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Workshop Agenda

Technical Overview

 Whatis space-based ADS-B
« Status update

 Performance outside of en route
e CRV use

Benefits & Use Cases

« ADS-B with and without separation reduction
* NiuSky Pacific Limited use case
 Hong Kong use case

Aireon’s Commercial Products
Challenges and Solutions

A
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A Quick Aireon Overview

2011

Aireon created in 2011
to provide global, real-
time air traffic
surveillance, regardless
of location
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CONSTELLATION

Cutting-edge constellation
with Aireon’s ADS-B
receivers on each satellite,

\ completed in January 2019 /
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/ ALL PAYLOADS \

IN ORBIT AND |

OPERATONAL

* All 66 Aireon ADS-B payloads
active and operational as of
April 2019

* Over 413,582,875,283 ADS-B /

\ position messages received./

ANSPs

A total of 20 ANSPs making up
40 countries have signed
agreements to deploy space-
based ADS-B.

NATS and NAV CANADA, DC-
ANSP, ASECNA, Airports
Authority of India (AAl), Isavia
and Singapore are already
operational /
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Commercial
Services

Launched three new products

in October 2020:

AireonSTREAM™
AireonINSIGHTS™
AireonFLOW™

\
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0 to 2,000 Feet

2,000 to 5,000 Feet

5,000 to 10,000 Feet

@ 10.000 to 18,000 Feet

8 @ 18.000 to 40,000 Feet

40,000 Feet & Above

- ATC separation purposes @ ATC Quality
=

Aireon Space-Based ADS-B
01 to 05 March 2018 - 32 Payloads




Our Growing Global Custo\mer Base
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Aireon ATS
Survelllance Customers
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Aireon Facts and Figures

100% 20 +40

Global, Real-Time ANSPs Signed Countries
Coverage Contracts to Deploy using/to use
Aireon Aireon

38,174,164,827 83 49%

Average Times Aireon Data Global Airspace
Monthly was used for Accident Under Contract
Accumulated Investigations
ADS_ B Aireon ALERT
Messages

Nov 2020-Jan2021

~130,000

Average Amount of
Unique Aircraft
Tracked Globally

Nov 2020 —Jan 2021

<2

Time for ADS-B
Message to go from
Satellite to Customer

%Aireon



« Singapore : Operational

* PNG : Operational

e India : Operational

* Hong Kong : SAT complete

 Indonesia : SAT complete

Space-Based ADS-B Asia Pac

% Aireon
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Space-Based ADS-B Completes the Coverage

Remote terrestrial and oceanic airspace

Below and between radar and ADS-B ground stations

At all runways and airports - even remote dirt strips

For all equipped aircraft
« 125 watt and top antenna




Coverage to the ground

Bandar Udara Wamena (West Papua) Kaimana Airport (West Papua)

%Aireon
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Royal Flying Doctor on dirt strip in remote Australia
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VH-XUW EC135 on ground @ Port Headland amongst buildings
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Loss of Terrestrial Surveillance

Space based ADS-B can support loss of traditional ground-based service
« ADS-B ground station or radar failure
* Environmental impacts like fire, cyclone, flood etc

Or

Aircraft unexpectedly leave traditional coverage

%Aireom
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Qantas Airbus A330 Suffers
Depressurization At 40,000 Feet

o e VHEBK
QFA583
41212021

An example

A Qantas A330-200 flying from Sydney to Perth diverted to Adelaide on Thursday following a
depressurization incident. The flight was heading out over the Great Australia Bight when the
incident occurred, necessitating an emergency descent and a diversion to Adelaide.

