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Foreword

This document was prepared by Special Committee 186 (SC-186) and approved by the RTCA
Program Management Committee (PMC) on MM DD, YYYY.

RTCA, Incorporated is a not-for-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
aviation issues. RTCA’s objectives include but are not limited to:

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 recommending solutions 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 development 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 the International Telecommunications Union and
other appropriate international organizations can be based.

The organization’s recommendations are often used as the basis for government and private sector
decisions as well as the foundation for many Federal Aviation 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 organization 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 Surveillance-Broadcast (ADS-B) and Traffic
Information Service — Broadcast (TIS-B) utilizing 1090 MHz Mode-S Extended Squitter
(1090ES). The supporting hardware can be incorporated within other on-board equipment,
or alternatively, the ADS-B equipment may be a separate avionics unit.

Note: Definitions of acronyms (e.g., MOPS, ADS-B, 1090ES) and of many other terms
(e.g., “Extended Squitter”) can be found in Appendix B of these MOPS.
Throughout this document, the term “TIS-B” refers to the Fundamental TIS-B
Service as defined in the TIS-B MASPS, RTCA/DO-286B, 81.4.1. The acronym
“ADS-R” refers to the ADS-B Rebroadcast Service as defined in the TIS-B MASPS,
RTCA/DO-286B, 81.4.1. The Fundamental TIS-B Service provides traffic
information that is derived from ground surveillance (e.g., radar) systems. The
ADS-B Rebroadcast Service provides the Rebroadcast on 1090 MHz of an ADS-B
Message from an alternate data link using the same TYPE Codes and Message
Formats as are defined for Downlink Format (DF) = 17 ADS-B Messages, with the
exception of bits modified as identified in §2.2.18.

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 operations. The regulatory application
of these standards is the responsibility of appropriate government agencies. In the United
States, the Federal Aviation Administration (FAA) publishes and maintains a Technical
Standard Order (TSO C166) for ADS-B equipment to reference 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 ED-12B) is applicable. When determining the level of software requirements,
as defined in RTCA DO-178B (EUROCAE ED-12B), the equipment manufacturer should
consider the criticality appropriate for the installation certification, equipment failure
analysis, and 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.

Section 1 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, along with RTCA DO-
242A, Minimum Aviation System Performance Standards for ADS-B, forms 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 performance 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 performance 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 is normative whereas Appendices B through Q are informative. The following
is a short description of each of the Appendices contained in this document:

= Appendix A defines the formats and coding for Extended Squitter ADS-B and TIS-B
Messages, expanding upon the requirements of Section 2.2.

= Appendix B contains a list of acronyms and definition of terms used in this document.

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

= Appendix D defines a ground architecture that can support (1) surveillance for ATC
using Extended Squitter ADS-B reports, and (2) TIS-B service.

=  Appendix E contains air-to-air link budgets for each class of ADS-B equipment and
summarizes the relationships between transmitter power, receiver sensitivity, and range
under worst case and practical implementation conditions.

= Appendix F presents a traceability matrix to the ADS-B MASPS (RTCA DO-242A).

= Appendix G discusses transition issues for ADS-B avionics.

= Appendix H discusses ADS-B report assembly and provides additional guidance on the
subject.

= Appendix | identifies and discusses examples of the enhanced reception techniques for
Extended Squitter that have been shown to meet the enhanced reception performance
requirements.

=  Appendix J discusses determining the Navigation Accuracy Category for velocity
(NACy) and describes the rationale for the values used in Table 2-25, “NACy Data.”

= Appendix K discusses 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 Extended Squitter report integrity.
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= Appendix M provides a description of techniques for extending the effective air-to-air
range of 1090 MHz ADS-B Subsystems, and discusses the transmission power for Class
A3 airborne installations.

= Appendix N defines the formats and coding for Extended Squitter ADS-B Messages
that are broadcast by ADS-B Version Zero (0), RTCA DO-260 compliant 1090 MHz
ADS-B Subsystems, and ADS-B Version One (1), RTCA DO-260A compliant 1090
MHz ADS-B Subsystems, and defines how the ADS-B Report Generation Function of
Version Two (2) 1090 MHz ADS-B Receiving Subsystems is to utilize messages
received from targets that are broadcasting with Version Zero (0) and Version One (1)
Message formats.

