RTCA, Inc.
1828 L Street, NW, Suite 805
Washington, DC 20036133, USA

Minimum Operational Performance Standards for
1090 MHz Extended Squitter
Automatic Dependent Surveillanceé Broadcast (ADSB)
and
Traffic Information Services i Broadcast (TISB)

This is a DRAFT Version 4.2 Working Copy of this document.

It includes the published RTCA/DO-260A, plus Change 1 and Change 2 integrated into.it
It also has implemented into it those changes identified during Meeting #23 in Working
Papers 1090WP23-02 and1096WP23-03R1, and those changes currently agreed to as

acceptable changes in the Change Matrix of 1090/P2X-03.
All changes to the original DO260A arestill highlighted in yellow.

RTCA DO-260B Prepared by: SQ86
SupercedeRTCA DO-260A, © 20xx, RTCA, Inc.
including Change 1 and Change 2



Copies of this document may be obtained from

RTCA, Inc,
1828 L Street, NW, Suite 805
Washington, DC 20036133, USA

Telephone: 208339339
Facsimile: 2028339434
Internet: www.rtca.org

Please call RTCA for price and ordering information.



Foreword

This document was prepared by Special Committee 186188 and approved by the RTCA
Program Management Committee (PMC)\kI DD, YYYY .

RTCA, Incorporated is a ndbr-profit corporation formed to advance the art and science of
aviation and aviation electronic systems for the benefit of the public. The organization functions as

a Federal Advisory Committee and develops consensus based recommendations on contemporary
aviaton 1 ssues. RTCAOGs objectives include but ar

e coalescing aviation system user and provider technical requirements in a manner that helps
government and industry meet their mutual objectives and responsibilities;

e analyzing and recommendirgplutions to the system technical issues that aviation faces as it
continues to pursue increased safety, system capacity and efficiency;

e developing consensus on the application of pertinent technology to fulfill user and provider
requirements, including #elopment of minimum operational performance standards for
electronic systems and equipment that support aviation; and

e assisting in developing the appropriate technical material upon which positions for the
International Civil Aviation Organization and tl@ernational Telecommunications Union and
other appropriate international organizations can be based.

The organizationdés recommendations are often
decisions as well as the foundation for many Fedevat®n Administration technical Standard
Orders.

Since RTCA is not an official agency of the United States Government, its recommendations may
not be regarded as statements of official government policy unless so enunciated by the U.S.
government organa&ion or agency having statutory jurisdiction over any matters to which the
recommendations relate.
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PURPOSE AND SCOPE

Introduction

This document contains Minimum Operational Performance Standards (MOPS) for airborne
equipment for Automatic Dependent SurveillaiBreadcast (ADSB) and Traffic
Information Service Broadcast (TI1SB) utilizing 1090 MHz ModeS Extended Squitter
(1090ES). The supporting hardware can be incorporated within otHevasd equipment,

or alternatively, the AD®B equipment may be a separate avionics unit.

Note: Definitions of acronyms (e.gMOPS, ADSB, 1090ES) and of many other terms
(e.g., AExtended Squi tter o) can be fou
Throughout t his doRBRawumeeter ¢« heoteBew BOIh &
Service as defined in the TESMASPS, RTCA/DQ@8@B, §81.4.1. Tk acronym
i ADRBO r ef er s-B RebroatchseSewite3s defined in theBIFIASPS,
RTCA/DO286B, 81.41. The Fundamental TiB Service provides traffic
information that is derived from ground surveillance (e.g., radar) systeiise
ADSB RebroadcdasService provides the Rebroadcast on 1090 MHz of anB\DS
Message from an alternate data link using the same TYPE Codes andg#lessa
Formats as are defined for Downlink Format (DF)L7 ADSB Messages, with the
exception of bits modified as identified .3.18.

Compliance with these standards by manufacturers, installers and users is recommended as
one means of assuring that the equipment will satisfactorily perform its intended functions
under conditions encountered in routine aeronautical operatidresregulatory application

of these standards is the responsibility of appropriate government agencies. In the United
States, the Federal Aviation Administration (FAPlblishes and maintaina Technical
Standard Order (TSQ166 for ADS-B equipment toaference the requirements and bench

test procedures in Section 2 of this document.

Since the equipment implementation includes a computer software package, RTCA DO
178B, Software Considerations in Airborne Systems and Equipment Certification
(EUROCAE ED12B)is applicable. When determining the level of software requirements,
as defined in RTCA DE78B (EUROCAE ED12B), the equipment manufacturer should
consider the criticality appropriate for the installation certification, equipment failure
analysis, ad the fault monitoring being accomplished.

In addition, since the measured values of equipment performance characteristics may be a
function of the measurement method, standard test conditions and methods of test are
recommended in this document.

Sectionl of this document provides information and assumptions needed to understand the
rationale for equipment characteristics and requirements stated in the remaining sections. It
describes typical equipment applications and operational goals and, alongT&if [RO-

242A, Minimum Aviation System Performance Standards for-BD®&rms the basis for the
standards stated in Sections 2 and 3.
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Section 2 contains the minimum operational performance standards for the equipment.
These standards define required pemance under standard operating conditions and
stressed physical environmental conditions. Also included are recommended bench test
procedures necessary to demonstrate equipment compliance with the stated minimum
requirements.

Section 3 describes the pamihance required of the installed equipment. Tests for the
installed equipment are included when performance cannot be adequately determined
through bench testing.

Section 4 describes the operational characteristics of the installed equipment, self test
features, and controls.

Appendix A isnormativewhereas Appendices B through Q arfarmative. The following
is a short description of each of the Appendices contained in this document:

A

)>\

)>\ )>\

)>\

)>\

Appendix A defines the formats and coding for Extended Squitter AD&d TISB
Messages, expanding upon the requirements of Section 2.2.

Appendix Bcontains a list oAcronyms and definition of terms used in this document.

Appendix C discusses aircraft antenna performance characteristics and identifies
references tolmtain additional information on the subject.

Appendix D defines a ground architecture that can support (1) surveillance for ATC
using Extended Squitter ADB reports, and (2) THEB service.

Appendix Econtains ahto-air link budgets for each class of SEB equipment and
summarizes the relationships between transmitter power, receiver sensitivity, and range
under worst case and practical implementation conditions.

Appendix Fpresents a traceability matrix to the AIBSVIASPS (RTCA DQ242A).

Appendix Gdiscusses transition issues for ABSavionics.

Appendix Hdiscusses AD®B report assembly and provides additional guidance on the
subject.

Appendix lidentifies and discusses examples of the enhanced reception techniques for
Extended Squitter that havbeen shown to meet the enhanced reception performance
requirements.

Appendix Jdiscusses determining the Navigation Accuracy Category for velocity
(NACy) and desclhies the rationale fdhe values used ihable 225, i NALt a. O

Appendix Kdiscusses and provides the results of an analysis that determined the affect
of report assembly on velocity accuracy.

Appendix L discusses and provides a table showing, by equipage class, the impact of
radio frequency interference on Enxtied Squitter report integrity.
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A Appendix M provides a description of techniques for extending the effectivie-air
range of 1090 MHz AD®B Subsystems, and discusses the transmission power for Class
A3 airborne installations.

A Appendix Ndefines the forrats and coding for Extended Squitter ABSMessages
that are broadcast by ABEB Version Zero (0), RTCA D60 compliant 1090 MHz
ADS-B Subsystemsand ADSB Version One (1), RTCA DQ60A compliant 1090
MHz ADS-B Subsystemsand defines how the ADB ReportGeneration Function of
Version Two (2) 1090 MHz ADSB Receiving Shsystems is to utilize messages
received from targets that are broadcasting with Version Zeran@Mersion One (1)
Message formats.

A Appendix O provides specifics for possible future uss additional intent
communications provided for in RTCA D®4 2 A as ATrajectory
Reports. o

A Appendix Ppresents the expected 1090 MHz Extended Squitter Performance in the
LA2020 Scenario defined in the ABEBS MASPS, RTCA DG242A, 83.3.4.

A Appendix Q presents a proposed format for a Runway ThresholdC@rdition
Message.

A Appendix Rprovides a calculation of 1090 MHz Extended Squitter broadcast rates for
different operational scenarios to show that transmission rates achieved over a 60
second periodneet the required average rate over 60 seconds, and that there is no need
to implement a function to limit the total number of 1090 MHz Extended Squitters
transmitted over a certain period of time.

A Appendix S specifies a method such that the Time Mard &UTC time can be
synchronized at any Time within any Epoch on any-ejoich.

A Appendix Tprovides a tutorial and gives explanations and derivations of the Compact
Position Reporting (CPR) equations given in Appendix A. CPR encoding and decoding
can beimplemented without using any of the information in this appendix but, if a CPR
implementation has problems, the information in this appendix may be helpful in
resolving the issue.

System Overview

Definitions

ADS-B (Automatic Dependent Surveillande Broadcast) is a function for airborne or
surface aircraft, or other surface vehicles operating within the airport surface movement
area, that periodically transmits its state vector (horizontal and vertical position, horizontal
and vertical velocity) and othenformation. ADSB is automaticbecause no external
stimulus is required; it idependenbecause it relies on dyoard navigation sources and-on
board broadcast transmission systems to prosidgeillanceinformation to other users.

The aircraft or ehicle originating théroadcastmay or may not have knowledge of which
users are receiving its broadcast; any user, either aircraft or gbased, within range of
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this broadcast, may choose to receive and process theBABBveillance information.
ADS-B supports improved use of airspace, reduced ceiling/visibility restrictions, improved
surface surveillance, and enhanced safety such as conflict management.

TIS-B (Traffic Information Servicé Broadcast) is a function in which transmitters on the
ground provide aircraft with information about nearby aircraft. The-BlBformation is
likely to come from groundbased surveillance sensors such as air traffic control radars or
multilateration systems. However, FESinformation broadcast on a particuladio data

link might also be derived from the reception on the ground of -B[Messages that were
transmitted on a different data link. For example, 1090 MHzB I8ansmitters might
broadcast information about nearby aircraft based on ground recep#@S-B Messages

on other data links.

For the purposes of this document, the téincraft/\VVehicle(A/V) will refer to either 1) a
machine or device capable of atmospheric flight, or 2) a vehicle on the airport surface
movement area (i.e., runways andivays). For simplicity, the wordircraft is used to

refer to aircraft and vehicles, where appropriate.

Figure X1 shows the extent of the 1090 MHz AIBSsystem and its major components.
This figure is adapted from the ABEEMASPS, RTCA DG242A.

As indicated in the figure, the ADB system includes the following components: message
generation/transmission by the source A/V, propagation medium, and message
reception/report assembling by the user. The A§/stem doerotinclude the sources of

the dataa be sent by the source subsystem on board the transmitting aircraft. Neither does it
include the client applications, which use the information received by the-BADSer
subsystem on board the receiving aircraft. Some -BDEarticipants may be able to
transmit but not receive. In addition, some grebaded users may be able to receive but
not to transmit.
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Figure 1-1: The Scope of the 1090 MHz AD® System
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Figure 2 shows the extent of the 1090 MHz TBSsystem and its ajor components. As
indicated in Figure 2, only the 1090 MHz TI® Messages and airborne TESReceiving
Subsystem are described in these MOPS.
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Figure 1-2: Scope of the 1090 MHz TISB System

1090 MHz ADSB System

The MfBADMessageso transmitted on 1090 MHz
(Airborne Position squitter, Airborne Velocity squitter, Surface Position squitter, etc.)
described inCAQO Doc 9871 and Appendix A of this document.

The source 1090 MHz Transmittin§ubsystem may or may not be implemented in
conjunction with a Mode S transponder.

The user 1090 MHz Receiving Subsystem may or may not be implemented in conjunction
with a TCAS (Traffic Alert and Collision Avoidance System).

ADS-B Avionics Integrity

The integrity requirements for the total system to support -8D®lated applications are
determined for a particular airborne architecture by conducting a functional hazard
assessment and system safety assessment. For each application, the clas@iffziatitiy
expressed in terms of a category such as hazardous/minor, hazardous major, etc.) of
unannunciated and unmitigated failure conditions of AD&vionics that cause cof-
tolerance error conditions will be derived from these assessments.

© 20xx, RTCA,Inc.
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Guidarce on the above assessments can be found in:

e SAE ARPA4761-- Guidelines and Methods for Conducting the Safety Assessment
Process on Civil Airborne Systems and Equipment;

e SAE ARP4754/ED79-- Certification Considerations for Highintegrated or
Complex Arcraft Systems;

e JAA AMJ 25.1309- Advisory Material Joint, System Design and Analysis;

e FAA AC 23.13091C i Equipment, Systems, and Installations in Part 23
Airplanes;

e FAA AC 25.13091A -- Advisory Circular, System Design and Analysis.
Presuming that BR4 parity check bits 82.3.2.1.F are employed for error detection, the

1090 MHz ADSB Message formats have been designed to support an undetected error rate
of less than 1 undetected error pefADS-B Messages.
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1090 MHz ADS-B Subsystem Implementations
Figure 13 shows the 1090 MHz ADB Subsystems in more detail.
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Figure 1-3: 1090 MHz ADSB Subsystems.

Source 1090 MHz ADSB Transmitting Subsystem

The source subsystem consists of a message gendtat@ion and a transmitting message
exchange function. The 1090 MHz AEESTransmitting Subsystem takes PVT (Position,
Velocity, Time), status, and intent inputs from other systems onboard the aircraft and
transmits this information on the 1090 MHz freqog as Mode S Extended Squitter
messages. The message generation function includes the input interface, message assembly,
and encoding subfunctions. The message exchange function includes the radio equipment
(modulator/transmitter) and 1090 MHz transimigtantenna subfunctions.

The ADSB Transmitting Subsystem may be implemented either (a) using a Mode S
secondary surveillance radar transponder, or (b) usingTkamspondeBased 1090 MHz
transmitting equipment.

Transponder-Based Subsystems

In a Mode S TanspondeBased Subsystem, the AEBSMessage generation function and

the modulator and 1090 MHz transmitter are present in the Mode S transponder itself. The
transmit antenna subfunction consists of the Mode S antenna(s) connected to that
transponder.
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1.24.1.2 Non-Transponder-Based Subsystems

Non-TranspondeBased ADSB Subsystems might be installed in general aviation aircraft
that have Mode A/C ATCRBS transponders rather than Mode S transpohdsush Nonr
TranspondeBased ADSB Subsystems, the messageeeation function and the modulator

and 1090 MHz transmitter will be housed together in the transmitting unit. The transmitting
antenna subfunction may be separate from the transmitter unit or may also be incorporated
in the unit.

Notes:

1. The t erTransfpoNdeBasedo wi t hi DO-260Bé nat iotendeel Yot o f
preclude an avionics configuration with a 1090 MHz AB $apability integrated with
a Mode A/C ATCRBS Transponder.

2. Installation of NorTranspondeBased 1090 MHz ADB equipment in aplanes
equipped with Mod& transponders is prohibitedThe transmission of squitters in
addition to TCAS interrogation responses contributes unnecessary RF energy to the
spectral environment. TCAS systems (in other airplanes) cannot take advantage of
hybrid surveillance on the ADB data, since the nemanspondetbaseddata cannot be
validated by TCAS interrogation. AHES data is not directly available to ground
interrogators as wheit is read from transponder registers.

1.2.4.2 1090 MHz ADSB & TIS -B Receving Subsystem

The 1090 MHz ADSB and TISB Receiving Subsystem consists of a receiver message
exchange function and a Report Assembly function. The 1090 MHz Receiving Subsystem
takes ADSB and TISB Mode S Extended Squitter messages and outputs infommiati

other systems onboard the aircraft. The message exchange function includes the 1090 MHz
receiving antenna and radio equipment (receiver/demodulator) subfunctions. The Report
Assembly function includes the message decoding, report assembly, aod intgdace
subfunctions. Several configurations of AIBSReceiving Subsystems, which include the
reception portion of the AD8 Message Exchange Function and the ABRReport
Assembly Function, are defined:

e Type 1 ADSB and TISB Receiving Subsystems eige ADSB and TISB Messages
and produce applicatiespecific subsets of AD8 reports. Type 1 Receiving
Subsystems are customized to the particular applications usingBA®@gorts. Type 1
ADS-B Receiving Subsystems may additionally be controlled bgxaernal entity to
produce installatiomefined subsets of the reports that those subsystems are capable of
producing.

e Type 2 ADSB and TISB Receiving Subsystems receive ABSand TISB Messages
and are capable of producing complete AB&nd TISB repots in accordance with
the ADSB equipment class. Type 2 Receiving Subsystems may be controlled by an
external entity to produce installatigefined subsets of the reports that those
subsystems are capable of producing.

e The ADSB/TIS-B Message reception figtion may be physically partitioned into
separate avionics from those that implement the ADBS-B report assembly
function.

© 20xx, RTCA, Inc.
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Type 1 Report Assembly Function

In Type 1the Report Assembly Function may be closely coupled to the client application
using tre information provided by the ADB system. In this case, the AEESReport
Assembly Function might reside together with the associated client application in one piece
of equipment.

An advantage of a closely coupled assembler and application is thatpgbe Resembly
function can be customized for the needs of the particular client application with which it is
associated. If the client application does not require all of the State Vector elements listed
in the ADSB MASPS (RTCA DQ242A), then its assodied Report Assembly function can
customize the report by not providing the unneeded State Vector elements. Again, if the
client application is only concerned with certain targets, then its Report Assembly function
can optimize performance by filtering dargets that have no relevance to that application.

In aType lconfiguration, any further control of output reports (beyond the customization)
would require a control interface by which the client application(s) can specify which and
how reports are toebassembled or output.

The Type 1 configuration has the advantage that it places only minimal processing
requirements on the ADB Receiving Subsystem.

Type 2 Report Assembly

In Type 2the Report Assembly Function is of a general nature and is capahiemirting
the needs of a variety of applications.

An advantage ofype 2is that it can support the needs of a variety of client applications, as
it includes a generalized Report Assembly Function that can output reports that atintain
the elements ahe SV, MS, and OC reports as described in RTCAZIQA.

In aType 2configuration, any control of output reports would require a control interface by
which the client application(s) can specify which and how reports are to be assembled or
output.

Major O perating Characteristics

The 1090 MHz ADSB/TIS-B System uses the Mode S Extended Squitter defined in the
ICAO Annex 10, Volumes Il and 1V, to broadcast the Aircraft/Vehicle position, intent and
other relevant information over the RF medium.

For ADSB Messages,ICAO Doc 9871 provides the Mode SlransponderRegister
definitions as well as the 8it data formats required for the AEESMessages. Appendix

A to this document specifies the formats containetiCiAO Doc 9871 plus those event
driven messages dh are now defined. The transmission rate for each of the defined
broadcast messages is defined in Appendix A and in the MOPA&irfdrraffic Control
Radar Beacon System/Mode Select (ATCRBS/A8pdErborne EquipmentRTCA DO-
181D) (EUROCAE EDB73C).

© 20xx, RTCA,Inc.
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TIS-B Messages have not yet been incorporated into the ICAO Annex 10sSA&HNto
the Mode S Transponder MOPS (RT@AJ-181D, EUROCAE ED73C). TIS-B Messages
are defined in 8.2.17and 8A.2 of this document.

The ADSB Extended Sgtters sent from a Mode S transponder use Downlink Format 17
(DF=17) Each squitter contains 112 bits, of which 56 bits contain the various navigation,
intent, and other data comprising the ABSnformation. The other 56 bits include the 5

bit DF (Downink Format) field, the dit CA (Capability) field, the 24it AA (Announced
Address) field, and the 24it Pl (Parity/Interrogator ID) field.

Non-TranspondeBased ADSB Transmitting Subsystems and TBS Transmitting
equipment use DF=18. By using tfiismat instead of DF=17, an AD&/TIS-B Receiving
Subsystem will know that the message comes from equipment that cannot be interrogated.

The transmitter power is based on the classification of the-BR§uipment. For exampe,
ADS-B class A0 equipmemhay transmit at a lower power than class A3 equipment.

The operating range of th&090 MHz Extended Squitter receiver is tailored to the
classification of the equipment as well. Class éfuipment may have a less sensitive
receiver and thus support a coanatively short operating range. Class A3 equipment
requiresa more sensitive receiver, in order to receive Ab®lessages from aircraft that
are farther away.

The operation of the 1090 MHz AR System must not have an adverse effect on other
on-boardsystems. The AD8 System may be used in conjunction with these other systems

for increased accuracy and integrity of an
intent information.

1.25 Typical System Operation

A departing aircraft on the ground beginroadcasting its position and velocity via the 1090
MHz ADS-B System. This broadcast is received by other aircraft and the ground based
receivers. The broadcasting aircraft also receives other aircraft broadcasts. The aircraft
processes this informati for use by applications that may invol@®ckpit Display of

Traffic Information CDTI). As the aircraft taxis to its holding area, it monitors the
movement of other aircraft on the surface as well as those in final approach. The aircraft on
approach an also monitor the ground traffic and watch for a potential runway incursion
and/or a blunder on a parallel approach area.

Once in the en route airspace, the aircraft broadcasts not only its position and velocity, but
depending on the equipment classefitional intent information. The aircraft performs
various applications with the received broadcasts from other aircraft within range. These
applications may include the use of CDTI, situational awareness, adndietion
planning.

As the aircraft aproaches its destination (terminal area), it monitors other proximate aircraft
in order to maintain the desired separation for approactaadihg.

© 20xx, RTCA, Inc.
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1.2.6 ADS-B Message Content

The ADSB Message refers to the transfer of data via 1090 MHz. An-BD\essage is
formatted data that conveys information used in the development ofBAER@Ports. State
Vector source data is provided by the platform dynamic navigation systems and sensors.

For the transponder case, the information for the state vector is containediaos
registers. When broadcast, the contents of a register are inserted irbihen6sage field

of a 112bit squitter transmission. The remaining 56 bits contain the aircraft address as well
as required forward error correcting parity informatiodppendix A to this document
defines the contents of the various transponder registers.

1.2.7 ADS-B Report Content

The ADSB Report refers to the restructuring of AlBSMessage data received from a 1090
MHz broadcast into various reports that can be usedttiirby other orboard applications.

Four report types are defined for AEBSSoutputs to applications. These report types are
State Vector (SV), Mode Status (MS), Target State Report (TSR), and Air Referenced
Velocity (ARV) Report.

1271 State Vector Report

The State Vector report contains information
state as well as a measure of the accuracy of the State Vector. Specific requirements for the
customization of this type of report may vary according to the neédde client
applications of each participant. The State Vector data is the most dynamic of the three
ADS-B reports; hence, the applications require frequent updates of the State Vector to meet

the required accuracy for the operational dynamics ofypiedl flying aircraft or ground

operations of aircraft and surface vehicles.

1.2.7.2 Mode Status Report

The Mode Status report contains current operational information about the transmitting
participant. This information may include current call sign, addreskpther information

that may be needed at a lower update rate than the information in the State Vector. Specific
requirements for a participant to transmit data for, and/or customize, this report type will
vary according to the AD8 equipage class of ela participant.

1.2.7.3 Target State Report

The Target State Report contains information that will be broadcast (in Aircraft Target State
and Status Message<.8.3.2.7.1 when current Target State information is available. The
TargetState Report contains information that is required from only certain classes ef ADS
B equipped aircraft. (Se8.8.3.1for the format of the Target State Report.)

Note: The ADSB MASPS (RTCA DQ42A) describes a more genefalOn Condi t i on

class of reports of which the Target State Report and the Air Referenced Velocity
Report are the only instances that have so far been defined.

© 20xx, RTCA,Inc.
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1.3.2

1321

Air Referenced Velocity Report

The Air Referenced Velocity Report 28.8.3.2 contains velocity information that is
required from only certain classes of AlBSequipped aircraft. This report is only
generated when Air Referenced Velocity information is being broadcast in the Airborne
Velocity Message 832.3.2.9.

Note: Air Referenced Velocity Messages may be received from airborne aircraft that are
also broadcasting messages containing ground referenced velocity information.
ADSB Receiving Subsystems conformant to these MOPS are requiredetoe
and process ground referenced and Air Referenced Velocity Messages from the
same aircraft and output the corresponding reports. Although not required in these
MOPS, future versions of these MOPS will specify under what conditions both
ground refeenced and air referenced velocity would be transmitted. This is
intended to provide compatibility with anticipated future requirements for the
transmission of both types of velocity information.

Operational Applications

The various equipment classes defi within this document are intended to provide a level

of capability appropriate to a set of expected operational applications. Operational approval
for specific applications should consider the total capability of all associated equipment
installed inthe aircraft. All airborne equipment will require a source of state vector data,
such as a GNSS (GPS) receiver, an inertial/multisensor navigation systeftight
Management SystentkS). Additional concepts, algorithms, procedures, and standards
not cefined within this document will also be required. This section describes several
examples of applications that make use of ABSupplied information. Further examples
may be found in RTCA DQ42A.

General Support for Surveillance

ADS-B is a cooperativeystem. All participating Aircraft and Vehicles (A/V) are required,

at a minimum, to broadcast ABE Messages as specified in Section 2.2 of this document

for each applicable equipment class. The broadcast of these messages provides the basic
surveillarce data necessary to support all other AB&pplications.

Cockpit Display of Traffic Information (CDTI)

The CDTI provides the pilot with awareness of proximate traffic. A minimum system
provides only the relative position and velocity vector of nes&ddfic. Displays to support
advanced applications may be required to supply additional information, pilot cues, or
advanced alerting functions.

Aid to Visual Acquisition

An aid to visual acquisitiorpplication provides the pilot with information thatpports
visual acquisition as part of the normal sewlavoid operations. Visual acquisition is
applicable under visual meteorological conditions (VMC) regardless of whether the
operations are being conducted under IFR or VFR.

© 20xx, RTCA, Inc.
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1.3.2.2 Enhanced Traffic Situational Awareness

With the ability to display the full population of proximate aircraft, the CDTI may be used

as an overall situational awareness tool. The CDTI is also seen as a key element to Free
Flight operations. With mature Free Flight, and mutual cdetfpilot agreement,
separation responsibility may be delegated to the pilot. In this case, the ability to

electronically fisee and avoido proximate ai
the Free Flight concept. For example, the CDTI maysewd f or AEl ectroni c
pilots applying fARules of the Airo (as ste

International Aviation) to maintain safe separation.

1.3.3 Improvements to Aircraft-based Collision Avoidance

ADS-B is seen as a valuable technolagyenhance operation of the Airborne Collision
Avoidance System (ACAS). ADB data may be used to improve surveillance
performance. It might also be used within the collision avoidance logic to reduce the
number of unnecessary alerts.

134 Conflict Managemert and Airspace Deconfliction

Conflict management and airspaceadafliction functions may be provided both by ground
and aircraft automation systems. Aircraft conflict management functions will be used to
support cooperative separation during the perittht separation responsibility has been
delegated to the aircraft, such as in Free Flight. Ground conflict management functions will
also be in place, both as a backup and as the primary tool to monitor aircraft for conflict
detection. Airspace deonfliction based on the exchange of intent information will be used
for strategic separation.

135 ATS Conformance Monitoring

ADS-B may be used to support and enhance ATS conformance monitoring, which is the
process of ensuring that an aircraft maintains confocaam its agreetb trajectory. The

degree of deviation from the trajectory, or the conformance bounds, is based on factors such

as the aircraftdéds navigation capability and
monitoring occurs for all contratd aircraft or airspace, and applies to all operational
airspace domains. In the case of protected airspace or Special Use Airspace (SUA),
conformance monitoring is performed to ensure that an aircraft does not enter or leave a
specific airspace. = Confoance monitoring includes monitoring of simultaneous
approaches to multiple runways, and surface operations.

1.35.1 Simultaneous Approaches

A specific example of conformance monitoring is the monitoring of simultaneous
instrument approaches, a task that enableseclseparation between aircraft on adjacent
approach courses due to monitoring of each approach path by an ATS controller.

Parallel approaches that are not individually monitored require a stagger between aircraft on

adjacent approaches, thus reducingvatrates. Conformance monitoring of simultaneous
approaches using a dedicated ATS controller for each approach stream allows simultaneous
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approaches to be flown. No stagger is required and the potential arrival rate can be 40
percent higher than forajgered approaches. Simultaneous ames can be flown as

close as 5000 ft (three runways) and0@ ft (dual runways) with controllers using
conventional sensors and displays, and as close as 3400 ft when controllers use PRM, which
is a specialized seosfor simultaneous approaches. Simultaneous approaches may also be
flown to converging runways, and in the future may be flown along curved or segmented
courses that are tailored for local airport noise and arrival procedures-BADey offer a

viable dternative to expensive PRM technology to support simultaneous approaches, and
may allow simultaneous approaches at airports that cannot currently justify the cost of a
PRM or conventional equipment for simultaneous approach monitoring.

1.3.5.2 Incursion Monitorin g

ADS-B information may be used to support incursion monitoring for both airborne and
surface operations. Specific zones may be defined including:

A special use airspace,

>\

restricted airspace,

>\

hazardous weather locations,

>\

runways and taxiways,

>\

lighting contol areas (areas where lighting is under ATS control)
A weight limited or wingspan limited areas, and
A other operational control zones such as noise sensitive areas.

Projected position information based on ABSState Vectors, when used in combination
with zore incursion monitoring, can provide early warnings to ATS and the pilot.

1.3.6 Other Applications

Other applications for AD8 may not be directly related to groubdsed surveillance,

CDTI, or a Traffic Situation Display (TSD), but still offer many users actlieeonomic or
operational benefit. These should be developed and exploited as a means to encourage users
to promptly and voluntarily equip with ADB systems. Some examples of these other
applications are as follows:

A Improved Search and Rescue

A EnhancedFlight Following

A Lighting Control and Operation

A Aircraft Rescue and Fire Fighting (ARFF) Vehicle Operations

A General Aviation Operations Control
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1.4

14.1

1411

14.1.2

14.1.3

1.4.2

Further details on these and other potential AD&pplications can be found in the AIBS
MASPS, RTCA DQ242A.

ADS-B Functions

The 1090 MHz ADSB System can be viewed as being comprised of three major functions.
These functions are the ABB Message Generation Function, the ABSMessage
Exchange Function, and the AEESReport Assembly Function.

The ADSB Message @neration Function is responsible for assembling and structuring the
data to be delivered via the 1090 MHz Extended Squitter. TheBRDEssage Exchange
Function is then responsible for transferring this data at the required rate across the 1090
MHz frequency link. This function encompasses both the transmission and reception of the
data. The ADSB Report Assembly Function is responsible for structuring the received data
into the appropriate AD8 Reports for use by onboard applications.

ADS-B Message Greration Function

Avionics Input Bus

The information required for the various ABESreports are provided to the message
generation function via avionics digital communication buses or a General Aviation
interface. The majority of the information for aarder installations may be obtained from
avionics buses that contain ARINC 429 data labels for the required information.

Input Interface

For the transponder case, the Mode S transponder will provide the input interface for the
required ADSB Message dat This input may come directly from the source that supplies
the data, i.e.an FMS unit, or from a data concentrator. The data concentrator would serve
as the input for all source data and transfer this data to the transponder in the case of the
1090 MHz ADS-B System.

Message Assembly/Encoder

These subfunctions accept input data from other avionics sources and process this data into
the appropriate formatFor a Mode S TranspondBased ADSB system, this formatted

data will then be iserted into DE17 for transmission over the 1090 MHz frequency link.

For a NonTranspondeBased ADSB system, the formatted data will be inserted into
DF=18 for transmission.

ADS-B Message Exchange Function

The ADSB Message Exchange Function provides for transmisaiah reception of the
ADS-B Message over the 1090 MHz medium. The message exchange function also
provides suitable integrity for AD8 Messages.
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1.4.2.1 Modulation/Transmission Subfunction

The modulation of the AD8 Message transmission is Pulse Position MdeuigPPM) as
specified in RTCADO-181D (EUROCAE ED73C) This modulation scheme is inherently
resistant to ATCRBS interference. The information content of the transmission is further
protected by parity check bits generated by a cyclic coding algorithm.

The transmitter subfunction generates the 1090 MHz carrier frequency and impresses the
ADS-B information onto the carrier frequency. For Mode S TranspeRdsed
implementations, the transmitter requirements for transmission of theBADO&a are
defined in ICAO Annex 10, Volume IV, and also RT@0O-181D (EUROCAE ED73C)

For NonTranspondeBased implementations, transmitter requirements are contained in this
document.

1.4.2.2 Transmit/Receive/Antenna Subfunction

The ADSB transmit and receive subfunctiosisould be supported by one or two antennas
depending upon aircraft installation for the operational unit. Two antennas are required if

the transponder is coupled with antoro ar d TCAS, or i f the aircr
airspeed is such that diversity specified in ICAO Annex 10. The diversity installation

should be such that one antenna is mounted on the top of the fuselage and the other on the
underside. The antennas should be capable of receiving and transmitting the 1090 MHz
frequency (BBand).

For best coverage in the yaw plane, the AB&ntennas should be designed to radiate and
receive vertically polarized RF signals. The antennas should be designed such that the
ADS-B System is capable of performing its intended functions. This inclubegimuth
headings with respect to any radial direction from another-BO&Eystem receiver when in

the transmit mode or to another AfBSransmitter when in the receive mode.

Note For the transponder case, the antenna should also be capable of redbiwih§30
MHz frequency for use in the ATCRBS/Mode S environment.

These subfunctions should be designed to receive the RF signals of airborne aircraft and
Aircraft/Vehicles operating on the ground. Detailed requirements are given in Section 2.2
to establib a receive antenna suitable for the AB®unction.

1.4.2.3 Receiver/Demodulator Subfunction

The ADSB Message is received over the 1090 MHz frequency link, demodulated, and
output to the Report Assembly function. The minimum trigger level (MTL) defines the
minimum input power that results in reliable reception and is suitable for receiving the
information necessary for an AEES report. The MTL may vary to effectively increase or
reduce the range depending on the phase of flight. Dynamic MTL may be usedtttoreje
level multipath and interference.
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143

143.1

1.4.3.2

1.4.3.3

15

ADS-B Report Assembly Function

Decoder/Report Assembly

Once the ADSB Message is received, the decoder and message assembly subfunctions
provide all control, decoding, and formatting functions needed to conventetetved
messages into the appropriate formatted reports for use by client applications. These
subfunctions may be performed in the 1090 MHz receiver unit itself or an external
processing unit that interfaces to the receiver.

Since the ADSB information wil be transmitted in multiple messages, the message
assembler may require the use of a tracker. The message assembly and tracking processor
will structure the received messages into the appropriate output data reports. It also verifies
that the output @ta reports are valid prior to delivery to the Output Interface subfunction.

Output Interface

The Report Assembly function will output information through the interface for use by
client applications that may involve CDTI. The Report Assembly/output gsoceserves
as the output control for ADB Message data and transfers this data to client applications.

Avionics Output Bus

The information required for the various client applications is provided by the Report
Assembly function, via avionics digital conumication buses or a General Aviation
interface. The majority of the information for air carrier installations may be delivered with
avionics buses that contain ARINC 429 data labels for the required information.

Operational Goals

The aviation industrias articulated the goal of leveraging AB%quipage, in conjunction

with technologies/services such as GPS, Traffic Information SénBceadcast (TISB),

Flight Information Servicé Broadcast (FISB), and tweway digital aeronautical data link,

to suppor operational enhancements leading toward free flight [Joint Government/Industry
Plan for Free Flight Operational Enhancements, August 1998, RTCA Flight Select
Committee]. A number of the operational applications cited in Section 1.3 are involved in
this effort, most notably to support Improved Terminal Operations in Low Visibility
Conditions, Enhanced Visual Operations and Situational Awareness, Enhanced Operations
for En Route and Oceanic Afio-Air, Improved Surface/Approach Operations, a Surface
and Airport Vicinity Display for the Controller, Use of ADB in Non-Radar Airspace, and

Use of ADSB to Enhance Radar and Automation Performance. -BDS a technical
linchpin for supporting seven of the ten identified operational enhancements.

Operational senarios have been developed for each of the above Free Flight Enhancements,
and more detailed operational concepts are being completed. The detailed operational
concepts are being used to develop a comprehensive roadmap for surveillance airborne and
ground system development and interoperability.
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1.6 Assumptions and Rationale

Throughput requirements for ADB Message reception have been developed so that the
equipment can process the maximum number of messages that can be supplied on the 1090
MHz medium. he ADSB Report Assembly function, whether or not physically collocated

with the ADSB Message reception function, will similarly be required to be capable of
accepting this number of messages as output by theB\EZ8eiver function.

1.7 Test Procedures

The test procedures specified in Sections 2.4 and 3 are intended to be used as recommended
means of demonstrating compliance with the minimum acceptable performance parameters
specified herein. Although specific test procedures are cited, it is recoghiedther
methods may be suitable. These alternate procedures may be used if they provide at least
equivalent information. In such cases, the procedures cited herein should be used as one
criterion in evaluating the acceptability of the alternate prossdu

1.7.1 Environmental Tests

Environmental tests are specified in Section 2.3. These tests, like bench tests, are performed
at the equipment level. The procedures and their associated requirements provide a
laboratory means of determining the electricald amechanical performance of the
equipment under conditions expected to be encountered in actual aeronautical operations.
Test results may be used by equipment manufacturers as design guidance, in preparation of
installation instructions and, in certainsea, for obtaining formal approval of equipment
design and manufacture.

1.7.2 Quialification Tests

The test procedures specified in Section 2.4 provide a means to demonstrate equipment
performance in a simulated environment. Test results may be used asgirdagce for
monitoring manufacturing compliance and, in certain cases, for obtaining formal approval
of equipment design and manufacture.

Test procedures contained in Section 2.4 apply to the minimum system requirements in
accordance with the minimum f@ermance parameters specified in these MOPS.

1.7.3 Installed Tests

The installed test procedures and their associated limit requirements are in Section 3.
Although bench and environmental test procedures are not a part of installed tests, their
successful comption is normally a precondition to the completion of the installed tests.
Installed tests are normally performed on the ground and in flight.

The test results may be used to demonstrate equipment functional performance in the

environment in which its intended to operate and with the minimum service to be
provided.
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1.8

1.9

MASPS Compliance
A detailed listing of complianceith the ADSB MASPSis contained in Appendix F.

Definition of Key Terms

Appendix B provides a glossary of the terms used in this decumThis section expands
upon the definitions of key terms in order to increase document clarity and establish a
common foundation of terminology.

ADS-B Broadcast and Receive Equipmeriquipment that can transmit and receive ADS
B Messages. Definess Class A equipment.

ADS-B Broadcast Only EquipmentEquipment that can transmit but not receive ABS
Messages. Defined as Class B equipment. Includes Transgdasient equipment that is
capable of receiving 1030 MHz SSR interrogations.

ADS-B Message A modulated packet of formatted data that conveys information used in
the development of AD8 reports.

ADS-B Receiver or 1090 MHz ReceiveAn ADS-B Receiving Subsystem that is not part
of a TCAS 1090 MHz receiver.

ADS-B Report- Specific Information povided by the ADSB user participant subsystem to
external applications. Reports contain identification, state vector, and status/intent
information. Elements of the ADB Report that are used and the frequency with which
they must be updated will vatyy application. The portions of an AEEBReport that are
provided will vary by the capabilities of the transmitting participant.

Non-TranspondeBased Implementation An ADS-B Transmitting Subsystem that is not
part of a Mode S transponder.

TCAS ImplemetationT An ADS-B Receiving Subsystem implemented as part of a TCAS
receiver.

TranspondeBased Implementation An ADS-B Transmitting Subsystem implemented as
part of, or added capability to, a Mode S transponder.
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2.0

2.1

211

2.1.2

2.1.3

214

215

2151

Equipment Performance Requirements andlrest Procedures
General Requirements

Airworthiness

In the design and manufacture of the equipment, the manufactbhedr provide for
installation so as not to impair the airworthiness of the aircraft.

Intended Function

The equipmenshall perform its inteded function(s), as defined by the manufacturer, and
its proper usahall not create a hazard to other users of the National Airspace System.

Note: A manufacturer defines the functions to be included in a particular piece of
equipment, and these functiomsl then comply with the applicable MOPS.

Federal Communications Commission Rules

All equipment shall comply with the applicable rules of the Federal Communications
Commission.

Fire Protection

All materials shall be selfextinguishing except for small ga (such as knobs, fasteners,
seals, grommets and small electrical parts) that would not contribute significantly to the
propagation of a fire.

Note One means of showing compliance is contained in Federal Aviation Regulations
(FAR), Part 25, Appendix F.

Operation of Controls

The equipmensshall be designed so that controls intended for use in flight cannot be
operated in any position, combination or sequence that would result in a condition
detrimental to the reliability of the equipment or operationhef aircraft. If the optional
Extended Squitter inhibit capability per §2.1.5.1 is included, a mglaaisbe provided to
annunciate this status to the pilot.

Optional Extended Squiter Inhibit

There is no requirement to include a control to allow pifdtyeto inhibit the transmission
of Extended Squitters. However, if Extended Squitter capability is suppastper RTCA
DO-181D, 82.2.23 (EUROCAE EEY3C, 8.28, Minimum Operational Performance
Standards for Air Traffic Control Radar Beacon System/M8diect (ATCRBS/Mode S)
Airborne Equipmentdated October 2, 2008, the requirements of RTCAIBOD, §2.2
(EUROCAE ED73C, 83.0)apply, including the loading and servicing of the Extended
Squitter elated ground initiated Comi Registers identified ilRTCA DO-181D, §2.2.23
(EUROCAE ED73C, 83.28)but with the following exceptions:
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2.1.6

2.1.7

2.1.8

2.1.9

2.1.10

1. The RF transmission of Extended Squitter messages is disabled when Extended
Squitters are inhibited by pilot entry, consistent with the power limitireopents of
RTCADO-181D, 82.2.3.3 (EUROCAE EE3C, 83.3.4)

2. The transponder is not considered failed, as RAICA DO-181D, §2.2.10.2
(EUROCAE ED73C, §83.14.2)when Extended Squitters are not transmitted as a result
of Extended Squitter being inhibited by pilot entry.

3. For the purposes of determining whether to transmit the acquisitionesgagtper
RTCA DO-181D, §2.2.18.2.6 (EUROCAE ED3C, §3.22.2.6)acquisition squitters are
always transmitted when Extended Squitters are inhibited by pilot entry.