& Aireon

AIREON LLC PROPRIETARY INFORMATION




Entire Flight QFA VH-EBK as seen by Aireon

Estimated North
Block ADS-B
Ground station
coverage at
10,000 feet In
yellow

cc‘n

Image Landsat /Copermicy

’\ / \/\—7 e bourne
Data SIO; NOAA U’ Nagy NGA GEBCO /J/\/-—JGOOgle Ea rth
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During Emergency Descent Aircraft

Dropped out of coverage
ATC ADS-B data

117704

37525 Legend
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Aireon Performance Depends On

« 125 watt ADS-B transmission from top
antenna

« Aircraft with TCAS have top antennas &
diversity transmitters

« Aireon can see bottom only antennas —
but with lower performance

24
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Some GA products available & compatible: with top antennas

a tailBeaconX TSO

The next era of global ADS-B. Compatible with space and ground-based ADS-B
surveillance systems, tailBeaconX is a Mode S Extended Squitter ADS-B

transponder and WAAS GPS integrated into an LED rear position light. With GARMIN

global compliance, tailBeaconX is the key to limitless destinations BLUETOOTH 2l EUNC CRSR

ON

CLR ENT
Learn More about tailBeaconX

8aA ov

AVIATION

Garmin Introduces GTX 335D and GTX 345D ADS-B Diversity
Transponders

2 %Aireon@
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Communication Costs

Full connection cost paid by

ANSP viaAiAreon billing

Typical ANSP
)
[ \
Asterix
Dedicatedlink 2Mb MPLS Format
ADS-B data

O —

A

edicated link 2Mb MPLS

» Multiple telecom companies provide link
service (USA to ANSP)

« Telecom companies contracted to Aireon

» Their performance is part of the Aireon
service

Aireon e
Asterix

Format
ADS-B data

%Aireom

AIREON LLC PROPRIETARY INFORMATION



CRYV Solutions to Reduce Recurring Cost

CRV : ICAO APAC Common Regional Virtual Private Network

Connection paid by ANSP to serve multiple
applications

Connection paid by Aireon to serve multiple I Typical ANSP

customers [ | I

| \ [ \

VPN Tunnel 1 ANTd=elal | Asterix

Aireon

CRV link

F t
System SDP A(II))rgjg data
(USA)
_CRV link : Intercom to _
other ANSPs Aireon Asterix
I VPN Tunnel 2 S Format
ADS-B data

Foreign

ANSP Intercom to
CRV other ANSPs

27 Nodes %Aif&Olf
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Aireon Is Flexible

« Customer choice regarding communications
* Duplicated or not

« CRV or Not

* Mixed (One CRV and one direct) is OK too

AIREON L

%Aireom

LC PROPRIETARY INFORMATION
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Doc 4444 allows Aireon

 With VHF voice
communication

* ICAO requirements
remain the same.
ADS-B is ADS-B.

* As used by Canada

data to support 5NM separation

Doc 4444-ATM PARA
Amendment No. 9 8.7.3
5/11/20

8.7.3 Separation minima based on ATS surveillance systems

8.7.3.1 Unless otherwise prescribed in accordance with 8.7.3.2, 8.7.3.3 or 8.7.3.4, or Chapter 6 (with respect to
independent and dependent parallel approaches), the horizontal separation minimmum based on radar and/or ADS-B
and/or MLAT systems shall be 9.3 kim (5.0 NM).

8.7.3.2 The separation minimum in 8.7.3.1 may, if so prescribed by the appropriate ATS authority, be reduced, but
not below:

a) 5.6 km (3.0 NM) when radar and/or ADS-B and/or MLAT systems’capabilities at a given location so permit;
and

b) 4.6 kan (2.5 NM) between succeeding aircraft which are established on the same final approach track within
18.5 km (10 NM) of the runway threshold. A reduced separation minimum of 4.6 km (2.5 NM) may be applied,
provided:

%Aireon@
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Doc 4444 allows Aireon data to support reduced oceanic standards

e 19Nm lateral / 17 or

15Nm longitudinal Doc 4444-ATM
. Amendment No. 9
e RCP 240 communication 5/11/20

: CPDLC

¢ A|tem ate coms aISO 8.7.4 Separation minima using ATS surveillance systems
re q u | re d where VHF voice communications are not available

