & Matyas, 2016).

4. CONCLUSIONS AND RECOMMENDATIONS FOR IMPLEMENTATION IN BRAZIL

In this paper, a brief introduction to safety seeg, as well as the current set of ATS

applications (FANS-1/A, LINK 2000+) and aeronauticeammunication infrastructures (ACARS,



ATN) was provided, followed by an explanation ok tfuture IPS network infrastructure, the
implementation of which is expected to provide tbehnical and cost performance necessary for
future ATM modernization.

Boeing is in favor of the deployment of FANS-1/Angee in Brazilian domestic airspace,
since it harmonizes with current FANS-1/A servioeAtlantico FIR. In addition to providing a
positive business case, FANS-1/A supports futurélAadvancements, such as TBO, that are not
possible with LINK 2000+. FANS-1/A avionics are @leeadily available, given that all modern
Boeing commercial airplane models have FANS-1 cidipgbas depicted in Table 4. DECEA
would likely gain benefits similar to those thae tRAA is gaining with FANS-1/A deployment in
United States domestic airspace.

Boeing can also support Brazil’s ATS datalink dgplent providing opportunities to perform
interoperability testing with its avionics as wel any technical advice as needed. Boeing has
supported ATS datalink deployments in many areathefworld (Pacific, North Atlantic, Asia,
Europe, and Canada) as well as the FAA’s Data Canagram for FANS-1/A use in United States

continental airspace.
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