Accessibility d Controls

Controls that do not require adjustment during fligill not be readily accessible to flight
personnel.

Equipment Interfaces

The interfaces with other aircraft equipmehill be designed such that, properly installed
with adequately designeadther equipment, normal or abnormal AIBS equipment
operationshall not adversely affect the operation of other equipmentshatl normal or
abnormal operation of other equipment adversely affect the-BRfuipment except as
specifically allowed.

Effects of Test

The equipmenshall be designed so that the application of specified test procesliais
not be detrimental to equipment performance following the application of these tests, except
as specifically allowed.

Design Assurance

The equipmenshal be designed to the appropriate design assurance level(s) based on the
intended application of the equipment and aircraft class in which it is to be installed. The
appropriate design assurance level(s) are determined by an analysis of the failurefmodes
the equipment and a categorization of the effects of the failure on the operation of the
aircraft. For the purpose of this analysis, a failure is defined as either a loss of function or
the output of misleading information. Additional guidance is @imed in Advisory
Circulars AC 23.1304.C and AC 25.13049A.

Software included as part of the equipmehgll be developed in compliance with the
appropriate software level as specified in RTCA -DIBB, Software Considerations in
Airborne Systems and Equient CertificatiofEUROCAE ED12B).

Integration and Interoperability with a Mode S Transponder

If the ADS-B equipment is integrated into a Mode S transponder, the transponder functions
shall meet the appropriate requirements specified in Mi@PS for Air Traffic Control
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2.1.11

2.1.12

Radar Beacon System/Mode Select (ATCRBS/Mode S) Airborne Equ{Rme&# DO-
181D) (EUROCAE ED73C)

If the ADS-B equipment is designed as a statohe system, ghall be interoperable within
the Mode S environment.

Equipage Class Definitons

ADS-B equipment is categorized into aircraft system equipage classes as defined in Table 3
1 of RTCA DO242A (ADSB MASPS). For 1090 MHz AD® equipment, those
definitions are repeated in these MOPS in Takle 2

The Class AAO0 Ai ADrA4 A2, And A) areds defin€d imRTEABO

242A. Class A equipment is interactive, transmit and receive equipment, used for both
aircraft and vehiclesThe ADSB MASPS AAl10 equi pment has be:
two classes, based on antenna ditersFor Al installationsusinga single antenna, the

AAl1 Singled class is created, and abbrevia
installations with diversity antennas are al
only equipment differece between classes Al and AlS is antenna diversity.

The ADSB MASPS 1#ABOO cdnlpareraft)idhdefmedds wagirtg transmitter
characteristics and payload capability identical to the 1090 MHz AQ interactive aircraft
class. The AD8 MASP D ftBlas s -ofhbaroaltdis definted as having
transmitter characteristics and payload capability identical to the 1090 MHz Al interactive
aircraft class. The ADSB MASPS fAB10 equi pment has been

classes, based on antennavde r si t y . For Bl installations
Singl eo cl ass i S created, and abbreviated
install ations with diversity antennas are al

only equipment diirence between classes B1 and B1S is antenna diversity.

The characteristics of t-ong grauddvehicls)tdre defined2 6 ¢ |
in Table 21.

The characteristics of t-ongfixkdoprlovetieobstade 0 c | .
are defined in Table-2. The payload capability supports the surface position, height of
highest point, and identification (including Emitter Category) of the obstacle, so that both

State Vector and Mode Status reports must be supported. Moveable sbetgciee a

position source. A moveable obstacle is one that can change its position, but only slowly,

such that its horizontal velocity may be ignored.

Requirements f obasedrecaiwesly equibentgare mat addressed in this
document.

Equipage ClassCategories

ADS-B equipment is categorized into aircraft system equipage classes as specified in the
ADS-B MASPS (RTCA DQ242A) and as summarized in Tabld 2 These class categories

are based on b-datl trandméter and rewer eapabiliies. Tha system
classes are then broken down into subsystem equipment classes that are based on the
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individual unit specificationgrefer to .1.12.1and 8.1.12.2. Table 22 liststhe different

types of ADSB Messages in the 1090 MHz AEEBsystem.

Table 2-1: ADS-B Aircraft System Classes

Class | Subsystem | Features
Interactive Aircraft/\VVehicle Participant Systems (Class A)
Minimum Interactive . . .
AO . . Lower transmit poweand less sensitive receive than Class Al.
Aircraft/Vehicle
A1S/AL | Basic Interactive Aircraft Standard trgnsmlt power and morle ser?smve recei@ss Al
implementsAntenna Diversity (Note)
. Standard transmit power and more sensitiveikee. Interface with
Enhanced Interactive . . . . .
A2 Aircraft avionics source required for aircraft trajectory intent détatenna
Diversity (Note)
) More sensitive receiver. Interface with avionics source required
A3 Extended Interactive aircraft trajectory intent data.
Aircraft
AntennaDiversity (Note)
BroadcastOnly Participant Systems (Class B)
Transmit power may be matched to coverage needs. Nav data
BO Aircraft Broadcast Only P Y : 9
required.
T i h . Nai
B1S/B1 Aircraft Broadcast Only ransmit power may be_ matched to coverag_e nee_ds aingata
required.Class B1 implement&ntenna Diversity (Note)
B2 Ground Vehicle Transmit power matched to surface coverage needs. High accy
Broadcast Only Nav data input required.
B3 Fixed Obstacle Fixed coordinates. No Nay data input_ requiredlldgation with
obstacle not required with appropriate broadcast coverage.
Ground Receive Systems (Class C)
c1 ATS En Route and Requires ATS certification and interface to ATS sensor fusion
Terminal Area Operationg system.
c2 ATS Parallel Runway and Requires ATS certification and interface to ATS sensor fusion
Surface Operation system.
c3 Flight Following Does not require ATS interface. Certification requirements
Surveillance determined by user application.

Note. See 8.3.1for Antenna Diversity.
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Table 2-2: ADS-B Message To Requirement CrosReference Table

Message Reference Section
AIRBORNE POSITION §2.2.3.2.3
SURFACE POSITION §2.2.3.24
AIRCRAFT IDENTIFICATION ard CATEGORY §2.2.3.2.5
AIRBORNE VELOCITY §2.2.3.2.6.1
(Subtypes 1, 2, 3, & 4) §2.2.3.2.6.4
TARGET STATE AND STATUS
(Subtye=1) §2.2.3.2.7.1
AIRCRAFT OPERATIONAL STATUS §2.2.3.2.7.2
TEST MESSAGE
(Subtype 0 §2.2.3.2.7.3
SURFACE SYSTEM STATUS §2.2.3.2.7.4
RESERVED MESSAGE TYPES §2.2.3.2.7.5 82.2.3.2.7.6
RESERVED FOR TRAJECTORY CHANGE
MESSAGE §2.2.3.2.7.7
EXTENDED SQUITTER AIRCRAFT STATUS
(Subtypes 1 and 2) §2.2.3.2.7.8
RESERVED MESSAGE TYPE §2.2.3.2.7.9
2.1.12.1 Transmitting Subsystem

An ADS-B Transmitting Subsystemésl assi fi ed according to the
the set of parameters that it is capable of transmitting. Manufacturers should take into
consideration the equipmentdéds intended

oper
messages that the unitllide required to transmit (refer to Table8Zand Table 2).
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Table 2-3: ADS-B Class A Transmitter Equipment To Message Coverage

Minimum : L - .
Transmitter Class Transmit Power M&S.r%i%eggfzrxm Minimum M@?g?g?iﬁg%&'gw Requred
(at Antenna Port)
Airborne Position
sV A/C Identification & Category
MS Airborne Velocity
A0 A/C Operational Status
. 70w Extended Squitter A/C Status
(Minimum) Surface Position
)Y A/C Identification & Category
MS A/C Operational Status
Extended §uitter A/C Status
Airborne Position
sV A/C Identification & Category
MS Airborne Velocity
A1S/A1 A/C Operational Status
i 125w Extended Squitter A/C Status
(Basic) Surface Position
Y A/C Identification & Category
MS A/C Operational Status
Extended Sqtter A/C Status
Airborne Position
A/C Identification & Category
,\‘Q;’I\é Airborne Velocity
TS A/C Operational Status
A2 TC+0 Extended Squitter A/C Status
125w Target State and Status
(Enhanced) Reserved for TC Message
Surface Position
)Y A/C Identification & Category
MS A/C Operational Status
Extended Squitter A/C Status
Airborne Position
sv A/C ldentification & Category
MS Airborne Velocity
TS A/C Operational Status
A3 TC+n Extended Squitter A/C Status
200W Target State and Status
(Extended) Reservedor TC Message
Surface Position
)Y A/C Identification & Category
MS A/C Operational Status
Extended Squitter A/C Status
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Table 2-4: ADS-B Class B Transmitter Equipment To Message Coverage

Transmitter Minimum MASPS Requirement | y.inum Message Capability Required
Class Transmit Power (RTCA (From Table 2-2)
(at Antenna Port) DO-242A)
Airborne Position
A/C ldentification and Category
Airborne Velocity
BO . sV A/C Operati_onal Status
(Aircraft) 70W MS Extended Squitter A/C Status
Surface Position
A/C ldentification and Category
A/C Operational Status
Extended Squitter A/C Status
Airborne Position
A/C ldentification and Category
Airborne Velocity
A/C Operational Status
B;S/Bl 125 w? I\S/I\é Extended Squitter A/C Status
(Aircratft) Surface Position
A/C Ildentification and Category
A/C Operational Status
Extended Squitter A/C Status
B2 sV Surface Position
(Ground 70 W? MS A/C Identification and Category
Vehicle) A/C Operational Status
B3 sy Airborne Position
(Fixed 70 W1 MS A/C ldentificationand Category
Obstacle) A/C Operational Status

1§ May be increased based upon application specific needs.

Notes:(Table 23 and Table 24):

1. SV = State Vector, MS = Mode Status, TS = Target State, TC = Trajectory Change
2. SV elements are specifiedlinble 281.
3. MS elements are specifiedTiable 288.
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4, On-Condition reports is a category that includes multiple report types. Each
specific OnCondition report type includes the following elements

e Target State Report (sdable 294)
o Time of Applicability
0 Horiztonal Short Term Intent
o Vertical Short Term Intent
e Air Referenced Velocity Report (sEgble 296)
0 Address (the ICAO 28it Address)
o Time of Applicability
0 Airspeed
0 Heading
e Reserved for Trajectory Change Reports

2.1.12.2 Receiving Subsystem

An ADS-B Receiving Subsystem is classified by the sensitivity and the set of parameters

that it is capable of formatting into reports. Manufacturers shialdel into consideration

the equipmentdés intended operation when det
unit will be required talevelop (refer tdable 25, Table 26 and Table 6A).

© 20xx, RTCA,Inc.



28

Table 2-5: ADS-B Class A Receiver Equipment To Report Coverge

Minimum MASPS
Receiver Class T'Ik;;gsgheorld Reception [R%(LUB%TEQEA Minimum Report Required
Level (MTL) Technique Table 33(a)]
ADS-B State Vector Report
A0 SV (82.2.8.)
- -72 dBm Standard AND
(Minimum) MS ADS-B Mode Status Report
(82.2.8.9
ADS-B State Vector Report
(82.2.8.)
sV AND
A1S/Al Enhanced ADS-B Mode Status Report
. -79 dBm MS (82.2.8.9
(Bas|c) (§2.2.4.4 ARV AND
ADS-B Air Referenced Velocity
Report (ARV)
(§2.2.8.3.3
ADS-B State Vector Report
(82.2.8.)
AND
sv ADS-B Mode Status Report
(82.2.8.9
MS AND
A2 79 dBm Enhanced TS ADS-B Target State Report
(Enhanced) (82.2.4.9 (§2.2.8.3.)
ARV AND
ADS-B ARV Report
TC+0 (82.2.8.3.3
AND
Reserved for ADSB Trajectory
Change Reports
ADS-B State Vector Report
(82.2.8.)
AND
sv ADS-B Mode Status Report
(82.2.8.9
MS AND
A3 -84 dBm Enhanced TS ADS-B Target State Report
(Extended) (§2244 (82.2.8.3.)
ARV AND
ADS-B ARV Report
TC+n (§2.2.83.3
AND
Reserved for ADSB Trajectory
Change Reports
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Table 2-6: ADS-B Class C Receiver Equipment To Report Coverage

MASPS
Receiver Ml_iﬂimuhmlgrli_gge[ Requirement
reshold Leve . ini i
Class MTL) Operation [RTCA DO-242A Minimum Report Required
Table 3-3(b)]
ADS-B State Vector Report 282.8.))
sV AND
c1 ADS-B Mode Status Report282.8.9
i MS AND
g Supports Cooperative
éAoItSe E\gd N?ﬁesspée&lzl)egsln ATC Surveillance TS ADS-B Target itslt:()a Report28.8.3
Terminal) EEeEs ARV ADS-B ARV Report (2.2.8.3.2
TC+n AND
Reserved for ADSB Trajectory
Change Report(s)
ADS-B State Vector Report 282.8.))
sV AND
c2 ADS-B Mode Status Report282.8.9
i MS AND
(Approach | Not Specified in Supports Cooperative ADS-B Target State Repo(§2.2.8.3.)
and these MOPS ATC Surveillance TS AND
Surface) Services ARV ADS-B ARV Report (2.2.8.3.3
TC+n AND
Reserved for ADSB Trajectory Change
Report(s)
Cc3 e Supports Private User sV ADS-B State Vector Report £§2.8.9)
(Flight N?ﬁ;%eﬂgegsm Operations Planning an AND
Following) Flight Following MS ADS-B Mode Status Report 282.8.9

Note: (Table 25 and Table 3):
MS = Mode Status, OC =-Quondition TS = Target State,

SV = State Vector,
ARV = Air Referenced Velocity, TC = Trajectory Change

© 20xx, RTCA,Inc.



30

Table 2-6A: ADS-B Class RReceiveOnly Equipment To Report Coverage

Minimum MASPS
Receiver Class TE:Egheorm _IF_lecr:aptlon [R??:iug%”]gztﬂ Minimum Report Required
Level (MTL) echnique Table 3-3(a)]
ADS-B State Vector Report
(82.2.8.)
. RO -72 dBm Standard SV AND
(Minimum) MS ADS-B Mode Status Report
(82.2.8.9
ADS-B State Vector Report
(82.2.8.)
AND
R1S/R1 Enhanced SV ADS-B Mode Status Report
. -79 dBm MS (82.2.8.9
(Bas|c) (§2.2.4.4 AND
ARV
ADS-B Air Referenced Velocity
Report (ARV)
(82.2.8.3.2
ADS-B State Vector Report
(82.2.8.)
AND
sv ADS-B Mode Status Report
(82.2.8.9
MS AND
R2 79 dBm Enharced TS ADS-B Target State Report
(Enhanced) (§2244) (82.2.8.3.)
ARV AND
ADS-B ARV Report
e (82.2.8.3.3
AND
Reserved for ADSB Trajectory
Change Reports
ADS-B State Vector Report
(82.2.8.)
AND
sv ADS-B Mode Status Report
(82.2.8.9
MS AND
R3 -84 dBm Enhanced TS ADS-B Target State Report
(Extended) (82.2.4.9 (§2.28.3.)
ARV AND
ADS-B ARV Report
UET (§2.2.83.3
AND
Reserved for ADSB Trajectory
Change Reports
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2.2 Minimum Performance Standards- Standard Conditions and Signals

2.2.1 Definition of Standard Conditions

Unless otherwise noted, the signal levels specified for transmitting devices in this subsection
exist at the antenna end of a transmitter to antenna transmission line of loss equal to the
maximum for which the transmitting functiondssigned.

Likewise, unless otherwise noted, the signal levels specified for receiving devices in this
subsection exist at the antenna end of an antenna to receiver transmission line of loss equal
to the maximum for which the receiving function is designed.

Note: Transmitting or receiving equipment may be installed with less than the designed
maximum transmission line loss. Nevertheless, the standard conditions of this
document are based on the maximum design value. Insertion losses internal to the
antennashould be included as part of the net antenna gain.

2.2.2 ADS-B Transmitter Characteristics

2221 Mode S TransponderBased Transmitters

a. Transmitters for Class AJALlS, Bl and B1S systemsshall be based on Mode S
transponders with RF Peak Output Power levels a<ifmme in 82.2.2.1.1.2
Transmitters for Class A2, A3 systesitll be based on Mode S transponders with RF
Peak Output Power levels as specifie@22.2.1.1.3or 8.2.2.1.1.4respectively, for
the class of equipment.

b. Transmitters for Class A0 and Class BO systems may also be based on Mode S
transponders with RF Peak Output Power levels as specifiéd2r2§.10

c. If the ADSB trarsmitter is based on Mode S transponders, tfoentransponder
functionsit shall comply with RTCADO-181D (EUROCAE ED73C) for each class of
transponder specified ihe latest version dFAA TSO-C112 For ADSB functions, it
shall comply with the latestersion ofFAA TSO-C166.

22.2.1.1 RF Peak Output Power (minimum)

The minimum RF peak output power of each pulse of each transmitted message at the
terminals of the antenrghall be as provided in the following subparagraphs for each class
of equipment addressed.

2.2.2.1.11  Class A0 ADSB Transponder-Based Transmitter Power

The minimum RF peak output powkar Class AO ADSB TranspondeBased equipment
shall be 18.5 dBW (70 W).
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222112 ClassAlS andAl ADS-B TransponderBased Transmitter Power

The minimum RF peak output powtr ClassAlS andAl ADS-B TranspondeBased
equipmenshall be 21.0 dBW (125 W).

222.1.13 Class A2 ADSB Transponder-Based Transmitter Power

The minimum RF peak output powfar Class A2 ADSB TranspondeBased equipment
shall be 21.0 dBW (125 W).

2.2.2.1.1.4 Class A3 ADSB TransponderBased Transmitter Power

The minimum RF peak output powkr Class A3 ADSB TranspondeBased equipment
shall be23.0 dBW QO0W).

222115 Class B ADSB Transponder-Based Transmitter Power

The minimum RF peak output power for Cl&3 B2 and B3 ADSB TrarspondetBased
equipmenthall be 18.5 dBW (70 W). The minimum RF peak output poleecClassB1S
and B1ADS-B TranspondeBased equipmerghall be 21.0 dBW (125 W).

2.2.2.1.2 RF Peak Output Power (maximum)

The maximum RF peak output power of each pulse of eacbntited message at the
terminals of the antenrshall be fixed at 27.0 dBW (500 Wbr all classes of Transponder
Based equipment.

2.2.2.2 Stand Alone Transmitters

Stand Alone Transmitters for Class A0 and Class BO equipment are those implemented
independent ok Mode S transponder. Such transmittgrall comply with the ADSB
requirements of the latest version of FAA T8266 andshall meet the requirements
specified in the following subparagraphs.

Note: A 1090 MHz NofTranspondeiDevice (NTD) is intended farovide the lowest cost
implementation of Extended Squitter for femd General Aviation (GA) users. A
NTD implementation does not use the 1090 MHz spectrum as efficiently nor provide
all of the system benefits as a Mode S Transponder implementation.thiso
reason, its use is restricted to class A0 operation in order to limit the number of
such devices. Examples of the spectrum efficiency and system benefit issues related
to NTDs are as follows:

1. TCAS will not be able to benefit from the ABSnformaton from the NTD.
TCAS will only monitor AD® data reported in DF=17 squitters (as emitted by
a Mode S transponder). DF=18 squitters from NTDs are not monitored since
TCAS must assume that it cannot interrogate the aircraft (via Mode S) to
validate therange and approximate bearing via active interrogations through a
process called hybrid surveillance.
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22221

22222

22223

22224

2. Mode S interrogators will not be able to benefit from the ADi&formation
from the NTD.Mode S interrogators will not be able to read Extended Squitter
messages via direct aground readout. Such readout requires that the ADS
data is available in the transponder registers. This will not be the case for a
NTD.

3. More interference is generatedin aircraft equipped with a NTD and a Mode
A/C transpondemwill generate more interference than a Mode S transponder
implementation of Extended Squitter. Examples are as follows: (a) For a
transponder implementation, TCAS will (after validation) maintain an aircraft
on passive surveillance unless it becomes ar tigreat or a threat. For the
NTD case, the aircraft will emit Extended Squitteaad be regularly
interrogated by TCAS. (b) A Mode S transponder implementation of Extended
Squitter offers a surface surveillance system the possibility of controlling the
squitter rate to reduce unecessary transmissions.

Transmission Frequency

The carrier frequency of ADB Message transmissiosball be 10901 MHz.

Note: This requirement is consistent with ICAO Annex 10, VolumfoiMth edition, July
2007, 83.1.2.21, and RTCA DA81D, §2.2.3.1 (EUROCAE EDB3C, §3.3.1).

Transmission Spectrum

Spectrum requirements for the AEBStransmitted message are provided $1283.1.3and
Table 27 of these MOPS.

Note: The requirements provided are consistent with requirements of ICAO Annex 10,
Volume IV fourth edition, July2007, § 3.1.2.2.2 and Figure-3, as well as with the
requirements of RTCA DO81D (EUROCAE EDB73C).

Modulation

The ADSB transmitted messagghal consist of a preamble and a data block. The
preambleshall be a 4pulse sequence and the data blsblall be binary pulsgosition
modulated at a 1 megabit per second data rate.

Note: This requirement is consistent with ICAO Annex 10, Volumfoimth edition, July
2007, 83.1.2.2.4. Requirements consistent with RTCA-1BM, 8§2.2.4.2.1
(EUROCAE EDB73C, 83.6.1 and 83.6.2) are provided in2.8.3.1.1 of this
document.

Pulse Shapes

Pulse shape requirements of thBS-B transmitted message are provided $1283.1.30of
these MOPS.
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22225

22226

22227

22228

22229

Note: The requirements provided are consistent with the requirements of ICAO Annex 10,
Volume 1V fourth edition, July2007, 83.1.2.2.4.1 and Table2 as wdlas with the
requirements of RTCA D®8ID, §2.2.4.2.3 (EUROCAE EDR3C, 83.3.2 and
§3.6.4).

Message Structure

Message structure requirements of the AB8ansmitted message are provided 21283.1
andFigure 21 of these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, §3.1.2.2.5 and Figure -8, as well as with the
requirements of RTCA D®81D, §2.2.4.2 and Figure-3 (EUROQ\E ED73C,

83.6.1 and Figure 2).

Pulse Intervals

Pulse interval requirements of the AlBSransmitted message are provided 20283.1.4of
these MOPS.

Note: The requirements are consistent with the requirements of ICA@xAO, Volume
IV, fourth edition, July2007, 83.1.2.2.5.1, as well as with the requirements of RTCA
DO-181D, §2.2.4.2.4 (EUROCAE ED3C, §3.6.5).

Preamble

Preamble requirements of the AfBStransmitted message are provided th283.1.10f
these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July2007, § 3.1.2.2.5.1.1, as well as with the requirements of
RTCA DQ181D, § 2.2.4.2.1 (EUROCAE ED3C, §83.6.1)

Data Pulses

Requirements for data pulses of the AB$ransmitted message are provided :12§3.1.2
of these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July2007, 831.2.2.5.1.2, as well as with the requirements of
RTCA DQ181D, §2.2.4.2.2 (EUROCAE E[3C, §3.6.2).

Pulse Amplitude

Pulse amplitude requirements of the ABSransmitted message are provided #12§3.1.3
of these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July2007, 83.1.2.2.5.2, as well as with the requirements of RTCA
DO-181D, §2.2.4.2.3 (EUROCAE E23C, §3.3.2 and §3.6.8).
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2.2.2.2.10 RF Peak Output Power

The RF mak output power requirements of each pulse of each transmitted message at the
terminals of the antenna are provided in the following subparagraphs for each class of
equipment addressed.

2.2.2.2.10.1 Class A0 and B0 Equipment RF Peak Output Power
The minimum RF peak aput power for Class A0 and BO equipmehll:

a. not be less than 18.5 dBW (70 W) for aircraft (or other installations) not capable of
opemting at altitudes exceeding 15000 fedif@ meters);

b. not be less than 21.0 dBW (125 W) for aircraft (or otmstallations) capable of
operating above 15000 feet§A0 meters);

c. not be less than 21.0 dBW (125 W) for aircraft (or other installations) with a maximum
cruising speed exceeding 175 knots (324 km/h).

Note: These requirements are consistent with tlgpiements of ICAO Annex 10, Volume
IV, fourth edition, July2007, 83.1.2.10.2, as well as with the requirements of RTCA
DO-181D, §2.2.3.2 (EUROCAE ED3C, §3.3.3).

2.2.2.2.10.2 Class B2 and B3 Equipment RF Peak Output Power

The minimum RF peak output power for Cl&%and B3 equipmershall not be less than
18.5 dBW (70 W).

Notes:

1. ADSB equipment that meets all requirements of Class B2 with the exception of this RF
peak output power requirement is identifi
Class Code as spiied in 82.2.3.2.7.2.3.8

2. It is noted that the 70 W minimum RF peak output power requirement for Class B2
equipment is overly stringent to meet the 5NM operational range required for airport
surface operations in RTCA DEX2A Future revisions of these MOPS may reduce the
minimum power output requirement on B2 equipment to better reflect the 5NM
operational range.

2.2.2.2.10.3 RF Peak Output Power (maximum)

The maximum RF peak output power of each pulse of each transmitted message at th
terminals of the antenrghall be fixed at 27.0 dBW (500 W) for all classes of stafahe
transmitter based equipment.

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume

IV, fourth edition, July2007, §3.1.2.10.2, awell as with the requirements of RTCA
DO-181D, §2.2.3.2 (EUROCAE E3C, §3.3.3).
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222211

222212

2.2.3

2231

Unwanted Output Power

When the ADSB transmitter is in the inactive state, the RF output power at #890MHz
at the terminals of the antensiaall not exceed70 dBm.

Notes:

1. The inactive state is defined to include the entire period betweerBAldSssage
transmissions less ificrosecond transition periods, if necessary, preceding and
following the extremes of the transmissions.

2. This unwanted power requirementigcessary to insure that the AlBSransmitter
does not prevent closely located 1090 MHz receiver equipment from meeting its
requirements. It assumes that the isolation between theBAl&hsmitter antenna
and the 1090 MHz receiver equipment antenneeeas 20 dB. The resultant
interference level at the 1090 MHz receiver equipment antenna should then be
below-90 dBm.

3. This unwanted power requirement is consistent with the requirements provided in:
a. ICAO, Annex 10, Volume Bpurth Edition, July2007, §3.1.2.10.2.1.

b. RTCA DQG181D, 8§2.2.3.3 and 82.22f (EUROCAE EDB/3C, 83.3.4 and
83.2/.f), and

c. RTCA DQG185B, §2.2.3.2EUROCAE ED143, 8.2.3.2.

Broadcast Rate Capability

The ADSB Transmitting Subsystem must be capable of the broadcast rates spfecified
each message type i2.8.3.3 These rates must be maintained along with whatever other
transmit functions that the transmitting device may be required to perform.

Broadcast Message Characteristics

ADS-B Message Characteriscs

The ADSB Message data block is formed by Pulse Position Modulation (PPM) encoding of
the message data. A pulse transmitted in the first half of the interval represents a ONE
while a pulse transmitted in the second half represents a ZERBigsee 21).

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July2007, 83.1.2.3.1.2, as well as with the requirements of RTCA
DO-181D, §2.2.4.2 (EUROCAE ED3C, 83.9.
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00 05 1.0

Example: Message Data Block Waveform Corresponding to Bit Sequence 0010...001

PREAMBLE DATA BLOCK
8.0 sec "‘ 112y sec > ‘
BT , BIT
|Bm1 |82 |Bm3 |BT4 | | vt | N
|
|

35 45 8.0 9.0
TIME (} sec)

22311

22312

Figure 2-1: ADS-B Message Transmission Waveform

ADS-B Message Preamble

The preambleshall consist of 4 pulses, each having duration of )95 microseconds.
The second, third and fourth pulsehall be spaced 1.0, 3.5 and 4.5 microseconds,
respectively, from the first transmitted pulse. The spacing tolerdradEbe in accordance
with §2.2.3.1.4

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, 83.1.2.24 and 83.1.2.2.5, as well as with the
requirements of RTCA D@8B1D, §2.2.4.2 (EUROCAE ED3C, §3.6.1).

ADS-B Message Data Pulses

The block of message data pulstall begin 8.0 microseconds after the first transmitted
pulse. 112 onenicrosecad intervals shall be assigned to each ABEB Message
transmission. A pulse with a width of Gt8.05 microsecondshall be transmitted either in

the first or the second half of each interval. If a pulse transmitted in the second half of one
interval is bllowed by another pulse transmitted in the first half of the next interval, the two
pulsesshall merge and a 1.80.05 microsecond pulshall be transmitted.

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume

IV, fourth edition, July2007, 83.1.2.2.5.1.2, as well as with the requirements of
RTCA DQ181D, §2.2.4.2.2 (EUROCAE EID3C, §3.6.2).
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2.2.3.1.3 ADS-B Message Pulse Shape

a. The pulse amplitude variation between one pulse and any other pulse in a message
transmissiorshall not exceed 2 dB.

b. The pulse rise timeshall not be less than 0.05 microseconds or greater than 0.1
microsecond.

c. The pulse decay timehall not be less than 0.05 microseconds or greater than 0.2
microseconds.

d. The spectrum of the message transmisshail not exceed the bounds in Tabler2

Table 2-7: ADS-B Transmission Message Spectrum

Frequency Difference Maximum Relative Response
(MHz from 1090 MHZz) (dB Down From Peak)
> 1.3 and< 7 3
> 7 and< 23 20
> 23 and< 78 40
> 78 60

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July2007, 83.1.2.2, Table -2, and Figure 35, as well as with
the requirements of RTCA BWB1D, §2.2.4.2.2 (EUROCAE ED3C, §83.6.4).

2.2.3.14 ADS-B Message Pulse Spacing

ADS-B Message transmission puls&sall start at a defined multiple of 0.5 microsecond
from the first transmitted pulse. The pulse position tolerahedl be +0.05 microseconds,
measured from the first pulse of tmartsmission.

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume

IV, fourth edition, July2007, 83.1.2.2.5.1, as well as with the requirements of RTCA
DO-181D, §2.2.4.2.4 (EUROCAE ED3C, §3.6.5).

2.2.3.2 ADS-B and TIS-B Messa@ Baseline Format and Structures
Figure 22 shows the overall format structure thsftall be used for ADB and TISB

Messages. The first 5 data bits in each transmission are called the DF (Downlink Format)
field, while the nekthree bits are called:

1. the CA field ifDF=17,

2. the CF field ifDF=18, or

3. the AF field ifDF=19.
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ADS-B and TIS-B Overall Message Format Structures
Bit # — y[pR— 5 ;Joe— 8  JO— 32 33 - 88 89 ---—-- 112
DF=17"1 pr7 CA AA ADS-B Message ME Field PI
Field [5] 3] ICAO Address [56] [24]
Names— [24]
AA
CF=0 ICAO Address
3] [24]
ADS-B Message ME Field Pl
AA [56] [24]
CF=1 nonICAO
[3] Address
[24]
CF=21t03 AA TIS-B Message ME Field Pl
3] [24] [56] [24]
DF=18 _ CF=4 PI
Field DI[ZS—]18 [3] TIS-B and ADSR Management Messages [24]
Names— AA
CF=5 nonICAO TIS-B Message ME Field
[3] Address [56]
[24]
Rebroadcast of an ADB Message from an PI
CE=6 alternate data link using the same TYPE Codes [24]
[3] Message Formats as areidetl for DF=17 ADSB
Messages, with the exception of bits modified as
identified in §2.2.18.
CF=r Reserved
- AA :
DF=19 I A[Z]O ICAO Address ADS-B Me[SSSGa}ge ME Field [Izpal,]
Field [5‘] [24]
Names-> Aleé]to ! Reserved for Military Applicatins
MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB
Figure 2-2: ADS-B and TIS-B Message Baseline Format Structure
Notes for Figure 22:
1. Aif#] 0 provided in a field indicates the nu

2. DF=19 messages are intended for Military Applicatisgstems only.

3. For DF=19, if the AF field is equal to O, then bits32 are used for the AA field, bits
33-88 are used for the ME field, and bits-892 are used for the PI field. If the AF
field is not O (that is, is in the range 1 to 7) then bitk12ar e used f or the
for Military Applicationso field. (This f
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The DF=17 format is used for AD8 Messages from Mode S transpondersDHFEL7, the
CA field describes the capabilities of the Mode S transporitie AA field holds the
t r ans p o+hidleAObtaddre@sdthe ME field holds the body of the AB®/essage,
and the PI field holds parity check bits.

TheDF=18 format is used for AD8 or TIS B Messages from transmitting devices that are
not Mode S trasponders. IfDF=18, then the ®it CF (Code Format) field designates
whether the ME field holds an ABB Messge or a TISB Message. For DHES8
transmissions in whiclCF=0 or 1 (that is, DF=18 Extended Squitters that carry ADS
Messages), the CF fieldsal specifies what type of address is contained in the AA field.

ADS-B Messageshall use Extendd Squitter formats in which DF=17, or in which OIB=
and CF® or 1 or in which DF=19 and AR The DFE19 format is reserved for military
applications; nomnilitary ADS-B participantsshall not transmit Extended Squitter formats
in whichDF=19.

ADS-B Airborne Receiving Subsystenshall accept, and process as ABBViessages, any
Extended Squitter transmissions in which DF=17, or in which DF=18CkD, 1 or 6
ADS-B Airborne Receiving Subsystems may accept and processBDI@ssages in which
DF=19 and AF=0, but need not do so. ABSAirborne Receiving Subsysternshall not
process as AD8 Messages any Extended Squitter receptions in which DF=1&B&nd

not equal to 0, 1 or 6or any Extended Squitter receptions in which DF=19 and AF is not
equal to 0.

TIS-B Messages use 1090 MHz Extended Squitter formats in which DF=18F2] 3 or

5. An ADS-B Message from an alternate data link that is being rebroadcagtobnd
equipment as a Message using the 1090 MHz Extended Squitter uses formats in which
DF=18 and CF=6, and the same TYPE Codes and Message formats as are defined for
DF=17 ADSB Messages, with the exception of bits modified as identified in Section
82.218. 1090 MHz Extended Squitter Messages with DF=18 and CF=4 convey
management information for TI8 and ADSR. Receiving equipmerghall not process as

TIS-B Messages any Extended Squitter receptions in which DF is not equal to 18, or in
which CF is notn the range from 2 to 5.

Note: A primary purpose of the TIBIADSR Management Messages (i.e., DF=18 and
CF=4) is to convey the TiB and the ADSR service volumes and to provide a
Oheartbeatd indicator . Thi s i nfn@r mat i
applications using TKB and/or ADSR received information can determine if their
own ship is within the designated TBSand/or ADSR service volume (i.e., by
comparing own ship position with the service volume information conveyed by the
management nses a g € ) and current service avail g
function conveyed by the management message). Although the explicit data
contents of the TIHB/ADSR Management Messages are not defined within this
document, the overall message struetand purpose is defined

22321 ADS-B Message Baseline Field Descriptions
The following subparagraphs describe the fields that were listéigiime 22 above.
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223211

223212

ADFO Downlink For mat Field

a. The ADFOo field i s nlinkhfermafsiand providésithe trashsmission a | |
descriptor coded in accordance with RTO®-181D, Figure 25 (EUROCAE ED73C,
Figure 34).

b. The i D F shall be set b DF=17 (binary 1 0001) for all AHES Message
transmissions from Mod8 TranspondeBasediransmission devices.

c. The i D F shall be set b DF=18 (binary 1 0010) for all AHES Message
transmissions from transmission devices that are not ModeanspondeBased
systems. The DF=18 is also used for all-Bi®Message transmissions.

d TheADFO dhallebke det to DF=19 (binary 1 0011) for all AEES Message
transmissions from transmission devices that are Military Application based systems.

Note: Encoding of the ADFO field is8i0iCAGI st ent
ANNEX 10, Volme 1V,Fourth Edition, July2007.

ACAO Capability Field (used in DF=17)

a. Definition:--The A CAO -bii (Mdsshgeibits 6 through 8) field used to report
the capability of an ADS transmitting insthation that is based on a Mo
transponder The ACAO field i sandimotealofatmnspoedpror t t
condition that requires interrogation by the growhe transponder. It is used in Mede
S downlink format DF=11, i.e., the Modg All Call reply and acquisition squitteand
DF=17. Therefore, the codes used 48n the 0nCA

Table28:A CAO0 Fi el d Code Definitions

Coding .
(Binary) (Decimal) Meaning

000 0 SignifiesLevel 1 transpondgsurveillance only)andno ability to
setfi C Acode 7 andeither on the ground or airborne

001 1 Reserved

010 2 Reserved

011 3 Reserved

100 4 SignifiesLevel 2 or above transpondand theability to seti C A
code 7andon the ground
SignifiesLevel 2 or above transpondand theability to seth C&

101 5 .
code 7 andairborne
SignifiesLevel 2 or above transpondand theability to seti C A

110 6 . .
code 7 andeither on the ground or airborne

111 7 SignifiestheA DRO f i el d iZEROKDY drthefigFuSad
field equals 2, 3, 4, or &ndeither on he ground or airborne.

When the conditions fafi C AGode 7 are not satisfietlevel 2 or above transponders

in installations that do not have automatic means to sé¢heground conditionshall

usefl C ACbde 6. Aircraft with automatic etme-ground detrminationshallu s e A CA 0
Code4 when on the grouncandii CA 0 &whereairborne Data Link capability
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reports (RTCADO-181D, §2.2.D.1.126) (EUROCAE ED73C, §3.23.1.12.9 shall be

availablefrom aircraft installations that st CA0 codes . 4, 5, 6 and 7
Notes:
1. ACAO c o daesresdrved to mahtain backward compatibility

2.

These requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, 83.1.2.5.2.2.1, as well as with the requirements of RDOAL81D, §2.2.14.46
(EUROCAEED-73C, §3.18.4.5.

b. Transponder Usee The ACAO code definitions provi de

when implemented with the Modg Transponder functions.

c. Air/Ground Determination

(2). If a transmitting ADSB participant is not equipped withnaeans, such as a weight
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onwheels switch, to determine whether it is airborne or on the surface, and that
participant 6s 2E.8252isene ofthe tolewing,then ghalkset

its Air/lGround Sat e t o AAirborne, 0 and broadcast
(82.2.3.2.3:

Unknown Emitter Category
Light Aircraft

Rotorcraft

Glider or Sailplane

Lighter Than Air
Unmanned Aerial Vehicle
Ultralight, Hang Glidewor Paraglider
Parachutist or Skydiver
Point Obstacle

Cluster Obstacle

Line Obstacle

Notes:

1. Because of the uniqque o-pharrAa trion gv echa pcd beisl
i . e. , ball oons, -thanAopeéer aehocalk LI ghaéi
AArborned Stat-BROUND®@sSt athe AONspeci i
compliance with subparagraph A(4) 0 bel

2. Because of the fact that it is important for Fixed Ground or Tethered Obstacles
to report altitude, sucihr mdrjreed sstwatl d.

3. Because of the unigue capabilities of Rotorcratft, i.e., hover, etc., an operational
Rotorcraft will always repoGROUN®ONAI |
state is specifically declared in compl

4. An automatic means of determining air/ground status may include \Ateight
Wheels discrete, Airspeed, Ground Speed, Radio Altitude, or other appropriate
data sources.
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(2). If a transmitting ADSB parti ci pant 0 s2.2BE25.2tistoeerofti@at egor
following, then that participanshall s e t i ts Air/ Ground St a
GROUNDO condition and broadc2a2324:t he Surf

e Surface Vehiclé Emergency
e Surface Vehiclé Service

(3). If a transmitting ADSB participant is not equipped with a means, such as a weight
onwheels switch, to determine whether it is airborne or on the surface, and its
ADS-B Emitter Category (8.2.3.2.5.2 is not one of those listed under tests (1) or
(2) above (i.e., the participantés Emit
Vortex Large, Heavy, Highly Maneuverable, or Space/Tstmsospheric), then the
following tegs will be performed to determine whether to broadcast the Airborne or
Surface Position Messages.

a. Il f the participantds Radi o Height (RH)
and at least Ground Speed (GS) or Airspeed (AS) is available, and thélavaila
GS<100 knots, or the available AS<100 knots, then that particigait
broadcast the Surface Position Messa@e2(8.2.4.

If all three parameters are available, the decision to broadcast the Airborne or
Surface Position Messagehallb e det er mi ned by the 1 o0g
three parameters.

b. Ot her wi se, i f Radi o Hei ght ( RH) i s n o
Ground Speed (GS) and Airspeed (AS) are available, and GS<50 knots and
AS<50 knots, the that participanshall broadcast the Surface Position Message
(82.2.3.2.4.

c. Otherwise, the participanshall broadcast the Airborne Position Message
(82.2.3.2.3.

(4). If a transmitting ADSB participant is equipped with a means, such as a weight
wheels switch, to determine automatically whether it is airborne or on the surface,
then such informatioshall be used to determine whether to broadcast the Airborne
Pasition Message 82.3.2.3, or the Surface Position Messag2.&g3.2.4.

d. Validation of Ground Status:

Note: For aircraft with an automatic means of determiningtieal status (i.e., weight

onwheel s, strut switch, etc.) the HACAO
airborne or on the ground. TCAS acquires aircraft using the acquisition
squitters or extended squitters, both

aircraft reports that it is on the ground, that aircraft will not be interrogated by

TCAS in order to reduce unnecessary interrogation activity. The 1090 MHz
ADSB Message formatter may have information available to validate that an
aircraft ntheproowumec@ iN® actually on the s
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If the automatically determined Air/Ground status is not available or indicates that the
Airborne Position Message (se.8.3.2.3 shall be broadcast, then the Airborne
Position Messagshall be broadcast in accordance with subparagraph c.