~» e.g. HF, sat voice

8.7.4.2  Unless otherwise prescribed i accordance with 8.7.4.3 and 8.7.4.4, the separation munima shall be:

. . a) 352 km (19.0 NM) lateral spacing between parallel or non-intersecting tracks;
« Appropriate surveillance

b) 35.2 km (19.0 NM) lateral separation of aircraft operating on intersecting tracks applied 1n accordance with
- Acceptable to regulator 42130 andb)

¢) 31.5 km (17.0 NM) longitudinal separation of aircraft operating on same tracks or crossing tracks applied in

P ATC au to m at e d I ate r al accordance with 5.4.2.9.5 provided that the relative angle between the tracks is less than 90 degrees; and

d) opposite direction aircratt on reciprocal tracks may be cleared to climb or descend to or through the levels

d eVI atl O n al e rt occupied by another aireraft, provided that surveillance position reports have been received from both aircraft
demonstrating the aircraft have passed each other by 9.3 ki (5.0 NM).
)). Dete Ctl on th res ho Id 3 N M 8.7.4.3 The separation minimum 1n 8.7.4.2 a) may, if so prescribed by the appropriate ATS authority, be reduced,

but not below 27.8 km (15.0 NM), provided either:

%Aireom
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ADS-B is not ONLY used for ATC separation

In procedural airspace ADS-B surveillance can

* Reduce workload
= Reducing or removing voice position reports and processing
= Remove need for stepped climbs
= Remove need for “reaching level” reports
= Reduce voice communication to remove uncertainty
- Definite passing support
* Increase safety
- Safety nets
> SAR
-~ Situational awareness
 Aircraft level

« Approaching FIR/ boundary safety
« At remote towers or remote airports without towers

31
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NiuSky Pacific
Limited

PapuaNew Guinea
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SPACE-BASED ADS-B via CRV

NiuSky Pacific Limited

PAPUA NEW GUINEA




Introduction

NiuSky Pacific Limited (NSPL),
formerly known as Papua New Guinea
Airservices Limited manages the Port
Moresby FIR from the main Air Traffic
Services Centre in Port Moresby and
five Control Towers throughout the
country.

We share FIR boundaries with
Oakland, Unjung Pandang, Brisbane,
Solomon Island and Nauru.

36



advanced highly in
CNS/ATM system.

4 Surveillance Coverage
Improvement

4 FIR wide ADS-B coverage.

@é\ég‘!:Earth
Q Initial plan was to install 7ADS-B
ground stations”




coverage

a ADS-C service




O Space Based ADS-B provides ADS-E
coverage over the complete PNG FIR,
and also in the 50 NM outside the FIR ot
boundary to support traffic coordination "
as shown in the figure (right).

QO The SB ADS-B data was successfully
Integrated into our TopSky ATM System
together with existing Radar and ADS-B
ground stations data.




Transition to CRV

O PNG signed a contract with PCCW in July 2020 for dual package C connecligf
the CRV where both lines active.

QAireon in collaboration with PNG developed a multistag
migrate SB ADS-B data delivery to the CRV from the twgt
The transition involved three stages:

Q Stage 1: Establishing of VPN tunnel between Aireon and PNG over the CRV cloud.

S lines used Iinitially.




Stage 2: Migration of SB ADS-B data from one MPLS line to CRV using one
CRYV Line (VSAT line). Operationdl

\ Port Moresby
|

Non CRV link

Aireon Asterix
Format

System SDP ADS-B data

VPN Tunnel
VSAT cRVIink

Intercom to .
Aireon U
Asterix

CRV other ANSPs
SDP Format

Node

Foreign
ANSP
CRV
Nodes

Intercom to
other ANSPs

AMHS /AFTN




Stage 3: Migration of SB ADS-B data from second MPLS line to CRV
using second CRV line (MPLS line) 2nd CRV path being tested now

Connection paid by ANSP to

. . . serve multiple applications
Connection paid by Aireon to .L Port Moresby

serve multiple Lc:us’[cnmers l.- l

Aireon MPLS CRYV link Alreon Rl
System SDP ADS-B data
(USA) VPN Tunnel 1 (active)