= Appendix O provides specifics for possible future use of additional intent
communications provided for in RTCA DO-242A as “Trajectory Change (TC)
Reports.”

= Appendix P presents the expected 1090 MHz Extended Squitter Performance in the
LA2020 Scenario defined in the ADS-B MASPS, RTCA DO-242A, §3.3.4.

= Appendix Q presents a proposed format for a Runway Threshold On-Condition
Message.

= Appendix R provides a calculation of 1090 MHz Extended Squitter broadcast rates for
different operational scenarios to show that transmission rates achieved over a 60
second period meet 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.

= Appendix S specifies a method such that the Time Mark and UTC time can be
synchronized at any Time within any Epoch on any sub-epoch.

= Appendix T provides a tutorial and gives explanations and derivations of the Compact
Position Reporting (CPR) equations given in Appendix A. CPR encoding and decoding
can be implemented 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 Surveillance — 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 other information. ADS-B is automatic because no external
stimulus is required; it is dependent because it relies on on-board navigation sources and on-
board broadcast transmission systems to provide surveillance information to other users.
The aircraft or vehicle originating the broadcast may or may not have knowledge of which
users are receiving its broadcast; any user, either aircraft or ground-based, within range of
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this broadcast, may choose to receive and process the ADS-B surveillance 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 Service — Broadcast) is a function in which transmitters on the
ground provide aircraft with information about nearby aircraft. The TIS-B information is
likely to come from ground-based surveillance sensors such as air traffic control radars or
multilateration systems. However, TIS-B information broadcast on a particular radio data
link might also be derived from the reception on the ground of ADS-B Messages that were
transmitted on a different data link. For example, 1090 MHz TIS-B transmitters might
broadcast information about nearby aircraft based on ground reception of ADS-B Messages
on other data links.

For the purposes of this document, the term Aircraft/Vehicle (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 and taxiways). For simplicity, the word aircraft is used to
refer to aircraft and vehicles, where appropriate.

Figure 1-1 shows the extent of the 1090 MHz ADS-B system and its major components.
This figure is adapted from the ADS-B MASPS, RTCA DO-242A.

As indicated in the figure, the ADS-B system includes the following components: message
generation/transmission by the source A/V, propagation medium, and message
reception/report assembling by the user. The ADS-B system does not include the sources of
the data to 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 ADS-B user
subsystem on board the receiving aircraft. Some ADS-B participants may be able to
transmit but not receive. In addition, some ground-based users may be able to receive but
not to transmit.
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Figure 1-1: The Scope of the 1090 MHz ADS-B System
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Figure 1-2 shows the extent of the 1090 MHz TIS-B system and its major components. As
indicated in Figure 1-2, only the 1090 MHz TIS-B Messages and airborne TI1S-B Receiving
Subsystem are described in these MOPS.
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Figure 1-2: Scope of the 1090 MHz TIS-B System

1090 MHz ADS-B System

The “ADS-B Messages” transmitted on 1090 MHz are the Mode S Extended Squitters
(Airborne Position squitter, Airborne Velocity squitter, Surface Position squitter, etc.)
described in ICAO Doc 9871, and Appendix A of this document.

The source 1090 MHz Transmitting Subsystem 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 ADS-B related applications are
determined for a particular airborne architecture by conducting a functional hazard
assessment and system safety assessment. For each application, the classification (typically
expressed in terms of a category such as hazardous/minor, hazardous major, etc.) of
unannunciated and unmitigated failure conditions of ADS-B avionics that cause out-of-
tolerance error conditions will be derived from these assessments.
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Guidance on the above assessments can be found in:

e SAE ARP4761 -- Guidelines and Methods for Conducting the Safety Assessment
Process on Civil Airborne Systems and Equipment;

o SAE ARP4754/ED79 -- Certification Considerations for Highly-Integrated or
Complex Aircraft Systems;

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

e FAA AC 23.1309-1C — Equipment, Systems, and Installations in Part 23
Airplanes;

e FAA AC 25.1309-1A -- Advisory Circular, System Design and Analysis.
Presuming that all 24 parity check bits (82.2.3.2.1.7) are employed for error detection, the

1090 MHz ADS-B Message formats have been designed to support an undetected error rate
of less than 1 undetected error per 10’ ADS-B Messages.
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1090 MHz ADS-B Subsystem Implementations
Figure 1-3 shows the 1090 MHz ADS-B Subsystems in more detail.
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Figure 1-3: 1090 MHz ADS-B Subsystems.