If one of the conditions in TableT) is satisfied, then the Air/Ground stagisll be

223213

changed to AAirborned and t B23.28ishalbber ne P
broadcast irrespective of the automatically determined Air/Ground status.
Table 210:Val i dat i GROUNDDOMNSt at us
Airborne Position Message Broadcast
ADSB Emi tter Catego Ground Radio
Ai d i
Coding Meaning Speed Irspee Altitude

0 No ADS.B Emitter Category No ChangtheGro um@mn st ¢

Information
1 Light (<15,500 Ibs.) No ChangtheGro um@mnm st 4
2 Small (15,500 to 75,000 Ibs.) > 100 knots| or | > 100 knots| or > 50 feet
3 Large (75,000 to 300,000 Ibs.) > 100 knots| or | > 100 krots | or > 50 feet

High-Vortex Large
4 (aircraft such as H57) > 100 knots| or | > 100 knots| or > 50 feet

Heavy (> 300,000 Ibs.) > 100 knots| or | > 100 knots| or > 50 feet

High Performance
6 (> 5g acceleration and >400 knots) > 100 knots| or | > 100 knots| or > 50 feet
7 Rotorcraft No ChangtheGro um@m st 4

Notes:
1. Aircraft reporting ADSB Emi tt er Category Set AAO0O codes

means to determine the -time-ground status, and means to validate that status, may
changethestats t o f Ai r btbheground statu$ carindt be valigated

2. Modern aircraft with integrated avionics suites commonly contain sophisticated
algorithms for determining the air/ground status based on multiple aircraft sensors.
These algorithms areustomized to the airframe and designed to overcome individual
sensor failures. These algorithms are an acceptable means to determine the air/ground
status and do not require additional validation

AnCFo Field (used in DF=18)

The ACFO f i el dgesasa-2D Retdl(Message bits 6 through 8) used by
installations in which the AD® or TISB transmitting device is not based on a Mode S
transponder. The CF field serves to classify DF=18 messages betweeB M@Ssages

and TISB Messages. For ADB Messages, the CF field also specifies whether or not the

AA field (82.2.3.2.1.% holds a 24bit ICAO address. For TISB Messages, the CF field

serves to categorizethe TBE Message as bei nBMessagd fiicmearfse@er m:
f or ma tBoAirbdrheSPosition and Velocity Message, a Fine-Bl$lessage that uses

nonlCAO 24-bit addresses, or a H&ADS-R Management Message. The coding of the

CF field shall be as specified in Table 2.
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Table2-11:ACF0 Fi el dtioBoode Defi ni

. Coding . Meaning
(Binary) (Decimal)
AA field holds the transmitting AD8 Par t i chitp a
000 0
ADS.B ICAO address.
Message AA field holds another kind of address for the transmitting
001 1 ADS-B Participant: asela s si gned fianssm@ay m
ground vehicle address, or a surface obstruction address.
010 2 Fine TISB Message using ICAO 24dit address
011 3 Coarse TISB Airborne Position and Velocity Message.
100 4 TIS-B TIS-B and ADSR Management Messages
101 5 and Fine TISB Message using nelCAO 24-bit address
'I?‘/Iz?sg es Rebroadcast of an ADB Message from an alternate data |
110 6 9 using the same TYPE Codes and Message Formats 3
defined for DF=17 ADSB Messages, with the exception of b
modified as identified irBection §2.2.18
111 7 Reserved

ADS-B Messages from AD8 Transmitting Subsystems that amet based on Mode S

transpondershall use CF=0 or 1, according to the type of address conveyed in the AA

field. TIS-B Messages us€F=2, 3 a 5. An ADS-B Messge from an alternate data link
that is being Rebroadcast by ground equipment as a MessagelQSidHz Extended
Squitteruses formats in whh DF=18 and CF=6, anitie same 1090ES TYPE Codes and
Message formats as are defined for DF=17 AD®#essages, Wit the exception of bits
modified as identified in section §2.2.18. CF code iegerved for future standardization

and shall not be transmitted by equipment that conforms to th&#@PS (RTCA

DO-2608B).

AAFO F

i el

The AAFO
through 8) used by all AD8 Message transmissions from transmission devices that are

Application based sshall leasrspecifiedimhe ¢
Table 212. Refer to 8.2.3.2.1.%or determining OrGround Status.

Milita

ry

d (used in DF=19)

(FAppdiogatfiien d

Table 2-122i AF0 Fi el d Code Definit.i

Coding

(Binary) | (Decimal) Meaning
000 0 ADS-B Message Structure
010111_ 1-7 Reserved for future Military Applications
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i A AAddress Field, Announced

The AAAO fbit @esdage bids 9shrogh 32) field tishiall contain the address of
the transmitting installation. This is intended to provide unambiguous identification of the
A/V being described in the ADB or TISB Message.

The type of address (whether a-f## ICAO address or some other kind of address)
contained in the AA field depends on the value of the DF field, and the CF or AF fields
when DF=18 or 19, and the IMF (ICAO/Mode A flag) subfield of the ME fieldTit3-B
Messages. The type of address in the AA faiidll be as specified in Table13.

Table 2-13: Determining The Type of Address in the AA Field

red | Fee | subfield AA Field Contents
17 N/A N/A 24-bit ICAO address of transmitting ABB Participant
CF=0 24-bit ICAO address of transmitting ABB Participant
CE=1 N/A Anonymous address or g_rqund vehicle _address or f
obstacle address of transmitting AIBSParticipant
CE=2 0 TIS-B t ar gbé [lCAGaddiesds
1 TIS-B targed s -bil Mode A code and track file number
CE=3 0 TIS-B t ar gbé lCAGaddiesds
1 TIS-B t ar gbé MdileA cbd? and track file number
CE=4 N/A TIS—B_ and ADSR Management _Messages; AA fig
18 contains TISB/ADS-R management information
CF=5 0 TIS-B t ar gbé nodl€AOZaddress
1 Reserved
0 24-bit ICAO Address of the transmitting ADB Participant
CF=6 1 Anonymous address or ground vehicle address or f
obstacle address of the transmitting AB%articipant
Reservedfor future standardization; AA field does n
CF=7 N/A necessarily exist in messages fwhich DF=18 andCF is
equal to 7.
AF=0 N/A 24-bit ICAO address of transmitting ABB participant
19 Reserved for military use; AA field does not necessa
AF=1to7 exid in messages for which DF= 19 and AF is in the ra
from1to 7.

For Extended Squitter transmissions in which DF=17, or in which DF=18 and CF=0, or in
which DF=19 and AF=0, the AA field contains the-l24 ICAO address of the transmitting
participant.

The TISB/ADS-R Management Messages (i.e., DF=18 and CF=4) do not relate to an
aircraft but rather relate to the coverage and availability of theBTé8 ADS-R service that

is being provided by the local ground infrastructure. Therefore, the codihg &A field

for TIS-B/ADS-R Management Messages is used to convey additional information in the
TIS-B/ADS-R Management Message and must be included in the data delivered 1B ADS
applications.
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Notes:

1. For Extended Squitter transmissions in which DF=18 @&#=1, the CF field indicates
that the ME field holds an ADB Message and that the AA field holds an address other
than the standard ICAO 2dit address of the transmitting AEESparticipant.

2. For Extended Squitter transmission in which DF=18 &@ie=2, 3 or 5, the CF field
indicates that the ME fieltlolds a TISB Message. lthesecases, the meaning of the
AA field i whether or not it contains the ICAO -bit address of the aircraft being
described in the TEB Messagé depends on the value of the @&ld, as described in
80.

3. These requirements are consistent with the requirements of ICAO Annex 10, Mglume
as well asthe requirements of RTCRO-181D, §2.2.14.4.1 (EUROCAE ERGC,
§3.18.4.1).

The ADSB transmittershall declare a transmitter failure in the event that its own ICAO 24
bit Address is all AZEROsO or al | i ONEs . 0O

Note: This requirement is consistent with the requirements of RIGAS8ID, §2.2.10.3.

AMEO Message, Extended Squitter

The dAMEO f-bitdiéld(Mdssage dits 336through 88) that occurs in every 1090
MHz Extended Squitter Message (that is, in the relevent messages spediigdran22).
The ME field carries the bulk of the data in AIBsand TISB Messages.

The first five bits of the ME field comprise the TYPE Code subfield. For certain values of

the TYPE Code subfield, t he nexS&ubtypeCodee bi t s
subfield. The values in the TYPE subfield and, if presentStitetypesubfield, determine

which of several ADSB or TISB Messages is being conveyed in the remainder of the
AMEO f i el d. SublypesubfiElfsRure deacnbedd i2@.3.2.2

The AMEO field f or matMessdgesrare ddilied inv 8.2.3.283us AD
through 8.2.3.2.7below. The formats for the various TESMessages are described in
§2.2.17and its subparagraphs.

APl O Parity [/ ldentity

The neRllista 24bit (Message bits 89 through 112) downlink field that contains the
parity overlaid on the Code Label spalilL o) an
in accordance with82.2.14.430 and 82.2.8.2.1 of RTCA Document D@81D

(EUROCAE ED73C, 8§3.18.4.27 and §322.1).

Note: In ADSB and TISB Messages (those transmitted with downlink format DF=17, or
with DF=18 and CF in the range fror to 6, or with DF=19 and AF=0) both
CL=0 and IC=0. In other words, in ADB and TISB Messages th@arity is
overlaid with a 24bit pattern of ALL ZEROs.
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Determining ADS-B and TIS-B Message Types

All ADS-B and TISB transmissions have the baseline structure specified.th32.1 The
subfields of t h eed foMdach off theeAD8 Message tydes finithe
following subparagraphs.

In ADS-B and TISB Extended Squitter Messages, the TYB&des u b f i el d of t he
field occupies AMEO bits Subtypefield if fredentsfa ge b
particula message type, occupies AMEO bits 6 to
Cod® subfield, tSobtyeét heu b fwiiglhd tfheer fisome mes s a
identify the ADSB or TISB Message and to differentiate the messages into several
messageypes.

The format TYPE Code differentiates the 1090ES Messages into several classes: Airborne
Position, Airborne Velocity, Surface Position, Identification and Category, Aircraft Intent,
Aircraft Status, etc. In addition, the format TYPE Code also desdhe Navigation
Integrity Category (NIC) value of the source used for the position report. The NIC value is
used to allow surveillance applications to determine whether the reported geometric position
has an acceptable level of integrity containmegiore for the intended use. The NIC
integrity containment region is described horizontally using Radius of Containment

(Rc). The format TYPE Code also differentiates the Airborne Messages as to the type of
their altitude measurements: barometric pressaltitude or GNSS height (HAE). Theb&
encoding fortheformat TYPE Code and NIC values conforms to the definition contained in
Table 216. If an update has not been received from aibaard data sourc® allow for

the determination of th&lIC value within the past 5 seconds, then the NIC value is encoded
toindicatethatRi s A Unknown. 0O

For ADSB Messages (those forhich DF=17, or DF=18 an@F=0,1 or 6, or DF=19 and
AF=0), the possiblMessage Types are thosedib in Table 214. An ADS-B Message

from an alternate data link that is being Rebroadcast by ground equipment using 1090 MHz
Extended Syjtter uses formats in which DF=18 and @&F=and uses the same 1090ES
TYPE Codes and Messagaermats as are defined f@F=17 ADSB Messages, with the
exception of bits modified as identified in section 82.2.1B Table 2-14, the word
fiReserved i n d iD&B Message Aypes for which ADB Message formats have not

yet been defined, but which may be defined in futursigaes of these MOPS. The TYPE
Code, together with thBubtypeCode (if present for a given TYPE Code value), identifies
the TYPE of ADSB Message being broadcast, in accordance with Tab#e 2

Note: ADSB Receiving Subsystems should not generate-B\B&ports based on the
receiptof ADS B Message Types tRhsarvedar e il eafed
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Table 2-14: Determining ADS-B MessageType
(DF=17 or DF=18 andCF=0, 1 or 6, or DF=19 and AF=0)

TYPE Code Subtype Code
(AMEo -B)il (f I\>I/FI)E Y ADS-B Message Type
Airborne Position Messag€§2.2.3.2.3,
0 Not Present Surface Position Messagg?2.2.3.2.4
114 Not Present | Aircraft Identification and Categoilessage(82.2.3.2.5
51 8 Not Present | Surface Position Messag&2.2.3.2.4
9-18 Not Present | Airborne Position Messag€§2.2.3.2.3
0 Reserved
19 1i4 Airborne Velocity Messag€s2.2.3.2.§
517 Reserved
20- 22 Not Present | Airborne Position Messag€§2.2.3.2.3
23 0 Test Messag (82.2.3.2.7.3
117 Reserved
0 Reserved
24 1 Surface System Status28.3.2.7.4 (Allocated for National use]
217 Reserved
251 26 Reserved
27 Reserved for Trajectory Change Mességg2.3.2.7.7
0 Reserved
1 Extended Squitter Aircraft Status Message
o8 (Emergency/Priority Status Mode A Code (82.2.3.2.7.8.1
> Extended Squitter Aircraft Status Message
(1090ES TCAS RA Message)48.32.7.8.9
3i7 Reserved
0 Target State and Status defined in-R2GDA, ADSB Version=1
29 1 Target State and Statu2(8.3.2.7.}
27 3 Reserved
30 0i 7 Resered
0i 1 Aircraft Operational Status 2§2.3.2.7.2
31 -
217 Reserved

For TISB Messages (those for which DF=18 and CF is in the range from 2 to 5), the
possible message Types are specified in Takl®.2 In that table,ht e
indicates TISB Message Types for which the message formats have not yet been defined,
but which may be defined in future versions of these MOPS. The TYPE Code, together

w Reserved

with the SubtypeCode (if present for a given TYPE Code valuegniifies the Type of
TIS-B Message being received, in accordance with Talilg. 2

Note: TIS-B Receiving Subsystems should not generat&8 R8ports based on the receipt

of messages for whichthe TS Me s s age

2-15.
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Table 2-15: Determining TIS-B or ADS-R Message Type (DF=18CF=2 to 6)

CF
Field | TﬁY,\F;IEECOOd?b) i (Sgblel’ "Eegoc_’g) i TIS-B Message Type
Value
TIS-B Fine Airborne Position Message?(8.17.3.}, or
0 Not Present TIS-B Fine Surface Position Messag(‘ga.éﬂ.?).z;l
17 4 Not Present TIS-B Identification andCategoryMessage (8.2.17.3.3
571 8 Not Present TIS-B Fine Surface Position Messag®.(817.3.2
91 18 Not Present TIS-B Fine Airborne Position Message2(8.17.3.1
2or5
0 Reserved
19 1i 4 TIS-B Velocity Message (8.2.17.3.4
517 Reserved
207 22 Not Present TIS-B Fine Airborne Position Message2(8.17.3.1
237 31 Not Present Reserved
Not Present Not Present g?;lgog?e Airborne Position and Velocity Message
4 Not Present Not Present TIS-B and ADSR Managemat Messages
6 01 31 See Table 24 | ADS-B Rebroadcast (ADR) Message (§2.2.18)

2.2.3.2.3 ADS-B Airborne Position Messages

For mat for the Airborne Posshatll becas spdtidiesisnha ge i
Figure 23. Eachof the subfields is specified in the following subparagraphs.

Airborne Position Message AMEO Fi el
Msg
Bit 33-37 38 ---mmem- 39 40 41-----52 53 54 55---- 71 72---- 88
#
nMEO
Bit 115 [ JE— 7 8 9----- 20 21 22 23---39 40--- 56
#
. . CPR CPR CPR
Field TYPE Surveillance NIE Altitude Time Format Encoded Encoded
Code Status Supplement-B (M . !
Name [5] 2] 1] [12] 1] F L atitude Longitude
[1] [17] [17]
MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB

Note: A[ #] 0 pr ov i d e chtes time nunber of Bits ie thalfield. n d i

Figure 2-3: ADS-B Airborne Position Message Format
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223231 fi T Y P EadleSubfield in ADS-B Airborne Position Messages

The 0 TCodesbfieldisa®it (AMEO bits 1 through 5, M
field thatshall be used to identify the AD8 Message and to differentiate between several
message types.

1. Airborne Position Message48.3.2.3

2. Surface Position Message2(8.3.2.4

3. Aircraft Identification (ID) andCategoryMessage (8.2.3.2.9
4. Airborne Velocity Messag€lYPE=19)(82.2.3.2.6

5. Target State and Status Mess@D€ePE=29)(82.2.3.2.7.]

6. Aircraft Operational Status Messa@érPE=31)(82.2.3.2.7.2
7. Test Message (TYPE=23)48.3.2.7.3

8. Aircraft Status Message (TYPE=28)(8.3.2.7.8

In the case of AD®B Airborne Position MessagesZ8.3.2.3, the Message TYPEode
subfield (8.2.3.2.2 is also used in the following ways:

a. The TYPECodesubfield indicates the altitude type (barometric pressure altitude,
§2.2.3.2.3.4.1 or geometric altitude, 82.3.2.3.4.2 being communicated in the
Airborne Position Message.

b. Together with the NIC Supplement subfigldescribedin conjunction withthe
Aircraft Operational Status Messags?.2.3.2.7.2.5 the TYPE Code subfield
allows the encoding dhe Navigation Integrity Category (NIC) (s€able 270).

For Surface Position Message2.83.2.4, the TYPECodesubfield, together with the NIC
Supplementallows the encoding of thNIC i but not altitude type, since altitude is not
reported in Surface Position Messages.

Det ai |l ed def i nCddésabfielderfcodings thahallberuBed for all ADB
Airborne Position and Surface Position Messages are provideabie 216. For Airborne
Position Messages and Surface Position Messdgdde 216 also shows how the NIC
value can be determined from thalue of the TYPECode subfield and the NIC
Supplement subfielth the Airborne Positioand Operational Statldessage.

The ADSB Airborne Position Messageshallu s e onl y AvalMe® & 6 thrQughd e
18, andTYPE Codes 20 through 22 as indicatedliable 216.
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Subfield DEeald@18pef i ni ti ons (

NIC . . . - L .
TYPE Subtype Format Horizontal Containment Radius Limit Navigation Integrity .
Code Code iulllp:: rrllegt (Message Type) (Re) Category (NIC) Altitude Type Notes
Not Not No Position Information Baro Altitudeor
0 Present | Applicable (Airborne or Surface Position Messages Re unknown NIC =0 No Altitude Information 12,3
. Aircraft Identificati d Cat calegory Sel D
2 Not Not ircraft Identification an ategory ' _ . Category Set C
3 Present | Applicable (é\ge;zage; Not Applicable Not Applicable Not Applicable Category Set B
4 Category Set A
5 of-[oO Rc<7.5m NIC =11
6 of-[oO Rc<25m NIC =10
7 1]1-10 Rc<75m NIC =9 6
Not 0| -|0 Surface Position Message Rc<0.1 NM (185.2 m) NIC=8 . '
present T T—T1 (622323 g Re<02 NM(370.41m) NG =7 No Altitude Information
8 1]-1]10 Rc < 0.3 NM (555.6 m) NIC =6
0of-[1 Rc< 0.6 NM (1111.2 m) NIC =6
0|-|[0 Rc>0.6 NM (1111.2 m) or unknown NIC =0
9 of[o0|- Rc<7.5m NIC =11 5
10 ofo0|- Rc<25m NIC = 10 5
11 111 - Rc<75m NIC =9 56
ofo0|- Rc < 0.1 NM (185.2 m) NIC=8 '
12 0] 0| - Rc < 0.2 NM (370.4 m) NIC=7
0o f1]- Rc < 0.3 NM (555.6m) NIC =6
13 Not 0)0 |- Airborne Position Message Rc < 0.5 NM (925 m) _ )
present [ T 11— (622323 9 Re 0.6 NMILLLL2m) NIC = 6 Baro Altitude
14 0] 0| - Rc < 1.0 NM (1852 m) NIC =5
15 0]0 |- Rc <2 NM (3.704 km) NIC=4
16 111 - Rc < 4 NM (7.408 km) NIC=3 7
ofo0|- Rc < 8 NM (14.816 km) NIC =2
17 0] 0| - Rc < 20 NM (37.04 km) NIC=1
18 0 0| - Rc > 20 NM (37.04 km) or unknown NIC=0
0 Not Reserved Difference between
19 17 4 ) Airborne Velocity Message(82.2.3.2.6 Not Applicable Not Applicable AiBaro Al ti
— Applicable N .
577 Reserved 0GNSS Heigh
20 ofo0|- ) » Rc<7.5m NIC =11 2,5
21 P:\(‘egtem olo] - Airb Or”é;";gfgg'v'essage Rc<25m NIC = 10 GNSS Height (HAE) 2,5
22 0 0| - Rc > 25 mor unknown NIC=0 2
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Table216:A TYPEO Subfi el d DExlda 18p(Edrinued) t i ons (
TYPE Subtype NIC Format
Code Code Supplement | (Message Type)
23 0 Test Messag€§2.2.3.2.7.3
117 Reserved
0 Reserved
24 1 Surface System Statu$§2.2.3.2.7.3 (Allocated for National Uge
21 7 Reserved
257 26 Reserved(82.2.3.2.7.5and 8.2.3.2.7.%
27 Reserved for Trajectory Change Messag€g2.2.3.2.7.7
0 Not Reserved
o8 1 Applicable Extended Squitter Aircraft Status MessaggEmergency/Priority Status) (82.2.3.2.7.8.1
2 Extended Squitter Aircraft Status Messagg1090ES TCAS RA Message)§2.2.3.2.7.8.2
317 Reserved
0 Target State and Status Message (ABDSBersion Number=1, defined in RTCA DZ50A)
29 1 Target State and Status Messagg2.2.3.2.7.) (ADS-B Version Number=2, defined in these MOPS, RTCA-P&DB)
27 3 Reserved
30 01 7 Reserved
31 071 Aircraft Operational Status Message(§2.2.3.2.7.2
217 Reserved
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Notes for Table 216:

1. AiBaro Altituded means barometrimgesqueessur e
of 1013.25 millibars (29.92 in.Hg.). It doest mean baro corrected altitude.

2. TYPE codes 20 to 22 or TYPE Code 0O are toc
not available.

3. Atfter initialization, when horizontal position information is not avaieabut altitude
information is available, the Airborne Position Message is transmitted with a TYPE
Code of ZERO in bits-3, the barometric pressure altitude in bits 9 to 20, and bits 22
to 56 set to ZERO (0). If neither horizontal position nor barome#ititude
information is available, then all 56 bits Biegister 8,5 are set to zero. The ZERO
(0) TYPE Code field indicates that latitude and longitude information is not
available, while the Zero altitude field indicates that altitude informationds n
available. (See Appendix A).

4. If the position source is an ARINC 743A GNSS receiver, then the ARINC 429 data
Al abel 1300 data word from that recei ver
the horizontal integrity containment radius. (The label Hafa word is variously
called HPL (Horizontal Protection Limit) or HIL (Autonomous Horizontal Integrity
Limit) in different documents.

5. This TYPE Code value implies limits tbe Rc (horizontal containment limit) If this
limit is not satisfied, then afterent value for the TYPE Code should be selected.

6. The ANIC Suppl eAmnmmea Rositibn Messaged.2r8.2.8.haad in
the Aircraft Operational Status Message 2(8.3.2.7.2.5 enables the Report
Assembly Function in ADB Receiving Subsystem to determine whether the BADS
Transmitting Subsysin is announcing NIC&(R: < 0.1 NM) orNIC=9 (R- < 75 m).

7. The ANI C Suppl eAnomed Rositibn MessagEd.2r8.2.8.haad in
the Aircraft Operational Status Message 2(8.3.2.7.2.5 enables the Report
Assembly Function in ADB Receiving Subsystem to determine whether the BADS
Transmiting Subgstem is announcing NIQ=R: < 8 NM) or NIC=3 (R- < 4 NM).

8. Future versions of these MOPS may limit transmission of Surface Position Messages
at lower NIC and/or NAgvalues for TransponddBased systems.

2.2.3.2.3.1.1 Airborne Position Message TYPE Code if Radiusf Containment is Available

Note: If the position information comes from a GNSS receiver that conforms to the
ARINC 743A characteristic, a suitable source of information forréttbus of
containment (B, is ARINC 429 label 130 from that GNSS receiver.

If Radius ofContainment (B) information is available from the navigation data source,
then the ADSB Transmitting Subsystershall determine the TYPE Code (the value of
the TYPECodesubfield) of Airborne Position Messages as follows.

a. If current valid horizatal position information is not available to the AIBS
Transmitting Subsystem, then the TYREode subfield of Airborne Position
Messageshall be set to ZERO (0) as described th&3.2.3.1.3.Delow.
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b.

If valid horizontal posibn and barometric pressure altitude information are both
available to the AD® Transmitting Subsystem, then the AIBSTransmitting
Subsystenshall set the TYPECode subfield of Airborne Position Messages to a
value in the range from 9 to 18 in accordawith Table 216.

If valid horizontal position information is available to the ABSTransmitting
Subsystem, but valid barometric pressure altitude informatigtigvailable, and
valid geometric altitude informatioig available, the ADSB Transmitting Subsystem
shall set the TYPECodesubfield of Airborne Position Messages to a value in the
range from 20 to 22 depending on tlaeliusof containment R in accordancavith
Table 216.

If valid horizontal position information is available to the AIBSTransmitting

Subsystem, but neither valid barometric altitude information nor valid geometric

altitude information is available, the ABE Transmitting Subsystershall set the

TYPE Codesubfield in Airbane Position Messages to a value in the range from 9 to

18 depending on theadius ofcontainment R in accordance witiTable 216. (In

that case, the ALTITUDE subfield of the Airborne Position Messages would be set to

ALL ZEROs in accordance with2§2.3.2.3.4.3elow, in order to indicate that valid
altitude information iot available.)

2.2.3.2.3.1.2 Airborne Position Message TYPE Code iRadius of Containment is Not Available

If Rc (radius ofcontainment) infamation is NOT available from the navigation data
source, then the ADB Transmitting Subsystershall indicate NIC® by selecting a
TYPE Code of 0, 18, or 22 in the Airborne Position Messages, as follows:

a.

The ADSB Transmitting Subsystehall set the TYPECodesubfield to ZERO (0)
if valid horizontal position information isnot available, as described in
§2.2.3.2.3.1.3.Delow.

The ADSB Transmitting Subsysteshall set the TYPECodesubfield to 18 if valid
pressure altitudenformation is available, or if neither valid pressure altitude nor
valid geometric altitude information is available.

If valid pressure altitudés not available, but valid geometric altitude information is
available, the ADSB Transmitting Subsysteshdl set the TYPECodesubfield to 22.

2.2.3.2.3.1.3 Special Processing for TYPE Cod&qual to ZERO

2.2.3.2.3.1.3.1 Significance of TYPE Code Equal to ZERO

As shown inTable 216, TYPE Code equal to ZERO
I nf or mat i on. fmessage lisiinkendédyte e used when horizontal position
information is not available or is invalid, and still permit the reporting of barometric
altitude, when it is available and valid. As such, the principal use of this message case is
to provide TCAShe ability to passively receive altitude information.
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Airborne Position Messages may be transmitted with a TYPE Code of ZERO (0) under
the following condition:

An Airborne Position Message with a TYPE Cod&ZBRO (0)shall set all 56 bits of the

i ME d¢eld bits to ZERO (0) if NO barometric pressure Altitude data is available. If
valid pressure Altitude data is av-a&20,l abl e,
Message bits 4152, shall report the altitude in accordance with.2.3.2.3.4.3

Note: Special processing is required for Airborne Position Messages because a CPR
encoded value dALL ZEROs in the latitude and longitude field is considered to
be a valid encoding.

2.2.3.2.3.1.3.2Broadcast of TYPE Code Equal to ZERO

The TYPECode Equal to ZERO message may be required as a consequence of the
following events:

a. An ADS-B Airborne Position or Surface Position Message register has not been
loaded with data in the last 2 seconds. In this case, theBAR®RSssage register
shall be cleared (i.e., all 56 bits set to ZERO) once it has timed out. Transmission of
the ADSB Message that broadcasts the contents of the regis#ibe terminated if
the ADSB Message register has not been loaded in 60 seconds, except that
transmissiontermination of Surface Position Messages does not apply te Non
TranspondeBasedDevices on aircraft that are on the surface, on surface vehicles, or
if barometric altitude information is available. Broadcast of the ADSirborne
Position or Surface Pdigin Messagahall resume once data has been loaded into the
ADS-B Message register.

b. The data management function responsible for loading the-B\M&ssage registers
determines that all navigation sources that can be used for the Airborne or Surface
Pogtion Message are either missing or invalid. In this case the data management
function shall clear (set all data fields to all ZEROs) the TYPE Code and all other
fields of the Airborne or Surface Position Message and insert the ZEROed message
into the appopriate ADSB Message register. This should only be done once in
support of the detection of the loss of data insertion simall result in the
suppression of the broadcast of the related AD8essage.

c. Note that in all of the cases discussed abov&YRE Code of ZERO infers a
message ofALL ZEROs. The only exception is that the Airborne Position Message
format shall contain barometric altitude code as set by the transponder when so
implemented. There is no analogous case for the other ExtenddtkeiShlgssage
Types, since a ZERO value in any of the fields indicates that no valid information is
available.

2.2.3.2.3.1.4 TYPE Code based on Horizontal Position and Altitude Data

a. If valid horizontal position information is available, and valid pressure altitude
informat i on i s avail a@ddein the Airleome Rogitien MeSsage E o
shalbe set in the range from A90 to fA18. 0

b. If valid horizontal position information is available, valid pressure altitude is NOT
available, and GNSS Height Above the Ellipsoid @EAdata is available, then the
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223232

2.2.3.2.3.3

fi T Y PEde in the Airborne Position Messagjeall b e

to A2

2.

0

set in the

range

c. If valid horizontal position information is available, but neither valid pressure altitude

information nor valid GNSS Height Above Fifioid (HAE) information is available,
t h@definThetiornePosition Messagehall be set in the range from

t hen
no9o t

d I n al

Al ternat i v e lCgdemay theeeleditdd YnRaécordance with the Horizontal

o

il18. 0

t hr ee c aabavst, h efi ai Todddbballtdoe selacted ifi ¢ 0
accordance with thRadius ofContairment (R) given inTable 216.

Protection Limits (HPL) given ifable 216.

AfSurvei

ance St aBAirsome Psitiorf Messdgds i n ADS

The ASurveill ancebiStt atfuMBO stuibtfd e8 dand 7A@, 2Me
used to encode i nf orAdransponder f r om t
code as provided in TablelZ.

field thatshall b e

Table 2-17:fi Suerivli | ance St atuso Subfi el

Coding

(Binary) (Decinal) Meaning
00 0 No Condition Information
01 1 Permanent Alert Condition (Emergency)
10 5 Tempora'ry Alert Conditiqn N
(change in Mode A Identity Code other than emergency condition)
11 3 Special Position Identification (SPI) Condition

Note: Codes 1 and 2 take precedence over code 3.

The setti

& §3.28.9.

ng of the fASurveil

Code

ance Statuso i
specified in RTCADO-181D, §82.2.B.2.7 & 82.2.23.1.8 EUROCAE ED73C, §3.23.1.6

When not implenented in a Mod& TranspondeBased system, the ADS function
the ASurveillance Statusdo subfi

shalls e t

ANIC SupplementBo

Subf i e-BAirbarne Po&iib8 Messages

The NIC SupplemerB subfield in he Airborne Paosition Message is a diesubfield
8 , ) tluke, sogether evith bhie TYPBolesubfield shall be used

(A MEO b

to encode th&kadius of Containment @R and theNavigation Integrity Category (NIC)
of the transmitting ADSB particpant. The NIC SupplemeprA subfield is also broadcast

it

in the Aircraft Operational Status Message.?8.2.7.2.6.

Note: The Navigation Integrity Category (NIC) is reported so that surveillance

el d tc

applications my determine whether the reported geometric position has an

acceptable level of integrity for the intended use. See §2.1.2.12 of BDEA
242A, the ADB MASPS, for a fuller description of the Navigation Integrity

Category.
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If an update has not been reaavfrom an orboard data source for tlietermination of
the NIC value within the past 5 seconds, then the NIC SupplefBesitibfield shall be
encoded tandicate the larger Radius of Containmeng)(R

Table 270 lists the posible NIC codes and the values of the TY®&desubfield of the
Airborne and Surface Position Messages, and of the SiPplementA and NIC
SupplemenB subfield thatshall be used to encode those NIC codes in messages on the
1090 MHz ADSB data link.

223234 AAl t i t ude d S uBbAirbdorad PositioniVieshdyés

The AAltitudebi subfiMEbDdbi &6 @@ @Brough 20, M
field thatshall contain the altitude of the ADB Transmitting Subsystem as provided in
the following subparagrys.

2232341 ABar ometri c AlBtAirbbroedPesiioniMassagel S

Barometric Pressure Altitude relative to a standard pressure of 1013.25 millibars (29.92
inHg.)shalbe reported in the WAAlIltitudedo Subf i e
having ATYPHhoughCBd(see 823.2.3.1and Table 216) under the

following condition:

Barometric Pressure Altitude is selected for reporting via a control selection process and
such Barometric Pressure Altitel data is valid.

Note: iBarometric PressurDOESANOTIH ¢ fuere ot cpeBaf om
Corrected Altitude. 0

Encoding of the Barometric Pressgshalbeimll ti tud
accordance with&2.3.2.3.4.3
2232342 AGNSS Height Above t he-BBitbdrmepPasiton MesgagkAE) 0 i n

GNSS Height Above the Ellipsoid (HAEhallbe r eported in the AAITL
the Airborne Position Message ha&323yl ATYPE
andTable 216) under the following condition:

GNSS Height Above the Ellipsoid (HAE) is selected for reporting via a control
selection process and such GNSS Height Above the Ellipsoid (HA&)jlealid.

Encoding of the GNSS Height Above the EII
subfieldshall be in accordance with?8.3.2.3.4.3

Note: GNSS height may be useful for integrity checking of altitude and in fult@e A
concepts.

2232343 AAl ti tude En eBAithomePositioniMessdyss

Altitude datashallbe encoded into the AAltitudeodo subf

a. Bit 16 (i.e., Message bit 4&hall be designated as tli€) obit. AQ oequals ZERO
(0) shall be used to indida that the Altitude is reported in 100 foot increments as
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speci fied i Ipelow @Q cequalsaONE (1¥nhddl be used to indicate that
the altitude is reported in 25 footincreme s as speci f ibaodv. i n par ac

b. If AQ dis equal to ZEROAQ), then the Altitudeshall be coded in 100 foot increments
by selection of pulses in accordance with ICAO ANNEX 10, Volume foWirth
edition, July 2007 Appendix 1 to Chapter 3, (see RTCA H®ID,
§2.2.13.1.2.a.(2).(c)) (EUROCAE EBC, 83.17.1b.1.ii ad 3.18.4.2) The
appropriate mapping for the sequence of putbadl be as shown in Figuref2

Altitude Subfield Encoding for fAQ
MSG
BIT 41 42 43 44 45 46 47 48 49 50 51 52
#
n MEO
BIT 9 10 11 12 13 14 15 16 17 18 19 20
#
CE?#E ct | Al | c2 | A2 | ca | A4 | BL | AQo B2 | D2 | B4 | D4

ot

Figure 2-4:Alt i t ude Subfi el ddoEncoding For

c. If AQ ois equal to ONE (1), then the Altitudall be coded such that bits 9 through
15, and 17 to 20 (Message bits 41 through 47, and 49 through 52) reardéseary
coded fieldwhose least significant bit has a value of 25 feet. The binary value of the
deci mal nshathbeeused tH M@ort Pressure Altitudes in the range (25 * N
1000+ 12.5 feet).

The most significant bit of this field is bit 9. This code is able toigeocode values
only between-1000 feet and +5Ir5 feet. The coding used for Alides that are
greater than 5075 feetshall conform to the coding praiples described in paragraph
i babove.

d. If altitude data is not available, then all bits of theitAtle subfieldshall be set to
ZERO.

Note: These requirements are consistent with the requirements of ICAO Annex 10,
Volume 1V, fourth edition, July 2007, 83.1.2.6.5.4, as well as with the
requirements of RTCA D@81D, 8§2.2.13.1.2 (EUROCAE ERGC,
83.171.b).

223235 ATI MEo (T) SubAirboemé RositiomMegsByss

The ATI MEO (Thi supfiMEdOdAdbi s 211 dkMalmdcatge bit
whether or not the epoch of validity for the horizontal position data in an Airborne
Position Messagyis an exact 0.2 second UTC epoch. If the time of applicability of the
position data is synchronized to an exact O
shalbe set to Al; 06 ot her shallbesettdER@ 0 TI MEO ( T)
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Notes:

1. AnADSB Transmitting Subsystem t hGNE (1sets tF
must accept a GNSS TIME MARK input from the navigation data source in order to
be able to update the position data from the navigation data source to an exact 0.2
second UTC epoch¢8 8.2.5.1.9.

2. An arithmetic description of the intended synchronization implementation is provided
in theA C o mme nparagraphs provided in 82.3.2.3.7.Zor precision Latitude
Position Extraplation and in 8.2.3.2.3.8.2for precision Longitude Position
Extrapolation.

2.2.3.2.3.6 ACPR For mat o ( F)BA8hoind HostibndVessagesA D S
The ACPR For mat obi(tF)( MBbd iteiltd 22, ashelssage ¢

be used to indicate which CompacdvemPoosri ti on
floddo ) i s used t o encode t heee 2.232317and e and
§2.2.3.2.3.8. The bitshallbe settof ZEROO t o ievedi ceantceo dti meg fo f
data, or to nAOMMHENO etnoc oidnidnigc aotfe stuhceh Adat a.

a. When ATI MEO (T) = 0:

The ACPR Formato (F) subf i eleekernf wiwddtii on s
CPR encoding. In this case, the CPR enapdyyppeshalla | t er nat eveb et we e n
anaoddio and t he A CPR shalbaitemat¢ hetw¢eFERO @)aridf i e | d
ONE (1) respectively, each time the Airborne Position Message register is updated

with new position data.

Note: When the ATIBMEd (%) ng&eaRD, 0 the Airbor
register must be updated at least as frequently as every 200 milliseconds:
however, it may be updated more frequently, for example, every 100
milliseconds, etc. In such cases, the CPR encoding should aftdremteen
fleverd amdt feach ti me that the register
data.

b. When ATI MEO (T) = 1:

The ACPR Formato (F) s U b feveadl doodfoum@R R on s
encoding and also indicates whether the epoch of applicabilttyegbosition data is
anevagib oado A0. 2 second UTC epoch.

Notes:

1. Although the Airborne Position Message register may be updated more
frequently than five times per second,
betweenZERO (0)and ONE (1) only as the epoch of applicability of the data

being |l oaded into t heevarde gamitbef0 . 2| tseercroantd
UTC epochs.
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2. An Aeven 0.2 second UTC epochodo is defin
scale that occurs at an even number of-Btillisecond intervals after an exact
everh umber ed UTC second. Li kewi se, an i

defined as that moment on the UTC time scale that occurs at an odd number of

200 millisecond intervals after an even numbered UTC second. Examples of

even 0.2 second epochs are 12.0 seconds, 12.4 seconds, 12.8 seconds, 13.2
seconds, 13.6 seconds, etc. Examples of odd 0.2 second epochs are 12.2
seconds, 12.6 seconds, 13.0 seconds, 13.4 seconds, 13.8 seconds, etc.

2.2.3.2.3.7 ACPREnNncoded Lat it udeBAirlswmbPositeod Messagas AD S

ThePREncoded Latitudbeiot s(uibMEOe Ibdi ti s23a tih7r ou gl
55 through 71) field containing tl@éPRencoded latitude of the airborne position.

2.2.3.2.3.7.1 Airborne Latitude Data Encoding

The airborne latitude positiodatashall be encoded in accordance with 8A.1.4.2.2 and
8A.1.7 of Appendix A.

2.2.3.2.3.7.2 Airborne Latitude Position Extrapolation/Estimation (Precision Case, TYPE Codes
9, 10, 20 and 21)

The following subsections apply to Airborne Position Messages in which tR& Tode
is 9,10, 20 and 21 (se@.8.3.2.3.1L

22323721GPS/ GNSS Ti me Mar k Coupled Case (Extrapol at

I'f ATI MEO (22.3.2.3%inhn Airlsome Podition Message, then the time of
applicability of the latitude and longitude fields in that messsigal be an exact 0.2
second UTC epoch.

a. Specifically, the position data in the latitude and longitude fiedtiall be
extrapolated forward from the time of validity of the positior o the time of
applicability of the Airborne Position Message.

b. The Airborne latitude data registers and the encoded latitude subfialtl be
updated every 200 milliseconds to the next 0.2 UTC Epoch using the velocity data
provided for the positionix.

Notes:

1. The time of validity of the fix is provided with the fix data from the navigation data
source and is indicated by the leading edge of the GNSS Time MarkR (8¢e186.
The time of applicability of the positianessage is the exact 0.2 second UTC Epoch
to which the position data is extrapolated.

2. The latitude position registers and encoded latitude subfield should be updated at a

time about 100 milliseconds before the time of applicability of the data beidgdoa
into that register (seeZ2.5.2.1and Appendix A, 8A.1.4.2.3.1).
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3. One method of estimating the position to an exact 0.2 second UTC Epoch is
described in the foll owing ACommentary. 0

COMMENTARY:
The following example prowd one method (not the only method) that latitude
given in the Airborne Position Message may be extrapolated from the time of
validity of the fix (included with the fix from the navigation data source) to the
time of applicability of the Airborne Positioklessage. In the example, it is
assumed that t he nTAQBEDY (iT9 BOME, @&l dn dis®a
that the time of applicability of the extrapolated position is an exact 0.2 second

UTC Epoch.

Let:

thix = time of thedéading edge of the last received GNSS Time
Mark (see 8.2.5.1.6, which is also the time of validity
included with the fix from the navigation data source.

tmessage = time of applicability of the Airborne Position Message,
which is an exact 0.2 second UTC Epoch.

At = tmessage tix, iN Milliseconds

Prix = last known latitude position, at timg,tin degrees

Pmessage = latitude, extrapolated forward to the time of applicability of
the Airborne Position Messag@edsage

A¢ = ¢messaqe' ¢ﬁx, in degrees

Ws = North/South Velocity

The earth may be modeled as a sphere with radius such that one nautical mile
equals one minute of arc along a great circle. Using that approximation, yields:

¢message = it AP
die + (g60)(4t/3600000)
= ¢fix + (VNsﬂt) / (216 X 16)

(We dividews by 60 to convert from knots in theS\direction to degrees of
latitude per hour, and dividdt by 3600 x 1000 to convert from milliseconds
to hours.)

