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I What is ADS-B?

e Automatic
> no pilot input required
> no radar interrogation required

e Dependent

- extremely accurate position
and velocity vector from
aircraft

e Surveillance
¥ aircraft position, altitude,

e Altitude

. :
VEIOCIty velocity vector, +. . .
e Status
e Broadcast
- any ground station or aircraft
L can monitor
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How ADS-B Works

 Aircraft determines its position
(typically) using GPS

» Broadcasts position, identity,
altitude and velocity information
(ADS-B out)

* Ground stations receive the
broadcasts and relay the
information to air traffic control

e Other aircraft receive _
broadcasts & display to pilot
(ADS-B in)
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GPS POSITION

Typically two :
broadcasts / second
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| ADS-B "OUT”

! GPS POSITION

POSITION, ALTITUDE, IDENTITY(CALLSIGN),
VELOCITY VECTOR, VERTICAL RATE

Air-Ground Surveillance




ADS-B " IN”

cicll Transmissions defined
% | in ICAO standards

nhanced “See & Avoid”
Air-Air Surveillance Traffic Displayed on MFD or
PDA
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27y
SSR background

AIRCRAFT 1030Mhz Interrogations 3 pulses (P1,P2,P3)

ModeA, C interrogations

-

1030 Receiver

ModeA, C replies

o elomIE ity L0O90Mhz reply messages 12 pulses
(no error detection)
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MODE S background

ModeA, C interrogations

1030Mhz register requests (phase
encoded messages)

1030 Recelver

ModeA, C replies

1090 Transmitte 1090Mhz reply messages
(pulse position modulated
with error detection)

Readout :
“Registers”
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TCAS background

1030Mhz Interrogations 3 pulses

<
_ 1030Mhz register requests (phase
1030 Receiver encoded messages)
. <
Transmit DF11 1090Mhz reply pulses
>
< 1090 Transmitte 1090Mhz reply messages

(pulse position modulated

= o with error detection)
Receive ModeC replies >

Receive DF11 TCAS LOGIC
- ——
Receive DFO 1090 Receiver & Display
1030 Transmitte g
Mode C interrogate

Mode S interrogate (UFO)
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Enhanced & Elementary Surveillance

DATA to FILL the REGISTERS
1030Mhz Interrogations 3 pulses

<
- _ 1030Mhz register requests (phase
1030 Receiver encoded messages)
<
1090Mhz reply pulses
e »
1090 Transmitte 1090Mhz reply messages
/v (pulse position modulated
L 1 with error detection
“ V\llth Cl1VI dCtC\JtIUI I)
Air Data Readout :
Computer Callsign
Bank angle
Selected level
Airspeed

Heading
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Enhanced & Elementary Surveillance
Example

Request callsign

DATA to FILL the REGISTERS

<

1030 Receiver

CALLSIGN REGISTER

1090 Transmitte Callsign is VNN980

Readout :
Callsign

Bank angle
Selected level
Airspeed
Heading

Callsign data
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ADS-B background

GPS Receiver 1030Mhz Interrogations 3 pulses
<

1030 Recelver

1030Mhz register requests (phase
encoded messages)

<
TRANSMIT
DF17/18 ADS-B 1090Mhz reply pulses R
< 1090 Transmitte 1090Mhz reply messages
(pulse position modulated
with error detection) .
: —— TCAS LOGIC
DF17,DF18

ADS-B 030 T : >
- | tt :
& display ransSimitie Mode C interrogate

other aircraft & Mode S encounter
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DATA to FILL the REGISTERS

1030 Receiver

CALLSIGN REGISTER

1090 Transmitte Callsign is VNN980

Callsign data
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ADS-B DF17/18/19
< 1090 Transmitte

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



24 bit code DF11 acquisition squit
(TCAS : Here | am)

24 bit AIRCRAFT
PARITY !
CONTROL ADDRESS

12 PREAMELE NP DATABLOCK
I~ 8.0 usec Ll 112 usec

// gm1 lema lems lema | I 15
| '_1_ |—.:|_r]_rl’]_ |—'|_ rl)__4|_|._:|—|— T _ri_ —0_ |—1_r[)_l
I B | [ :’;:: | | | |
SO P | 1] || | [ I
0.0 0.5 1.0 35 45 80 a0
TIME {isec)

—|

S I ¥ I I
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Example: Message Data Block Waveform Comesponding to Bit Sequence 0010...001

ADS-B ADS-B is an unsolicited
Mode S transmission

using similar formats

POSITION, ALTITUDE, IDENTITY(CALLSIGN),
VELOCITY VECTOR, VERTICAL RATE

24 bit AIRCRAFT |ADS-B MESSAGE
CONTROL ADDRESS 56 Bits PARITY
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(Burnett Basin Trial
Experience in 2002

Performance is great

5 Nm Separation
services delivered
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ADS-B ground stations are simple and economical
|

RADAR

ADS-B ~ $1M - $4M USD
~ $100K-$400K USD

Maintenance
Power

Site space
Building
Road
Environmental
Rotating machinery




ADS-B
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—&— ADS-B Position Noise
—— Radar Position Noise
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Samples:

240 ADS-B system track reports
240 Multi radar system track reports
Same aircraft

Same 20 min time interval
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Ground station

24 v operation
<100 watts

Site monitor included
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Ry ADS-BUAP —
S hw. N COMPLETED