Source 1090 MHz ADS-B Transmitting Subsystem

The source subsystem consists of a message generation function and a transmitting message
exchange function. The 1090 MHz ADS-B Transmitting Subsystem takes PVT (Position,
Velocity, Time), status, and intent inputs from other systems onboard the aircraft and
transmits this information on the 1090 MHz frequency 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 transmitting antenna subfunctions.

The ADS-B Transmitting Subsystem may be implemented either (a) using a Mode S
secondary surveillance radar transponder, or (b) using Non-Transponder-Based 1090 MHz
transmitting equipment.

Transponder-Based Subsystems

In a Mode S Transponder-Based Subsystem, the ADS-B Message 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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1.24.2

Non-Transponder-Based Subsystems

Non-Transponder-Based ADS-B Subsystems might be installed in general aviation aircraft
that have Mode A/C ATCRBS transponders rather than Mode S transponders. In such Non-
Transponder-Based ADS-B Subsystems, the message generation 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 term “Non-Transponder-Based” within the context of DO-260B is not intended to
preclude an avionics configuration with a 1090 MHz ADS-B capability integrated with
a Mode A/C ATCRBS Transponder.

2. Installation of Non-Transponder-Based 1090 MHz ADS-B equipment in airplanes
equipped with Mode-S transponders is prohibited. The 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 ADS-B data, since the non-transponder-based data cannot be
validated by TCAS interrogation. ADS-B data is not directly available to ground
interrogators as when it is read from transponder registers.

1090 MHz ADS-B & TIS-B Receiving Subsystem

The 1090 MHz ADS-B and TIS-B Receiving Subsystem consists of a receiver message
exchange function and a Report Assembly function. The 1090 MHz Receiving Subsystem
takes ADS-B and TIS-B Mode S Extended Squitter messages and outputs information to
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, and output interface
subfunctions. Several configurations of ADS-B Receiving Subsystems, which include the
reception portion of the ADS-B Message Exchange Function and the ADS-B Report
Assembly Function, are defined:

e Type 1 ADS-B and TIS-B Receiving Subsystems receive ADS-B and TIS-B Messages
and produce application-specific subsets of ADS-B reports. Type 1 Receiving
Subsystems are customized to the particular applications using ADS-B reports. Type 1
ADS-B Receiving Subsystems may additionally be controlled by an external entity to
produce installation-defined subsets of the reports that those subsystems are capable of
producing.

e Type 2 ADS-B and TIS-B Receiving Subsystems receive ADS-B and TIS-B Messages
and are capable of producing complete ADS-B and TIS-B reports in accordance with
the ADS-B equipment class. Type 2 Receiving Subsystems may be controlled by an
external entity to produce installation-defined subsets of the reports that those
subsystems are capable of producing.

e The ADS-B/TIS-B Message reception function may be physically partitioned into
separate avionics from those that implement the ADS-B/TIS-B report assembly
function.
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1.2.4.3

Type 1 Report Assembly Function

In Type 1 the Report Assembly Function may be closely coupled to the client application
using the information provided by the ADS-B system. In this case, the ADS-B Report
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 that the Report Assembly
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 ADS-B MASPS (RTCA DO-242A), then its associated 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 out targets that have no relevance to that application.

In a Type 1 configuration, 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 to be assembled or output.

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

Type 2 Report Assembly

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

An advantage of Type 2 is 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 contain all
the elements of the SV, MS, and OC reports as described in RTCA DO-242A.

In a Type 2 configuration, 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 Operating Characteristics

The 1090 MHz ADS-B/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 ADS-B Messages, ICAO Doc 9871 provides the Mode S Transponder Register
definitions as well as the 56-bit data formats required for the ADS-B Messages. Appendix
A to this document specifies the formats contained in ICAO Doc 9871, plus those event-
driven messages that are now defined. The transmission rate for each of the defined
broadcast messages is defined in Appendix A and in the MOPS for Air Traffic Control
Radar Beacon System/Mode Select (ATCRBS/Mode-S) Airborne Equipment (RTCA DO-
181D) (EUROCAE ED-73C).
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TIS-B Messages have not yet been incorporated into the ICAO Annex 10 SARPs, nor into
the Mode S Transponder MOPS (RTCA/DO-181D, EUROCAE ED-73C). TIS-B Messages
are defined in 82.2.17 and §A.2 of this document.