The result, grnessage IS 10 be enoded in the latitude field of the Airborne
Position Message using the CPR algorithm described in Appendix A, 8A.1.7.

22323722Non-Coupl ed Case (Estimation, ATIMEO (T) = AO

ADS-B Airborne Position Messages with TYPE Codes of 9, 10, 20 and 21 (see
§2.2.3.2.3.1 may implement estimation techniques such as aheta trackers or Kalman
filters to satisfy the intent of the position update requirements give.i3%2.3.7.2.1

Such techniques provide the capdbilio decouple the position computation from the
message transmission timing provided that the sampled data rate is sufficient to satisfy
minimum Nyquist criterion. Likewise such techniques may be necessary in order to
provide velocity compensation andéxceleration estimation in the future.
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a. If sampled data estimation techniques, e.g., al@ta trackers, alpHaetagamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data tinsdall not exceed 10 milliseconds.

b. Sampled data implementatiosball update the airborne latitude data registers and
encoded latitude data subfield at intervals not to exceed 100 milliseconds

Note: The 100 millisecond requirement is necessary in order to insure thadthe
millisecond performance required i28.3.2.3.7.2.1s not degraded.

2.2.3.2.3.7.3 Airborne Latitude Position Extrapolation/Estimation (non - precision)

2.2.3.2.3.7.3.1 Airborne Latitude Position Extrapolation Case (nhon- precision)

ADS-B Airborne Posibn Messages with TYPE Codes other than 9, 10, 20 or 21 (see
§2.2.3.2.3.] shall contain an estimate of the latitude position at a time of applicability
that is within 200 milliseconds of the time that the Airborne Position dgsds
transmitted. Essentially, the original data and the encoded lashalkbe updated at
least as frequently as every 200 milliseconds.

COMMENTARY:
The only difference between latitude position extrapolation in thepnecision
case and that of thprecision case 2.3.2.3.7.2.1Lis the interpretation of what
fisqt 06 me ans . -predision cashs is the elapsed time from the last
received position update to the expected time of transmission of an Airborne
PositionMessage that is based on the last position update.

(In the precision caseft is the time interval from the last received leading edge
of the GNSS Time Mark to the 0.2 second UTC Epoch which is to be the time of
applicability of the Airborne Position Measge).

Let:

tfix = time validity included with the PVT (position, velocity,
time) data from the navigation data source.

tupdate = time when the transmitting ABE Subsystem receives the
most recent PVT (position, velocity, time) data from a
navigation datasource.

tmessage = time of applicability of the Airborne Position Message

At = tmessage‘ tupdate In ml”lseconds

Prix = last known latitude position, at timg,tin degrees

Pmessage = latitude, extrapolated forward to the time of applicability of
the Airborne Position Messag@edsage

A = Pmessage Pix, IN degrees

Ws = North/South Velocity
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The earth may be modeled as a sphere with radius such that one nautical mile
eqguals one minute of arc along a great circle. Using that approximation, yields:

¢message = ¢fix + A¢
#ix + (1g60)(4/3600000)
= i+ (is4) [ (2.16 x 19)

(We dividews by 60 to convert from knots in theNdirection to degrees of
latitude per hour, and dividg, by 3600 x 1000 to convert from milliseconds to
hours.)

The result,gnessage IS t0 be encoded in the latitude field of thgbérne Position
Message using the CPR algorithm described in Appendix A, 8A.1.7.

Note: In order not to introduce excessive error in the estimated latitude,
Pmessage the latency, jhaate - tix, In the delivery of PVT data from the
navigation data sourcshould not be excessive.

2.2.3.2.3.7.3.2 Airborne Latitude Position Estimation Case (non- precision)

ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 and 21 (see
§2.2.3.2.3.1 may implement estimation techniques suchlisaebeta trackers or Kalman
filters to satisfy the intent of the position update requirements give.238.3.7.3.1

Such techniques provide the capability to decouple the position computation from the
message transmissidiming provided that the sampled data rate is sufficient to satisfy
minimum Nyquist criterion. Likewise such techniqgues may be necessary in order to
provide velocity compensation and/or acceleration estimation in the future.

a. If sampled data estimatiotechniques, e.g., alpHzeta trackers, alpHaetagamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data tinskall not exceed 100 milliseconds.

b. Sampled data implementatioskall update the airirne latitude data registers and
encoded latitude data subfield at intervals not to exceed 100 milliseconds.

Note: The 100 millisecond requirement is necessary in order to insure that the 200
millisecond performance required i28.3.2.3.7.3.1s not degraded.
2.2.3.2.3.7.4 Airborne Latitude Position Data Retention

In the event that the latitude position data is no longer available, the extrapolation or
estimation of, and update of latitude data and fields specifie@.lh3F2.3.7.2hrough
§2.2.3.2.3.7.3.3hall be limited to no more than two seconds.

At the end of two seconds, the latitude data registers and the encoded latitudiediield
be set to ALL ZEROs.

2.2.3.2.3.8 ACPRENc oded L Subfieidin AlBSBAAIirborne Position Messages

The&€&PREncoded Longitubed s$adaMEDebdti d0at h7voug
72 through 88) field thaghall contain the encoded longitude of the airborne position.
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2.2.3.2.3.8.1 Airborne Longitude Data Encoding

Theairborne longitude position dashall be encoded in accordance with 8A.1.4.2.2 and
8A.1.7 of Appendix A.

2.2.3.2.3.8.2 Airborne Longitude Position Extrapolation/Estimation (Precision Case, TYPE
Codes 9, 10, 20 and 21)

223.23821GPS/ GNSS Ti me Mark Coupl ddME®a s(€eT)( Ex tirladpo | a't

I f ATI MEO (22.3.2.3%inkn Airsome Podition Message, then the time of
applicability of the latitude and longitude fields in that messstg@l be an exact 0.2
second UTC epoch.

a. Specifically, he position data in the latitude and longitude fielsisall be
extrapolated forward from the time of validity of the position fix to the time of
applicability of the Airborne Position Message.

b. The Airborne longitude data registers and the encoded lmggisubfieldshall be
updated every 200 milliseconds to the next 0.2 UTC Epoch using the velocity data
provided for the position fix.

Notes:

1. The time of validity of the fix is provided with the fix data from the navigation data
source and is indicatedytthe leading edge of the GNSS Time Mark (22.8.1.6.
The time of applicability of the position message is the exact 0.2 second UTC Epoch
to which the position data is extrapolated.

2. The longitude positio registers and encoded longitude subfield should be updated at
a time about 100 milliseconds before the time of applicability of the data being
loaded into that register (se@&.5.2.1and Appendix A, 8A.1.421).

3. One method of estimating the position to an exact 0.2 second UTC Epoch is
described n t he foll owing ACommentary. o

COMMENTARY:
The following example provides one method (not the only method) that longitude
given in the Airborne Position Message yriae extrapolated from the time of
validity of the fix (included with the fix from the navigation data source) to the
time of applicability of the Airborne Position Message. In the example, it is
assumed that the ZAZBI2BEO i SUBMOINE], & ( ©eé& cAt i
the time of applicability of the extrapolated position is an exact 0.2 second UTC
Epoch.
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Let:

trix

tmessage

At
ﬂ'fix
)Lnessage

AL
¢

VEw

time of the leading edge of the last received GNSS Time
Mark (see 8.2.5.1.6, which is also the time of validity
included with the fix from the navigation data source.

time of applicability of the Airborne Position Message,
which is an exact 0.2 second UTC Epoch.

tmessage trix, IN Milliseconds
last known longitude position, at timg, tin degrees

longitude, extrapolated forward to the time of
applicability of the Airborne Position Messaggsstage

Amessage Afix, IN degrees

approximate latitude (the latitudey, at the time of the
fix may be used)

last known BEW velocity at timesf, in knots (positive for
easterly velocity)

The earth may be modeled as a sphere with radius such that one nautical mile
equals one mute of arc along a great circle. Using that approximation, yields:

)Lnessage

ﬂffix + 4

Jix + [( vew)/(60 cos §))] (At/3600000)
Jix + (view 4t) 1 [(2.16 x 16) cos@)]

(We dividewew by 60 cos §) to convert from knots in the-& directionto
degrees of longitude per hour, and dividieby 3600 x 1000 to convert from
milliseconds to hours.)

The result,Anessage IS 10 be encoded in the longitude field of the Airborne
Position Message using the CPR algorithm described in Appendix A, 8A.1.7.

2.23.23822Non-Coupl ed

Case (Estimation, ATI MEO (T)

ADS-B Airborne Position Messages with TYPE Codes of 9, 10, 20 and 21 (see
§2.2.3.2.3.1 may implement estimation techniques such as aheta trackers or Kalman
filters to satisfythe intent of the position update requirements given2i2.8.2.3.8.2.1

Such techniques provide the capability to decouple the position computation from the
message transmission timing provided that the sampled data ratfideist to satisfy
minimum Nyquist criterion. Likewise such techniqgues may be necessary in order to
provide velocity compensation and/or acceleration estimation in the future.

a. If sampled data estimation techniques, e.g., alta trackers, alpHagta-gamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data tinskall not exceed 100 milliseconds.

b. Sampled data implementatioslall update the airborne longitude data registers and
encoded longitde data subfield at intervals not to exceed 100 milliseconds.

Note; The 100 millisecond requirement is necessary in order to insure that the 200

© 20xx, RTCA, Inc.
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2.2.3.2.3.8.3 Airborne Lon gitude Position Extrapolation/Estimation (non- precision)

2.2.3.2.3.8.3.1 Airborne Longitude Position Extrapolation Case (non- precision)

ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 or 21 (see
§2.2.3.2.3.) shall cortain an estimate of the longitude position at a time of applicability
that is within 200 milliseconds of the time that the Airborne Position Message is
transmitted. Essentially, the original data and the encoded longihadlde updated at
least as fregently as every 200 milliseconds.

COMMENTARY:
The only difference between longitude position extrapolation in thepremision
case and that of the precision cas@.83.2.3.7.2.1Lis the interpretation of what
fisqt 6 means . -predsion cashs is the elapsed time from the last
received position update to the expected time of transmission of an Airborne
Position Message that is based on the last position update. (In the precision
caset is the time irgrval from the last received leading edge of the GNSS Time
Mark to the 0.2 second UTC Epoch which is to be the time of applicability of the
Airborne Position Message).

Let:

tfix = time validity included with the PVT (position, velocity,
time) data from th@avigation data source.

t _ time when the transmitting ABES Subsystem receives the

update most recent PVT (position, velocity, time) data from a
navigation data source.

tmessage = time of applicability of the Airborne Position Message

At = tmessage tupdate 1IN Milliseconds

Aix = last known longitude position, at timg, tin degrees

Amessage = longitude, extrapolated forward to the time of
applicability of the Airborne Position Messaggestage

AA = ﬂfmessaqe‘ ﬂﬁx; in degrees

¢ = e_lpproximate latitude (the latitudéy, at the time of the
fix may be used)

Vew = last known EW velocity at timeyt, in knots (positive for

easterly velocity)

The earth may be modeled as a sphere with radius such that one nautical mile
equals me minute of arc along a great circle. Using that approximation, yields:

ﬂvmessage = ﬂvfix + A4
Jix + [( vew)/(60 cos §))] (4t/3600000)
Aix + (vew 4t) 1 [(2.16 x 16) cos@)]
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(We dividewgyw by 60 cos §) to convert from knots in the-W directon to
degrees of longitude per hour, and dividieby 3600 x 1000 to convert from
milliseconds to hours.)

The result,Amessage IS 10 be encoded in the longitude field of the Airborne
Position Message using the CPR algorithm described in Appendix A78A.1.

Note: In order not to introduce excessive error in the estimated longitdglgsage the
latency, fpdate - tix, iN the delivery of PVT data from the navigation data source
should not be excessive.

2.2.3.2.3.8.3.2 Airborne Longitude Position Estimation Case (nor precision)

2.2.3.2.3.84

ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 and 21 (see
§2.2.3.2.3.1) may implement estimation techniques such asladpharackers or Kalman
filters to satisfy the intent of the position update requirements give.h32.3.8.3.1

Such techniques provide the capability to decouple the position computation from the
message transmission timing provided that the sampled data rate is sufficient to satisfy
minimum Nyquist criterion. Likewiseuch techniques may be necessary in order to
provide velocity compensation and/or acceleration estimation in the future.

a. If sampled data estimation techniques, e.g., al@ta trackers, alpHaetagamma
trackers, or Kalman filters, are used to periatlic update position data, then the
maximum sampled data tins@all not exceed 100 milliseconds.

b. Sampled data implementatioskall update the airborne longitude data registers and
encoded longitude data subfield at intervals not to exceed 100 mitig®co

Note: The 100 millisecond requirement is necessary in order to insure that the 200
millisecond performance required i28.3.2.3.8.3.1s not degraded.

Airborne Longitude Position Data Retention

The extrapolation or estirian, and update of longitude data and fields specified in
§2.2.3.2.3.8.2hrough 2.2.3.2.3.8.3.3hall be limited to no more than two seconds, in
the event that the longitude position data is ngédsravailable.

At the end of two seconds, the longitude data registers and the encoded longitude field
shall be set to ALL ZEROs.
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22324 ADS-B Surface Position Messages
The format for the Surface Position
5. Each of the subfields is specified in the following subparagraphs.
Surface Position Message AMEO Fi ¢
Msg
Bit 33-37 38-44 45 46- 52 53 54 55-71 72-88
#
n MEO
Bit 1-5 6-12 13 14-20 21 22 23-39 4071 56
#
Heading .
Heading . CPR CPR CPR
Field TYPE Movement Ground Ground Time Format Encoded Encoded
Code Track )] : .
Name [5] [7] Status Track [ F L atitude Longitude
1] [71 [1] [17] [17]
MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB
Note: A[ #] 0 provided in thefbiSinthéfieldi ndi cates
Figure 2-5: ADS-B Surface Position Message Format
223241 fi TY P EadleSubfield in ADS-B Surface Position Messages
T h e A TCodegubfield was previously specified for the Airborne Position Message
in 82.2.3.2.3.1and remains the same for the AIBSSurface Position Message, which
shalluse TYPE Codes 5, 6, 7 and 8 only.
Det ail ed def i niQodesubfield éncodinge thathdll ¥e>sed for all
ADS-B Messages are providedTade 2-16.
2.2.3.2.4.1.1 Surface Position Message TYPE Code Radius of Containment is Available
If Rc (horizontalradius ofcontainment) information is available from the navigation data
source, then the AD8 Transmitting Subsystershall use R to determine the TYPE
Code used in the Surface Position Message in accordanc&adith 216.
Note: If the position information comes from a GNSS receiver that conforms to the
ARINC 743A characteristic, a suitable source of information forrédius of
containment (B, is ARINC 429 label 130 from that GNSS receiver.
2.2.3.2.4.1.2 Surface Position Message TYPE Code Radius of Containment is Not Available

If Rc (horizontal radius of containment) information is NOT available from the
navigation data source, théhe ADSB Transmitting Subsysteshall indicae NIC=0 by
selecting a TYPE Code of 0 or 8 in the Surface Position Messages, as follows:

a. The ADSB Transmitting Subsystemshall set the TYPECodesubfield to ZERO if
valid horizontal
§2.2.3.2.3.1.3.above.

position

information

iSNOT available,

©20xx, RT
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2232413

b. The ADSB Transmitting Subsystemshall set the TYPECodesubfield to 8 if valid
horizontal position informatiofS available. (This TYPE Code indicates thatlius
of contahment, R, [SICHAGHURKNOWRIONGICAISINARIONCCUANOIONNN . )THIS
NEED TO BE CHANGED WITH THE ADDITION OF THE NIC SUPPLEMENT
C AND THE NEW VALUES FOR R ON THE SURFACEC¢

Special Processing for TYPE Cod&qual to ZERO

2.2.3.2.4.1.3.1 Significance of TYPE Code Eqal to ZERO

As shown inTable 216, TYPE Code equal to ZERO (0)
I nformation. o This type of message i s i
longitude information is not available, or is invalid.

nt

A Surface Position Message with a TYPE Cedeal toZERO (0)shall have all 56 bits
of the AMEO field set to ZERDO.

Special processing is required for Surface Position Messages because a CPR encoded
value of ALL ZEROs in the latitude and longitude field égensidered to be a valid
encoding.

2.2.3.2.4.1.3.2 Broadcast of TYPE Code Equal to ZERO

2232414

223242

The requirements provided in28.3.2.3.1.3.2apply equally to the AD® Surface
Position Message except that sushbparagraph i

c. Note that in all of the cases, a TYPE Cadpial toZERO infers a message ALL
ZEROs.

TYPE Code based on Horizontal Protection Level or Estimated Horizontal Position
Accuracy

a. Il f valid horizont al position Coddiothanat i on
Surface Position Messaghallb e set i n the range from A50

b. If Rc (Horizontal Radius of Containment) information is available from the
navigation dat a Caiogishal lee,selectédeaccdrdinyg B Ené R
value, in accordace withTable 216.

c. fRci s not available from t he nGodeshglldbe i on da
set to 8.

AMovement 0 Su-BBurfacé RbsitiomMegsaySs

The AMovement -Wi tsubid VBdudhill desadyertts 38 through

44) field thatshalbe used to encode information regar
the ADSB Transmitting Subsystem in accordance with the coding provided in Table 2

18.
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Table 2-18:fiMovement 0 Subfioesl d Code Definit.i

(%ggr':ﬁ) Meaning Quantization
0 No Movement Information Available
1 Aircraft Stopped (Ground ®ed = 0 knots)
2 0 knots < Ground Speed O 0.

3-8 0.2315 km/h (0.125 k& Ground Spee®1.852 km/h (1 kt) 0.2700833 krth steps
9-12 1.852 km/h (1 ktx Ground Spee®3.704 km/h (2 kt) 0.463 km /h (0.25 kt) steps
13- 38 3.704 km/h (2 ktx Ground Spee®27.78 km/h (15 kt) 0.926 km/h (0.50 kt) steps
39-93 27.78 km/h (15 ktx Ground Spee®129.64 km/h (70 kt) 1.852 km/h (1.00 kt) steps

94-108 | 129.64 km/h (70 ktx Ground Spee®185.2 km/h (100 kt) 3.704 km/h (2.00 kt) steps

109- 123 | 185.2 km/h (100 ktx Ground Spee®324.1 km/h (175 kt) 9.26 km/h (5.00 kt) steps
124 324.1 km/h (175 ktx Ground Speed
125 Reserved for Aircraft Decelerating
126 Reserved for Aircraft Accelerating
127 Reserved for Aircraft Backintp

Notes:

1. The data encoding represented in Tabld& represents a nelinear encoding:
therefore, encoding is performed exactly ascéfed in the table.

2. The last three movement encodings (125, 126, 127) are reserved to indicate high
levels of ground speed change, etc. The precedence of the codes is not defined yet as
inputs that would be required are not currently available.

2.2.3.24.3 AStuat Bit for Headi ng/ Gr oun-B Suffacea Pdsifion Su b f i €
Messages

The AStatus Bit for Headbng/ GibMEadbiTtr agRop A
45) field thatshall be used to indicate the validity of the Heading or Ground Track as
speeified in Table 219.

Table 219:A St atus Bit for Heading/ Ground T

Coding Meaning
0 Heading/Ground Track data is NOT VALID
1 Heading/Ground Track data is VALID

Note: If a source of A/V Headings not available to the AD® Transmitting
Sulsystem, but a source of Ground Track ariglavailable, then Ground Track
angle may be used instead of Headipgovidedt h at the #AStatus

Heading/ Ground Tracko subfield is set t
angle is not a reliable indicaton¢ofhe A/ V6s headi ng. (The
is not a reliable indication of the A/YV

close to ZERO.)
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223244 AHeadi ng/ Ground Tr aBSudaceFashidniMessadesi n ADS

The fAHeading/ GroundbitTAiMERObBUbflUeltdhriosigh 2
46 through 52) field thashall be used to report the Heading, or motion of the ADS
Transmitting Subsystem, Clockwise from North (i.e., Heading Sign Bit =Edicoding

of the fAHeadi ng/ Gr o ufiedin Thble220k 6 Subfi el d i s s

Table220:iHeadi ng/ Ground Tracko Encodin

Coding Meaning

(Binary) (Decimal) (Heading/Ground Track in degrees)
000 0000 0 Heading/Ground Track is ZERO
000 0001 1 Heading/Ground Track = 2.8125 degrees
000 0010 2 Heading/Ground Tack = 5.6250 degrees
000 0011 3 Heading/Ground Track = 8.4375 degrees

*%k% *k% *k%

0111111 63 Heading/Ground Track = 177.1875 degrees
100 0000 64 Heading/Ground Track = 180.00 degrees
100 0001 65 Heading/Ground Track = 182.8125 degrees
111 1111 127 Heading/Ground Track = 357.1875 degrees

Notes:

1. The encoding shown in the table represents an Angular Weighted Binary encoding in
degrees clockwise from True or Magnetic North. The MSB represents a bit
weighting of 180 degrees, while the B_$epresents a bit weighting of 360/128
degrees.

2. Raw data used to establish the Heading or Ground Track subfield will normally have
more resolution (i.e., more bits) than that required by the Heading/Ground Track
Subfield. When converting such datathe Heading/Ground Track Subfield, the
accuracy of the data must be maintained such that it is not worsee¥h&r$B where
the LSB is the weight of the least significant bit of the Heading subfield.

3. The reference direction for Heading (whether True tNasr Magnetic North) is
indicated in the Horizontal Reference Direction (HRD) field of the Aircraft
Operational Status Message2(8.3.2.7.2.18

223245 ATI MEOo ( T) S ubSuifaed PdsitioniMesaaddes

The ATI MEO ((@hi subfiMEOdDdbi & 21, ddalbesusede bi t
to indicate whether or not the epoch of validity for the horizontal position data in a
Surface Position Message is an exact 0.2 second UTC epoch. If the time of applicability

ofthe positordat a i s synchronized to an exact 0.2
subfield shall be set toONE (1) ot her wi se, t h eshafi Bel sbtEod ( T)
ZERO (0).

The ATI MEO (T) s UDONEI(19 dnlg fornT¥RE Codes Ssaad 6 (de®
§2.2.3.2.3.landTable 216) when used to indicated synchronization as discussed in the
previous paragraph.
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2.23.246

Notes:

1. AnADSB Transmitting Subsystem thQGNE (1pets t}
must accept &NSS TIME MARK input from the navigation data source in order to
be able to update the position data from the navigation data source to an exact 0.2
second UTC epoch (se2.8.5.1.6.

2. An arithmetic description of the intendsghchronization implementation is provided
in the ACommentary o 228Br.4.9Foapekison patitwde i de d i
Position Extrapolation and in 82.3.2.4.8.2for precision Longitude Posdn
Extrapolation.

ACPR For mat 0 ( F)B SBriatefPositidn Messages AD S

The ACPR Format obi(tF)( isMbBbd ikiltd 22, adhals sage &
be used to indicate which CompaceverbPoosri ti on
floddod )is used to encode the latitude and longitude data (22.38.4.7 and

§2.2.3.2.4.8 The bitshallbe set to AZERewmtencodiongteft|
data, or to AiOddd@e&ncadiogof suahdataat e t he A

a When ATI MEO (T) = O0:

The ACPR Formato (F) subf i elederdf widddtii ons
CPR encoding. In this case, the CPR encoding$fygia | t er nat eveb et we en
anadddido and t he ACPR BhalrateenatebetvdeFERO @u b f i el
andONE (1)respectively, each time the Surface Position Message register is updated

with new position data.

Note: When the ATIMEO (T) subfield is RAZERO
register must be updated at least as fratdlyeas every 200 milliseconds:
however, it may be updated more frequently, for example, every 100
milliseconds, etc. In such cases, the CPR encoding should alternate between
fleverd amdb feach time that the register
data.

b. When ATI MEO (T) = 1:

The ACPR Formatodo (F) s u b feveadl doodfoum@RR ons
encoding and also indicates whether the epoch of applicability of the position data is
anevdib oaddo A0. 2 second UTC epoch.

Notes:

1. Although the Sdace Position Message register may be updated more frequently
than five times per second, when T=1, t h
betweerZERO (0)and ONE (1)only as the epoch of applicability of the data being
loaded into the register alternats b e tevee nam@dd Ai0. 2 second U
epochs.
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2. An fAeven 0.2 second UTC epochodo is defined
that occurs at an even number of 20@dlisecond intervals after an exact even
numbered UTC secondsecbnkeWiT€egegpachibodd
moment on the UTC time scale that occurs at an odd number of 200 millisecond
intervals after an even numbered UTC second. Examples of even 0.2 second epochs
are 12.0 seconds, 12.4 seconds, 12.8 seconds, 13.2 sec8rfilssetonds, etc.

Examples of odd 0.2 second epochs are 12.2 seconds, 12.6 seconds, 13.0 seconds,
13.4 seconds, 13.8 seconds, etc.

2.2.3.24.7 ACPREncoded Lat it udeBSufcePbsitianMdssages ADS

ThePREncoded Latit udbeiot s(uilddEhosugbdsotMessage bit 7
55 through 71) field thaghall contain the encoded latitude of the Surface position.

2.2.3.2.4.7.1 Surface Latitude Data Encoding

The surface latitude position dashall be encoded in accordance with §A.1.4.2.2 and
8A.1.7 of Appendix A.

2.2.3.2.4.7.2 Surface Latitude Position Extrapolation/Estimation (Precision Case, TYPE Codes 5
and 6)

The following subsections apply to Surface Position Messages with TYPE Codes of 5
and 6 (see32.3.2.3.1

2.2.3.2.4.7.2.1GPS/GNSS Time Mark Coupled CaseExt r apol ati on, ATI MEO ( T)

| f ATI MEO (212)3.2.35 inla S(riaee dosiflon Message, then the time of
applicability of the latitude and longitude fields in that messstgal be an exact 0.2
second UTC epoch.

a. Specifically, the position data in the latitude and longitude fiedtiall be
extrapolated forward from the time of validity of the position fix to the time of
applicability of the Surface Position Message.

b. The Surface latitude data registers andeheoded latitude subfiekhall be updated
every 200 milliseconds to the next 0.2 UTC Epoch using the velocity data provided
for the position fix.

Notes:

1. The time of validity of the fix is provided with the fix data from the navigation
data source andsiindicated by the leading edge of the GNSS Time Mark (see
§2.2.5.1.¢. The time of applicability of the position message is the exact 0.2
second UTC Epoch to which the position data is extrapolated.

2. The latitude position gisters and encoded latitude subfield should be updated
at a time about 100 milliseconds before the time of applicability of the data being
loaded into that register (se®&.5.2.1and Appendix A, 8A.1.4.2.3.1).

3. One method foestimating the position to an exact 0.2 second UTC Epoch is
described in the following ACommentary. ¢
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COMMENTARY:
The following example provides one method (not the only method) that latitude
given in the Surface Position Message may be extrapolated tfrentime of
validity of the fix (included with the fix from the navigation data source) to the
time of applicability of the Surface Position Message. In the example, it is
assumed that t he nT2A2BES%i (sT)A ONED foi eilndd i (csad
that the time of applicability of the extrapolated position is an exact 0.2 second

UTC Epoch.

Let:

thix = time of the leading edge of the last received GNSS Time
Mark (see 8.2.5.1.6, which is also the timof validity
included with the fix from the navigation data source.

tmessage = time of applicability of the Surface Position Message,
which is an exact 0.2 second UTC Epoch.

At = tmessage tiix, IN Milliseconds

Prix = last known latitude position, éitne ty, in degrees

Pmessage = latitude, extrapolated forward to the time of
applicability the Surface Position Messaggedage

Ag = Pmessage Prix, IN degrees

Ws = North/South Velocity

The earth may be modeled as a sphere with radius suclotieahautical mile
eqguals one minute of arc along a great circle. Using that approximation, yields:

¢message = it AP
#ix + (wd60) (4t /3600000)
= it (sat) /(2.16 x 16)

(We dividews by 60 to convert from knots in theNdirectionto degrees of
latitude per hour, and dividdt by 3600 x 1000 to convert from milliseconds
to hours.)

The result, grnessage IS t0 be encoded in the latitude field of the Surface
Position Message using the CPR algorithm described in Appendix A, 8A.1.7.

2.2.3.24722Non-Coupl ed Case (Estimati on, ATI MEO (T) = no0

ADS-B Surface Position Messages corresponding to precision categories 5 and 6 (see
§2.2.3.2.3.) may implement estimation techniques such as dbeia trackers or Kalman

filters to saisfy the intent of the position update requirements giver2i2.8.2.4.7.2.1

Such techniques provide the capability to decouple the position computation from the
message transmission timing provided that the sampled datésratfficient to satisfy
minimum Nyquist criterion. Likewise such techniques may be necessary in order to
provide velocity compensation and/or acceleration estimation in the future.

©20xx, RTCA, Inc.



76

a. If sampled data estimation techniques, e.g., alga trackers, phabetagamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data tinskall not exceed 100 milliseconds.

b. Sampled data implementatioskall update the surface latitude data registers and
encoded latude data subfield at intervals not to exceed 100 milliseconds.

Note: The 100 millisecond requirement is necessary in order to insure that the 200
millisecond performance required i28.3.2.4.7.2.1s not degraded.

2.2.3.2.4.7.3 Surface Latitude Position Extrapolation/Estimation (non- precision)

2.2.3.2.4.7.3.1 Surface Latitude Position Extrapolation Case (non precision)

ADS-B Surface Position Messages with TYPE Codes other than 5 or 622:8.8.3.]

shall contain an e@hate of the latitude position at a time of applicability that is within
200 milliseconds of the time that the Surface Position Message is transmitted.
Essentially, the original data and the encoded latitsigi@ll be updated at least as
frequently as evgr200 milliseconds.

COMMENTARY:
The only difference between latitude position extrapolation in thepnecision
case and that of the precision cas@.83.2.4.7.2.1Lis the interpretation of what
fisqt 6 means . -predsion cashs is the elapsed time from the last
received position update to the expected time of transmission of a Surface
Position Message that is based on the last position update.

(In the precision caseft is the time interal from the last received leading edge
of the GNSS Time Mark to the 0.2 second UTC Epoch which is to be the time of
applicability of the Surface Position Message).

Let:

tix = time validity included with the PVT (position, velocity,
time) data from the nagation data source.

tupdate = time when the transmitting ABES Subsystem receives
the most recent PVT (position, velocity, time) data from
a navigation data source.

tmessage = time of applicability of the Surface Position Message

At = tmessage tupdate IN Milliseconds

Prix = last known latitude position, at timg,tin degrees

Pmessage = latitude, extrapolated forward to the time of
applicability of the Surface Position Messaggsdqe

A¢ = ¢messaqe‘ ¢fiX1 in degfeeS

Ws = North/South Velocity
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The earth may be modeled as a sphere with radius such that one nautical mile
equals one minute of arc along a great circle. Using that approximation, yields:

¢message = ¢fix + A¢
dix + (1g/60)(4/3600000)
¢fix + (VNS At) / (216 X 16)

(We dividews by 60 to convert from knots in theNdirection to degrees of
latitude per hour, and divida, by 3600 x 1000 to convert from milliseconds to
hours.)

The result,dnessage iS t0 be encoded in the latitude field of thef&ce Position
Message using the CPR algorithm described in Appendix A, 8A.1.7.

Note: In order not to introduce excessive error in the estimated latitgiglgs.qe the
latency, fpdate - tix, in the delivery of PVT data from the navigation data
source Bould not be excessive.

2.2.3.2.4.7.3.2 Surface Latitude Position Estimation Case (non precision)

ADS-B Airborne Position Messages that do not correspond to precision categories 5 and
6 (see 8.2.3.2.3.]1 may implement estimation techniquasch as alphkaeta trackers or
Kalman filters to satisfy the intent of the position update requirements given in
§2.2.3.2.4.7.3.1 Such techniques provide the capability to decouple the position
computation from the messagertsanission timing provided that the sampled data rate is
sufficient to satisfy minimum Nyquist criterion. Likewise such techniques may be
necessary in order to provide velocity compensation and/or acceleration estimation in the
future.

a. If sampled data stimation techniques, e.g., alphata trackers, alpHaetagamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data tinskall not exceed 100 milliseconds.

b. Sampled data implementatiostall updatethe surface latitude data registers and
encoded latitude data subfield at intervals not to exceed 100 milliseconds.

Note: The 100 millisecond requirement is necessary in order to insure that the 200
millisecond performance required i28.3.24.7.3.1is not degraded.
2.2.3.2.4.7.4 Surface Latitude Position Data Retention

The extrapolation and update of latitude data and fields specifie®.l38.4.7.2
through 8.2.3.2.4.7.3.Zhall be limited to no more than two seconds, in the event that
the latitude position data is no longer available. At the end of two seconds, the latitude
data registers and the encoded latitude bl be set to ALL ZEROs.

2.2.3.2.4.8 ACPREncoded Longi tnARSB®Eurfaae Pdsitioa Massages

The€PREncoded Longitubded stdaMEDebdti d0ath7oug
72 through 88) field thathall contain the encodddngitudeof the Surface position.
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2.2.3.2.4.8.1 Surface Longitude Data Encoding

The surface lorigude position datghall be encoded in accordance with 8A.1.4.2.2 and
8A.1.7 of Appendix A.

2.2.3.2.4.8.2 Surface Longitude Position Extrapolation/Estimation (Precision Case, TYPE Codes
5 and 6)

22324821GPS/ GNSS Ti me Mark Coupled Case (Extrapol at

| f DI M T) 2.2.3.2.3.56 & @ Surfdce Position Message, then the time of
applicability of the latitude and longitude fields in that messstigal be an exact 0.2
second UTC epoch.

a. Specifically, the position data in th&titude and longitude fieldsshall be
extrapolated forward from the time of validity of the position fix to the time of
applicability of the Surface Position Message.

b. The Surface longitude data registers and the encoded longitude sudhiidide
updated every 200 milliseconds to the next 0.2 UTC Epoch using the velocity data
provided for the position fix.

Notes:

1. The time of validity of the fix is provided with the fix data from the navigation data
source and is indicated by the leading edge ofGMNSS Time Mark (se@@.5.1.6.
The time of applicability of the position message is the exact 0.2 second UTC Epoch
to which the position data is extrapolated.

2. The longitude position registers and encoded longitude sdisffeuld be updated at
a time about 100 milliseconds before the time of applicability of the data being
loaded into that register (se8.5.2.1and Appendix A, 8A.1.4.2.3.1).

3. One method of estimating the position to an exa@ second UTC Epoch is
described in the following ACommentary. o

COMMENTARY:
The following example provides one method (not the only method) that longitude
given in the Surface Position Message may be extrapolated from the time of
validity of the fix (icluded with the fix from the navigation data source) to the
time of applicability of the Surface Position Message. In the example, it is
assumed that the ZZBI2BEO I suliifONElL @& (s eé cAt i
the time ofapplicability of the extrapolated position is an exact 0.2 second UTC

Epoch.

Let:

tfix = time of the leading edge of the last received GNSS Tim
Mark (see 8.2.5.1.§, which is also the time of validity
included with the fix fsm the navigation data source.

tmessage = time of applicability of the Surface Position Message, is
an exact 0.2 second UTC Epoch.

At = tmessage tiix, IN Milliseconds
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)hm
)Lnessage

AL

last known longitude position, at timg,tin degrees

longitude, extrapolated forward to the time of
applicability of the Surface Position Messaggsdiqe

Amessage Afix, IN degrees

approximateatitude (the latitude, ¢y, at the time of the
fix may be used)

last known BEW velocity at timegt, in knots (positive for
easterly velocity)

The earth may be modeled as a sphere with radius such that one nautical mile
equals one mute of arc along a great circle. Using that approximation, yields:

)Lnessage

)hm + A4

Jix + [( vew)/(60 cos 6))] x (At /3600000)
Jix + (vew 4t) 1 [(2.16 x 16) cos@)]

(We dividewy by 60 cos ¢) to convert from knots in the-& directbn to
degrees of longitude per hour, and dividieby 3600 x 1000 to convert from
milliseconds to hours.)

The result Anessage IS t0 be encoded in the longitude field of the Surface Position
Message using the CPR algorithm described in Appendix A, 8A.1.7.

223.24822Non-Coupl ed

Case (Estimation, ATIMEO (T)

ADS-B Surface Position Messages with TYPE Codes of 5 and 6 B268.3.]1 may
implement estimation techniques such as alptta trackers or Kalman filters to satisfy
the intent of the position update requirements given2r283.2.4.8.2.1 Such techniques
provide the capability to decouple the position computation from the message
transmission timing provided that the sampled data rate is sufficieatisfy minimum

Nyquist criterion.

Likewise such techniqgues may be necessary in order to provide

velocity compensation and/or acceleration estimation in the future.

a. If sampled data estimation techniques, e.g., al@ta trackers, alpHaetagamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data tinskall not exceed 100 milliseconds.

b. Sampled data implementatiosball update the surface longitude data registers and
encoded longitude dasabfield at intervals not to exceed 100 milliseconds.

Note: The 100 millisecond requirement is necessary in order to insure that the 200

millisecond performance required i28.3.2.4.8.2.1s not degraded.
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2.2.3.2.4.8.3 Surface Longitude Pogion Extrapolation/Estimation (non - precision)

2.2.3.2.4.8.3.1 Surface Longitude Position Extrapolation Case (non precision)

ADS-B Surface Position Messages with TYPE Codes other than 5 or 622:8.8.3.]

shall contain an estimate ofi¢ longitude position at a time of applicability that is within
200 milliseconds of the time that the Surface Position Message is transmitted.
Essentially, the original data and the encoded longititel be updated at least as
frequently as every 200 tiiseconds.

COMMENTARY:
The only difference between longitude position extrapolation in theremision
case and that of the precision cas@.&83.2.3.7.2.Lis the interpretation of what
st 06 means . -predision casha is the elapsed time from the last
received position update to the expected time of transmission of an Surface
Position Message that is based on the last position update. (In the precision
case At is the time inteval from the last received leading edge of the GNSS Time
Mark to the 0.2 second UTC Epoch which is to be the time of applicability of the
Surface Position Message).

Let:

thix = time validity included with thBVT (position, velocity,
time)data from the avigation data source.

tupdate = time when the transmitting ABES Subsystem receives
the most recent PVT (position, velocity, time) data from
a navigation data source.

tmessage = time of applicability of the Surface Position Message

At = tmessage tupdate IN Milliseconds

iix = last known longitude position, at timg,tin degrees

Amessage = longitude, extrapolated forward to the time of
applicability of the Surface Position Messaggsdiqe

AL - Amessage Aiix, IN degrees

@ = approximatdatitude (thelatitude, ¢, at the time of the
fix may be used)

" _ last known EW velocity at timesf, in knots (positive for

EW -

easterly velocity)

The earth may be modeled as a sphere with radius such that one nautical mile
equals oe minute of arc along a great circle. Using that approximation, yields:

ﬂfmessage = ixt+ 44
Ja + [( vew/(60 cos §))] X (At /3600000)
Aix + (view 4t) /1 [(2.16 x 16) cos@)]

(We dividewew by 60 cos §) to convert from knots in the-& diredion to

degrees of longitude per hour, and dividieby 3600 x 1000 to convert from
milliseconds to hours.)
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The result, Amessage IS t0 be encoded in the longitude field of the Surface
Position Message using the CPR algorithm described in Appendix A78A.1.

Note: In order not to introduce excessive error in the estimated longitlflgsage
the latency, daate - tix, in the delivery of PVT data from the navigation data
source should not be excessive.

2.2.3.2.4.8.3.2 Surface Longitude Position Estimation Case (nonprecision)

2232484

ADS-B Surface Position Messages with TYPE Codes other than 5 and 6 (see
§2.2.3.2.3.) may implement estimation techniques such as dbeia trackers or Kalman
filters to satisfy the intent of the position update requ@ets given in 8.2.3.2.4.8.3.1

Such techniques provide the capability to decouple the position computation from the
message transmission timing provided that the sampled data rate is sufficient to satisfy
minimum Nyquist criérion. Likewise such techniques may be necessary in order to
provide velocity compensation and/or acceleration estimation in the future.

a. If sampled data estimation techniques, e.g., alta trackers, alpHaetagamma
trackers, or Kalman filters, anesed to periodically update position data, then the
maximum sampled data tins&all not exceed 100 milliseconds.

b. Sampled data implementatiosball update the surface longitude data registers and
encoded longitude data subfield at intervals not toexxd®0 milliseconds.

Note; The 100 millisecond requirement is necessary in order to insure that the 200
millisecond performance required i 8.3.2.3.8.3.1s not degraded.

Surface Longitude Position Data Retention

The extrapdtion and update of longitude data and fields specified2i2.8.2.4.8.2
through 8.2.3.2.4.8.3.Zhall be limited to no more than two seconds, in the event that
the longitude position data is no bper available. At the end of two seconds, the
longitude data registers and the encoded longitudediedt be set to ALL ZEROs.

©20xx, RTCA, Inc.



82

2.2.3.2.5 ADS-B Aircraft Identification and Category Messages
Format for the Aircraft Identification an@ategoryMe s s a g e i Migdents i el d C
specified in Figure 5. Each of the subfields is specified in the following subparagraphs.
Aircraft Identification and CategoryMessage AMEO Field
Msg
Bit 33-37 38--40 41-46 | 47-52 | 53-58 | 59-64 | 65-70 | 71-76 | 77-82 | 8371 88
#
A MB
Bit 1-5 6-8 9-14 | 15-20| 21-26 | 27-32 | 33-38 | 39-44 | 45-50 | 51-56
#
TYPE ADS-B Ident Ident ldent ldent Ident Ident Ident ldent
Field Cod Emitter Char. Char. Char. Char. Char. Char. Char. Char.
Name [g] € Category #1 #2 #3 #4 #5 #6 #7 #8
[3] (6] (6] [6] [6] [6] (6] [6] [6]
MSB MSB MSB MSB MSB MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB LSB LSB LSB LSB LSB
Note; A[ #] 0 provided in the Field ndi cates tt
Figure 2-6: ADS-B Aircraft Identification and Category Messag Format
223251 fi TY P EadleSubfield in ADS-B Aircraft Identification and Category Message
T h e A TCodegubfield was previously specified for the Airborne Position Message
in 82.2.3.2.3.1and remains the same for the ABSAircraft Identification andCategory
Message, which uses TYPE Codes 1, 2, 3 and 4 only.
2.2.3.25.2 AADB Emitter Cat eg o rByAircrad ldéntificatoh ahd iCategadkyD S

Message

The

ABADESmMi t t er

Cat eghloirty 0( isMBJ i keiltds i & tahr3oug

38 through 40) field thashall be used to identify particular aircraft or vehicle types
within the ADSB Emitter Category Sets A, B, C or D identified by Message Format
TYPE Codes 4, 3, 2 and 1, respectively. Each of the-BOSnitter Category Sets are
specified in Tal# 221.