-

VSAT CRV link Intercom to .
— CRV other ANSPs ATEED | e

VPN Tunnel 2 (active) Node SDP Format

Intercom to
other ANSPs

Foreign
ANSP
CRV
Nodes

AMHS /AFTN







Hourly AHP-SDP Latency for AYPM (68-2D-01) 001000

[ ] 50th Percentile [ | 99th Percentile

from the boundar

O Update Interval — stable and

Latency (ms)

within tolerance. o
1 Low level detection »
4 Latency

600 — 800MS 0N CRV INE 0Ne @@ ¢ ¢ & 000858 80 & 8 9,01 8 O 3 8

(VSAT link)
400 — 500ms on MPLS line (non
CRYV)

Hour (UTC)




Deployment in the ATM System

 Software upgrade on our TopSky ATM System from Thales — V20
 System configuration Change on the Simulator or Test System
 Monitoring performance on the TopSky Display by controllers,&ZMXgoASsues
1 Deployment on Operational TopSky ATM System — No | /
 Currently using it for Situational Awareness (SA) o /

] Next step is to use it for traffic separation



1 Confide

1 Enables more efficient flight through less restrictive
separation standards, flexible routing etc.

A Cost reduction — no separate MPLS lines required

] Less maintenance work for NSPL — cost reductigf




SPACE-BASED ADS-B via CRV
for
PAPUA NEW GUINEA

THANK YOU

Any questions....
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Implementation of SB ADS-B in Hong Kong

3 data streams procured:
Date stream 1
HKFIR with 8O0NM buffer

\ (
HKFIR W|th 80NM buffer P
{ '

Civil Aviation Department, Hong Kong, China
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Implementation of SB ADS-B in Hong Kong g
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Implementation of SB ADS-B in Hong Kong

Date streams 1 & 2 — HK FIR and Manial
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Implementation of SB ADS-B in Hong Kong

Date stream 3

ATFM data stream coverage
(Approx. 6 hours of flying time
from HKFIR boundary)

Civil Aviation Department, Hong Kong, China

(=




Implementation of SB ADS-B in Hong Kong

SIT1
31 48 20.25 N, 081 56 19.31 E
3456 NM

Date stream 3 - ATFM

<7 ACA008

LGT6602 /
| \ < ANAB60

VA PAC916

JAL26.
ANABS 4
€PA2084

1 UAL2830

# AHK204

f 3
7 Ixgoxs19

SEJ7009%%,_ETD9858

2021/05/17 10:08:05 onu:1008 DbREC

Civil Aviation Department, Hong Kong, China



Implementation of SB ADS-B in Hong Kong 4

= HK FIR is fully covered by its own Terrestrial ADS-B with antennae mostly
at radar and DVOR sites and an external ADS-B source for the southern
tip of HKFIR.

= Why Space-Based ADS-B?
< Redundancy — an additional ADS-B source in case of issues with terrestrial
ADS-B system

< Coverage — 80NM buffer, particularly boundary of HK-Manila FIR, which is
beyond usual 250NM coverage of traditional radar and terrestrial ADS-B
system.

» Potential benefit: reduced enroute separationwith CPDLC + SB ADS-B
= Oceanic coverage beyond capability of traditional surveillance systems

< ATFM coverage —for air traffic flow awareness as CAD has a trial ATFM system
testing/development with neighboring ANSPs and plans to tender for a full-
fledged ATFM system in late 2022.