The ADS-B Extended Squitters 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 ADS-B information. The other 56 bits include the 5-
bit DF (Downlink Format) field, the 3-bit CA (Capability) field, the 24-bit AA (Announced
Address) field, and the 24-bit P1 (Parity/Interrogator ID) field.

Non-Transponder-Based ADS-B Transmitting Subsystems and TIS-B Transmitting
equipment use DF=18. By using this format instead of DF=17, an ADS-B/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 ADS-B equipment. For example,
ADS-B class A0 equipment may transmit at a lower power than class A3 equipment.

The operating range of the 1090 MHz Extended Squitter receiver is tailored to the
classification of the equipment as well. Class A0 equipment may have a less sensitive
receiver and thus support a comparatively short operating range. Class A3 equipment
requires a more sensitive receiver, in order to receive ADS-B Messages from aircraft that
are farther away.

The operation of the 1090 MHz ADS-B System must not have an adverse effect on other
on-board systems. The ADS-B System may be used in conjunction with these other systems
for increased accuracy and integrity of an aircraft’s current navigational position and/or
intent information.

1.25 Typical System Operation

A departing aircraft on the ground begins broadcasting 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 information for use by applications that may involve Cockpit 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 can 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 classes, additional 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, and de-confliction
planning.

As the aircraft approaches its destination (terminal area), it monitors other proximate aircraft
in order to maintain the desired separation for approach and landing.
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1.2.6

1.2.7

1271

1.2.7.2

1.2.7.3

ADS-B Message Content

The ADS-B Message refers to the transfer of data via 1090 MHz. An ADS-B Message is
formatted data that conveys information used in the development of ADS-B reports. 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 contained in various
registers. When broadcast, the contents of a register are inserted in the 56-bit message field
of a 112-bit squitter transmission. The remaining 56 bits contain the aircraft address as well
as required forward error correcting parity information. Appendix A to this document
defines the contents of the various transponder registers.

ADS-B Report Content

The ADS-B Report refers to the restructuring of ADS-B Message data received from a 1090
MHz broadcast into various reports that can be used directly by other on-board applications.
Four report types are defined for ADS-B outputs to applications. These report types are
State Vector (SV), Mode Status (MS), Target State Report (TSR), and Air Referenced
Velocity (ARV) Report.

State Vector Report

The State Vector report contains information about an aircraft or vehicle’s current kinematic
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 needs of the 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 of the typical flying aircraft or ground
operations of aircraft and surface vehicles.

Mode Status Report

The Mode Status report contains current operational information about the transmitting
participant. This information may include current call sign, address, and other 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 ADS-B equipage class of each participant.

Target State Report

The Target State Report contains information that will be broadcast (in Aircraft Target State
and Status Messages, §2.2.3.2.7.1) when current Target State information is available. The
Target State Report contains information that is required from only certain classes of ADS-
B equipped aircraft. (See §82.2.8.3.1 for the format of the Target State Report.)

Note: The ADS-B MASPS (RTCA DO-242A) describes a more general “On Condition”
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.
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1.2.7.4 Air Referenced Velocity Report

The Air Referenced Velocity Report (82.2.8.3.2) contains velocity information that is
required from only certain classes of ADS-B equipped aircraft. This report is only
generated when Air Referenced Velocity information is being broadcast in the Airborne
Velocity Message (82.2.3.2.6).

Note: Air Referenced Velocity Messages may be received from airborne aircraft that are
also broadcasting messages containing ground referenced velocity information.
ADS-B Receiving Subsystems conformant to these MOPS are required to receive
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 referenced 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.

1.3 Operational Applications

The various equipment classes defined 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 in the aircraft. All airborne equipment will require a source of state vector data,
such as a GNSS (GPS) receiver, an inertial/multisensor navigation system, or Flight
Management System (FMS). Additional concepts, algorithms, procedures, and standards
not defined within this document will also be required. This section describes several
examples of applications that make use of ADS-B supplied information. Further examples
may be found in RTCA DO-242A.