If the ADS-B Emitter Category is not available to the ABSTransmitting Subsystem,
then the deviceshall enter ALL ZEROs into the "AD® Emitter Category" Subfield in
the Aircraft Identification and Category Message.
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Table221:A ADB Emi tter Category SETO0O Code Defi

ADS-B Emi tter Categor ADS-B Emi tter Catego
Coding Meaning Coding Meaning
0 No ADS-B Emitter Category Information 0 No ADS.B Emitter Category
Information
1 Light (<15,500 Ibs.) 1 Glider / Sailplane
2 Small (15,500 to 75,000 Ibs.) 2 Lighter-than-Air
3 Large (75,000 to 300,000 Ibs.) 3 Parachutist / Skydiver
4 High-Vortex Large (aircraft such asB7) 4 Ultralight / hangglider / paraglider
5 Heavy (> 300,000 Ibs.) 5 Reserved
6 High Performance 6 Unmanned Aerial Vehicle
(>5g acceleration and > 400 knots) 7 Space / Trangtmospheric vehicle
7 Rotorcraft
ADSB Emitter Categor ADS-B Emitter Catego
Coding Meaning Coding Meaning
0 No ADS-B Emitter Category Information 0 No ADS.B Emitter Category
Information
1 Surface Vehicle Emergency Vehicle 1-7 Reserved
2 Surface Vehicle Service Vehicle
3 Point Obstacle (includes tethered balloon
4 Cluster Obstacle
5 Line Obstacle
6-7 Reserved
Note; TheEmitter &t egory codes 1 to 5 in category
other aircraft of the transmitting airc
necessarily the transmitting. lrcasecof aft &s

doubt, the next higher aircraft category code should be used.

2.2.3.253 AIDChar act er 0 S uBbAfrcrat Idemtifigation ahd Sategory Message

Each ofdentChear& cit er 0 -bitdididfas spdcitiedl ifriguse 26. 6
T h e ldétCih ar a c t e rsball esneottefthie llowlirg information:

a. If the flight identification used in the aircraft flight plan is available (eag. airline
flight number), then the flight identification used in the flight pdial be encoded.

b. If the flight identification used in the aircraft flight plan is not available, then the
Aircraft Registration Markinghall be encoded.

c. Surface vehicles should encode their radio call signs.

The <char act erldent@h aeraacchfietdsfie enshded as albt subset of
the International Alphabet Number 5 (B in accordance with the following documents:

a. ICAO, Annex 10, Volume IVfourth edition, July2007, §3.1.2.9.1.2 andlable 39.
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Note: The international reference version loternational Alphabet No. 5 (F8) is
defined in full in ICAO, Annex 10, Volume lll, Part 1, Amendnh\nt82,
dated11/22/2007 Table 82.

b. RTCADO-181D, §2.2.8.1.13, (EUROCAE EBr3C, §3.2.1.13)and

c. 8A.1.4.4 of Appendix A.

2.2.3.2.6 ADS-B Airborne Velocity Messages

Formats for the various Airborne Velocity Messages are further classifiedSigtype
Codeas identified in the following subparagraphs &ngure 27 andFigure 28.
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Airborne Velocity MessageSubtype=land A2 0 AMEO Field
MSG
BIT 33-37 38-40 41 42 43-45 46 47 - 56 57 58- 67 68 69 70-78 | 79-80 81 8271 88
#
n ME ¢
BIT 1-5 6-8 9 10 11-13 14 15-24 25 26- 35 36 37 38-46 | 47-48 49 5071 56
#
Diff Diff
Intent | % E/W N/S Vert | Vert g from
FIELD | TYPE | Subype | Change| & —. | NAC, | irection | ,E™Y | pirection | NS | Rate | Rate | Y& | € _. | Baro | MOM
5= ; Velocity ; Velocity . Rate o N Baro
NAME [5] [3] Flag @ [3] Bit [10] Bit [10] Source| Sign [9] @ Alt Alt
[1] 2 [1] [1] [1] [1] & Sign |
1] [7]
MSB MSB MSB MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB LSB LSB LSB
Figure 2-7:ADS-B Ai rborne Velocity Message Subtype 01&20
Airborne Velocity MessageSubtype=3a nd f 4 0 AMEO Field
MSG
BIT 33-37 38-40 41 42 43-45 46 47 - 56 57 58- 67 68 69 70-78 | 79-80 81 827 88
#
i ME @
BIT 1-5 6-8 9 10 11-13 14 15-24 25 26- 35 36 37 38-46 | 47-48 49 5071 56
#
Diff Diff
Intent % Heading Airspeed Vert | Vert | . % from | oo
FIELD | TYPE Subtype | Change| 2 — NACy Status | Heading T pe Airspeed | Rate Rate Rate S Baro Baro
NAME | [5] 3] Flag | 8= | [3] Bit [10] A [10] | source| sign | T0° | 8% | At | o
(1] @ (1] [1] [1] 2 Sign 7
m | 7
MSB MSB MSB MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB LSB LSB LSB
Figure 2-8: ADS-B AirborneVel oci ty Message Subtype 03&40
Note: The A[#] 06 provided i

n

t he

F iarel Figure @eirslicate$ thetnunther of bits in theraspectvd FIEED. g u r e
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2.2.3.2.6.1  ADS-B Airborne Velocity Message- Subtype=1

a. The Airborne Velocity MessageSultype=L1is illustrated inFigure 27 andshall be
transmitted by the Airborne ADB Transmitting Subsystem when Velocity Over
Ground information is available, and the transmitting device is installed in an
environment havinflON-supersonic airspeed capability.

b. The Supersonic Version of the Airborne Velocity Message §ugbtype=2 shall be
used if either the East/West velocity OR the North/South velocity exceeds 1022
knots. A switch to the normal velocity message (Beittype=1) shall be made if
both the East/West and the North/South velocities drop below 1000 knots.

c. The Airborne Velocity Messagghall not be broacast if the only validlata isthe
Intent Chage Flag

(1). TranspondeBased ADSB Transmitting Subsystns shall suppress the
broadcast by loadinRegister @ swi t h ZARRQs 0 and t hen di sc
updating of theRegister until data input is available again. The Transponder
will ZERO theAirborne Velocity Message afte2.6 seconds and terminatiee
broadcast

(2). Non-TranspondeBased ADSB Transmitting Subsystemshall ZERO the
Airborne Velocity Message afteR.6 seconds and terminatbe broadcast as
specified in .2.3.3.2.11and 8.2.3.3.2.12

Each of the subfields of the Airborne Velocity Messa@btype=1is specified in the
following subparagraphs.
2.2.3.26.1.1 A T Y P EauleSubfield in Airborne Velocity Message- Subtype=1
The A TCo&eBubfield was previously specified i2.8.3.2.3.1and remains the
same for ADSB Airborne Velocity MessagesSubtype=1that use TYPE Code 19 only.
2.2.3.2.6.1.2 fiSubtyped Code Subfield in Airborne Velocity Message- Subtype=1

T h eSubfyp® Codesubfieldisa®i t (AMEO bit 6 té&thraughgh 8,
40) field thatshall be used to identify theultypes of Airborne Velocity Messages as
specified in Table 22.
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2.23.26.1.3

Table 222:Ai r bor ne Vel daobtypeyCodéEisicsEnapding i

(BinarSOd'n?Dedmal) Primary Message Contents

000 0 Resered

001 1 Velocity Over Ground (i.e., Ground Speed) under normal
airspeed, i.e., neaupersonic, conditions

010 2 Velocity Over Ground (i.e., Ground Speed) under supersonic
conditions
Airspeed and Heading Information when Velocity Over Groun

011 3 information is not available and airspeed conditions are normg
i.e., noRsupersonic

100 4 Airspee(_ﬂ an_d Heading Informatio_n when Veloc_:if[y Over Groun
information is not available and airspeed conditions are super|

101 5 Reserved

110 6 Reserved

111 7 Reserved

The ADSB Airborne Velocity Messages Subtype=1shall use aSubtypeencoding of
nl1. o0

il ntent Change Flagd Subf i e-ISdbtypenl Ai r borne

The Al ntent Changhkei tFl (afgME & ulbifti e9 ,d Nl saa dle
be used to indicate a change in intent as specified in TabB &d transmitted in the
Airborne VelocityMessage.

Table 223:Al nt ent Change Flago Encodi
Coding Meaning
0 No Change in Intent
1 Intent Change

a. ModeS Transponder Implementaiis
An Intent Change everghall be triggered 4 seconds after the detection of new
information being inserted in GICRegisters @5t0 42;6. This results
Change FI| agoONBb @)amdgthe soeld rentaios set for +8 seconds
following the intent change.
Notes:

1. GICB Register 8,5 is not included since it contains dynamic data that will be
continuously changing.

2. A four second delay is required to provide for settling time for intent data
derived from manually set devices.
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2232614

2.23.26.15

b. NonTranspondeBasedmplementations

Non-TranspondeBasediransmission devices do not implement the Target State and
Status Messages and therefore do not set
devicesshalls et t he Al ntent Chtimnlesge Fl agodo to ZERC

AReservédSBbfield in Air bioSunmye=Yel ocity Mess

The @ Res-A&or vseudb fBketl td (ifMEBO 1bit 10, skkdsesage bi
set to ZERO (0) in all ADSB Transmitting Subsystems that comply with these MOPS.

ThiResetedB#A0 subfield was i-2@0Aids etdheée nAIRAKAC
FIl ago subfield, and wanlg fortranamitting agcdaft thad hath e s e t
the capability for applications requiring ADBB e qui page Cl ass AAl1ld0 or
Capability Flagodo has bBeMABPSERTCANDG242B),eadd f r o m
so has been removed from skeeequirements for the 1090ES MOPS.

ANAG Subfield in AirboSubtype=Mel ocity Messages

The ANAC€ubf i-eiltd (8MBO b L3t Message bits #3rthwough 45)
field that shall be used to indicate the Navigation Accuracy Category for Velocity as
specified inTable 225.

The ADSB Transmitting Subsysteishall accept, via an appropriate data inteefadata
from which the owrvehicle Navigation Accuracy Category for Velocity (N&Gnay be
inferred, and ishall use such data to establish the NAgTibfields in transmitted AD8
Airborne Velocity Messages.

If the external data source provides 95% aacy figures of merit for horizontal and
vertical velocity then the ADSB Transmitting Subsystershall determine the value of
the NAG, field in the Airborne Velocity Messages, Subtypes 1, 2, 3 an@2.832.6.1
§2.2.3.2.6.282.2.3.2.6.3and 8.2.3.2.6.4respectively) according fbable 225.

Note: Appendix J describes the manner in which GNSS position sources, which do not
output velocity accuracy, can be characterized so that a velocity accuracy value
associated with the position source can be input into-BEguipment as part of
the installation pocess.

Table 2-25: Determining NACy Based on Pasition Source Declared Horizontal
Velocity Error

Navigation Accuracy Category forVelocity

Binary) COdm(gDecimal) Horizontal Velocity Error
000 0 >10 m/s
001 1 <10 m/s
010 2 <3 m/s
011 3 <1lmls
100 4 <0.3m/s
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2.2.3.26.1.6

2.23.26.1.7

AfEast/ West Direction Bito Sub®Subtgded i n Airbo

The AEast/ West Dir ebcitti o(nfi MBE Ot Ob istu blf4i,e | Me si ssa ga
shall be used to indicate the direction of the East/West Velocitytovexs specified in
Table 228.

Table228:AEast / West Direction Bitodo Enco
Coding Meaning
0 EAST
1 WEST

AfEast/ West Velocityd Subfi eBubtypext Airborne V

The fAEast/ West Velboicti t(yfioMEsou bbfii tekdd§e bitsA¥ rao ulglh
through 56) field thashall be used to report the East/West subsonic Velocity (in knots)
of the ADSB Transmitting Subsystem.

Range, Resol uti and No Dat a e nshall ki of

as shown in Table-29.

on, ng

Table229:iEast / West Velocityo (subsonic)

Codin Meaning
(Binary) (Decimal) (E/W Velocity in knots) (subsonic)

00 0000 0000 0 No E/W Velocity information available
00 0000 0001 1 E/W Velocity is ZERO
00 0000 0010 2 E/W Velocity = 1 knot
00 00® 0011 3 E/W Velocity = 2 knots

*kk *%k% *k%k
1111111110 1022 E/W Velocity = 1021 knots
1111111111 1023 E/W Velocity > 1021.5 knots

Notes:

1. The encoding shown in the table represents Positive Magnitude data only. Direction
is given completely byn¢ East/West Direction Bit.

2. Raw data used to establish the East/West Velocity Subfield will normally have more
resolution (i.e., more bits) than that required by the East/West Velocity Subfield.
When converting such data to the East/West Velocity éaibthe accuracy of the
data must be maintained such that it is not worse tia_.SB where the LSB is that
of the East/West Velocity subfield.

3. All velocity vector components are to be referenced to \B458r to a coordinate
system consistent with W33.
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2232618 ANorth/ South Direction Bito SuBdbypedld i n Air

The ANorth/ South Dirteictti cMmMBG6 tlhi tsudb, eMds $ a
thatshall be used to indicate the direction of the North/South Velocity Vectshasn
in Table 230.

Table 2230:iNor t h/ Sout h Direction Bito En«

Coding Meaning
0 NORTH
1 SOUTH

2232619 AiNorth/ South Velocityo Subf i-8dbtggpeiln Ai rborne

The ANorth/ South Véiocifim&&osbbtisadedittSsh s oa ghO
through 67) field thashall be used to report the North/South subsonic Velocity (in knots)
of the ADSB Transmitting Subsystem.

Range, Resolution, and No Data encsbali ng of
be as shown in Table21.

Table231:iNort h/ South Velocityo (subsonic

Codin Meaning

(Binary) (Decimal) (N/S Velocity in knots) (subsonic)
00 0000 0000 0 No N/S Velocity information available
00 0000 0001 1 N/S Velocity is ZERO
00 0000 0010 2 N/S Velocity = 1 knot
000000 0011 3 N/S Velocity = 2 knots
1111111110 1022 N/S Velocity = 1021 knots
1111111111 1023 N/S Velocity > 1021.5 knots

Notes:

1. The encoding shown in the table represents Positive Magnitude data only. Direction
is given completelyybthe North/South Direction Bit.

2. Raw data used to establish the North/South Velocity Subfield will normally have
more resolution (i.e., more bits) than that required by the North/South Velocity
Subfield. When converting such data to the North/Soutbcliel Subfield, the
accuracy of the datahall be maintained such that it is not worse the LSB
where the LSB is that of the North/South Velocity subfield.

3. All velocity vector components are to be referenced to \B458r to a coordinate
system condient with WGS34.

22326.110ASource Bit for Vertical Rateo0 -Subthpeslel d i n

The ASource Bit for MWdrtt i(chiaMEOR ati @ a3 6s, u bvVfeisesl
thatshall be used to indicate the source of Vertical Ratermftion by being encoded as
specified in Table 32.
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2.23.26.1.11

2.23.26.1.12

2.23.26.1.13

Table 2232:i Sour ce Bit for Vertical Rat eo

Coding Meaning
0 Vertical Rate information from Geometric Source (GNSS or INS)
1 Vertical Rate information from Barometric Source

AiSign Biti dalr NRa&t ed Subfield i-8Bubtypeaxlbor ne Ve

The ASign Bit for Vebritti c(ad MERGatleiot sub,f i Mé ds ¢
thatshall b e used to indicate the direction of 1
Table 233.

Table 233:ASi gn Bit for Vertical Rateodo E

Coding Meaning
0 UP
1 DOWN

iVvertical Rated Subfiel d-Subtypeskl rborne Vel oci

The AVertical Pba tte o( ASMES ibe ltd tihsr caugh 38 t hr
through 78) field thats used to report the Vertical Rate (in feet/minute) of the ADS
Transmitting Subsystem.

Range, Resoluti on, and No Data shallbecadi ng of
shown in Table 4.

Table234:iverti cal Rateodo Encoding

Coding Meaning
(Binary) (Decimal) (Verticd Rate in feet / minute)
0 0000 0000 0 No Vertical Rate information available
0 0000 0001 1 Vertical Rate is ZERO
0 0000 0010 2 Vertical Rate= 64 feet / minute
0 0000 0011 3 Vertical Rate= 128 feet / minute
*kk *kk *kk
111111110 510 Vertical Rate= 32576 feet/ minute
111111111 511 Vertical Rate> 32608 feet/ minute

Note: The encoding shown in the table represeRtsitive Magnitude data only
Direction is given compl et edbfiefldby t he ASiI

i Res eBit¥!BOd Subfield in Air bioSubtype=Vel ocity Mes:

The ARSBESA®d veudbf i-teiltd (i /5MEA8Message bitd 7980) field
thatshall be set to ZERO (binary 00) in all ADS Transmitting Subsystems that comply
with these MOPS.

This fiResBéergetfBetsd was i-2edtadieldei mTRTICAI
subfield, and was required to be set to ZERO (binary 00) for all-BO%ansmitting and
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Receiving Subsystems that c oTmuprlny Iwnidtihc atthoarto
eliminated from the ADB MASPS (RTCA DQ242A), and so has been removed from
the requirements for the 1090 MHz Extended Squitter data link.

22326.114aDi fference From Barometric Altitude Sighn
Messages Subtype=1

The #AaDifference From Bar omet rbiic AlIAtMEtOu dbei tS
Message bit 81) field thathall be used to indicate the direction of the GNSS Altitude
Source data as shown in Tabl82

Table 235:ADi f f er ence Frlotm tBlad e mitgn cBiAt 6 Enc o

Coding Meaning
0 Geometric (GNSS or INS)
Altitude Source data is greater than (above) Barometric

Geometric (GNSS or INS)
Altitude Source data is less than (below) Barometric

22326.1.15AaDi f ference Fr om Bar o nreAirborne Velddity Messagke 0 Sub f
Subtype=1

The ADifference From Bar-bmet (AMEAI bi teadéd s
Message bits 82 through 88) field that is used to report the difference between Geometric
(GNSS or INS) Altitude Source datand Barometric Altitude when both types of

Altitude Data are available and valid. The difference between barometric altitude and

GNSS Height Above Ellipsoid (HAE) is preferred. However, GNSS Altitude (MSL)

may be used when airborne position is being nelousing TYPE Codes 11 through 18.

If airborne position is being reported using TYPE Codes 9 or 10, only GNSS Height

Above the Ellipsoid (HAE) may be used. For TYPE Codes 9 and 10, if GNSS Height

Above the Ellipsoid (HAE) is not available, then thefBiénce from Barometric Altitude
subfieldshall be set to ALL ZEROs.

Note: The basis for the barometric altitude difference (either GNSS HAE or Altitude
MSL) must be used consistently for the reported difference.

Range, Resolution, and No Data encodingdfe A Di f f erence From Bar
subfieldshall be as shown in Table36.

© 20xx, RTCA, Inc.



93

Table2-36:iDi f f erence From Barometric Altitude

Coding Meaning J
(Binary) (Decimal) (Geometric (GNSS or INS) Altitude Source data Difference in fee
000 0000 0 No GNSS Altitude Source data Difference information available
000 0001 1 GNSS Altitude Source data Difference is ZERO
000 0010 2 GNSS Altitude Source data Difference = 25 feet
000 0011 3 GNSS Altitude Source data Difference = 50 feet
111 1110 126 GNSS Altitude Source data Difference = 3125 feet
111 1111 127 GNSS Altitude Source data Difference > 3137.5 feet

2.2.3.2.6.2

2.23.26.21

Note: The encoding shown in the table represeRtsitive Magnitude data only

Direction is given completely by the Diffae From Barometric Altitude Sign

Bit.

ADS-B Airborne Velocity Message- Subtype=2

a. The Airborne Velocity MessageSubtype=2s illustrated inFigure 27 andshall be
transmitted by the Airborne ADB Transmitting Subsysterwhen Velocity Over

Ground information is available, and the transmitting device is installed in an

environment having a Supersonic airspeed capability.

b. The Supersonic Version of the Airborne Velocity Message 8uhtype=2 shall be

used if either theeast/West Velocity OR the North/South Velocity exceeds 1022

knots. A switch to the normal Airborne Velocity Message (Sebtype=1) shall be

made if both the East/West and the North/South Velocities drop below 1000 knots.

c. The Airborne Velocity Mesgge shall not be broacast if the only validlata isthe
Intent Chaige Flag

(). TranspondeBased ADSB Transmitting Subsystemshall suppress the
broadcast by loadinRegister @ gwi t h ZARRQs 0 and t hen
updating of theRegister untildata input is available again. The Transponder

will ZERO the Velocity Messagafter 26 seconds and terminatiee broadcast

(2). NonTranspondeBased ADSB Transmitting Subsystemshall ZERO the
Velocity Messagafter 26 seconds and terminatiee broadcast, aspecified in
§2.2.3.3.2.11and 8.2.3.3.2.12

Each of the subfields of the Airborne Velocity Messa@btype=2s specified in the

following subparagraphs.

i T Y P Eaule Subfield in Airborne Velocity Messages Subtype=2

The A TCofeBUubfield was previously specified i28.3.2.3.1and remains the
same for ADSB Airborne Velocity Messages Subtype=2which use TYPE Code 19

only.
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di

S C



94

2.2.3.2.6.2.2 ASubtyped Code Subfield in Airborne Velocity Messages Subtype=2

T h eSubfyp® Codesubfield was previously specified i28.3.2.6.1.2and remains the
same for ADSB Airborne Velocity Messages Subtype=2which shall use a subtype
encoding of A2.0

2232623 Ahtent Change Flagodo Subfi el dSubtype=2Ai rborne Ve

The Al ntent Change FIl ago s2adh3f2i6.e.rlremans pr evi
the same for ADSB Airborne Velocity MessagesSubtype=2

2.2.3.26.24 i Re s eBitvAedd Su b f i e InéVeloaity MessagbsdSubtype=2

The AResAdveubBiel d was p2282.6.bdnd lemainstpee ci f i e
same for ADSB Airborne Velocity MessagéasSubtype=2.

2232625 ANALB Subfield in Air boSubtype=2/el ocity Messages

The ANavigati on -A¢elua aictyy) sllHiglté Agas mreviously
specified in 8.2.3.2.6.1.5nd remains the same for AEBSAirborne Velocity Messages
- Subtype=2

2232626 ANEast/ West Direction Bito Sub®Subtggex2 i n Airbo

The fnEast/ West Direction Bito22806f6ndl d was
remains the same for ABDB Airborne Velocity MessagesSubtype=2

2232627 AnEast/ West Velocityo Subfi eBubtypex2 Airborne V

The fAEast/ West Velboicti t(yfioMEsou bbfiite | 1d5 itsh rao ulgCh
through 56) field thashall be used to report the East/West supersonic Velocity (in knots)
of the ADSB Transmitting Subsystem.

Range, Resolution, and No Data enshatlkei ng of
as shown in Table-37.

Table237:fiEast / West Velocityo (supersonic

Coding Meaning
(Binary) (Decimal) (E/W Velocity in knots) (supersonic)
00 0000 0000 0 No E/W Velocity information available
00 0000 0001 1 E/W Velocity is ZERO
00 0000 0010 2 E/W Velocity = 4 knots
00 0000 0011 3 E/W Velocity = 8 knots
*k% *k% *k%k
1111111110 1022 E/W Velocity = 84 knots
1111111111 1023 E/W Velocity > D86 knots
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2.2.3.2.6.2.8

2.2.3.2.6.2.9

Notes:

1. The encoding shown in the table represents Positive Magnitude data only. Direction
is given completely by the East/West Direction Bit.

2. Raw data used to establish the East/West Velocity Subfield will rprhasle more
resolution (i.e., more bits) than that required by the East/West Velocity Subfield.
When converting such data to the East/West Velocity Subfield, the accuracy of the
data must be maintained such that it is not worse tarl. SB where the LSB that
of the East/West Velocity subfield.

3. All velocity vector components are to be referenced to \B458r to a coordinate
system consistent with W33.

ANorth/ South Direction Bito SuBdbiyped2d i n Air

The ANorOihr/eScotuitohn Bi t 0 subfi el2R3.@ilsGngpr evi ou
remains the same for ABB Airborne Velocity MessagesSubtype=2

ANorth/ South Velocityodo Subf i-8dbtgpei2n Airborne

The fANoh tWeISoamitt y o -bsiuth f(ifeMEO ibsi tas 1206 t hr oug
58 through 67) field thaghall be used to report the North/South Supersonic Velocity (in
knots) of the ADSB Transmitting Subsystem.

Range, Resol uti on, andr Nio/ Pau tah eViedballd intgy @ f ¢
be as shown in Table38.

Table238:iNort h/ South Velocityo (superson

Coding Meaning
(Binary) (Decimal) (N/S Velocity in knots)(supersonic)

00 0000 0000 0 No N/S Velocity information available
00 0000 001 1 N/S Velocity is ZERO
00 0000 0010 2 N/S Velocity = 4 knots
00 0000 0011 3 N/S Velocity = 8 knots
1111111110 1022 N/S Velocity = £84 knots
1111111111 1023 N/S Velocity > £86 knots

Notes:

1. The encoding shown in the table reeis Positive Magnitude data only. Direction
is given completely by the North/South Direction Bit.

2. Raw data used to establish the North/South Velocity Subfield will normally have
more resolution (i.e., more bits) than that required by the North/Soethcity
Subfield. When converting such data to the North/South Velocity Subfield, the
accuracy of the data must be maintained such that it is not worsee¥h&r$B where
the LSB is that of the North/South Velocity subfield.
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3. All velocity vector componés are to be referenced to W@8 or to a coordinate
system consistent with W33.

22326.210iSource Bit for Vertical Rat eo -Subtpp=2el d i n

The ASource Bit for Vertical R2.2326.1.50ubf i el
and remains the same for AEEBSAirborne Velocity MessagesSubtype=2

22326.21171Sign Bit for Vertical Rat eo Soubtype=2|l d i n Ai

The ASign Bit for Vertical Raz2282.6.5lbhdf i el d v
remains the same for ABB Airborne Velocity MessagesSubtype=2

22326.212AVertical Rateodo Subfiel d-Subypek2 r borne Vel oci

The AVertical Rateod subf 2232d®.1.02ndrenminethei ous | y
same for ADSB Airborne Velocity MessagesSubtype=2

2.2.3.26.213 71 Re s eBits*BOd Subf i el d i n i/Subtypes2Mpassagege | oci t y

The fARBEsBOovedbfield was pLRRIA6d.dBNdemanp eci f i ¢
the same for ADSB Airborne Velocityi Subtype=2Messages.

22326.214nDi fference From Barometric Altitude Sign
Messages Subtype=2

The ADiIi fference From Barometri c petiftedin ude Si
§2.2.3.2.6.1.14and remains the same for AHES Airborne Velocity Messages
Subtype=2

2.23.26.215iDi f ference From Barometric Al titudeo Subf
Subtype=2

The iDi fference Freodm sBualrfoinmeltd i wasAl preuvdou
§2.2.3.2.6.1.15and remains the same for AEES Airborne Velocity Messages
Subtype=2

2.2.3.2.6.3  ADS-B Airborne Velocity Message- Subtype=3

a. The Airborne Velocity MessageSubtype=3s illustraed inFigure 28 andshall be
transmitted by the Airborne ADB Transmitting Subsystem when Velocity Over
Ground information is not available, and the transmitting device is installed in an
environment havinlON-supersonic agpeed capability.
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b. The Supersonic Version of the Airborne Velocity Message 8uhtype=2 shall be
used if the airspeed exceeds 1022 knots. A switch to the normal Velocity Message
(i.e., Subtype=3 shall be made if the airspeed drops below 1000 knots

c. The Airborne Velocity Messagghall not be broadcast if the only valihta is the
Intent Change Flag

(1). TranspondeBased ADSB Transmitting Subsystemsshall suppress the
broadcast by loadindregister Qe wi t h al | fi Z EdsCpatiduing nd t h e
updating of the Bgister until data input is available again. The Transponder will
ZERO the Velocity Message after 2 seconds and terminate broadcast after 60
seconds, as specified in RT@XO-181D (EUROCAE EDB73C).

(2). Non-TranspondeBased ADSB Transnitting Subsystemsshall ZERO the
Velocity Message after 2 seconds and terminate broadcast after 60 seconds, as
specified in .2.33.2.11and §.2.3.3.2.12

Each of the subfields of the Airborne Velty Message Subtype=3is specified in the
following subparagraphs.

2.2.3.26.3.1 A T Y P EauleSubfield in Airborne Velocity Messages Subtype=3

The A TCoteBubfield was previously specified i28.3.2.3.1and remains the
same for ADSB Airborne Velocity Messages Subtype=3which use TYPE Code 19
only.

2.2.3.2.6.3.2 ASubtyped Code Subfield in Airborne Velocity Messages Subtype=3

T h eSubtyp® Codesubfield was previously specified i22.3.2.6.1.2and remains the
sane for ADSB Airborne Velocity Messages Subtype=3which shall use a subtype
encoding of A3.0

2232633 Al ntent Change Flago Subf i e-ISdbtyper3 Ai r borne V

The Al ntent Change Fl ago s2adb3i2icelrdremans previ
the same for ADSB Airborne Velocity MessagesSubtype=3

2232634 A Reser vAedxd SRiibtf i e IneVelodity Messagbsdubtype=3

The AResAd veuwbBiael d was p228x2.6.hdnd lemainstpee ci f i e
same for ADSB Airborne Velocity MessagéasSubtype=3.
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2232635 ANAL Subfield in AirboSubtype=3Vel ocity Messages

The ANavigati on -Alelua aictyy) oDkt Ay&s mpreviously
specified in .2.3.2.6.1.5and remains the same for AEBSAirborne Velocity Messages
- Subtype=3

2232636 A"Heading Status Bito Subfi eBubtypea8 Airborne V

The fAHeading Statusi tBi(th MEOs bh fti ell4d, tMse sas aly e
shalbe used to indicate the availabilkitty of
39.

Table239:iHeadi ng Status Bito Encoding

Coding Meaning
0 Heading Data is NOT Available
1 Heading Data is Available

2232637 AHeadingod Subfi el d dssagefSubtype3 ne Vel ocity M

The AHeadingo-bsubffindMEd bsta 16 t
56) field thatshall be used to report t he
Transmitting Subsystem.

-t 5

rough 24,
Badi ngo

Range, Resolution, ameaNo n@ashal lvedad shaviidng of

Table 240.
Table240:iHeadi ngo Encoding
Codin Meaning
(Binary) (Decimal) (Heading in degrees)
00 0000 0000 0 Heading is ZERO
00 0000 0001 1 Heading = 0.3515625 degrees
00 0000 0010 2 Heading = 0.703125 degree
00 0000 0011 3 Heading = 1.0546875 degrees
*k% *%k% *%k%
0111111111 511 Heading = 179.6484375 degrees
10 0000 0000 512 Heading = 180.0 degrees
10 0000 0001 513 Heading = 180.3515625 degrees
10 0000 0010 514 Heading = 180.703125 degrees
1111111110 1022 Heading = 359.296875 degrees
1111111111 1023 Heading = 359.6484375 degrees

Notes:

1. The encoding shown in the table represents an angular weighted binary encoding in
degrees clockwise from True or Magnetic North. The MSB repeesenbit
weighting of 180 degrees, while the LSB represents a bit weighting of 360/1024
degrees.
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2.23.2.6.3.8

2.2.3.2.6.3.9

2. Raw data used to establish the Heading Subfield will normally have more resolution
(i.e., more bits) than that required by the Heading Subfield. When ¢maveuch
data to the Heading Subfield, the accuracy of the data must be maintained such that
it is not worse thar¥z LSB where the LSB is that of the Heading subfield.

3. The reference direction for Heading (whether True North or Magnetic North) is
indicated in the Horizontal Reference Direction (HRD) field of the Aircraft
Operational Status Message?(8.3.2.7.2.1B

AAi rspeed Typed Subfield -iSubtyge¥3r borne Vel oci
The AAirspeed T-ppe od soMBtf i 25 ,d Mess saatglkbe bi t 57
used to indicate the type of subsonic airs

(see 8.2.3.2.6.3.pand is coded as specified in Tabld 2

Table 241:A Ai r s pe e d sdni)Ercoding s ub

Coding Meaning

0 Airspeed Type is Indicated Airspeed (IAS)

1 Airspeed Type is True Airspeed (TAS)
AAi rspeedd Subfield in-3ubtypb=8rne Velocity Me
The AAirspeeddi subfiMEbdbi ¢ 26160 hhroagh@h 35, \
field thatshall be used to report the subsonic Airspeed, either Indicated or True, of the
ADS-B Transmitting Subsystem.
Range, Resolution, and No Da tskallbeasshowm ng of
in Table 242.

Table 242:fi Ai r s pl/ASeodTAS) (subsonic) Encoding

Coding Meaning
(Binary) (Decimal) (Airspeed in knots) (subsonic)
00 0000 0000 0 No Airspeed information available
00 0000 0001 1 Airspeed is ZERO
00 0000 0010 2 Airspeed = 1 knot
00 0000 0011 3 Airspeed = 2 knots
1111111110 1022 Airspeed = D21 knots
111111 1111 1023 Airspeed > D21.5 knots

Note: The encoding shown in the table represétdsitive Magnitude data onlysince
Airspeed Data (IAS or TAS) is always considered to be positive. All velocity
vector components are to be referenced to V8&®r to a coordinate system
consistent with WG84.
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22326310AiSource Bit for Vertical Rat ed -SubthpE=3 el d i n

The ASource Bit for Vertical R3.2.32®.1.50u b f i e |
and remains the same for AEBSAirborne Velocity MessagesSubtype=3

22326311AaASign Bit for Vertical Rated SS8ubtype=81 d i n Ai

The ASign Bit for Verticalfiedih@&28@.6.klbhdf i el d v
remains the same for ABB Airborne Velocity MessagesSubtype=3

22.326312fiVertical Rated Subfiel d-Subtypesk8 r borne Vel oci

The fAVertical Rat ed s ubf228I2.6.1.1adsremainseghe i o u s | y
same for ADSB Airborne Velocity MessagesSubtype=3

22326313 A" Res eBitsBd Subfield in Air bioSumype=¥el ocity Mes:

The ARBEsBo vedbfield was peRrd6ddBndgemanpeci f i e
the same for ADSB Airborne Velocityi Subtype=3Viessages.

22.326314n17nDi fference From Barometric Altitude Sign
Messages Subtype=3

The ADiIi fference From Bar omafprevioasly gpectfiedinu de Si
§2.2.3.2.6.1.14and remains the same for AEES Airborne Velocity Messages
Subtype=3

223.263.15ADi f ference From Barometric Altitudeodo Subf
Subtype=3

T h eDIFFERENCE FROM BARMETRIC ALTITUDEG subfi el d was pr
specified in 8.2.3.2.6.1.15and remains the same for AEES Airborne Velocity
Messages Subtype=3

2.2.3.2.6.4  ADS-B Airborne Velocity Message- Subtype=4

a. The Airborne Velocity MessageSubtyge=4is illustrated inFigure 28 andshall be
transmitted by the Airborne ADB Transmitting Subsystem when Velocity Over
Ground information iSNOT available, and the transmitting device is installed in an
environment having S@psonic airspeed capability.

b. The Supersonic Version of the Airborne Velocity Message §ugbtype=4 shall be

used if the airspeed exceeds 1022 knots. A switch to the normal Velocity Message
(i.e., Subtype=3 shall be made if the airspeed drops belb®00 knots.
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2232641

2.23.2.6.4.2

2.2.3.2.6.4.3

2232644

2.23.2.6.45

c. The Airborne Velocity Messagghall not be broadcast if the only vdldata is the
Intent Change Flag

(). TranspondeBased ADSB Transmitting Subsystemshall suppress the
broadcast by loadinRegister @ gwi t h ZARRQs 0 adisabntinuimge n
updating of the Bgister until data input is available again. The Transponder
will ZERO the Velocity Messagafter 26 seconds and terminatiee broadcast

(2). Non-TranspondeBased ADSB Transmitting Subsystemshall ZERO the
Velocity Messgeafter 26 seconds and terminatiee broadcastas specified in
§2.2.3.3.2.11and .2.3.3.2.12

Each of the subfields of the Airborne Velocity Messa@ibtype=4is specified in the
following subparagraphs.

i T 'Y P EauleSubfield in Airborne Velocity Messages Subtype=4

The A TCoteBubfield was previously specified i28.3.2.3.1and remains the
same for ADSB Airborne Velocity Messages Subtype=4which use TYPECode 19
only.

fiSubtyped Code Subfield in Airborne Velocity Messages Subtype=4

T h eSubtyp® Codesubfield was previously specified i22.3.2.6.1.2and remains the
same for ADSB Airborne Velocity Messages Subtype=3which shall use a subtype
encoding of A4.0

il ntent Change Flagd Subf i e-ISabtypepd Ai rborne V

The Al ntent Change Fl ago s2adb3i2icelrdremans previ
the same for ADSB AirborneVelocity Messages Subtype=4

i Res er vAedd SRiibtf i e IndVeloaity MessagbsdSubtype=

The AResAd veuwbBiael d was p228.2.6.Jodand lemainstpee ci f i e
same for ADSB Airborne Velocity Messages Subtype4.

ANAG Subfield in Air boSubtype=&/el ocity Messages

The ANavigati on -Alelua aictyy) oiiglte Ayds mprgviously
specified in 8.2.3.2.6.1.5and remains the same for AEBSAirborne Velocity Messages
- Subtype=4
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2.23.26.4.6

2.23.26.4.7

2.23.26.4.8

2.2.3.2.6.4.9

AHeadi Status Bitd Subfi eBubtypest Ai rborne V

ng

The fAHeading Status Bito s2X3f2i6.8.6md remans
the same for ADSB Airborne Velocity MessagesSubtype=4

previ

AfHeadi ngd Subfield in ASubtyper4 ne Vel ocity Mes

The fAiHeadingodo subfi el d2.2B26.3.and eemains thessarge s p e c i
for ADS-B Airborne Velocity MessagesSubtype=4

AAi rspeed Typeod Subfiel d -iSubtyge¥dr bor ne Vel oci
The AAirspeed Thpeo(B8MBEOGI I O 25, addlbesage bi
used to indicate the type of supersonic air
(see 8.2.3.2.6.4.9and is coded as specified in Tabld2
Table 243:iAi r speed Typeo (supersonic) En
Coding Meaning
0 Airspeed Type is Indicated Airspeed (IAS)
1 Airspeed Type is True Airspeed (TAS)

AAI rspe eldin Aidarrie Velocity Messages Subtype=4
The AAirspeeddbi subfiMEbdbi ¢ 2610 hrough 35, \
field thatshall be used to report the subsonic Airspeed, either Indicated or True, of the
ADS-B Transmitting Subsystem.
Range, Resoluti on, and No Datgshallbenas shownng of
in Table 244.

Table 244:A Ai r speedd (1 AS or TAS) (supersor

Coding Meaning
(Binary) (Decimal) (Airspeed in knots) (supersonic)

00 0000 0000 0 No Airspeed iformation available

00 0000 0001 1 Airspeed is ZERO

00 0000 0010 2 Airspeed = 4 knot

00 0000 0011 3 Airspeed = 8 knots

1111111110 1022 Airspeed = 084 knots

1111111111 1023 Airspeed > 086 knots

Note: The encoding shown in the tabslkpresentositive Magnitude data onlysince
Airspeed Data (IAS or TAS) is always considered to be positive. All velocity
vector components are to be referenced to V8&®r to a coordinate system
consistent with WG84.
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2.2.3.2.6.4.10

22326411

2.23.26.4.12

2.23.2.6.4.13

2.23.26.4.14

2.2.3.2.6.4.15

2.2.3.2.6.5

iSource Bit f GubfieMaAitbormed/élocify Messages Subtype=4

The ASource Bit for Vertical R2.2.326.1.50u b f i e |
and remains the same for AEBSAirborne Velocity MessagesSubtype=4

iSign Bitti cfadr Rvdre 0 Subfield i nSubype=bor ne Vel

The ASign Bit for Vertical Raz2288@.6.kltbhdf i el d v
remains the same for ADB Airborne Velocity MessagesSubtype=4

AVemti kRated Subfield i n ASubtypesd ne Vel ocity N

The fAVertical Rat ed subfd2eI2.6.1.Mhadsremainsghe i o u s | y
same for ADSB Airborne Velocity MessagesSubtype=4

i Re s eBitvB0Od S eldim Airborne Velocity Message§ Subtype=4

The 0 R easdBrsubkelll was previously specified ir28.3.2.6.1.13and remains
the same for ADSB Airborne Velocityi Subtype=4AMessages.

ADi fference From eBaSiogmetBitd ASubtwudl d in /
Messages Subtype=4

The ADifference From Barometric Altitude Si
§2.2.3.2.6.1.14and remains the same for AHES Airborne Velocity Messages
Subtype=3

AnDi fference From Barometric Altitudeo Subf
Subtype=4

The AiDi fference From Barometric Altitudebo
§2.2.3.2.6.1.15and remains the same for AHES Airborne Velocity Messages
Subtype=4

ADS-B Airborne Velocity MessagesSu bt ypes A5, 6, & 70

ADSB Airborne Velocity Messages are not spe
shall be considered to be Reserved for future expansion of Velocity Infamatipe
Messages.
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2.23.2.7

223271
The

ATar get

ATar get
aircraft in navigating to its intended trajectory and theustat

St at e

asd

St ate

an

d

ADS-B Periodic Status and EventDriven Messages

Statuso

Statusbo

Message

of t he

Message

i s

aircraf

data source and TCAS/ACAS systems. For this version of these MOPS the Target State
ned
target heading and altitude (i.e. Target State infdompatas well as information on the
status of the navigation data being used by AD8nd the status of the aircraft TCAS

and Status Messageith Subtype=1 s

systems.

def i

t o

convey i

The format of the Target State and Status Mesbhalidbe as specified in

Figure 29, while further definition of each of ¢hsubfieldsshall be as specified in the
subsequent paragraphs.