~x c}\oaur_.;a;n‘_%_ﬁ s

_Kérratﬂa
; 3 : Gt b ? \ ; 2 . . ,'-' \ \ ..
,fj_, ! y i ; - 1Ga == = ‘ Longreach (\
f\_f»--Néwma‘m ¥ S B \ :
| | : AyersiRock
Y -‘""'.!\ U\n‘lestem Austral{!a - '[
| | Ly .-_r.f/ Wa rb_urto'n

[ \Meekatharral g

E\ | Fe=—ay 4 =0
Billabong ‘ .
o
5wl . )
I . ; L 2l ‘ Bourke™

3

Jackson

=

e 1t
k23 Mﬂi’ F'.hdge C;;;;—‘\I g ‘{ e T T‘ Bloken H‘[l\ 42
B - == ‘ South Atstralia i A e i ‘

\‘\)_( '/' "/ \
Yoty J) ; Nullarbor, ;xWOOme'a

y

¢ ! N ( Lord_Howe_lsland
e
%, A

g /\} \*—
Summertown&rAdelmde TAR
R "‘éi.i/’ : j___ ) ~
=T ; % b
| R TN L 7% Ay
i E Gelllbrand/Hﬂl& -
== J { ;
-\3{;/"5 “\k"-

“ 4
2, .
o
& 2010 Europa Technologies ©2 IUQ-GOOS[G
US Dept of State Geographer
@ 2010 Tele Atlas
& 2010 Google




UAP Stage 3 became Operational on 18/12/2009

o 27 Ground stations on ATC displays

* Authorised for 5 Nm separation across the continent
o Controller training completed

« Operational approval granted

 Notam issued

é ) YRR \/\/\\/\\. AIRSERVICESAUSTRALIA.COM/PROJECTSSERVICES/PROJECTS/
o 4 ADSB/UAP.ASP
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10,000 feet

ADS-B already provides
significant coverage in lower
level airspace




Percentage fitment

80.00% -

70.00% -

60.00% -

50.00% -

40.00% -
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RATES BY

ADS-B FITMENT RATES OVER TIME

FLIGHT

—o— ALL SCHEDULED INTERNATIONALS
—8—DOMESTIC GENERAL AVIATION

DOMESTIC MILITARY

DOMESTIC NON-SCHEDULED
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Some loss of service due inadequate GPS

Only a few teething problems
— Incorrect Flight ID in B747
— One manufacturer using HFOM instead of HPL

— One manufacturer reporting NUC 1 step less than
actual

— One manufacturer position jumps (CPR decoding &
now a second cause)

Better education required for avionics installers
— Installation complexity with DO260A (SIL etc)
— Inadequate knowledge regarding HPL

ADS-B data sharing can bring big safety benefits
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ADS-B sharing

 Every FIR boundary represents a

» Discontinuity supports safety
at FIR Boundary
discontinuity

» Different database
» Risk, errors, different views of “true” situation

o Surveillance provides
» Feedback (closes the loop)
— Rather than 30 minute position & level reports
» Detects errors/ blunders
— ATC, pilot, other ATC
— Minimises the IMPACT of errors

« ADS-B provides inexpensive means to share data
» For co-operative aircraft
» No threat to military
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FLIGHT ID : CALLSIGN

Transponder
» ADS-B capable model

e GPSor MMR
» Provides integrity data

 Panel or system to
provide CALLSIGN

POSITION &
INTEGRITY

- GPS/ MMR TRANSPONDER

AIRSERVICES AUSTRALIA
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e HFOM : Accuracy measure assuming that all
satellites are operating correctly

e HPL : Integrity measure. Positional data within this
limit with high degree of certainty (10-7/ flight hour)

» Even if a satellite gives false range data

» Based on GPS receiver ability to detect satellite false range
data given

— Satellite geometry

— RAIM algorithm capability
— Assumption SA on/off

— WAAS signal received

— Geo satellite received
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POSITION
+
HPL / HIL (ARINC LABEL 130)

POSITION +

NUC or
NIC

(derived
from HPL)

L
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POSITION +

FO M (derived from HPL)

ASTERIX FORMAT
MESSAGE
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Satelite A @
e Good accuracy

Satellite B

e Poor abllity to detect error
on Satellite A

e Poor HPL

Satellite C
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Adopted Mode S as the interoperable PREVIOUS

standard APANPIRG
» D0260 accepted till 2020

» Acknowledging DO260A/B etc in future

DECISIONS

Mandates to be published asap — target
2010

 Mandate applicability with adequate time
to equip after 2012

 Considerable ADS-B Related ADS-B
Guidance material published
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(Questions ?

e More details on Airservices Website
http://www.airservicesaustralia.com

Contact me :

Greg Dunstone (02)62684286
greg.dunstone@airservicesaustralia.com
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Material

Task Force Meetings
http://www.icao.or.th/meetings/2007/adsb adsb tf6/index.html
http://www.icao.or.th/meetings/2006/ADSB ADSBTF5/index.html

MATERIAL from Task Force
Strateqy for the Provision of Navigation Services in the Asia/Pacific Region Adopted by APANPIRG/18, 9/2007

Strateqy for the Implementation of GNSS Navigation Capability in the Asia/Pacific Region Adopted by APANPIRG/18,
9/2007

Strateqy for the Implementation of Surveillance Systems in the Asia/Pacific Region Adopted by APANPIRG/18, 9/2007
Baseline ADS-B Service Performance ParametersAdopted by APANPIRG/18 - 9/ 2007

ADS-B Implementation and Operations Guidance Document (AIGD) Edition 3.0 - 9/2007

Multilateration (MLAT) Concept of UseEdition 1.0 — 9/2007

Guidance Material on Comparison of Surveillance Technologies (GMST)Edition 1.0 9/ 2007