Civil Aviation Department, Hong Kong, China



Implementation of SB ADS-B in Hong Kong }1_

= SB ADS-B system was accepted in Q1, 2021
= SB ADS-B performance under evaluation

= Integration and fine-tuning of SB ADS-B data into HKCAD's Terrestrial
ADS-B is on-going, such as:

HKFIR Coverage
s*Reconciling differences indata latency and update rates (Terrestrial Vs
Space-based: 1 secondVs 8 seconds); ATMS situational display target rate
at 3 seconds
s+Occasional missed SB ADS-B target update, possibly a result of moving
Iridium satellite coverage footprints, satellite positioning and aircraft
transmission flooding in high-traffic areas

ATFM Coverage

ssLarge coverage area — large amount of data — collaboration between
HKCAD and Aireon to filter targets by departure/arrival aerodrome/call
sign/flight routes

Civil Aviation Department, Hong Kong, China



Implementation of SB ADS-B in Hong Kong }1_

= As HKCAD sees it (for discussion):

A. Customer service targeting user’s specific needs is
Important

B. ATFM data contains only primitive subset of ADS-B data
with little flight info. (call sign and 24-it Mode S address),
not immediately useful without customization — HKCAD-
Aireon collaboration becomes necessary

C. Flexibility in data service pricing considering:
= Customer is paying for service while collaborating with Aireon to
Improve the data package

* Data charging formula — by air volume/by target report counts/by flight
time? An ANSP might need large coverage footprint, within which

usual traffic volume is low

Civil Aviation Department, Hong Kong, China



Implementation of SB ADS-B in Hong Kong .

= As HKCAD sees it (for discussion)...continued:

D. Renewing data service could be a challenge:

= Considerable efforts and time in contract renewal — with risk of
missed renewal by expiry of current service. Terms and conditions
become matters of contention.

= Lack of transparent and across-the-board pricing makes it a difficult
case to argue for data renewal without strong justifications.

= For 1% time customer, data delivery requires substantial capital
investment in a data delivery system

= Considering the above, what If:

= SB ADS-B is a data service with standard pricing, service
level agreement and available on the CRV as a standard
data service?

Civil Aviation Department, Hong Kong, China
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Commercial Services Product Portfolio

& Aireon & Aireon & Aireon

STREAM' INSIGHTS FLOW"

-
% Aireon
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Quick Reference & Aireon & Aireon &; Aireon
STREAM INSIGHTS ELOW
Data Designed for ATFM o
Real-Time Position Data Stream L o
Includes Additional Contextual Data L o
([

Historical Data Available

Data Filtering

Global, Aircraft Tail Numbers, OR
Area of Interest

Aircraft Tail Numbers OR
Area of Interest

Proximity to Area of Responsibility (AoR)
or Flight Information Region (FIR)

Standard Data Feeds

Tailored Data Feed

Customizable Reports

Coverage Area

Aircraft Tracking, Airport/
Airspace Analysis

Global

Global

Global

Update Rate

Customizable, 4s, 8s, 1 min, 5 min

Daily, Weekly, Monthly

Customizable,
up to once per minute

Low Latency Data Source o Y
AMQP Support o O
Compatible with ATFM, SWIM Node, °

and A-CDM Systems

Data Provenance

Aireon's high-fidelity, low-latency
surveillance-grade data

Aireon's high-fidelity, low-latency
surveillance-grade data

Aireon's high-fidelity, low-latency
surveillance-grade data
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% Ailreon

STREAM

Flight Tracking: Tails of Interest (TO
Request or Subscription by Tail Number

)

,% Ailreon

INSIGHTS

&/

- 1 N~ ; - - (4 =

Airspace of Interest (AOI)
Requestof Subscription by
Lat/Lon Airport ID or FIR

CATO021: All ADS-B Data
Subscription by FIR(s) or Tail Numbers

%Aireom
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Js consumerjs X

w0

JS consumer.js >
‘use strict’

- AMQP = require('amgpl@');
st logger = require(’./helpers/logger");

K : g )
i st ecmd = require(’./helpers/command’};

messagesReceived = @;

st limit = cmd.messages ? cmd.messages : Number_ MAX VALUE;

if(lcmd.messages)

logger.warn{ No limit is specified for number of messages to receive.  );

nst client =« AMQP Clien
defaultSub]ects
j9DF
client.on(AMQP.Clieg
client.on(AMQP.C1}
client.on{AMQP.C

icy.merge({

logger.error{ C
ogger.error(

=t getConnec
nst [proto
return ~
¥
nst consume = async (connectionUrl) => {

try {
logger.info({ Connecting to ${connectionUrl}” );
await client.connect(connectionUrl);