Note:

The provisions of RTCA D@60 related to TCP/TCP+tereremovedrom the

initial publication of RTCA D&60A, and provisions for a Target State and
Status Messagwere defined using thesame message TYPE Code value (i.e,
TYPE Code = 29) as previously defined by RTCA-ZB0 for the Aircraft

Trajectory Intent Messages that conveyed TCP/TCP+1 information.

It is not

expected that any implementation based on RTCA2B® would have
However, for purposes of
backward compatibilityRTCA DO260Arequired for a TYPE Code29 message

implementedthe messages for TCP and TCP+1.

t hat

i ME O

bit

11

al ways

be set

t o

260 conformant AD8 receiver not attempting toake use of the remaining
contents of the memge. Likewise, any TYPE Cod3-message transmitted by
an implementation based on E®D6 0
ONE (1) (i.e., indicating a valid TCP/TCP+1 Message is being transmitted)
shauld be discarded.

t hat

has

incorrectly

Target State and Status Message

40

88

8

56

TYPE Code = 29
(11101)

[5]

Subtype
Code

[2]

Intent/Status Information

(see 2.2.3.2.7.1.3
[49]

Figure 229:A Tar get

2232711

MSB
LSB

MSB

St at

LSB

e

MSB

an

d

Statuso

i TYPEO SGhiiedden Target State and Status Messages

LSB

Message

TheryYMPEO dSUialdewas previously specified for the Airborne Position Message
in §2.2.3.2.3.1and shall use the same subfield format for the Target State and Status
Message, which uses a TYPE Code of 29.

© 20xx, RTCA, Inc.
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2.2.3.2.7.1.2 ASubtyped Code Subfield in Target State and Status Messages

T h Subfyp® Codesubfieldisazbi t (AMEO bits 6 and 7, Me s s
thatshall be used to identify if the format of the remainder of the Target State and Status

Me s s a g e Subtyp® h e u Fdfall leel edcoded in accordance with Tabld32

ADS-B Transmitting Subsystems that comply with these MOPS shall transmit a Subtype

Code equal to ONE (1).

Table 2-45: ASubtyped Code Subfield Encoding

Codin .
(Binary) (D%cimal) Meaning

00 0 Reserved _ _ _ _
(Target State and Status information was defined in RTCAZBQA)

o1 1 Target State and Status information is provided in the subsequent sub
of the message (se2.2.3.2.7.1.3

10 2 Reserved

11 3 Reserved

2.2.3.2.7.1.3 Target State and StatusMessaggSubtype=1)

ATar get State and Statusodo information s
Message (TYPE=29) when tt8ubtypeONE (1). The format of the Target State and

Status Messager ADS-B Transmitting Subsystentkat comply with these MOP$hall

be in accordance with Figurel®.

©20xx, RTCA, Inc.
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Msg
Bit 33----- 37 | 38----- 39 40 41 42 52 | 53 61
#
i ME 0O
Bit 1--- 5 6 ----- 7 8 9 10 20 21 29
#
TYPE Selected| MCP/FCU Selected Altitude ] ]
Subtype=1 ] Barometric Pressure Settin
Field | Code =29 SIL Altitude or . .
(01) Supplement ) (Minus 800 millibars)
Name | (11101) 2 [1] Type FMS Selected Altitude 0]
[5] [1] [11]
MSB LSB | MSB LSB MSB LSB| MSB LSB
Msg
Bit 62 63 ;7 F———— 4 Y T —— 75 76 77 e 78
#
i ME Q
Bit 30 31 32 - 39 | 40---------mme-- 43 44 e 46
#
Sel d| sel g Navigation Source
electe electe iqati
) ] Selected Navigation Accuracy Integrity Integrity
Field Heading | Heading Heading Category_Position Category_Baro Level
Name |  status Sign (NACe) -
8 NIC SIL
[1] [1] [ ] [4] ( BARO) ( )
[1] (2]
MSB LSB MSB LSB MSB LSB
Msg
Bit 79 80 81 82 83 84 85 86 -------- 88
#
A ME 0O
Bit 47 48 49 50 51 52 53 54 —--mnee 56
#
Status of Altitude Reserved
Autopilot VNAV Approach TCAS
Field MCP / FCU Mode Hold For ADSR _ Reserved
) Engaged Mode Operational
Name | Mode Bits Engaged| Mode Flag [3]
[1] A [1] [1]
[1] [1] [1]
MSB LSB

Figure 2-10:iTar get St at e a rfSdbtypeladorma) Messageo

2.2.3.2.7.1.3.1ASIL Supplementd  Sieldin Target State and Status Messages

T h 6IL Bupplement (Source Integrity Level Supplememt)bfieldisal-bi t ( AMEO bi
8, Message bit 4(field thatshall define whether the reported SIL probability is based on
a Aper hour 0 pseompalbed ipryoboabial iAdpyeras defi ne

© 20xx, RTCA, Inc.
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Table246:A S1 L Suppl ement o Subfield

Coding

Meaning

0 Probability of exceeding NI€adiusof containment is based dper houd

1 Probability of exceeding Nl@diusof containment is based diper samplé

3 Per Hour:

3 Per Sample:

Encod

The probability of the reported geometric position laying outside the
NIC containment radius in any given hour without an alert or an alert

longer than the allowable tirte-alert. The per hour representation

will typically be used when therpbability of exceeding the NIC is
greater for the faulted versus fafrite Sigml-in-Space case (When
the Signalin-Spacdault rate is defined as hourly)

Note: The probability of exceeding the integrity radiusf
containment for GNSS position sour@e based on a per

hour basis, as the NIC will be derived from the GNSS

Horizontal Protection Level (HPL) which is based on a

probability of 1X10 per hour.

The probability of a reported geometric position laying outside the
NIC containment radius. The per sample representation will typically
be used when the probability of exceeding the NIC is greater for the

fault-free Signalin-Space cas®r when the positiosource does not
depend on a Signdth-Space

Note: The probability of exceeding the integrity radiusf
containment for IRU, DME/DME and DME/DME/LOC
position sources may be based on a per sample basis.

2.2.3.2.7.1.3.20SelectedA | t i t ude TdipTarget [atebahdiStatus Message

a. TheSeldttedA|l t i t ude

thatshall be used tandicate the source of Selected Altitude data that isgoesed to
AMEO bits 10its42hhrooghs?)h Ertdding(oMtbes s a g e
iSel ect ed Ashallbe tn actcedanteywitle Tabledr .

encode

Table 247:fASelectedA | t i t ude Typeodo Subfield

Ty p eboi ts u(bif Hebsadeibitd) fiedd 1

Coding Meaning
Databeng used t o encode20isdéivéd from thes
0 Mode Contol Panel / Flight Control Unit (MCP / FCU) or equivalent
equipment
1 Data being used tthoough20dsadatieed ffoM e |
Flight Management System (FMS)

b. Whenever there is no valid MCP / FCU or FMS Selected Altitude data avatladae,

Enco

the ASelected Altitude Typeoshsllbbseite! d ( AN

ZERO (0).

©20xx, RTCA, Inc.
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2.2.3.2.7.1.3.3AMCP/FCU Selected Altitude or FMS Selected Altitud®é Subf i el d in Targ

and Status Message

a The AMCP |/ FCU Sel ected tAlldteiot usdueb f-bitre | IMS s ¢

(AMEO bits 10 through 20, Mba comtagnesithéri t s
MCP / FCU Selected Altitude or FMS Selected Altitude data in accordance with the
following subparagraphs.

b. Whenever valid Selected Altitud#ata is available from the Mode Control Panel /
Flight Control Unit (MCP / FCU) or equivalent equipment, such da#dl be used to

encode AMEO bits 10 through 20 (Message

Table 2-48. Use of MCP / FCU Selected Altitle shall then be declared in the
iSel ected Al ti tsepeddafiedinjaple2d7.subf i el d a

c. Whenever valid Selected Altitude data is NOT available from the Mode Control
Panel / Flight Control Unit (MCP / FCU) or equivalent equipment, but valid teelec
Altitude data is available from the Flight Management System (FMS), then the FMS

Selected Altitude datahallbe used to encode AMEO bits
bits 42 through 52) in accordance with Tablé 8 pr ovi ded i n paragra

FMS Sdected Altitudeshallt h e n be decl ar ed i n t he
subfield as specified in §2.2.3.2.7.1.3.2, Tabir2

d Encoding of Selected Altitude data in
through 52)shall be in accordance with Table4B. Encoding of the dathall be
rounded so as to preserve accuracy of the source data within % LSB.

Table 2-48: iIMCP/FCU Selected Altitude or FMS Selected Altitud® Subf i el d Enc o«

Coding
(AMEO b-i20)s 1 Meaning
(Binary) (Decimal)

000 0MO 0000 0 NO Data or INVALID Data
000 0000 0001 1 0 feet
000 0000 0010 2 32 feet
000 0000 0011 3 64 feet
*kk kkkk kkkk *kk *kk kkkk kkkk
*kk kkkk kkkk *k%k *kk kkkk kkkk
*kk kkkk kkkk *kk *kk kkkk kkkk
11111111110 2046 65440 feet
11111111111 2047 65472 feet

e. Whenever there is NO valid MCP / FCU or FMS Selected Altitude data available,

then the AMCP [/ FCU Sel ecttietdu dlelot i st wbdfei eolrd

bits 10 through 20, Message bits 42 throGg@hshall be set to ZERO (0) asdicated
in Table 248.

© 20xx, RTCA, Inc.
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2.2.3.2.7.1.3.4nBarometric Pressure Setting (Minus 800 millibarsp) Subfi el d i n Target
Status Message

a The fABarometric Pressure Setti-bgt ((MiNMBES E
bits 21 through 29, Message bits 53 through f@&lyl thatshall contain Barometric
Pressure Setting data that has been adjusted by subtracting 800 millibars from the
data received from the Barometric Pressure Setting source.

b. After adjustment by subtracting 800 millibars, the Barometric Presattedshall
be encoded 21ithroughN2B (Meskagd bits 53 throwft) in accordance
with Table 249.

Table 2-49: iBarometric Pressure Setting (Minus 800 millibarsp Subf i el d Encod

Coding
(AMEO b-i20)s 2 Meaning
(Binary) (Decimal)

00000 0000 0 NO Data or INVALID Data
0 0000 0001 1 0 millibars
0 0000 0010 2 0.8 millibars
0 0000 0011 3 1.6 millibars
* kkkk kkkk *k% *k%k kkkk kkkk
* kkkk kkkk *k*k *kk kkkk kkkk
* kkkk kkkk *kk *kk kkkk kkkk
111111110 510 407.2 millibars
111111111 511 408.0 millibars

c. Encoding of Barometric Pressure Setting d
bits 53 through 613hall be rounded so as to preserve a reporting accuracy within £%2
LSB.

d. Whenever there is NO valid Barometric Press®@etting data available, then the
AiBarometric Pressure Setting (Minus 800 n
29, Message bits 53 through) shall be set to ZERO (0) as indicated in Tablé®

e. Whenever the Barometric Pressure Setting datadatgr than 1209.5 or less than
800 millibars, then the ABarometric Press
(AMEO bits 21 through 2sBallbebette ZERQ@®). bi t s 53

2.2.3.2.7.1.3.5nSelected Heading Status Subfi el d i n TuwwsMegssage St ate and S

The ASelected Headi-lmigt S(tmMBRdGE Obistu b¥d,el Me s ssa n
shall be used to indicate the status of Selected Heading data thatgsuseid to encode
AMEO bits 32 t hr ouhgphgh7d)dn atctlanseswithgTablelb0.t s 6 4

©20xx, RTCA, Inc.
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Table 2-50: ASelected Heading Statu's Subf i el d Encoding

Codin :
(i ME% 1 Meaning
Data being used tthoough3ddMessage Ifitd/
0 64 through 71) is eitheMOT Available or isSINVALID . See Tablg
2-52.
1 Databei ng used to encode AMEDO
64 through 71) is Available andVALID . See Table-52.

2.2.3.2.7.1.3.6nSelected Heading Sigh Subfi el d in Targets State and St

TheA Sel eea@idndd Si gn ébistu b(ffii MHE od ageilit 6FFidl] thaMe s s
shall be used to indicate the arithmetic sign of Selected Heading data thatgsubed to
encode AMEO bits 32 t hr oulyihacAlandeMihsTablege bi t

2-51.
Table 2-51: ASelected Heading Sigh S u b f ¢odingd E n
Coding :
(AMEO | Meaning

Data being used to encode AM

64 through 71) is Positive in an angular system having a range

between +180 anidl 80 degrees. (For an Angular Weighted Bing
system which ranges from@to 360 degrees, the sign bit is positi
or Zero for all values that are less than 180 degrees). See Tabl
52.

Data being used to encode AM

64 through 71) is Negative in an angular system having a range
1 between 480 and 180 degrees. (For an Angular Weighted Bing
system which ranges from 0.0 to 360 degrees, the sign bit is ON
for all values that are greater than 180 degrees). See FaBle 2

© 20xx, RTCA, Inc.
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2.2.3.2.7.1.3.7 ASelected Heading

a. The

ASel ect eidlditan&dii th g0 MEUb fbi t s

Subfi

e |

d in Targets State

and S

32 thr

64 through71) field thatshall contain Selected Heading data encoded in accordance
with Table 252.

Table 2-52: ASelected Heading Status, Sign and Daia S u Is Enicaslihgd

AMEO Bit Codinr
30 31 32 ------- 39 Meaning
Status | Sign Data
0 0 0000 0000 NO Data or INVALID Data
1 0 0000 0000 0.0 degrees
1 0 0000 0001 0.703125 degrees
1 0 0000 0010 1.406250 degrees
* * *kkk kkkk *kkk  kkkk kkkk
* * *kkk kkkk k*kkk kkkk kkhkk
1 0 11111111 179.296875 degrees
1 1 0000 0000 180.0 0r-180.0 degrees
1 1 0000 0001 180.703125 0r179.296875 degrees
1 1 0000 0010 181.406250 or-178.593750 degrees
* * *kkk kkkk *kkk kkkk kkkk
1 1 1000 0000 270.000 or -90.0000 degrees
1 1 1000 0001 270.703125 or -89.296875 degrees
1 1 1000 0010 271.406250 or -88.593750 degrees
1 1 1111 1110 358.593750 or -1.4062500 degrees
1 1 11111111 359.296875 or -0.7031250 degrees
b. Encoding of Selected Heading data in

through 71)hall be rounded so as to preserve accuracy of the source data within +%

LSB.

c. Whenever there is NO valid Seledté¢leading data available, then the Selected
Headi
through 71)shall be set to ZERO (0) as indicated in TabiB2

ng

Status,

22327138ANAGC Subfield i

n

Sign, and Dat a

Targets St ate

and

The Navgation Accuracy Category for Position (NAGubfieldisadb i t  (
through 43, Message bits 72 through 75) subfield of the Target State and Status Message
thatshall announce 95% accuracy limits for the horizontal position (and for some NAC
values, the vertical position) that is being currently broadcast in Airborne Position and
Surface Position Messageslable 271 specifies the accuracy limits for each NAC
value. If an update has not been received from amoard data source for NAGvithin

the past 5 seconds, then the NASTibfield shall be encoded as a value of ZERO (0)
AUnknown Accuracy. o0

i ndi

cati

ng

subfi el

Status

tat

oug

i ME

ds

Me

AMEO bits
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Note: The Navigation Accuracy Category for Position (NAG reported so that
surveillance applications mayetermine whether the reported geometric position
has an acceptable level of accuracy for the intended use. See §2.1.2.13 of the
ADSB MASPS, RTCA DRQ42A, for a fuller description of NAC

22327139A Nlgfgod Subfield in Targets State and Status N

The /& C(Barometric Altitude -blintt e(f MEy [Ciotd ¢
Message bit 76) field thahall be used to indicate whether or not the barometric pressure

altitude being reported in the Airborne Position Message.2(8.2.3 has been
crosschecked against anot hergrsoo usrultefalioefl dpr e ¢
be encoded in accordance withble 273, as specified in the Aircraft Operational Status

Message. If an update has meen received from an dyard data source for Nitzo

within the past 5 seconds, then the MK subfieldshall be encoded as a value of ZERO

(0).

2.2.3.2.7.1.3.1@GSourcelntegrity Level (SIL)0 Subf i el d i n Targets State and

The 0Sulrdelategfity Level) subfieldisabi t (AMEO bits 45 and -
77 and 78) field thashall be used to define the probability tife reported horizontal

position exceeding the radiug containment defined by the NIC, without alerting,

assuming no avionicsti#ts. The SIL will address the Signah-Spaceif applicable,and

will be the higher of the faulted or fault free probability of the Signebpace causing

the NIC radiusof containment to be exceeded.

Note: The faulted Signah-Space case will repsent the highest probability for GNSS
position sources while the fault free SigialSpace case will represent the
highest probability for DME/DME or DME/DME/LOC position sources because
the Signalfin-Space is monitored and for IRU position sources bexdlsre is
no Signalin-Space.

The SIL probability can be defined as eithe
SIL Supplement (Sléypp in §2.2.3.2.7.1.3.1

The ASI L ghallsbe én€odee indordance withTable 272, as specified in the
Aircraft Operational Status Messagd:or installations where the SIL value is being
dynamically updatedf an update has not been received from abaard data source for
SIL within the past 5 seconds, then the SIL subfsélall be encoded as a value of ZERO
(0), indicating AUnknown. 0

Note: The SIL and NIC should be set to unknown if the-BO#®sition source does not
supply an output certified to provide an indication of thiegrity of the reported
position (e.g.such as HPL from GNSS sysi3.

2.2.3.2.7.1.3.15Status of MCP/FCU Mode Bit®9 Subfi el d in Targets State an

The AStatus of MCP [/ FOUt Mg GMEBI bsd <dTbhf iMel
field thatshallbeused to i ndicate whether the mode b
Message bits 80, 81, 82 and 84) are actively being populated (e.g., set) in the Target State

and Statud/essage in accordance with Tabie

© 20xx, RTCA, Inc.
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Table 2-53: AStatus of MCP/FCU Mode Bit® Subfield Encoding

Codin .
(ﬁME?‘) B Meaning
0 No Mode I nformation is being
52 (Message bits 80, 81, 82, or 84)
1 Mode I nformation is delibera
49, 50 or 52 (Message bits 80, 82, or 84)

If information is provided to the ADB Transmithng Sy bsy st em to set eittl
48, 49, 50, or 52 (Message bit 80,812 or 84 ) t o then bith7shallbéi 0 0 or
set to ONE (1). Otherwise, bit 4hall be set to ZERO (0).

2.2.3.2.7.1.3.1BAutopilot Engagedd0 Subf i el d in Targets State and St a

The HAAutopil ot Enbagedd MEODbTfbiigl d48i,s Message
shall be used to indicate whether the autopilot system is engaged or not.

a. The ADSB Transmitting Subgstemshall accept information from an appropriate
interface that indicates whether or not the Autopilot is engaged.

b. The ADSB Transmitting Subsystershall s e t AMEO Dbit 48 ( Messa
accordance with Table-24.

Table 2-54: fiAutopilot Engagedo Subfield Encoding

Codin .
(A M E% H Meaning
0 Autopilot is NOT Engaged (e.g., not actively coupled and flying the aircr
1 Autopilot is Engaged (e.g., actively coupled and flying the aircraft)

2.2.3.2.7.1.3.18VNAV Mode Engagedd Subfi el d i n TwwsMegssagesSt at e and St

The AVNAV Mode Eng&geaedd AiMEDT ibeéltd 4i9s alek s ag
shall be used to indicate whether the Vertical Navigation Mode is active or not.

a. The ADSB Transmiting Subsystemshall accept information from an appnigte
interface that indicates whether or not the Vertical Navigation Mode is active.

b. The ADSB Transmiting Subsystemshall s e t AMEO bit 49 ( Messa
accordance with Table-25.

Table 255:A VNAV Engagedod Subfield Encoding

Coding .
( A MEit49)H Meaning
0 VNAV Mode is NOT Active
1 VNAV Mode is Active

©20xx, RTCA, Inc.
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2.2.3.2.7.1.3.14Altitude Hold Mode 0 Subfield in Target State and Status Messages

The AAl titude

shall be used to indicate whether tAkitude Hold Mode is active or not.

a. The ADSB Transmitting Sbsystemshall accept information from an appropriate
interface that indicates whether or not the Altitude Hold Mode is active.

b. The ADSB Transmiting Subsystemshall s e t
accordance with Table-26.

Hol dbiMo d(efOMEsOu bbfiite | ©0 ,i sMeas sla g ¢

i MEO baget bit 8B2) in ( Me s s

el d Enco

Table256:i Al ti tude Hol d Modeodo Subfi
Codin .
( ME?) H Meaning
0 Altitude Hold Mode is NOT Active
1 Altitude Hold Mode is Active

2.2.3.2.7.1.3.15Reserved for ADSR Flago

Subfield i

The AReserRed| @bield isadSi t
thatshall be used as specified §2.2.18.4.6

2.2.3.2.7.1.3.16ApproachModed Subfi el d i

The fAAppr o®as b Mioldietd
be used to indicate whether the Approach Mode is active or not.

n Target

n TaMgssagesSt at e and !
(AMEO bit 51, Me s s ¢
State and Stat

( 8MEBO 1bi t

52, shallssage &

a. The ADSB Transmitting Sbsystemshall accept information from an appropriate
interface that indicates whether or tioé¢ Approach Mode is active.

b. The ADSB Transmitting 8bsystemshall s e t AMEO bilt 52 ( Messa
accordance with Table-27.
Table 257. A Approach Modeo Subfield Encoding
Coding .
(AMEo 8 Meaning
0 Approach Mode is NOT Active
1 Approat Mode is Active
2.2.3.2.7.1.3.1TCAS Operationald0 Subfi el d in Target State and St a

The ATCAS Oper at itbontal(oi MEuWb fhiietl db 3i,s skl s1ls a g e
be used to indicate whether the TCAS System is Operational or not.

© 20xx, RTCA, Inc.
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a. The ADSB Transmitting Sibsystemshall accept information from an appropriate
interface that indicates whether or not the TCAS System is Operational.

b. The ADSB Transmitting 8bsystemshall s e t AMEO bit 53 ( Messa
accordance with Table 2.2.3.2.7.1.3.17.

Table2.2.3.2.7131M TCAS Operational o Subfield Enco

Codin .
(M E% H Meaning
0 TCAS System is NOT Operational

1 TCAS System is Operational

Note: As a reference point, RTCA BIB1D ModeS Transponders consider that the
TCAS System is opérd o n a | when AMBO bt s&26 o©b ROY
(2). This occurs when the transponder / TCAS interface is operational and the
transponder is receiving TCAS RI=2, 3 or 4. (Refer to RTCA1BID
[EUROCAE ED73C], Appendix B, Table-B-16.

2232713 18Resevedd Subfield in Target State and Status |

2232714

2.23.2.7.2

ME bits 54 through 56 (Message bits 86 through 88) of the Target State and Status
Message are fiRes er v eahdshalfl berset folZERO (8) inatdiss i g n me
version of these MORS

Reserved for TYPE=29 andSubtype> 1 Message Formats

This section is reserved for future editions of these MOPS to specify additional Target
State and Status Messages with the TYPE Code equal to 29 hubtiypegreater than
ONE (2).

AAi rcraft Oper atages nal Statuso Mess

The HAAircraft Operational Status Messageo
aircraft. The format of the Aircraft Operational Status Messhgdl be as specified in

Figure 211, while further definition of each of the subfields is providadthe
subsequent paragraphs.

©20xx, RTCA, Inc.
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Aircraft Operational Status ADS-B Message AMEO Field For mat
MSG
BIT 33-37 38-40 41-52 53-56 57-72 73-75 76 77-80 81-82 83-84 85 86 87 88
#
i ME O
BIT 1-5 6-8 9-20 21-24 25-40 41-43 44 45-48 49-50 51-52 53 54 55 56
#
- Operational
Subtype=o | Capability Class (CC) |y 40" am) GVA NIC saro
Codes Source
(3l [16] oz MOPS NIC 2l Integrity (1] SIL
FIELD TYPE=31 [16] Version SUDDA NACp Level HRD Su Reserved
NAME [5] cc LW Operational Number [T]} [4] SIL) [ [lF]JP 1]
Subtype=1 Mode (OM) [3] Reserved TRK/HDG
Codes Codes [2]
[3] Codes [2] [1]
[12] [4] [16]
MSB MSB MSB MSB MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB LSB LSB LSB LSB

© 20xx, RTCA, Inc.

Note:; Subfields that are relevant onlyrfairborne Participants are allocated to Subtype ZERO (binary 000), while those that
pertain only to Surface Participants are allocated to Subtype ONE (binary 001).

Figure 2-11:A Ai rcr af t
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2.2.3.2.7.21 A T Y P EaueSubfield in Aircraft Operational Status Messages

T h e A TCodesubfield was previously specified for the Airborne Position Message
in 82.2.3.2.3.1and remains the same for the Aircraft Operational Status Message that
uses TYPECode 31.

2.2.3.2.7.2.2 1fiSubtyped Code Subfield in Aircraft Operational Status Messages

T h eSubifyp® Codesubfieldisa it (AMEO bits 6 through 8,
40) subfield thashall be used to indicate various types of Aircraft Operational Status
Messa@gs as specified in Table5B.

Table 2-58: ASubtyped Code Subfield in Aircraft Operational Status Messages Encoding

Coding Meaning
0 Message contains Aircraft Operational Status data as shown in
Figure 211 for Airborne Participants
1 Message contains Airaft Operational Status data as shown in
Figure 211 for Surface Participants
2-7 Reserved

2232723 ACAPABI LI TY CLASS (CC)0 Subfield in Aircraf

The Capability Codes (CC) subfield of the ABSAircraft Operational Status Message
shaloccupy 16 bits in the fAairborneodo for mat
format of the message. In the airborne format (messages with TYP&#H®Ype-0), the
CCcodeshaloccupy AMEO bits 9 through 2kt ( Mess.
surface format (TYPE=31Subtype1), the CC codeshaloc cupy AMEO bits 9
20 (Message bits 41 through 52). The format of this subfield depends on the value of the
Version Number subfield 82.3.2.7.2.5 Moreover for ADS-B Messages transmitted

from a AV e rBsTransmittirlg &ubgyfetn, the CC format depends on whether

the ADSB Aircraft Operational Status Messa8ebtypefield is has a value of 0 or 1.

If the Version Number subfield 282.3.2.7.2.5is ZERO (0), then the format of the CC

subfield is as specified in the initial version of these MOPS (RTCA2B@. This is
summarized in Table-29.
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Table 2-59: Capability Class (CC) Code Format in Version 0 Transmitting Subsystems

g/:tsg 41 | 42 43 44 45 (46| 47| 48 | 49 | 50| 51| 52 | 53 | 54 | 55 | 56
i ME O
Bit # 9 10 11 12 1311415 16 | 17| 18 | 19 | 20| 21 | 22 | 23 | 24
Content | 0 | O Not CDTI Reserved
TCAS

Notes for Table 59:

1.NotTCAS = ATCAS/ ACAS Not Il nstall ed Or Not @)
2. CDTIl = daCDhiTdplTawf€Capabilityod

3. Reserved = AReserved for standardizati on
If the Version Number subfield £82.3.2.7.2.5 is TWO (2) (for ADS-B Transmitting

Subsystems conformant to RTCA EXB0A), andthe Subtypesubfield is ZERO (0) (for
Airborne Participants), then the format of the CC subfaiidll be as specified in Table

2-60.
Table 2-60: Airborne Capability Class (CC) Code Format inVersion 2 Transmitting Subsystems.
MSIBI | a1 | a2 43 44 | 45| 46| 47 | 48| 49 | 50| 51 52-- 56
”Bi';"#EO 9 | 10 11 12 | 13] 14| 15 | 16| 17| 18| 19 20-- 24
Reserved TCAS 1090ES| Reserved UAT Reserved
Content =0,0 Operational IN =00 ARV | TS TC IN [6]
0,1 Reserved
1,0 Reserved
1,1 Reserved

Notes for Table 260:

1. TCAS Operatinal = TCAS is Operatinal or Not Operational
2. 1090ES IN = Aircraft has ADB 1090ES Receive Capability

3. ARV = AARV Report Capabilityo

4. TS = ATS Report Capabilitybo

5. TC = ATC Report Capability Level 0

6. UAT IN = Aircraft has ADSB UAT Receive Capdliy

7. Reserved = AReserved for standardi zati on

If the Version Number subfield £82.3.2.7.2.5 is TWO (2) (for ADS-B Transmitting
Subsystems conformant to RTCBO-260B), and the Aircraft Opational Status
MessageSubtypesubfield is ONE (1) (indicating Surface Participants), then the format
of the CC subfielghall be as specified in Table@l.
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Table 2-61: Surface Capability Class (CC) Code Format irWersion 2 Transmitting Subsystems.

MS% Bt | 41 | 42 | 43 44 45 | 46 | 47 48 497 51 52
”Bi';"#E ol ¢ 10 | 11 12 13 | 14 | 15 16 171 19 20
Reserved 1090ES| Reserved B2 UAT NACy NIC
Content 00 POA | "IN =00 Low | IN [3] SupplementC
0,1 Reserved
1,0 Reserved
1,1 Reserved

Notes for Table 261:

1. POAsi=t in®®m Of f set Appliedo

2.1090ES IN = Aircraft has AD8 1090ES Receive Capability

3. B2 Low = 1 if Class B2 Ground Vehicle is transmitting with less than 70 watts
4. UAT IN = Aircraft has AD® UAT Receive Capability

5. NAG, = Navigation Accuracy Categoffpr Velocity

6. NIC Supplemer = NIC Supplement used a@he Surface

7. Reserved = AReserved for standardi zati on

If the Version Number subfield £82.3.2.7.2.5 is TWO (2) (for ADS-B Transmitting
Subsystems conformant to RTAX0-260B), and an update has not been received from
an onboard data source within the past 5 seconds for any data element of the Capability
Class subfield, then the data associated with that data elgmadinbe considered invalid
and so reflected in the encoding of
AUnknown Capability.o

t hat n

2.2.3.27.23.17 Rensedd CC S8ubfibldsin Aircraft Operational Status Message

2.2.3.2.7.2.3.2ATCAS Operationaldo

Within the Capability Classubfield,i ME 6 9410, 13-44, and 2024 (Message bitd1-
42,4546 and 5256) shall be reservedor setting bya future version of these MOPRPS
ADS-B equipment conforming tthis version of these MOPE&RTCA DO-260B) shall
setthese reserved bit® ALL ZEROs.

Note: Future vesions of these MOP#ay define valuesother than zero forthese
reserved bits

CC Code Subfield in Aircraft

The ATCAS Operational o subfield (AMEO Dbit
subfield in ADSB Aircraft Operational Sttus Messages (TYPE=31, SUBT YHE for

airborne participantsghall be used to indicate whether the TCAS System is Operational

or not, and remains as defined for use in the Target State and Status Message
(82.2.3.2.7.1.3.1) with the encoding as specified in Table 2.2.3.2.7.1.3.17.

Ope
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2.2.3.2.7.23.3A1090ESIN0 CC Code Subfield in Aircraft Operat.i

The CC Codesubfield f o rl090&ES I i n Aircraft Operationa
(TYPE=31, Sibtype=0or1l)isa-bi t f i el d MessdgE& loit 44) thahallbe |,

set to ONE (1) as specified in Tablé2 if the transmitting aircraft hake capability to

receive ADSB 1090ES Messages Otherwise, this CC codsubfield shall be set to

ZERO Q).
Table263:Encodi ng of C@ $Subfieldid SircraftNOperational Status
Messages
f1090ES | Meanin
Code Encoding 9
0 No Capability to Receive AD8 1090ES Messages
1 Aircraft has the Capability to Receive ABB51090ES Messages
22327234A ARV retp Capabilityo CC Code Subfield i n
Messages
The AARV Report Capabilityod sublbitiBeoleah of t h

flag thatshall be encoded as specified in Tabié£

Table 2-64: ARV Report Capability Encoding.

Coding Meaning
0 No capability for sending messages to support Air Referenced Velog
Reports
1 Capability of sending messages to supportRRaferenced Velocity
Reports.
22327235ATS Report Capabilityd CC Code Subfield in

The ATarget State (TS) Report Capabiiti tyo s
Bool ean fl ag in the fairborned for mat of
(TYPE=31, Subtype=0) thahall be encoded as specified in Tablé®

Table 2-65: TS Report Capability Encoding.

Coding Meaning
0 No capability for sending messages to support Target State Reports
1 Capability of sending messages to support Target State Reports.
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22327236ATC Report Capabilityd CC Code Subéagel d in

The ATrajectory Change (TC) Report Capabil
two-b i t (AMEO bits 17 and 18) subfield in
Operational Status Message (TYPE=31, Subtype=0) and is defined in theBADS

MASPS (RTQ\ DO-242A) as specified in Table-@. For these MOPS the subfield

shall be set to ZERO (binary 00).

Table 2-66. TC Report Capability Encoding

Caodin .
(Binary) (E?ecimal) Meaning
00 0 No capability for sending messages to support Trajectory Change
Repats
01 1 Capability of sending messages to support TC+0 Report only.
10 2 Capability of sending information for multiple TC reports.
11 3 (Reserved for future use.)

22327237APosition Offset Appliedo CC Code Subfield
Messages

The APosition Offset Appliedo (POA) subfi el
format Aircraft Operational Status Message (TYPE=31, Subtype=1) is-hitbBeolean

flag that the ADSB Transmitting Subsysteshall set to ONE as specified in Tab267

if the position that it is transmitted in the ABESSurface Position Message2(8.3.2.4 is

known to be the position of the ABS p ar t i c i-B Rositiord ReferAnbeSPoint

(RTCA DO-242A, 83.4.4.9.7) rather than, foxaample, the position of the antenna of the
navigation receiver. Otherwise, the AIBSTransmitting Subsysteshall set this flag to

ZERO.
Table 2-67: Position Offset Applied (POA) Encoding
Coding Meaning
0 The position transmitted in the Surface Positibessage is not knowr
to be referenced to the ABE Position Reference Point of the A/V
1 The position transmitted in the Surface Position Message is know
be referenced to the ABB Position Reference Point of the A/V

22327238AB2 Lowo CC Cod daceAuchft OperhtidnaliSmtusvessages

The AiB2 Lowo0 subfield (AMEO bit 15) of the
of the Aircraft Operational Status Message (TYPE=Shtype-l) is a onebit Boolean

flag that the ADSB Transmitting Subsystershall set to ONE (1) if the Transmitting
Subsystem is a NefranspondeBased Transmitting Subsystem on a Ground Vehicle

that meets the requirements of Class B2, except that it transmits with less than 70 watts of
power. Otherwise, this bihall be set t&ZERO (0).

Note: Setting the fAB2 Lowd CC Code bit i ndi ceé

transmissions from that surface participant are at lower than the minimum 70
watts power required of Class B2 participants by these MOPS.
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22327239A NAL CC Codein Sudded Airadft Operational Status Messages

The requirements for establishing the values for the Navigation Accuracy Category for
Velocity (NACy) are stated in82.3.2.6.1.5n conjunction with the Airbare Velocity

Messags. The NAG, subfieldshallbe provi ded i n AMEO bits 17
bits 49 through 51) of the Surface Aircraft Operational Status Message.

2232723168 UAT I N6 CC Code Subfield in Aircraft Opera

The A UAT | Nedo sQuCb fdoedl d, MésBageEbit 5IBYIPE=31]1 Qubtype=0,
for airborne participanté ND A ME &, MBdsage hit 48, TYPE=31, Subtype=1 for
surface participanisn ADS-B Aircraft Operational Status Messagdsnotes whether the
aircraft is equipped witthe capability to receive ADB UAT Messages. The coding of
AUAT | NOo CC shalldheeas spachiddindabi2.3.2.7.2.3.10

Table 2.2.3.2.7.232XEncoding of AUAT | No CC Subfiel
Operational Status Messages.

AUAT | No C Codio Meaning
0 No Capability to Receive AD8 UAT Messages
1 Aircraft has the Capability to Receive ABBBUAT Messages

The AUAT I N0 CC Code i n Air shalddsetto@pRO at i on
(0) in Aircraft Operational Status Messages ik thircraft is NOT fitted with the

capability to receive AD8 UAT Messages. The AUAT | No
Aircraft Operational Status Messagsisall be set to ONK1) if the aircraft has the

capability to receive ADB UAT Messages.

Note: If the airaaft is fitted with ADSB UAT receive equipment but such equipment is
not functional, then the encoding shoul
if the aircraft were NOT fitted with the receive capability.

2.2.3.2.7.2.3.18NIC SupplementCo CC Code Subfield in Arcraft Operational Status Messages

The NIC Supplemen€ subfield in the Aircraft Operational Status Message is abdne
subfield (AMEO bit 20, Message bit 52) that
Position Messagesnd the NIC Suppleme#®tinth e Oper at i onal Status
Bit 44, Message Bit 76¥hall be used to encode the Navigation Integrity Category (NIC)

of the transmitting ADSB participant.

If an update has not been received from aboard data source for the determination of
the NIC value within the past 5 seconds, then the NIC Supplement sudtiildbe
encoded to indicate the larger Radius of Containmeg)t (R

Table 270 lists the possible NIC codes and the values of the TYPE subfield of the

Airborne and Surface Position Messages, and of the NIC Supplement subfietdathat
be used to encode those NIC codes in messages on the 1090 MHg @dd& link.
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2232724 AOPERATI ONAL MODE (OM) 0 Subfield in Ai
The niOpdavoatei o(nGeM) 0 s thbhfti eslud fiisel a 16 MEO
Message bits 57 through 72) ttettall indicate Operational Modes that are active on
board the A/V in which the AD8 Transmitting Subsystem resides. The format of the
OM subfield in Airgaft Operational Status Messagesth Subtype=0 for airborne
participantsshall be as specified in Table-GBA. The format of the OM subfield in
Aircraft Operational Status Messages, with Subtype=1 for surface participants shall be as
specified in Tabl@-68B.

Table 2-68A: Airborne Operational Mode (OM) Subfield Format
MS9BI 57| 58 | 59 60 61 62 63-- 64 65-- 72
" MEO 55] 26 | 27 28 29 30 317 32 337 40
Bit #
Reserved
TCAS IDENT for Single System
00 RA Switch Receiving | Antenna Design Reserved
Active Active ATC Flag Assurance [8]
oM [1] [1] Services [1] [2]
Format [1]
01 Reserved
10 Reserved
11 Reserved
Table 2-68B: Surface Operational Mode (OM) Subfield Format
MS% Bit | 57| 58 | 59 60 61 62 63-- 64 65-- 72
"MEO 551 26 | 27 28 29 30 317 32 337 40
Bit #
Reserved
TCAS IDENT for Single System GPS
00 RA Switch Receiving| Antenna Design Antenna Offset
Active Active ATC Flag Assurance 8]
OM [1] [1] Services [1] [2]
Format [1]
01 Reserved
10 Reserved
11 Reserved

2.2.3.2.7.2.4.1 OM Subfield Format Code in Aircraft Operational Status Messages

The

fi

rst

t wo

bits

of

t he

<Dall besrasbried &t d

selecting one of up to four OM subfield formats. For this version of these MDBS (
260B), the OM subfield format codghall be set to ZERO (binary 00).
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22327242 TCAS/ ACAS Resol uti on Advisory Activeo O N
Operational Status Message

TheCASY ACAS Resolution Advisory Activeo (RA
aonebi t subfield (AMEO b ihe ON 3ubfieldvie dicrafy e bit
Operational Status Messages (TYPE=Siiptype0 or 1). The ADSB Transmitting
Subsystenshall set this code to ZERO (0) so long as a TCAS Il or ACAS Resolution
Advisory is knownnot to be in effect (i.e., an update has beeniveckwithin the last 2
seconds that indicates a MitBASBEI XEAY; Resbkeutw
shall set this OM code to ONE (1).

22327243701 DENT Switch Activeo OM Code Subfield in A

The #Al DENT Swi atioral Made codevieaooie@persubfi el d (A ME
message bit 60) of the OM Code subfield in Aircraft Operational Status Messages.
Initially, t he Al DE Ndhall BensetttocZBROA tpon activationOM Co
of the IDENT switch, the ADS Transnitting Subsystenshall set this code to ONE for

a period of 18 £ 1 seconds; thereafter, the AD$ransmitting Subsysteshall set this

OM Code to ZERO.

Note: The requirement for an interface by which the AB3ransmitting Subsystem
may be informed whehe IDENT switch is active is given i2.8.5.1.30

2.2.3.2.7.244Reserved forn Recei ving ATC Serviceso OM Code Subf
Status Message

AiMEO bi't 29, Message bit 61 of t he sOM Cod ¢
Messageshall be reserved forthe Recei vi ng ATC SéiodeiCade sd Ope
If implemented into future versions of these MOPSARS-B Transmitting Subsystem

would set this OM Code to ONE when the AIBSTransmitting Subsystem is Receiving

ATC Sevices, as indicated by an update having been received via an appropriate
interface on board the transmitting aircraft within the past 5 seconds. Othemtisis,

version of these MOP&is OM Codebit shall be set to ZERO.

Note: The requirement foan interface by which the ABS Transmitting Subsystem
may be informed when the aircraft is receiving ATC services is given in
§2.2.5.1.31

22327245ASingle Antenna Flagd OM Code Subfiseld in A

Thei Mm@l e Ant ennadd ts (HAME®I dbiits 30,1 skdlkbesage bi
used to indicate that the ABE Transmitting Subsystem is operating with a single

antenna. The following conventiossall apply both to Transpond@&ased and Stand

Alone ADS-B Transmitting Subsystems:

a. Non-Diversity, i.e., those transmitting functions that use only one antshad,set
the Single Antenna subfield to AONEO at a
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b. Diversity, i.e., those transmitting functions designed to use two anteshedisset
the Single Antenna subfi

functional.

eld to AZEROO

At any time that the diversity configuration cannot guarantee that both antenna channels
are functional, then the Single Antenna subfidll be settdi ONE . 0

Note: Certain applications may require confirmation that each participant has
functioning antenna diversity for providing adequate surveillance coverage

223272460 System

Table 2.2.3.2.7.2466 Syst em Desi gn

Messages

The é@my®esign

Design Assurancebo

OM Code Subf i

Assur anc ebdi t( S(DAAM H @& ubleddage | A1

bits 631 64) field thatshall define the failure condition that the AEES system is
designed to support as defined in Table 2.2.3.2.7.2.4.6.

The supported failure condition wilhdicate the probability of an ADB systemfault
causing false or misleading information to be transmitted. The definitions and
probabilities associated with the supported failure effect are defined in AC 2512309
AC 23-13091C, and AC 22C. All relevant systems attributes should be considered
including software and complex hardware in accordaméth RTCA DO-178B

(EUROCAE ED12B) or RTCA DG254 (EUROCAE EB80).

The ADSB system includes the ADB transmission equipment, ABEB processing
equipment, psition source, and any other equipment that processes the position data
transmitted by the ADSB system.

Assuancedo OM Subfield

Messages
SDA Value : Probability of Undetected Faultcausing Software & Hardware
Supported Failure 7 i : .
_ (binary Condition N° 2 transmission ofFalse or Misleading Design Assurance Level
(decimal) ) Information Note 3,4 Note 13
Unknown/No > 1X10° per flight hour
0 00 safety effect or Unknown N/A
1 01 Minor 01X10° per flight bour D
2 10 Major 01X10° per flight four C
3 11 Hazardous 01X107 per flight four B
Notes:

1. Software Design Assurance (RFCADO-178B(EUROCAE ED12B) Airborne Electronic Hardware Design
Assurance peRTCADO-254(EUROCAE EB80).

2. Supported Failure Classification defined in £3.13091C, AG25.13091A, and AC 22C.

3. Because the broadcast position can be used by any otheBAdgBipped aircraft or by ATC, the provisions in
AC 2313091C that allow reduction in failure ptmabilities and design assurance level for aircraft under
6,000 pounds do not apply.

4. Includes probability of transmitting false or misleading latitude, longitude, velocity, or associated accuracy
and integrity metrics.
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22327247 GPS Ant enna Of f sdadtintAirc@aflOperatiornal StatustMessages

The

AGPS Antenna OGfifts e(t ™MEBEAD,Nfesstgk 8 @A) an 8

field in the OM Code Subfield of surface format Aircraft Operational Status Messages
that shall define the position of the 5 antenna in accordance with thedaling when
Position Offset Applied 8.2.3.2.7.2.3.Yis set to ZERO (0).

a. Lateral Axis GPS Antenna Offset:

AMEO bits 33 through 35shdllbeuses ogrcodbdi t s 65
lateral distance of the GPS Antenna from the longitudinal axis (Roll) axis of the
aircraft. Encodinghall be established in accordance with Table 2.2.3.2.7.2.4.7A.

Table 2.2.3.2.7.2.4.7At ateral Axis GPS Antenna Offset Encoding

AMEO Bit
(Message B) GPS Antenna Offset
33 34 35 Along Lateral (Pitch) Axis
(65) (66) | (67) | Left or Right of Longitudinal (Roll) Axis
0 = left Encoding
1=right | Bitl | Bit0O Direction (meters)
0 0 0or NO DATA
0 1 2
0 1 0 LEFT 2
1 1 6
0 0 0or NO DATA
0 1 2
1 1 0 RIGHT 2
1 1 6
Notes:
1. Left means toward the left wing tip moving from the longitud
center line of the aircraft.
2. Right means toward the right wing tip moving from
longitudinal center line of the aircraft.
3.  Maximum distanceeft or right of aircraft longitudinal (roll) axis ig

6 meters or 19.685 feet.

b. Longitudinal Axis GPS Antenna Offset:

AMEO bits 36 through 4 0shdllbeeuses bogrcodbdthee s 6 8
longitudinal distance of the GPS Antenna from the N@SEhe aircraft. Encoding
shall be established in accordance with Table 2.2.3.2.7.2.4.7B.
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Table 2.2.3.2.7.2.4.7BLongitudinal Axis GPS Antenna Offset Encoding

Longitudinal Axis GPS Antenna Offset Encoding
AnMEO Bit
(Message Bit) GPS Antenna Offset
36 37 38 39 40 Along Longitudinal (Roll) Axis
(68) | (69) | (70) | (71) (72) Aft From Aircraft Nose
Encoding
Bit4 | Bit3 | Bit2 | Bitl | Bit0 (meters)
0 0 0 0 0 0or NO DATA
0 0 0 0 1 2
0 0 0 1 0 4
0 0 0 1 1 6
0 0 1 0 0 8
* * * * * *kk
* * * * * *kk
* * * * * *kk
1 1 1 1 1 62
Note: Maximum distance aft from aircraft nose is 62 meters or 203.412

When Position Offset Applied £82.3.2.7.2.3.Y is set to ONE (1), the GPS Antenna
Offset subfieldshall be £t to ALL ZEROs (0).

Note: When Position Offset Applied28.3.2.7.2.3.yis set to ONE (1), it means that
the GPS antenna position has already been compensated for in the reported
latitude and longitude positn subfields of the Surface Position Message.
Ensuring that the GPS Antenna subfield is set to ZERO in this case ensures that
the offset compensation is not performed again by a receiving application.

22327248 Reservedo OM Code Subfal®tdtud Massagesi r cr aft Ope

2.23.2.7.25

i Reser vedobith33though 40iMédgsage bits 65 through 72) in the OM Code
Subfield of Surface format Aircraft Operational Status Messages are reserved for future
assignment. Until such future assignment, thesesbéibes et t o AZEROO0 (0) .

ADSBiVer si on Number o Subfield in Aircraft Of

The ADSBiVer si on Numbero -bVN) (8MEDI dlid si sdlat
Message bits 73 through 75) fididat shall be used to indicate the Version Numbdr o

the formats and protocols in use on the aircraft installation. Encoding &DQBSeB

Version Number subfieldhall be as shown in Table-@. Airborne ADSB systems

conformant to the initial version of the 1090 MHz AIBSMOPS (RTCA DG260) do

not broadast an explicitADS-B Version Number. Therefore, ADB Receiving
Subsystems conformant with this version of the 1090 MHz MOPS (RDOA260B)

shall initially assume a Version Number of ZERO (binary 000), umtiéceivedADS-B

Version Number data indica®therwise.
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Table 2-69: Version Number Subfield Encoding

Codin .
(Binary) : (Decimal) Meaning
000 0 Conformant to DE260 and DE242
001 1 Conformant to DGR60A and DG242A
010 2 Conformant to D@260B and DG242B
0117 111 31 7 Reserved

2232726 f NISopplementA0 Subfield in Aircraft Operational

The NIC SupplemenfA subfield in the Aircraft Operational Status Message is abitne
subfield (AMEO bit 44, Message bit 76) that
Position and Surface Bition Messageshall be used to encode the Navigation Integrity

Category (NIC) of the transmitting ADB participant. In ADS-B Transmitting
Subsystemsvith VersionNumber=2, or laterthe NIC SupplemerB is also broadcast in

the Airborne Position Mesga (8.2.3.2.3.3.

Note: The Navigation Integrity Category (NIC) is reported so that surveillance
applications may determine whether the reported geometric position has an
acceptable level of integrity for the intended useee $2.1.2.12 of RTCA
DO-242A, the ADB MASPS, for a fuller description of the Navigation Integrity
Category.

If an update has not been received from aboard data source for tiietermination of
the NIC value within the past 5 seconds, then the NIC Bament subfieldshall be
encoded tandicate the larger Radius of Containmeng)(R

Table 270 lists the possible NIC codes and the values of the TYPE subfield of the
Airborne and Surface Position Messages, and of the NIC Supplement subfiedtathat
be used to encode those NIC codes in messages on the 1090 M2 418 link.
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Table 2-70: Navigation Integrity Category (NIC) Encoding.

Airborne Surface
NIC NIC
NIC Radius of Containment Airborne Supplement| Surface | suypplement
Value (Re) Position Codes Postion Codes
TYPE Code A B TYPE Code A c
0 Rc unknown 0,18 or 22 0 0 0,8 0 0
1 Rc < 20 NM (37.04 km) 17 0 0 N/A N/A | N/A
2 Rc < 8 NM (14.816 km) 16 0 0 N/A N/A | N/A
3 Rc <4 NM (7.408 km) 16 1 1 N/A N/A | N/A
4 Rc < 2 NM (3.704 km) 15 0 0 N/A N/A | N/A
5 Rc <1 NM (1852 m) 14 0 0 N/A N/A | N/A
Rc < 0.6 NM (1111.2 m) 13 1 1 8 0 1
6 | Rc<0.5NM (926 m) 13 0 0 N/A N/A | N/A
Rc < 0.3 NM (555.6 m) 13 0 1 8 1 0
7 Rc < 0.2 NM (370.4 m) 12 0 0 8 1 1
8 Rc < 0.1 NM (185.2 m) 11 0 0 7 0 0
9 Rc < 75m 11 1 1 7 1 0
10 | Rc<25m 10 or 21 0 0 6 0 0
11 | Re<7.5m 9 or 20 0 0 5 0 0
12 Reserved
13 Reserved
14 Reserved
15 Reserved
Notes:

1. AN/ A0 means AThi s NI C v al tBeSurface Pasitohn avai
Message formats. 0

2. NIC Supplemerf is bra d c a st in the Aircraft Operati
bit 44 (Message bit 76, see Figurel2). NIC SupplemeiR is broadcast in the
Ai rborne Position Message, A ME-®). bliCt 8 (M

SupplemenC is broadcast in the Surface ability Class (CC) Code Subfield of the
Aircraft Operational Status Mes s abl)e , A MEO

2232727 ANavigation Accur acy Catpe@orSw b ffioel dPoisn t iAc
Operational Status Messages

The Navigation Accuracy Catery for Position (NAG) is a 4bit subfield of the ADSB
Aircraft Operational Status Message (AMEO
shall announce 95% accuracy limits for the horizontal position (and for somes NAC
values, the vertical positionhat is being currently broadcast in airborne position and
surface position messagetable 271 specifies the accuracy limits for each NA@lue.

If an update has not been received from aboard data source for NAQvithin the past

5 seconds, then the NAGubfieldshall be encoded as a value of ZERO (0) indicating
AUnknown Accuracy. o
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Note: The Navigation Accuracy Category for Position (NAG reported so that
surveillance applications may determine whether the repaéeanetric position
has an acceptable level of accuracy for the intended use. See §2.1.2.13 of the
ADSB MASPS, RTCA DRQ42A, for a fuller description of NAC

Table 2-71. Navigation Accuracy Category for Position (NAG) Encoding

Coding 95% Horizontal and Vertical Comment Notes
(Binary) | (Decimal) Accuracy Bounds (EPU)
0000 0 EPU O 1 810%R) k n| Unknown accuracy 1
0001 1 EPU < 18.2 km (10 NM) RNP-10 accuracy 1,3
0010 2 EPU < 7.408 km (4 NM) RNP-4 accuracy 1,3
0011 3 EPU < 3.704 km (2 NM) RNP-2 accuracy 1,3
0100 4 EPU < 1852 m (1 NM) RNP-1 accuracy 1,3
0101 5 EPU <926 m (0.5 NM) RNP-0.5 accuracy 1,3
0110 6 EPU < 555.6 m (0.3 NM) RNP-0.3 accuracy 1,3
0111 7 EPU < 185.2 m (0.1 NM) RNP-0.1 accuracy 1,3
1000 8 EPU < 92.6 m (0.05 NM) e.g., GPS (with SA on 1
1001 9 EPU <30 m e.g., GPS (SA off) 1,2,4
1010 10 EPU<10m e.g., WAAS 1,2, 4
1011 11 EPU<3m e.g., LAAS 1,2,4
1100 12 Reserved
1101 13 Reserved
1110 14 Reserved
1111 15 Reserved

Notes for Table 271:

1. The Estimated Position Uncertainty (EPU) used in the table is a 95% accuracy
bound on horizontal position. EPU is defined as the radius of a circle, centered on
the reported position, such that the probability of the actual position lying outside the
circle is 0.05. When reported by a GPS or GNSS system, EPU is commonly called
HFOM (Horizontal Figure of Merit).

2. RNP accuracy includes error sources other than sensor error, whereas horizontal
error for NAG only refers to horizontal position error uncertainty.

2.2.3.2.7.2.8 fiGeometric Vertical Accuracy (GVA)0 Subfi el d in Airawoay aft Oy
Messages
The AGeometric Vertical Accuracy (GVA)O sul

Status Message isal?i t f i el d -50,ividdsapge Hits 882 definéd in Table
2.2.3.2.7.2.8. The GVA fieldhall be set by using the Vertical Figure Mgrit (VFOM)

(95%) from the GNSS position source used to encode the geometric altitude field in the
Airborne Position Message.
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Table 2.2.3.2.7.2.8Encoding of the Geometric Vertical Accuracy(GVA) Subfield in Aircraft
Operational Status Messages

GVA Encoding Meaning
(decimal) (meters)
0 Unknown or > 45 meters
1 O 45 meters
2 Reserved
3 Reserved

Note: For the purposes of these MOPS (RTCA-BBDB) values for O and 1 are
encoded. Decoding values for 2 and 3 should be treated as < 45 meters until
future versions of these MOPS redefine the values

2232729 fSourcel nt egrity Level (SI'L) o0 Subfield in Airc

T h e 0 Sourtelategfity Level) subfieldisa-bi t (AMEO bits 45 and -
77 and 78) field thashall be usedo define the probability ofhe reported horizontal

position exceeding the radiug containment defined by the NIC, without alerting,

assuming no avionics faultd-he SIL will address the Signah-Spaceif applicable,and

will be the higher of the fated or fault free probability of the Sigral-Space causing

the NIC radiusof containment to be exceeded.

Note: The faulted Signah-Space case will represent the highest probability for GNSS
position sources while the fault free SigialSpace casewill represent the
highest probability for DME/DME or DME/DME/LOC position sources because
the Signalin-Space is monitored and for IRU position sources because there is
no Signalin-Space.

The SIL probability can beerdehfduwredd ass dd ftihre
SIL Supplement (Sl§ypp in 82.2.3.2.7.1.3.1

The @S| L &halsba bntodeas lindaccordance witlable 272, For installations

where the SIL value ibeing dynamically updatedf an update has not been received

from an onboard data source for SIL within the past 5 seconds, then the SIL subfield
shalbe encoded as a value of ZERO (0), indice

Note: The SIL and NIC should be set to nawn if the ADSB position source does not

supply an output certified to provide an indication of the integrity of the reported
position (e.g., such as HPL from GNSS systems).
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2.23.2.7.2.10

Table272:AS1 L6 Subfield Encoding

SIL Coding Probability of Exceeding theNIC
(Binary) | (Decimal) Containment Radius (R.)
00 0 Unknownor >1 x 10°
per flight hour or pesample
01 1 O xuo®
per flight hour or pesample
10 2 O x110°
per flight hour or pesample
11 3 O x110’
per flight hour or pesample

Notes:

1. The RTCA D&42 definition of SIL has been updated in this version of these MOPS.
These updates wibe incorporated in82.1.2.15 of the ADB MASPS, RTCA DO
242B.

2. Implementers should not arbitrarily set the SIL to ZERO (0) just because SIL is not
provided by the position source. Implementers should perform dine#nalysis of
the installed psition source to determine the appropriate SIL.

ABarometric Al tit udggo)lSubfiekl gnr Airdcrajt Oe@atbreal ( NI C
Status Messages

The §M CBarometric Altithmidte $wmbfeigeli d yofCodE
ADS-B Aircraft Operatiom | Status Messages (AMEhalbeit 53,
used to indicate whether or not the barometric pressure altitude being reported in the
Airborne Position MessageZ&.3.2.3 has been crosshecked against anothgource of
pressure al tgiotOu & eai.sHall be leredodédNhlacordance with Table 2

73. If an update has not been received from abaawd data source for Nigzo within

the past 5 seconds, then the NI subfieldshall be encoded as alua of ZERO (0).

Table 2273: A N g0 Subfi el d Encoding

Coding Meaning

The barometric altitude that is being reported in the
Airborne Position Message is based on a Gilham coded
input that has not been creslsecked against another sour
of pressuraltitude

The barometric altitude that is being reported in the
Airborne Position Message is either based on a Gilham
1 input that has been creshecked against another source
pressure altitude and verified as being consistent, or is [
on a nm-Gilham coded source

Notes:

1. The NIC value itself is conveyed within the AB8osition Message.
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2. The NIG.xo subfield provides a method of indicating a level of data integrity for
aircraft installed with Gilham encoding barometric altitude sources. Bseaf the
potential of an undetected error when using a Gilham encoded altitude source, a
comparison will be performed with a second source and only if the two sources
agree will the NIG«osubfield be set to a value GMNE (1) For other barometric
altitude sources (Synchro or DADS) the integrity of the data is indicated with a
validity flag or SSM. No additional checks or comparisons are necessary. For these
sources the NIgGro, subfield will be set to a value dNE (1) whenever the
barometric altitude is valid.

3. The use of Gilham type altimeters is strongly discouraged because of the potential
for undetected altitude errors.

22327211aAAircraft/ Vehicle Length and Wi dth Coded St
Messages

The Aircraft/Vehicle (A/V) Length andVidth Code Subfieldisafodsi t f i el d (AN
bits 21 to 24, Message bits 53 to 56) of the Aircraft Operational Status Messages
(Subtype=1, for Surface Participants). This figtall describe the amount of space that

an aircraft or ground vehicle occegi The A/V Length and Width Code is based on the

actual dimensions of the transmitting aircraft or surface vehicle as specifieblia 2

74. Once the actual Length and Width of the A/V has been determined, eacthallv

be assigned the smallest A/V Length and Width Code fi@hble 274 for which the

actual length is less than or equal to the upper bound length for that Length/Width Code,

and for which the actual width is less than or equah& upper bound width for that
Length/Width Code.

Note: For example, consider a powered glider with overall length of 24 m and
wingspan of 50 m. Normally, an aircraft of that length would be in length
category 1 (that is, have a length code of 1). Butesthe wingspan exceeds 34

m, it does not qualify for even the Awi
category 1. Such an aircraft would be assigned length code = 4 and width code
= 1, meaning fAlength | ess than 55 m and
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Table2274:An Ai rcraft/ Vehicle Length and Wi dth

Width Upper-Bound Length and Width
A \(/:odL(/e w Length Code Code for Each Length/Width Code
ME | ME | ME | ME Length Width
(Decimal) Bit Bit Bit Bit (metgrs) (meters)

21 22 23 24
0 0 0 0 0 No Dataor Unknown
1 0 0 0 1 15 23
2 0 28.5
3 0 0 1 1 25 34
4 0 33
5 0 1 0 1 35 38
6 0 39.5
Z 0 1 1 1 45 25
8 0 45
9 1 0 0 1 55 52
10 0 59.5
11 1 0 1 1 65 67
12 0 72.5
13 1 1 0 1 75 80
14 0 80
15 1 1 1 1 85 90

If the Aircraft or Vehicle is longer than 85 meters, or wider than 90 meters, then decimal
Aircraft/Vehicle Length/Width Code 18hall be used.

22327212ATrack Angl e/ Headingo Subfield in Aircraft

The Track Angle/Heading subfield is &bit fie | d ( AMEO bit 53, Mes s a
ADS-B Aircraft Operational Status Message (Subtype=1, for Surface Participants) that

allows correct interpretation of the data contained in the Heading/Ground Track subfield

of the ADSB Surface Position Message2(8.3.2.4 when the Air/Ground status is
determined t-Gr dwendd dthet &&2Gx2<.2 drefencodmgiof i N A
the Track Angle/Heading subfiefthall be as specified in Table75.

Table 2-75: Track Angle/Heading Encoding

Coding Meaning
0 Track Angle
1 Heading
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2.23.2.7.2.13

2.23.2.7.2.14

2.23.2.7.2.15

223273

AHori zont al Reference Direction (HRD)O® Sub
Messages

The Horizontal Reference Direction (HRD) subfield of the AB®ircraft Operational

Staus Messages is alli t field (AMEO bi tshalbiddicatetltees s ag e
reference direction (true north or magnetic north) for horizontal directions such as
heading, traclangle. TheHorizontal Reference Direction subfietthall be encoded as
specified in Table Z6.

Table 2-76: Horizontal Reference Direction (HRD) Encoding.

Coding Meaning
0 True North
1 Magnetic North

ASIL Supplemento Subfield in Aircraft Opera

The ASIL Suppl ement 06 ( So usubfieddisladbtietg r(ifit ME oL ebvie
55, Message bit 87) field thahall define whether the reported SIL probability is based

on a fAper hour o probabil idefjnedm82.28.2.filp3elr s a mp
with the encoding specifidd Table 246.

AReservedo Subfield in Aircraft Operational

There are two AReservedo subfields in the /£
isa2bit field (AMEO bits 4 9ofthenAdrcralt Operatidmeals s a g e
Status Message (Subtype=1, for Surface Part
albit field (A ME @®8)thatshallle6eservbtcda fatarg applications.

TYPECodefi2 30 -BADMe ssages for ATESTO

TYPER 2 3 0 -BAM@Ssageshallbe wused for Test Pushplloses.
be used exclusively for the broadcast of information in support of bench and/or
certification testing of 1090 MHz AD8 systems, or for the broadcast of information of

interest ony to local ADSB ground applications. ATESTO |
result in an ADSB report being generated onboard any other AD&quipped aircraft,

nor is the specific information being incl
generally cod f i ed wi t hin internationally accept ¢

containing information of interest only to local ABESground applications are intended
to be used in support of technical or operational evaluations, or in support of local
operational reguements.

These MOPS define only one categaryf use for dsdgesSubtyp&EE T O Me
ATESTO MeSubtyg Ethroughf are reserved.

ATESTO Me s SubdtgpeGshaWhetused only for messages in support of bench

and/or certification testm of 1090 MHz ADSB sy st e ms . The for mat
Messages witlsubtype=0 shall be shown in Figure-22.
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ATESTO Message SubtyDeROE=23 and
MSG
Bit # 33 - 37 38 - 40 N 88
i ME ¢
Bit # 1o 5 6 ------------- 8 9 oo 56
Field TYPE=23 Subtype=0 Unformatted Test Data
Name [5] [3] [48]
MSB MSB MSB
LSB LSB LSB

Figure 2212.A TEST 0 Me s Subtgpe=0 Roimiath

2.2.3.2.7.4 Surface System Statudlessags with TYPE Code=24

The Surface Syster8tatus Message is used to provide the status of certain elements of
surface surveillance systems. The Surface System Status Message is intended to be used
only by the surface surveillance system that generated it and should be ignored by other
systems. TMe format of the Surface System Status Messdgd be as specified in

Figure 2.2.3.2.7.4, while further definition of each of the subfields is provided in the
subsequent paragraphs.

Surface System Status Message
Msg
Bit # S 37 38 -~ 40 /Y [ — 88
nMEO
Bit # e 5 6 worroeoeoeeees 8 o TR 56
Field TYPE =24 SUBTYPE Surface
Name [5] 3] System Status

[48]
MSB MSB MSB
LSB LSB LSB

Figure 2.2.3.2.7.4fSurffac e System Bt MessaghRDSMEO Field

2.2.3.2.7.4.1 i T Y P EaueSubfield in Surface System Status Messages

T h e A TCodesubfield was previously specified for the Airborne Position Message
in 82.2.3.2.3.1and renains the same for the Surface SystenuStaessage that uses
TYPE Codez24.

2232742 i SUBT Y @ddasubfield in Surface System Status Messages

The A SUBCodePsEfigld isa 3bi t (AMEO bits 6 through
through 40) subfield thathall be usedo indicate the source of the Surface System Status
Message as specified infla 2.2.3.2.7.4.2

Table 2.2.3.2.7.4.2:SUBTYPE" Subfield in Surface System Status Messages

SUBTYPE Code
Subfield Encoding Meaning
(decimal)
0 Reserved
1 Multilateration System Status (Allocated for national use)
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| 2i 7 | Reserved |

2232743 nSurfaceSy st em Statuso Subfield in Surface Syst

TheSurfaceSy st em St atus subfield is a 48 bit (f
through 88) subfield that may be definggdthe system equipment manufacturer.

2.23.2.75 RESERVED TYPE Codefi 2 5 0 -BAMeSsages

ADS-B Messageswvith TYPE Code=25hall be Reserved for future expansion.

2.2.3.2.7.6 RESERVED TYPE Codefi 2 6 0 -BAMRSsages
ADS-B Messagewvith TYPE Code=2&hall be Reserved for futurexpansion.

223277 RESERVED TYPE Codefi 2 7 0 -BAMeSsages

ADS-B Messagesvith TYPE Code=2"are Reserved for future expansion of these MOPS
to specify Trajectory Change Message formats.

Note: While no messages supporting Trajectory Change (TC) Reports are diefined
this version of these MOPS, a possible approach to the broadcast of this
information is described in Appendi x O,
Reporting.

2.2.3.2.7.8 Extended Squtter Aircraft Status Messages withTYPE Code=28

2.2.3.2.7.8.1 Emergency / Priority Statusand Mode A Code(Subtype=1)

The Extended Squitter Aircraft Status Message (TYRie=28 is used to provide
additional information regarding aircraft statusSubtype=1is used specifically to
provide Emergency / Prioritgtatusand the broadcast of the MoAg4096) Code.

Specfic formatting of the TYPE Code=2&ubtype=1is specified inFigure 213 and in
Appendix A, Figure A8.
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N"1090ES Ai rMessagg EmegenaytPriosty Status) (TYPE=28, Subtype=) 0
g’i'tsg 3337 | 38---40 | A41--eee- YT V. p— T Ry A— 88
ﬁBi';"#EO — R R — 8 | 9o N I J— 7Y R ) — 56
Field | TYPE=28 | Subtype=1 P'flrg‘r‘ft?g?gds Mode A Code |  Reserved
Name [5] 3] 3 [13] [45]

MSB LSB MSB LSB MSB LSB MSB LSB| MSB LSB

Figure 2-13: 1090ESAircraft Status Message(Emergency/Priority Status)
(TYPE=28, Subtype=)

22327811AEmergency/ Pri or inAircraft StattisiMessageSu b f i el d i

The HAEmMergency/ Pri or i tEytend8d @quittegiccraftsStabug i e | d
Messageshall be encoded in accordance with Table 2.2.3.2.7.8.1.1.

Table2.2.3.2.7.81 1A Emer gency/ Priority Statuso Sub:

Coding

(Binary) (Decimal) Meaning
000 0 No Emergency
001 1 General Emergency
010 2 Lifeguard/medical Emergency
011 3 Minimum Fuel
100 4 No Communications
101 5 Unlawful Interference
110 6 Downed Aircraft
111 7 Reserved

a. Ifthe pilotentersaMode £Rode of 7500, the fAEmergency/
shall be encoded with a value décimals5indi cati ng AUnI| awf ul I nte

b. I f the pilot enters a Mode A Code of 7600

shall be encoded with avaluedécimal4 i ndi cati ng fAbdo Communi

c. | f the pilot enters a Mode A Code of 7700
shall be encoded with avaluedécimall i ndi cati ng fAGener al E me

d. The emergency condition initiated by the piémtry of Mode A Code 7500, 7600 or
7700shall be terminated when the pilot changes to any other Mode A Code.

Note: The iSurveill ance St atuso subfield
emergency condition activated by Mode A Code 7500, 7600 or 7700&nd th
change from the value of ONE signals the termination of the emergency
condition (se€2.2.3.2.3.2

e. If an update has not been received from anbosrd data source for the
AEmergency/ Priorihg PaatuSoswcohds, then
St at us 0 in the AifcrafteStatls Messagshall be encoded with a value of
ZERO pinaryO@®) i ndicating fANo Emergency
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Note: The encoding of the AEmergencyd@doi ority
not have a corresponding Mode Aod® value that delotes the emergency
condition. The establishment of these emergency conditions by providing a pilot
interface to activate them is optionaltims version othese MOPS.

2.2.3.2.7.8.1.2"h Mo d €4098)C o d e 0 iel&in Aircraft Status Messages

a. The Mode A(4096)Codesubfield in the Aircraft Status Messagjgall be encoded as
defined in RTCA DG181D, §2.2.4.1.2and §2.2.13.1.2.b(EUROCAE ED73C,
83.5.2 and 83.5.6.b)

b. Starting wit h collddégencdshal be TP, Al, €X) A2, C4, A4,
ZERO, B1, D1, B2, D2, B4, DA4.

Note: The broadcast of the Mode (4096) Code in the Aircraft Status Message with
Subtype=1 is provided as a transitional feature to aid operation of ATC
automation systemshdt use ModeA Code for Flight Plan correlation.
Provisions are included in these MOPS to disable the broadcast of the Mode A
Code. The requirement for the broadcast of the Mode A Code may be removed
from future versions of these MOPS.

The Mode A(4096)Code 00, & 3 60i breadchsbfeshe Mdde A(4096)Code
as specified in3.2.3.3.1.4.3.1

2.2.3.2.7.8.2 1090ES TCAS Resolution Advisory (RA) Broadcast Messag8\ibtype=2

The Extended Squitter Ai2r8cor)afits Sdalaga su dvied s
additional information regarding the TCAS Resolution Advisory (RAubtype=2is

used specifically to provide the encoding of this information as specifiegjime 214.

The content of the fields of the 1090ES TCAS RA Mgssaonform to the
corresponding bits of transponder Registefs,3@ndare specified in ICAO Annex 10,

Vol IV, 8§4.3.8.4.2.2.1.

1090ES Aircraft Status Message (TCAS RA Broadcast Message) (TYPE=28, Subtype=2
l';’i'tsg 33------37 | 38----40 | 41---54 | 55---- 58 59 60 61--- 62 | 63-- 88
e 15 | 68 | 9022 | 2326 27 28 | 29---30 | 31--56
Active RA Multiple Threat Threat
- _ _ Resolution RACs . Threat Type Identity
NFfrlr(lje TYI[35E]—28 Sub[t?’y]pe—z Advisories Record Te(r£1 Aq_a)lted Encounter | Indicator Data
(ARA) [4] A (MTE) (TTI) (TID)
[14] [1] [2] [26]
MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB

Note; A[ #] 0 pr ovi ded i nmbaroffbiisenithdtfigldn di cat es t he

Figure 2-14: 1090ES Aircraft Status Message (TCAS RA Broadcast Message)
(TYPE=28, Subtype 2)
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2.23.2.79

2.23.3

22331

223311

223312

a. The transmission of the Aircraft Status Message with Subtyghal begin within
0.5 seconds after the transponder notificatibthe initiation of a TCAS Resolution
Advisory.

b. The transmission of the Aircraft Status Message with Subtypbal?be terminated
24 t+1seconds after the Resolution Advisory Termination (RAT) flag transitions from
ZERO (0) to ONE (1).

c. Aircraft Status Messages with SubtypesRall have priority over Aircraft Status
Messages with Subtype=1, and over all other E¥iten Messages.

RESERVED TYPE Codefi 3 0 0 -BAM2Ssages

ADS-B Messagewith TYPE Code=3@re Reserved for future expansion.

Note: The first version of these MOPS (RTCAR@ 0) specified TYPE
support of Operational Coordination Messages. The Operational Coordination
Messages are no longer required and future editions of these MOPS may specify
adifferentuse for TYPE3 00 Messages.

ADS-B MessageTransmission Rates
Transmission Rates for Transponder Based Transmitters

Transmission Rates Compliant with RTCA DO181D (EUROCAE ED-73C)

ADS-B transmitters based on Mode S transponddnall comply with the Message
Transmi Rates specified in RTCAO-181D (EUROCAE ED73C), for each class of
transponder defined ithe latest version &FAA TSO-C112

Note: The requirements of RTCA BIB1D (EUROCAE EDB73C) are consistent with
the requirements of ICAO Annex 10, Volume fdurth edition, July 2007,
§3.1.2.8.6.4.

Transmission Rates Not Specified in RTCA0O-181D (EUROCAE ED-73C)

When the transmission rate of a particular message type is not specified in RD-CA
181D (EUROCAE ED73C), then the Mode SranspondeBased ADSB transmitters

shall deliver those messages at the rates specified in the following subparagraphs for
Stand Alone Transmitters. If there is conflict between the requirements of REA

181D (EUROCAE ED73C) and this document, then the requirements of RTI2:

181D (EUROCAE ED73C) shall be adhered to.

Note: The possible transmission time epochs should not be correlated with UTC to
preclude inadvertent synchronization of transmissions from different aircraft.

Table 277 summarizes the broadcast rates of iIBES ADS-B Messages specified in
these MOPS (RTCA DQ60B).
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Table 2-77: 1090 MHz Extended Squitter ADSB Message Broadcast Rates

Broadcast Rate

Transponder Event—Drlv.en. 1090ES ADSB Message On-the-Grqund, On-the—Grqund Airborne
Register Message Priority not moving and moving
. . 2/ 1 second
BDS 0,5 N/A IAirborne Position N/A N/A (0.47 0.6 se}
LOW RATE HIGH RATE
BDS 0,6 N/A Surface Position 1/5 seconds 2 /1 second N/A
(4.81 5.2 seg (0.47 0.6 se}
LOW RATE HIGH RATE HIGH RATE
BDS 0,8 N/A IAircraft Identification and Category 1/10 seconds 1/5 seconds 1/5 seconds
(9.87 10.2 seg (4.87 5.2 seg (4.87 5.2 seg
. . 2 /1 second
BDS 0,9 N/A IAirborne Velocity N/A N/A (0.47 0.6 se}
. TCAS RA or Mode A Code Change
Aircraft Status =
BDS 6,1 I-Erncw::rsgi :12 (Emergency/Priaty Status, Subtype=1) N TCAg.;L\Oi\? S;C%ndi ch
gency (TCAS RA Broadcast, Subtype=2) 0 A, No Mode ange
4.871 5.2 seconds
BDS 6,2 N/A Target State and Status (TSS) N/A N/A 1.27 1.3 seconds
No change TSS being broadcast or not
NICsypdNAC/SIL No change TCAS/NAC/SIL
2.47 2.6 seconds 2.47 2.6 seconds
TSS being broadcast
BDS 6,5 N/A IAircraft OperationaStatus 4.81 5.2 seconds . Change in TCAS/NAC/SIL
Change in 2.41 2.6 seconds
NICsypdNAC/SIL y -
0.77 0.9 seconds TSS not broadcadt
Change in TCAS/NAC/SIL
0.77 0.9 seconds

N/A = Not Applicable

Notes:

1. Transmittersare limited to no more than 2 Event Driven messages per second. Therefore, the average of 2 Airborne Position, 2 Aadityrne /e

Identificaion, and 2Periodic Status ané&vent Driven messages per secangeraged over any 60 second interyagldsthe requireds.2 messages per second.

2. Not all aircraft broadcast the Target State and Status Message (see Taple 2
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2.2.3.3.1.3 Maximum Transmission Rates for Transponder- Based Transmitters

The maximum ADSB Message transmission raghall not exceed 6.2 transmitted
messages per secoasteraged over any 60 secomderval distributed as required by
RTCADO-181D, §2.223.13 (ED-73C, 8.28.3.

Note: Transponders are limited to no more than 2 Event Driven messages per second.
Therefore, the average of 2 Airborne Position, 2 Airborne Velocity, 0.2
Identification, and 2Periodc Status andEvent Driven messageper second,
averaged over any 60 secormterval, yields the required6.2 messages per
second.

2.2.3.3.1.4  ADS-B Periodic Status andevent-Driven Message Broadcast Rates

2.2.3.3.1.4.1 ADS-B Target State and Status Message Broadcast Rates

a. The Target Statand Status Message(YPE=29, &.2.3.27.1) shall be initiated
only when the aircraft is airborne and when vertical or horizontal target state
information is available and valid as a minimum.

b. The Target State and Status Message w#hlaypevalue of ZERO (Okhall, for the
nominal case, be broadcast at random intervals that are uniformly distributed over the
range of 1.2 to 1.3 seconds relative to the previous Target State and Status for as long
as data is available to satisfy the requi

c. The broadcdsrates for Target State and Status Messages whbdypesubfield
value of other than ZERO (0) are not defined by this version of these MOPS.

Notes:

1. Future versions of these MOPS may require unique broadcast update intervals
for each Target State dnStatus Messaggubtyp€(i.e., unique for each value of
the Subtypesubfield).

2. Future versions of these MOPS may require that the broadcast rate for Target
State and Status Messages be temporarily increased (e.g., for 24 seconds)
following any changenitarget state or system status information.

2.2.3.3.1.4.2 ADS-B Aircraft Operational Status Message Broadcast Rates

The rate at which the ADB Aircraft Operdional Status Message§ YPE=31 and
Subtype0, 8.2.3.2.7.2 are broadcasthall vary depending on the following conditions:

Condition 1: Target State and Status Messag@.48.2.7.) for Target State and

Status Information (i.e., TYPE=29 an8ubtypel) is not being
broadcast versus being broadcast.
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Condiion 2:  There has been a change within the past 24 seconds in the value of one or
more of the following parameters included in the Operational Status
Message:

a. TCAS/ACAS Operational
b. ACAS/TCAS resolution advisory active
c. NAGC,
d. SIL
a. For the two caes where:

i. The Target State and Status Messa@e2(8.2.7.) with Subtypel is not being
broadcast and Condition 2 above is not applicable (nominal condition); or

ii. The Target State and Status Message V@tibtypel is bang broadcast
regardless of the applicability of Condition 2 above;

The Aircraft Operational Status Messageall be broadcast at random intervals
uniformly distributed over the range of 2.4 to 2.6 seconds.

b. For the case where the Target State and StMassage (8.2.3.2.7.1 with
Subtypel is not being broadcast and Condition 2 above is applicable, the Aircraft
Operational Status Message broadcast satl be increased for a period of 24
seconds £1 second) such that the ladcasts occur at random intervals that are
uniformly distributed over the range of 0.7 to 0.9 seconds.

c. While the A/V is detGeomhdedcbodbei om, t &amec
above IS NOT applicablehén the ADS-B Aircraft Opeational StatusMessage
(TYPE=31 andSubtypel, for surface participants28.3.2.7.2 shall be broadcast
at random intervals that are uniformly distributed over the rang@.4fto 2.6
seconds.

d. While the A/V is determined o be i-6r ¢ thed ®d Oomondi ti on, an
above IS applicable, then the broadcast rate of the-B@8craft Opeational Status
Message TYPE=31 and Subtype=1, for surface participants, 82.2.3.2.7.2) shall be
increased for a period of 24 secor{@4 second) such that the broadcasts occur at
random intervals that are uniformly distributed over the range ob@?P®tseconds.

2233143 AExtended Squitt er-BBJentDriven MéssagetBeoadoastiRawA D S

2233143 1iEmergency/ Priority c#httRattsus Messageo Broad

The fAEmergency/ Priority Status Messageo (T
shall be broadcast using the EvEDtiven protocol. The rate of transmission varies
depending on other conditions. If the transmission of the Mode A Code isedisti®
transmission of t he AfEmergency/ Priority S
emergency condition is active. When the transmission of the Mode A Code is enabled,

the transmission rate of the fAEmergency/ Pr
the Mode A Code is changgar if an emergency condition is active.
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When the Mode A Code is set to fA3sBaAlO, 0 t h
di sable the transmission of the Mode A Coc
MessageoO i n a82233rldahlny whemn anhemergency is declared
Otherwise, the Mode A Code transmission is enabled and the broadcast rates of
§2.2.3.3.1.4.3.1.2 apply.

Note: The use of Mode A Code A30000 for this j
Doc 9871provision to disable the transmission of the Mode A Code on 1090ES.
This will occur at such time that the ATC systems no longer depend on the Mode
A Code to identify aircraft.

223314311A"Emergency/ Priority Status MessageoO Broad:
Mode A Code is Disabled

When the Mode A Code transmission is disabled as per §2.2.3.3.1.4.3.1, the following
transmit rates apply:

a. The AEmergency/ Priority St at usshallMmes sageod
broadcast at random intervals that are uniformly disted over the range of 0.7 to
0.9 seconds relative to the previous fAEme
the emergency condition which is established by any value other than ZERO in the
AEmergency/ Priority Statux3@78ubh.field in a

b. In the case where there is no emergency condition established by a ZERO value in
t he AEmergency/ Priority St atusbo subfield
Me s s al@lenot be broadcast.

223314312 Emergency/ Pri or ity ad&st&®RatessWhed arsmigsiernof Br o
Mode A Code is Enabled

When the Mode A Code transmission is enabled as per §2.2.3.3.1.4.3.1, the following
transmit rates apply:

a. The AfEmergency/ Priority Shal beu lraadcagtTaly PE = 2 8
random interval that are uniformly distributed over the range of 0.7 to 0.9 seconds
relative to the previous AEmergency [/ Pri

i. For a duration of 24 +1 seconds following a Mode A Code change by the pilot
except if the Mod&\ Code is changed to 7500, 7600 or 7700.

Note: The case where the Mode A Code is set to 7500, 7600 or 7700, the
transmission of the emergency condition is covered by ii. below. Setting
the Mode A Code to 7500, 7600 or 7700 is indicated by a Permanent

Aler t in the ASurveill ance Statuso fi
change in the Mode A Code, except to 7500, 7600 or 7700, is indicated
by a Temporary Alert in the ASurveil

(see 82.2.3.2.3.2).
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ii. For the durabn of an emergency condition by any ROBRO value in the
AEmergency/ Priority Statuso subfield in
emergency code is cleared by the pilot changing the Mode A Code to other than
7500, 7600 or 7700, the broadcastoh e A Emer gency/ Priority
shalbe continued for 24 N1 seconds as #Ai 0

b. I n the absence of conditions specified in
Messageshall be broadcast at random intervals that are uniformly distabater
the range of 4.8 to 5.2 seconds relative
Message.