DEBUG COMSOLE PROBLEMS

OUTPUT  TERMINAL 1: powershell v + 0 @ ~ X

PS C:\Users\AndrewHoag\Documents\SLOC\cds-streaming-services-starters\node> '

X Pmasterr & ®oho Ln6.Col 1 Spaces:4 UTF-8 CRLF JavaSeript &' 01



AireonSTREAM™ Standard Data Fields

The CSV format from AireonSTREAM provides access to ADS-B data
without special coding

Wl ' l*%%l Y J \ Y J

|_"_| [ | Y J\ . J
Mode 3/A 4 T
Satellite _
Timestamp 24-bit ICAO
Address
Geo Altitude
ircraftID

Pressure Altitude Track Angle
A

Ground Speed
Position— Latitude, Longitude

o8 %Aireon@
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% - FIR Altitude
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Historical Query

Date and Time

Select a date and time range for your query
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Ceospatial

Selecta pre defined region or enter one or more bounding boxes

Flight Information Region
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AireonFLOW ™ Data Coverage and Connection

Data Coverage

« AireonFLOW data includes all ADS-B equipped aircraft available to the Aireon receivers
(i.e., 1090 MHz Extended Squitter (1090ES), 125W diverse/ top-mounted antenna)

« AireonFLOW data is available from the ground to ceiling of FL600, globally

» Customers receive all position reports of subscribed aircraft with a standard update rate of 60
seconds and a minimum probability of update of 96%

» Latency from satellite to customer delivery is up to <5 seconds, 99%

Tailored Subscription

» Feed configurable based on aircraft of interest, area of interest, or by departure/arrival
aerodrome

N & Aireon
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FLIGHT MOVEMENTS

COVID-19 Impacts — Asia Pacific

ASIA Region Flight Movements per Week 2020
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Since hitting a low point in April
2020, Asia has recovered 60% of
global movements compared to
January 2020.
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COVID-19 Impacts — Asia Pacific
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Aireon Deployment in a COVID World

* Shipment

« ANSP or agent installation

* Remote checkout with help of ANSP via Zoom/Teams etc

 Site acceptance testing via Zoom/Teams etc

» Coordination with ATC automation system vendors for integration
« Many meetings / Teamwork / Motivation

skie IMT
antel Riza Lubis DNP

Dedy Iskandar -... azlan_ indomeg...
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Why Space-Based ADS-B?

 Surveillance as a Service
= Financial efficiency

= Known operating cost (fixed per year or variable based on traffic volume)
* no financial surprises

= Very low capital cost. Reduce need for terrestrial duplication (where terrestrial is required)
= No maintenance costs, minimal staff costs
= Low cost for surveillance coverage

= Data communication cost lower if CRV used

* Airline Customer Value
= Reduced position reports & pilot workload
- Seamless service everywhere —completes the coverage
- Safety

« Safety Improvement
= Surveillance to ground level everywhere — completes the coverage
= Search & Rescue improvement/ Situational awareness
» Situational awareness at FIR boundary into adjacent FIR
= Independent of terrestrial events (earthquake, fire, weather, flood etc.)

3 %Aireom
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Customized Commercial Proposals

* Fixed per month

« |If traffic climbs you don’t pay more
» Good for fixed budgets

« Or Fixed per Flight hour
« |f traffic drops — you pay less

* Price depends on use case
» Tier 1 :ATC separation
» Tier 2 : Support procedural ATC
» Tier 3 : Flight service
» Supplement existing surveillance
« Coverage beneath radar coverage
» Surveillance where there is none
* FIR boundary safety
* Remote towers

%Aireom
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Contact

Adam Burford

Business Development, Asia Pacific
Aireon

adam.burford@aireon.com
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