22331432A TCAS RA Broadcast Messaged0 Broadcast Rate

A TCAS RA Broadcast (TYPE=28, Subtype=2hall be broadcast at random intervals

that are uniformly distbuted over the range of 0.7 to 0.9 seconds relative to the previous
ATCAS RA Broadcast Messageo for the durat.i
§2.2.3.2.7.8.2

2233144 ATYREBdIe2 3 ( TE S TB EHyentdDEVSn Messag Broadcast Rate

The following broadcast rate requiremesstsall apply only under the condition that
ATESTO Me s sSSabtypendicatdd aré duthorized to be transmitted.

The nTESBH BvenfDbven Messages witlsubtype0 shall be broadcasNOT
MORE THAN ONCE each time the Evebiriven Test Information is updated to the
transponder.

2233145 ATYPEodes24i 270 and CodeB8PRBE -BESntDriven Message
Broadcast Rate

In general, TYPECodes24 - 27 ADSB EventDriven Messageshall be broadcast
ONCE each time the Eveidriven TYPE Code24 - 27 information is updated to the
transponder.

2.2.3.3.1.4.6 ADS-B Message Transmission Scheduling

An ADS-B Message scheduling functiashall be used to determine the sequence of
ADS-B Messages to be broadcast and to controbtrezall transmission rate @&@vent
Driven messages.
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2.2.3.3.1.4.6.1 Event-Driven Message Scheduling Function

Note: This version of these MOPS does not define the message format for the broadcast
of Trajectory Change information 28.3.2.7.7. However it is anticipated that
future versions of these MOPS will require the broadcast of Trajectory Change
information for all Class A2 and Class A3 airborne systems and will be optional
for ClassA1S and Alairborne systems. The following requirertse for the
EventDriven Message Scheduling Function include provisions to accommodate
the future addition of messages conveying Trajectory Change information (i.e.,
message TYPE=27).

The EveniDriven Message Scheduling Functisimall ensure that the tot&8ventDriven
message rate does not exceed 2 transmitted messages per second. This is consistent with
the required overall maximum allowed transmission rate specifiedl 03%3.1.3

The EventDriven Message Scheduling Fumetishall apply the following rules as a
means of prioritizing the Everiven Message transmissions and limiting the
transmission rates:

a. The EvenDriven Message scheduling functishall reorder, as necessary, pending
EventDriven Messages according the following message priorities, listed below
(and inTable 2145) in descending order from highest to lowest priority:

i. The broadcast of thExtended Squitter Aircraft Status Message.283.2.7.8.1
TCAS RA Broadcast (TYPE=28, Subtype=2)

ii. The broadcast of the Extended Squitter Aircraft Status Messaga38.7.8.2
Emergency/Priority Condition (TYPE=28, Subtype=1).

iii. This priority level applies as a default to any EvBniven Message TYPE and
Subtype combination not specifically identified at a higher priority level above.
EventDriven Messages of this default priority levatall be delivered to the
transponder on first-in-first-out basis at equal priority.

b. The EveniDriven Message scheduling functieall limit the number of Event
Driven Messages provided to the transponder to two (2) messages per second.

Note: It is possible that future versions of thes©RB, requiring a complementary
change to the Mode S transponder MOPS, will allow for Eixgivien Messages
to be transmitted at a rate of greater than the current limit of two (2) messages
per second. Therefore, a means should be provided to allow foituge f
adjustment to the value used for the message rate limit in the -Brigah
Message scheduling function.

c. If (b) results in a queue of messages awaiting delivery to the transponder, the higher
priority pending messages, according to (a) abshall be delivered to the
transponder for transmission before lower priority messages.

d. If (b) results in a queue of messages awaiting delivery to the transponder, new Event

Driven messageshall directly replace older messages of the same exact TYPE and
Subype (where aSubtypeis defined) that are already in the pending message queue.
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The updated messagéall maintain the same position in the message queue as the
pending message that is being replaced.

e. If (b) above results in a queue of messages awailativery to the transponder, then
pending message(s3hall be deleted from the message transmission queue if not
delivered to the transponder for transmission, or not replaced with a newer message
of the same message TYPE aBdibtype within the Messaged.ifetime value
specified in the Table-28 below:

Table 2-78: Event-Driven Message Lifetime

Message Message Message Lifetime
TYPE Subtype (seconds)
23 =0 5.0 secondst0.2 sec.)
=1-7 Reserved (see Note)
24 Reserved (see Note)
25 Reserved (seedte)
26 Reserved (see Note)
27 Reserved (see Note)
=1 5.0 seconds (0.2 sec.)
o8 _5 10 sgc_onds after RAT
transitions from 0 to 1
0,>2 Reserved (see Note)
30 Reserved (see Note)

Note: A default message lifetime of 20 seconds will be usedueune management
unless otherwise specified.

2.2.3.3.2 Transmission Rates for Stand Alone Transmitters

a. Stand Alone Transmitters for Class A0 and Class BO equipment are those
implemented independent of a Mode S transponder. Such transstitinneet the
trangnission rate requirements 0f2.8.3.3.1.3 and the message update rate
requirements specified in the following subparagraphs.

b. Extended Squitter messageball be transmitted at random intervals that are
uniformly distributed wer the specified time interval using a time quantization no
greater than 15 milliseconds.

Note: The possible transmission time epochs should not be correlated with UTC to
preclude inadvertent synchronization of transmissions from different aircraft.

223321 Powe -On Initialization and Start Up

2.2.3.3.2.1.1 Power-On Initialization

a. At powerup initialization, the ADSB Transmitting Subsysteshall start operations
in a mode in which it transmitdO messages.

b. Given that appropriate message data is provided to the-B\DSansmitting

Subsystem, the transmission devisball be capable of transmitting ADB
Messages no later than 2.0 seconds after RQmer
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c. After a powerup initialization exceeding the momentary power interruption
capability of the equipment, the total st BITE tests that check all necessary
functions of the ADSB device shall be completed within 20 seconds. As a
minimum, the BITE testshall include RAM, ROM, /O, Timing, CPU instruction
integrity, and any associated RF hardware tests necessary toe gmsper
functioning of the ADSB device.

2.2.3.3.2.1.2 Start Up

223322

2.2.3.3.2.3

a. The ADSB Transmitting Subsystershall initiate broadcast transmissions of the
Airborne Position, Surface Position, Aircraft Identification &bategory Velocity,
Target State and Status, and/or Aifc@perational Status Messages only when it has

received appropriate data to structure at least one variable data field of the respective

message. As such, each messdgdl be initiated individually and independently of
the other messages.

The singleexception is presented by Altitude data in the Airborne Position Message

which shall be processed as follows:

The ADSB Transmitting Subsystemshall not initiate broadcast of the Airborne
Position Message until horizontal position data has been receiVhdt is, that
altitude data aloneshall not be sufficient to initiate broadcast of the Airborne
Position Message.

b. Once ADSB Message transmission has been initiated the transmission rate of each

type of ADSB Messageshall be as provided in the followgnparagraphs.

ADS-B Airborne Position Message Broadcast Rate

Once started, ADSB Airborne Position Messageball be broadcast by the transmission

device when in the Airborne state at random intervals that are uniformly distributed over
the range of 0.4 t6.6 seconds relative to the previous Airborne Position Message, with

the exceptions as specified i8.8.3.3.2.9

ADS-B Surface Position Message Broadcast Rate

a. Once started, AD8 Surface Position Messageshall be broadcastby the

transmission device wheninthe@r ound st ate usi nigL oenmot her

rate, which has been selected as follows:

Q). Switching from AHiirgho rate to ALowo

(). The broadcast ratshall be changed from #AHIi gho
navigaton source position data has not changed more than 10 meteng in
30 second interval

Note: It is acceptable to compute the 10 meter distance using either
rectangular or polar coordinates.

Rat e

to

().Upon selecting the ALowoshdl savethe t he t

Position data at the time that t he
©20xx, RTCA, Inc.
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2.Switching from ALowd rate to AHIi ghd Rat e

The broadcastratthallbe changed from ALowd to fAHIg
the transmission device has changed by 10 meters or moreesi t he A Lowo |
was selected.

Note:; It is acceptable to compute the 10 meter distance using either
rectangular or polar coordinates.

b. I f the AHIighd rate is sel e chalkbdtransmitteln t h e
at random intervals that ar@itormly distributed over the range of 0.4 to 0.6 seconds
relative to the previous Surface Position Message.

c. | f the ALowo rate is sel ectskallbetrandmadted t he S
at random intervals that are uniformly distributed ohertange of 4.8 to 5.2 seconds
relative to the previous Surface Position Message.

d | f the transmission device | ehallbsusedass navi
the default transmission rate.

e. Exceptions to these transmission rate requeresare specified in2§.3.3.2.9

2.2.3.3.2.4  ADS-B Aircraft Identification and Category Message Broadcast Rate

a. Once started, AD8 Aircraft Identification and Category Messagesshall be
broadcast by the transmission device at randomervals that are uniformly
distributed over the range of 4.8 to 5.2 seconds relative to the previous ldentification
and CategoryMessage, when the ADB Transmitting Subsystem is reporting the
Airborne Position Message, or when reporting the Surfacei®toditessage at the
high rate.

b. When the Surface Position Message is being reported at the low surface rate, then the
Aircraft Identification andCategoryMessageshall be broadcast at random intervals
that are uniformly distributed over the range of 881.0.2 seconds relative to the
previousAircraft Identification andCategoryMessage.

c. When neither the Airborne Position Message nor the Surface Position Message is
being transmitted, then the Aircraft Identification a@dtegoryMessageshall be
broadtast at the rate specified in subparagraph a.

d. Exceptions to these transmission rate requirements are specifie@ig.8.2.9

2.2.3.3.25 ADS-B Velocity Information Message Broadcast Rate

a. Once started, AD8 Velocity Information Mesagesshall be broadcast by the
transmission device at random intervals that are uniformly distributed over the range
of 0.4 to 0.6 seconds relative to the previous Velocity Information Message.

b. Exceptions to these transmission rate requirements ac#isgén 82.2.3.3.2.9
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2.2.3.3.2.6  ADS-B Periodic Status Message Broadcast Rates

2.2.3.3.2.6.1 ADS-B Target State and Status Message Broadcast Rates
a. The requirements 0f%2.3.3.1.4.Jare applicable.

b. The Targe State and Status Message (TYPE=3abtype0, 8.2.3.2.7.]) shall be
broadcast at random intervals that are uniformly distributed over the range of 1.2 to
1.3 seconds relative to the previous Target State satdsSMessage for as long as
data is available to satisfy the requirem

c. Exceptions to these transmission rate requiremetiall be as specified in
§2.2.3.3.2.9
2.2.3.3.2.6.2 ADS-B Aircraft Oper ational Status Message Broadcast Rates

a. The Aircraft Operational Status Message (TYPE=31 &ubtype0 and 1)
(82.2.3.2.7.2 shall be broadcast at the rates as specifie®i2.8.3.1.4.2

b. Excepions to these transmission rate requiremshgdl be as defined in82.3.3.2.9

2233263 AExtended Squitt er-BBEJentDriven MéssagetBeoaduastRateA D S

a. The rate at which the AEXxt e)JADSEBEeti tter
Driven Message (see28.3.2.7.8 shall be broadcast varies as defined in
§2.2.3.3.1.4.3

b. The exceptional conditions specified iR.8.3.3.2.%hall be observed.

2.2.3.3.2.7 ATYRIBde=2 3 ( TE S TB EentDEVBn Message Broadcast Rate

The ATESTO M Subtype=@ ADS® iEventDriven Messagesshall be
broadcastNOT MORE Than ONCE each time the Eveflriven Test Information is
updated to the AD® Transmitting Subsystem. The delay conditions specified in
§2.2.3.3.2.%hall be observed.

2.2.3.3.2.8 i TY RCBdes24-2 7 60 -B Bvent-Driven Message Broadcast Rate

In general, TYPECode 24 - 27 ADSB EventDriven Messgesshall be bradcast
ONCE each time the Eveitriven TYPE Code 24- 27 information is updated to the
ADS-B Transmitting Subsystem. The delay conditions specifie®i.8.3.2.%hall be
observed.

2.2.3.3.29 ADS-B Message Transmissiorscheduling

a. An ADS-B Message scheduling functi@hall be used to determine the sequence of
ADS-B Messages to be broadcast and to control the overall transmission rate of
EventDriven messages.
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b. As an exception to the general requirement for the treasgon of ADSB Messages,
the scheduled message transmissstrall be delayed if a Mutual Suppression
interface is active.

2.2.3.3.2.9.1 Position, Velocity and Identification Message Scheduling

The priority for transmission (from highest to lowest) for the message typeare not
eventdrivenshall be:

a. Position Message (either Airborne Position Message, as specifiel2r8.8.3
or Surface Position Message, as defined?128.2.4

b. Airborne Velocity Message (8.2.3.2.9

c. Aircraft Identification andCategoryMessage (8.2.3.2.5

2.2.3.3.2.9.2 Event-Driven Message Scheduling

An EventDriven Message Scheduling functishall:

a. Ensure that the total EveBrriven Message rate does not exceed 2 transmitted
messages per second. This is consistent with the required overall maximum
allowed transmission rate specified 2.8.3.3.2.10

Note: It is possible that future versions of these MRay allow for Event
Driven messages to be transmitted at a rate of greater than the current
limit of two (2) messages per second. Therefore a means should be
provided to allow for a future adjustment to the value used for the
message rate limit in thevEntDriven Message scheduling function.

b. The EventDriven Message scheduling requirements 228.3.1.4.6.5hall be
used as the means of ensuring the EBten message broadcast limit of 2
messages per second is notemded.

2.2.3.3.2.10 Maximum ADS-B Message Transmission Rates

The maximum ADSB Message transmission rate of roansponder ADB Transmitter
implementationsshall not exceed 6.2 transmitted messages per se@wataged over
any 60 second interval

Note: It is possibé that future versions of these MOPS may allow for-BIMessages
to be transmitted at a rate of greater than the current limit of 6.2 messages per
second. Therefore a means should be provided to allow for a future adjustment
to the value used for the nsage rate limit in the message scheduling function.
2.2.3.3.2.11 ADS-B Message Timeout

Notes:

1. These messages are cleared to prevent the reporting of outdated position and velocity
information.
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During a register timeout-BBroadost Messaghe A ME

may contain ALL ZEROs, except for those fields that may be updated due to the
receipt of new data.

The ADSB Transmitting Subsystemshall clear allbut the altitude and surveillance
status subfieldsf the Airborne PositiodMessage, iho newpositiondata is received
within two (2) seconds of the previous input data update.

Note: During a timeout event the Format TYPE Code is set to ZERO (see
§2.2.3.2.3.1.3}1

The ADSB Transmitting Subsystershall clear al 56-bits of the Surface Position
Message if no new position data is received within two (2) seconds of the previous
input data update.

Notes:

1. During a timeout event the Format TYPE Code is set to ZERO (see
§2.2.3.2.4.1.3.1

2. When position is available, the AHES Transmitting Subsystem manages the
movement and the ground track subfields such that the subfields and applicable
status bits are set to ZERO (0) if no new data is received for the subfield within
2.6 seconds dhe last data update of the subfield.

3. When position data is not received, all bits of the Surface Position Message are
set to ZERO to avoid confusion with altitude data in the Airborne Position
Message sent with TYPE Code ZERO (0).

The ADSB Trarsmitting Subsystemshall clear all 56bits of the Airborne Velocity
Message if no data is received within 2.6 seconds of the previous input data update.

Note: The Intent Change information is not sufficient to consider that new data has
been received g2.3.2.6.1.3

The ADSB Transmitting Subsystenshall not clear the Aircraft Identification
Message (see2§2.3.2.9.

Note: The Aircraft Identification Messagis not cleared since it contains data that
rarely changes in flight and is not frequently updated.

The ADSB Transmitting Subsystershall clear each of the Selected Altitude,
Selected Heading, or Barometric Pressure Setting subfieltseofarget Stte and
StatusMessagdsee 8.2.3.2.7.)if no new data is received within 2.0 seconds of the
previous input data updater the respective subfieldEach of thesulfields shall be
cleared independently of thather sulfields. That is, each of the three specified
subfields shall be processed mutually exclusively of the other two specified
subfields. The remaining subfields of the Target State and Status Mebséigeot

be clearedas they contain other intety, mode, or status information.
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f. The ADSB Transmitting Subsysteshall not clear theOperational Statuslessages
(see 8.2.3.2.7.2 since he subfields of the Message contain various integrity, mode,
or gatus information.

g. The ADSB Transmitting Subsysteshall not clear the EvenDriven Messages (see
§2.2.3.2.7.8.

Note: The EvenDriven Messages do not need to be cleared since contents of such
messages are only broadtaonce each time that new data is received.

2.2.3.3.2.12 ADS-B Message Termination

a. The ADSB Transmitting Subsystemshall terminate broadcast transmissions of the
Airborne PositionMessage when position (latitude/longitude) and altitude data are
not availdle fora period of 60 seconds.

Note For the Airborne Position Messagejtitude data alone is sufficient to
maintain broadcast of the Message once the Message has been initiated.
When only altitude data is available, the Airborne Position Mssage
continues @ be transmitteckvenafter 60seconds. Hwever if the altitude
data is not available for 60 seconds, then the Airborne Positicesddge
transmission isterminated and the conditions for statp defined in
§2.2.3.3.2.1.2are necessary to resume the transmission of Airborne Position
Message.

b. The ADSB Transmitting Subsystershall terminate the transmission of Surface
Position Messages if position data that is necessary to update the Message is not
availablefor a period of 60 seconds. rahsmission termination of Surface Position
Messages does not apply to Noransponder Devices on aircraft that are on the
surface, or on surface vehicles
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Note: For the Surface Position Message, the receipt of new MoveoreGiround
Track data isnot sufficient to maintain broadcast of the message once the
message has been initiated.

The ADSB Transmitting Subsystershall not terminate broadcast transmissions of
Aircraft Identification and Category Message even ffundata necessary to update
the Message is not available.

The ADSB Transmitting Subsystershall terminate broadcast transmissions of the
Airborne Velocity Message if input data necessary to update the subfields of the
Airborne Velocity Message, othé¢han the Intent Change Flag, is not available for a
period of 2.6 seconds.

Notes:

1. The receipt of new data necessary to update any single subfield, other than the
Intent Change Flag, is sufficient to maintain broadcast of the Airborne Velocity
Messag.

2. Previous versions of these MOPS required the Airborne Velocity Message to be
transmitted for an additional 60 seconds with ALL ZEROs including the TYPE
Code field. In the event of a loss of GPS data the Airborne Position Message
would have baromdt altitude in it, the Airborne Velocity Message would not.
However, a receiver could not determine the difference between these cases,
therefore the transmitted altitude was not usable.

The ADSB Transmitting Subsysteshall continue to broadcashé Target State and
Status Message for as long as Airborne Position Messages are being broadcast.

Note: Target State and Status Messages do not need to be terminated until the
Airborne and Surface Position Messages are terminated since the Target
State ad Status Messages contain various integrity, mode, or status
information that is applicable to the Airborne Position Messages.

The ADSB Transmitting Subsystershall continue to broadcast the Operational
Status Messages for as long as Airborne RwosiMessages or Surface Position
Messages are being broadcast.

Note: Operational Status Messages do not need to be terminated until the Airborne
Position Messages and the Surface Position Messages are terminated since
the Operational Status Messages tadm various integrity, mode, or status
information that is applicable to the Airborne Position Messages or the
Surface Position Messages.

Class B2 NoflranspondeBased Transmitting Subsystems on Ground Vehicles

shall provide an interface capable pfitting the unit into a standby condition in
which the unit suspends all message transmissions.

©20xx, RTCA, Inc.



156

Notes:

1. This interface is intended to be used by a mapping function that will
automatically trigger the interface if the Transmitting Subsystem is owtsider
adaptable twedimensional geographic area.

2. If required because of spectrum considerations, thediweensional geographic
area will be defined as the movement area (i.e., runways and taxiways) plus a
reasonable buffer area (i.e., 50 foot buffer)mplementations of this feature
should be designed such that a particular ground authority can specify a region
that conserves spectrum without introducing risk of accidental termination within
the movement area. Consideration should be given to psacsid accuracy of
the geographic region definition.

3. As a vendor option, this mapping function may be implemented integral to the
Class B2 equipment. In this case, the interface is internal to the unit.

2234 ADS-B Transmitted Message Error Protection

Error protectionshall be provided by the AD® Transmitting Subsystem encoding all
messages in accordance with the requirements provided in REA31D, §82.2.8.2.1
(EUROCAE ED73C, 83.2.2.1) and illustrated in Figure-21 of RTCA DO181D
(EUROCAE ED73C, Figure 39).

Note: The requirements of RTAAO-181D, §2.2.8B.2.1 and Figure 211 (EUROCAE
ED-73C, 83.2.2.1 and Figure ®) are consistent with the requirements of ICAO
Annex 10, Volume I\fourth edition, July2007, 83.1.2.3.3.

2.2.4 ADS-B Receiver Characterisics

2241 Minimum Triggering Level (MTL) Definition

a. The sensitivity of the ADS Receiver is sufficient to reliably detect and decode
ADS-B Messages provided the received power is at or above a certain level. The
receiver sensitivity requirements are statedterms of the Minimum Triggering
Level (MTL) specified in the following paragraphs.

b. Given a valid ADSB Message signal that complies with the frequency, pulse spacing
and pulse width requirements, and in the absence of interference or overloads, the
MTL of an ADSB receiver is defined as the received power level that results in a
successful message reception ratio of 90%.

2.2.4.2 Receivers Shared with a TCAS Unit

a. ADS-B Receiving Subsystems implemented as part of a TCASshait comply
with all receiver rquirements specified ithe TCAS MOPS,RTCA DO-185B,
§2.2.4.4EUROCAE ED143, 8.2.4.9.

b. ADS-B Receiving Subsystems operating with TCAS units that are more sensitive

than the MTL requirements specified in RTA0O-1858 (EUROCAE ED143),
shall implementthe capabilities specified ir2§.4.2.1through 8.2.4.4
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Note: The TCAS MOPSRTCA DO-183B (EUROCAE ED143), uses the term
AExtended Squitterodo to refer t o messcz:
transmssion requirements as those messages referred to aBADEsages
in this document. These terms should be accepted as being equivalent when
referring to the TCAS system.

22421 Dual Minimum Triggering Levels

Note: A TCAS receiver that is also used as an AD&ceiver will have a minimum
triggering level (MTL) that is more sensitive than a standard TCAS receiver.
Such a receiver must implement dual MTLs so that it is capable of setting an
indication for each squitter reception as to whether the reply woale: heen
detected by a TCAS operating with a standard MTL. Squitter receptions received
at the standard MTL will be passed to the TCAS surveillance function for further
processing. Squitter receptions that do not meet this condition will be not passed
to the TCAS surveillance function.

224211  TCAS Compatibility

No more than 10% of all AD8 Messages received at an input signal levelr8fdBm
or less shall be delivered to the TCAS functions specified in RTCXO-185B
(EUROCAE ED143).

Note: Use of the standard TAS MTL {74 +2dB as specified in RTCRO-183B
§2.2.4.4.1.1. dEUROCAE ED143, 8.2.4.4.1.1.9 for the TCAS surveillance
functions preserves the current operation of TCAS surveillance when operating
with a receiver with an improved MTL, such as thoseatiafkin 8.2.4.3.1

2.24.2.1.2 ADS-B Compatibility

All ADS-B Messageshall be processed in accordance with%4.3.1.1

2.2.4.2.2 Re-Triggerable Reply Processor

The TCAS Mode S reply processing functisimall use a Mde S reply processor that
will re-trigger if it detects a Mode S preamble that is at least 3 dB stronger than the reply
that is currently being processed in order to ensure that the stronger signal is processed.

Note: Care must be taken to ensure that dewel squitters (i.e., those below the
nominal TCAS MTL) do not interfere with the processing of acquisition squitters
for TCAS. This may happen if the lmvel squitter is allowed to capture the
reply processor. This may be prevented by using a sepegply processor for
each function, or by requiring the reply processor to bé&iggered by a higher
level squitter message.
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2.2.4.3 Receivers Not Shared With TCAS

22431 In-Band Acceptance and R&riggerable Capability

224311 In-Band Acceptance

The requirements provided the following subparagraphs are specified at the Antenna
end of an Antenna to Receiver transmission line having loss equal to the maximum for
which the receiving installation is designed.

a. The MTL of an ADSB receiver processing signals over the freqyaange of 1089
to 1091 MHzshall comply with the MTL limits provided in Table-29 for the

applicable receiver Equipment Class.

Table 279:ADS-B Cl ass AAO0 Equi pment
EQUIPMENT
CLASS A0 Al1S/Al A2 A3
MTL -72dBm -79dBm -79dBm -84dBm

Recei ve

Note;: The MTL limits of Table -Z9 must be complied with over the entire
environmental operating range specified by the manufacturer of the receiver
(e.g., receiver performance variations over temperature and other conditions

must be taken into accoQnt

b. In the absence of interference or overloads, each-BD8ceivershall properly
detect and decode at least 99% of all AB3®/lessages received at an input signal
level between the levels of MTL + 3 dB astl dBm.

c. Inthe absence of interferenceawerloads, each AD8 receiver of equipment Class
A3 shall properly detect and decode at least 15% of all ADMessages received at
an input signal level 087 dBm.

Notes:

1. This requirement need only be tested under ambient conditions.

2. The intent 6 this requirement is to emphasize the desirability of taking

2.243.1.2 Re-Triggerable Capability

advantage of signals received below the required MTL.

ADS-B receivers having Equipment Cla&$S, Al, A2 or A3 capabilityshall re-trigger
if such receivers detect anD&B Message having a preamble that is at least 3 dB

stronger than that of the message that is currently being processed.

Note; This requirement is required in order to ensure that the BD@ocessor will
properly detect and process the stronger signal.
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2.243.2

2.24.33

22434

224341

Out-of-Band Rejection

For outof-band signals the ADB Message signal level required to provide 90 percent
ratio of decoded and accepted messages to the number of actual messages transmitted
shall increase relative to the equipment MTL at 1090 MHz as deakin Table 280.

Table 2-80: ADS-B Receiver Out-of- Band Rejection

Message
Frequency Difference Triggering Level
(MHz from 1090 MHz) (dB above MTL)
+55 Greater Than or Equal ®
+10 Greater Than or Equal 0
+15 Greater Than or Equal #0
+25 Greater Than or Equal &0

Dynamic Minimum Trigger Level (DMTL)

ADS-B single receiver systemshall implement Dynamic Minimum Trigger Level
(DMTL) control as a mean of rejecting low level multipath signals and interference.

If the enhanced receptidachniques (8.2.4.4 are used, then the DMTL characteristics
shall be compatible with the requirements i2.2844. Otherwise, the DMTL
characteristics shall be compatible with the requirements 2r2.43.4.1 through
§2.2.4.3.4.3

1090 MHz ADSB Message Reception Techniques

ADS-B Message Reception

a. When listening for ADSB Messages and upon receipt of a single pulse of greater
than 300 nanosends duration and having amplitude whereA exceeds MTL 8
dB, the receiver threshokhall increase toA -6 dB +1 dB for a period of not less
than five microseconds following the leading edge of the first pulseshalil be
recovered in not more thaight microseconds, unless a valid or qualifying preamble
is received (8.2.3.1.}, in which case the thresho#thall be held atA -6 dB +1 dB
for a period of not less than 115 microseconds stradl be recovered in not more
than120 microseconds.

The receiver thresholshall at no time exceed -5 dB except for possible overshoot
during the first microsecond following the leading edge of the first pulse.

b. If Alisless than MTL 8 dB, there is no requirement to raise theshold.
Notes:
1. The length of an AD8 Message cannot be determined with certainty by the DMTL

system. Therefore, the AIBSMessage DMTL desensitizes for the duration of the
ADSB Message.
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224342

224343

224344

224345

224346

2. These requirements are consistent with the requirementRT&EA DQ185,
82.2.2.3.2. Note that there is no direct correlation to these requirements provided in
RTCA DO185A. In fact, RTCA DQ@85A has deleted the DMTL requirements
previously provided and now relies completely on Whisper Shout level control
techniques to provide multipath rejection (see 82.2.4.5.1 or RTCA1B®A).

C XXXXXXXX TBD XXXXXXXX What do wedo about this note ?2¢

Narrow Pulse Discrimination

The DMTL controlshall not be responsive to pulses that have a width of less than 0.3
microseonds.

Note: These requirements are consistent with the requirements of REA3SB,
§2.2.4.5.1.2.1EUROCAE EDP143, §2.2.4.5.1.2)1
TACAN and DME Discrimination

The DMTL controlshall not be responsive to TACAN or DME pulses.

Note: These requirementare consistent with the requirements of RTD®-1858,
§2.2.4.51.2.2(EUROCAE EDP143, .2.4.5.1.2.7

Pulse Characteristics of Received ADB Messages

All pulse characteristics of the ADB Messages were previously specified th2%2.2.1

and &.2.3.1and associated subparagraphs of this document.

Message Formats

The 1090 MHz receiveshall correctly decode all valid AD8 Messages received in
accordance with the requirements specified2r2&.3.1.1through 8.2.4.3.4.4 A valid
Extended Squitter message follows the format specified in RDOA81D (EUROCAE
ED-73C) with the APl O field specified with

General formats ofhe Extended Squitter (i.e., ABE) Messages was provided is
§2.2.3.1through 8.2.3.2.1.70f this document.
Description of 1090 MHz ADSB Message Received Signals

Formats of ADSB transmitted messag were previously specified i2.2.3.2.3through
§2.2.3.2.70f this document.
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2.2.4.3.47  ADS-B Signal Reception

2.2.4.3.4.7.1 Criteria for ADS -B Message Transmission Pulse Detection

a. ADS-B Message transmission pulse ddogdhall be based on pulse leading edges.

Note: The occurrence of a leading edge may be determined directly from a positive
slope or inferred from pulse widths and trailing edge positions. An actual
leading edge is defined as an event for which: theatigses at a rate
exceeding 48 dB per microsecond to a level above the receiver threshold
AND 0.125 microseconds later the rate of rise is less than 48 dB per
microsecond. An inferred leading edge is defined as an event in which a
leading edge is assumhéo exist in order to account for a pulse whose width
implies the existence of overlapping pulses.

a. All performance requirementshall be met for pulses having the following

characteristics:

Q). Pulse Amplitude Variation: up to +2 dB, relative to the anifpide of
the first preamble pulse

(2). Pulse rise time: 0.1 microsecond or less

). Pulse decay time: 0.2 microseconds or less

2.2.4.3.4.7.2 Criteria for Preamble Acceptance

The first qualifying criterion for reception of an AEEE1090 MHz message signsthall

be he reception of the Preamble2(8.3.1.). A preambleshall be accepted if each of

the four pulse positions of the preamble waveform contains a pulse that is above the
receiver threshold for at least 75 percent of its nominahttbn, AND the last three
pulses are withir0.125 microseconds of their nominal position relative to the first pulse,
AND at least two of the four preamble pulses have actual leading edges (as specified in
§2.2.4.3.4.7.18) hat occur withint0.125 microseconds of their nominal edge positions.

All inferred leading edgeshall occur within +0.125 microseconds of the expected
nominal position.

Note: Appendi x Al 06 provides description of an

2.2.4.3.4.7.3 Criteria for D ata Block Acceptance in ADSB Message Signals

ADS-B Messages always contain 112 data bits. Each bit of the 1090 MHzBADS
Message Data Blockhall be decoded by comparing the received signal with a 0.5
microsecond delayed replica of itself to determine tlifference between the signal
amplitudes at the centers of the two possible pulse positions for that bit.

The ADSB transmissiorshall be accepted as a valid AEBSMessage if:

a. The first five bits of the data block contain either the code 1 0001 &1Q (.e.,
either DF=17 or DF=18);

b. AND no error is detectedDR error correction performed in accordance with
82.2.4.4.2.2.d and Appendix A, Section 3 of RTD®-185B (EUROCAE ED143,
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§2.2.4.4.2.2.) can be successfully applieAND no more than severopsecutive
data bits fail the following confidence test:

Sample the received signal at least eight times during the one microsecond bit
interval to determine if the amplitude of the received signal is above or below the
dynamic minimum triggering level dhe receiver. The data lshall be declared

a highconfidence bit if, between the first and second of the two possible pulse
positions for that bit, the difference in the number of samples for which the signal
is above DMTL is at least thre®ND the signof this difference agrees with the
decoded value of the bit.

Notes:

1. Alternative equivalent methods are acceptable, provided that the manufacturer
provides evidence that performance is not degraded.

2. Acceptance of AD8 transmissions with the first fivbits identified as
1 0011 (i.e., DF=19) is optional.

2.2.4.35 ADS-B Receiver Duty Factor

Available ADSB receiver duty factor (i.e., the percentage of time that the -BDS
Message Reception function is able to receive and processBABIBssages at the
required ADSB MTL), when the receiver is shared with another receiving function using
the 9601215 MHz band, is an important consideration in meeting the intended ranges of
operation for ADSB equipment. The available ADE receiver duty factoshall be 90%

or greate, averaged over a 10 second period. As an exception, if the availabl&8 ADS
receiver duty factor is less than 90 percent, techniques for achieving equivalent
performance may be proposed and substantiated by analysis.

2244 Enhanced Squitter Reception Techniges

2.2.4.4.1 Need for Enhanced Techniques

The 1090 MHz ADSB Message Reception Techniques specified?ir2.8.3.4provide a

high probability of correct reception when the desired squitter is overlapped with one
ATCRBS interfering reply D equal or greater power. In some high interference
environments (e.g., Los Angeles or Frankfurt, Germany), there is a relatively high
probability that the desired squitter signal will be overlapped with two or more ATCRBS
replies. In these environmentbe airto-air range may be reduced because of the effects
of this interference.

22442 Enhanced Squitter Reception Technigue Overview

Enhanced squitter reception techniqgues have been developed (see Appendix I) that
provide the ability to receive squitters withultiple overlapping Mode A/GFRUIT.
Such enhanced reception techniques are composed of the following elements:

a. Improved preamble detection to reduce the probability of a false alarm caused by

detection of an apparent Mode S preamble synthesized by ppediaviode A/C
FRUIT replies.
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b. Improved code and confidence bit declaration typically based on the use of amplitude
to aid in the interpretation of the squitter data block.

c. More capable error correction techniques that are optimized to the characteristics of
the code and confidence process.

ClassAlS, Al, A2 and A3 equipmerghall demonstrate compliance with test procedures
specified in 8.4.4.4and its subparagraphs.

Note: The full set of enhanced techniques are applicable tosA&sand A3 receiving
equipment. ClasAlS and Alreceiving equipment requires only a subset of the
enhanced reception capabilities, and this is reflected in the test procedures of
§2.4.4.4and its subparagraphs.

2.2.44.3 Error Correc tion

224431 Error Correction Requirements

The ADSB Receiving Subsysteshall either

a use Aconservativeo and Abrute forceodo erro
or

b. use alternative error correction techniques that are demonstrated to provideeno mo
than 1 x (10) report error rate.

2.2.4.43.2 Error Correction Restrictions

The enhanced reception techniques are intended to operate in very high Mode A/C
FRUIT environments. For this reason, the sliding window error correction technique
shall not be used in cganction with the enhanced technigues since it produces an
unacceptably high undetected error rate in theseFRIHIT environments.

Note: See Appendix I, 81.3.3 and 81.4.3 for more details on error correcting techniques.

2.2.45 ADS-B Received Message Error Protetion

a. Error protectiorshall be provided by the AD8 Receiving Subsystems decoding all
messages that have been encoded in accordance with the requirements provided in
RTCA DO-181D, 82.2.B.2.1.c and illustrated in Figurel of RTCA DG181D
(EUROCAE BD-73C, 83.2.2.1c and Figure 310).

b. Error correction techniques for equipment classsh@ll be applied by the ADB
Receiving Subsystems in accordance with RTD®-183, Appendix A, 8A.3
(EUROCAE ED143, 8\.3).

c. Error corretion techniques for egument GassesAlS, Al, A2 and A3 are specified
in 82.2.4.4.2
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2.25 ADS-B Transmission Device Message Processor Characteristics

The primary functions of the ADB Transmission Device Message Processor are
describedn the following sibparagraphs.

2251 ADS-B Transmission Device Data Processing and Message Formatting
22511 Participant Address

225111 ICAO 24-Bit Discrete Address

The ADSB Transmitting Subsysteshall accept the ICAO 24bit Discrete Address via

an appropriate data input interface. ForafspondeBased systems, the ABS

Transmitting Subsystenshall f or mat such data Ra32dbt he i A
Message bits 9 through 32, of ALL AEES Message Transmissions as identified in

Figure 22. NonTranspondeBased systemshall format such data when selecting the

A2Bi t | CAO Addresso from the 2A25dirl€@ss Qual i f

The ADSB Transmitting Subsystem shall readand store the ICAO 28it Discrete
Address during poweup initialization. For Transpond&ased Systems, the address
shall not change from the value stored at powet as required biRTCA DO-181D.
For NonTranspondeBased Systems, if a means to chatige ICAO 24bit Address is
provided and permitted by the appropriate regulatory authority, the cshati®nly be
accepted while in standby mode as per se@éba.a

2.25.1.1.2 Anonymous Address

For NonTranspondeBased systemshe use of an Anonymous Address may be allowed

under certain conditions. When an Anonymous Address is used theBAD&smitting
Subsystemshall accept the Anonymous Address via an appropriate data input interface.

The Anonymous Address shall only becapted while in standby mode as per section

4.4.6. The ADSB Transmitting Subsysteshallf o r mat such data into
(82.2.3.2.1.%, Message bits 9 through 32, of ALL AEEEMessage Transmissions when

sel ecti ngousdAnfodndyr e s s 0O from the Addr ess Qu
§2.251.1.3

2.25.1.1.3  Address Qualifier for Non-Transponder Devices

For NonTranspondeBased systems, the AEE Transmitting Subsystenshall accept

the Address Qualifier selection via an appropriate data input interface. The shplit

sel ect betBeéen | CA® ®Addresso and t he i Anon
transmitted i 8.232M8 MéssagedbitsfOitheolgt 3@ AAL ADS-B

Message Transmissions.
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2.251.2 ADS-B Emitter Category Data

The ADSB Transmitting Subsystershall accept the ADSB Emitter Category (see
§2.2.3.2.5.2 via an appropriate data input interface and use such data to esthblish

AfADB Emitter Categoryo Subf i @atedoryMessagAs r cr af
(see 8.2.3.2.9 as specified in&2.3.2.52.

If the ADSB Emitter Category is not available to the ABSTransnitting Subsystem,
then the devicashall enter ALL ZEROS into the "AD®B Emitter Category" Subfield in
the Aircraft Identification an€CategoryMessage.

2.25.1.3 Air/Ground Status Data

The ADSB Transmitting Subsystershall accept Air/Ground status information \aa
appropriate data input interface and use s
as specified in&.2.3.2.1.2

If the ADSB Transmitting Subsystem does not accept Air/Ground status information via
automatic meanshte A CA 0 C a phalbbe $et ta 6yor 7ab spécified in Tabi8 2
in §2.2.3.2.1.2

2.25.14 Surveillance Status Data

The ADSB Transmitting Subsystemshall accept Surveillance status information via an
appropriate data inputmtr f ace and use such data to esta
subfield in the ADSB Airborne Position Message (se.8.3.2.3 as specified in

§2.2.3.2.3.2

Note: The Surveillance Status informatiomterface is an internal interface in
transponder implementations.

2.25.15 Altitude Data

a. Pressure Altitude -- The ADSB Transmitting Subsystemshall accept
Barometric Altitude (see2.3.2.3.4.1information via an appropriate nable data
i nput interface and use such data-Bto est
Airborne Position Message (se®.8.3.2.3 as provided in 8.2.3.2.3.4through
§2.2.3.2.3.4.3vith the following additional constraints:

(1). When operated in conjunction with a pressaltéude encoder (digitizer) or an
air data system, the ADB Transmitting Subsystemshall have the capability
for pressuraltitude transmissionp to its designed maximum altitude.

(2). If pressurealtitude Data is not available to the AIBS Transmitting

Subsystem, then the devisball enter ALL ZEROs into the Altitude subfield
specified in 8.2.3.2.3.4
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b. GNSS Heigh Above the Ellipsoid (HAE) -- The ADSB  Transmitting

Subsystenshall accept GNSS Height Above the Ellipsoid (HAE) (s@e283.2.3.4.2
information via an appropriate variable data input interface and use such data to
establishsubfields in ADSB transmitted messages as follows:

). The AAl titudebo s-B Bifbormel Rbsitian nMessabee (sed D S
§2.2.3.2.3 as provided in 8.2.3.2.3.4.2hrough 2.2.3.2.3.4.3

2. The ADi fference From Barometric Al ti
§22326.11% in the Airborne Vel 8232t60 Subty
and 8.2.3.2.6.2 as specified in 32.3.2.6.1.14 and 8.2.3.2.6.2.14
respectively,

(3. The ADi fference From Barometric Al ti
§2.2.3.2.6.1. 1MintheAi r borne Velocity X28BR63pe i3
and 8.2.3.2.6.3 as specified in 32.3.26.3.15 and 8.2.3.2.6.4.15
respectively,

4. The nAaDifference From Bar o2Ze3t26.L.5pinAl t i t uc
the Airborne Vel oci 2.232%.04abd 3.6 fds & 20
specified in 8.2.3.2.6.1.1%@and 8.2.3.2.6.2.15respectively, and

(5). The nDifference From Bar o2i88.2.6.21.1pin Al t i t u
the Airborne Vel 0ci8.232%50bd3L6.HB & 40
specified in 8.2.3.2.6.3.1%nd 8.2.3.2.6.4.15respectively,

I f appropriate AGNSSd HeHAE)td Adbaotvae itsh en oEtl |«
ADS-B Transmitting Subsystem, then the devgtall set all subfields identified
above in subparagraphs (1). through (5). to ZERO.

GNSS Altitude (MSL) -- If GNSS Height Above the Ellipsoid (HAE)
data is not availdb to the ADSB Transmitting Subsystem, then the device may
accept GNSS Altitude (MSL) data and use such data to establish the subfields
identified above in subparagraphs b.(1). through b.(5).

NO GNSS Height/Altitude Data -- If neither GNSS Height Abge the Ellipsoid
(HAE) nor GNSS Altitude (MSL) data are available to the ABSransmitting
Subsystem, then the devishall set all subfields identified above in subparagraphs
b.(1). through b.(5). to ZERO.
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