13.1 General Support for Surveillance

ADS-B is a cooperative system. All participating Aircraft and Vehicles (A/V) are required,
at a minimum, to broadcast ADS-B Messages as specified in Section 2.2 of this document
for each applicable equipment class. The broadcast of these messages provides the basic
surveillance data necessary to support all other ADS-B applications.

1.3.2 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 nearby traffic. Displays to support
advanced applications may be required to supply additional information, pilot cues, or
advanced alerting functions.

13.2.1 Aid to Visual Acquisition

An aid to visual acquisition application provides the pilot with information that supports
visual acquisition as part of the normal see-and-avoid operations. Visual acquisition is
applicable under visual meteorological conditions (VMC) regardless of whether the
operations are being conducted under IFR or VFR.
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13.2.2

133

1.34

1.35

1351

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 controller/pilot agreement,
separation responsibility may be delegated to the pilot. In this case, the ability to
electronically “see and avoid” proximate aircraft becomes a necessary technology to enable
the Free Flight concept. For example, the CDTI may be used for “Electronic VFR,” with
pilots applying ‘“Rules of the Air” (as stated in [CAO Annex 2 to the Convention of
International Aviation) to maintain safe separation.

Improvements to Aircraft-based Collision Avoidance

ADS-B is seen as a valuable technology to enhance operation of the Airborne Collision
Avoidance System (ACAS). ADS-B 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.

Conflict Management and Airspace De-confliction

Conflict management and airspace de-confliction functions may be provided both by ground
and aircraft automation systems. Aircraft conflict management functions will be used to
support cooperative separation during the periods that 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 de-confliction based on the exchange of intent information will be used
for strategic separation.

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 conformance to its agreed-to trajectory. The
degree of deviation from the trajectory, or the conformance bounds, is based on factors such
as the aircraft’s navigation capability and the separation standards in place. Conformance
monitoring occurs for all controlled 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.  Conformance monitoring includes monitoring of simultaneous
approaches to multiple runways, and surface operations.

Simultaneous Approaches

A specific example of conformance monitoring is the monitoring of simultaneous
instrument approaches, a task that enables closer separation 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 reducing arrival rates. 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 for staggered approaches. Simultaneous approaches can be flown as
close as 5000 ft (three runways) and 4300 ft (dual runways) with controllers using
conventional sensors and displays, and as close as 3400 ft when controllers use PRM, which
is a specialized sensor for 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. ADS-B may offer a
viable alternative 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.

1.35.2 Incursion Monitoring
ADS-B information may be used to support incursion monitoring for both airborne and
surface operations. Specific zones may be defined including:
= special use airspace,
= restricted airspace,
= hazardous weather locations,
= runways and taxiways,
= lighting control areas (areas where lighting is under ATS control)
= weight limited or wingspan limited areas, and
= other operational control zones such as noise sensitive areas.
Projected position information based on ADS-B State Vectors, when used in combination
with zone incursion monitoring, can provide early warnings to ATS and the pilot.

1.3.6 Other Applications

Other applications for ADS-B may not be directly related to ground-based surveillance,
CDTI, or a Traffic Situation Display (TSD), but still offer many users a direct economic or
operational benefit. These should be developed and exploited as a means to encourage users
to promptly and voluntarily equip with ADS-B systems. Some examples of these other
applications are as follows:

= Improved Search and Rescue

= Enhanced Flight Following

= Lighting Control and Operation

= Aircraft Rescue and Fire Fighting (ARFF) Vehicle Operations

General Aviation Operations Control
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14

141

1411

1412

14.1.3

14.2

Further details on these and other potential ADS-B applications can be found in the ADS-B
MASPS, RTCA DO-242A.

ADS-B Functions

The 1090 MHz ADS-B System can be viewed as being comprised of three major functions.
These functions are the ADS-B Message Generation Function, the ADS-B Message
Exchange Function, and the ADS-B Report Assembly Function.

The ADS-B Message Generation Function is responsible for assembling and structuring the
data to be delivered via the 1090 MHz Extended Squitter. The ADS-B Message 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 ADS-B Report Assembly Function is responsible for structuring the received data
into the appropriate ADS-B Reports for use by onboard applications.

ADS-B Message Generation Function

Avionics Input Bus

The information required for the various ADS-B reports are provided to the message
generation function via avionics digital communication buses or a General Aviation
interface. The majority of the information for air carrier 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 ADS-B Message data. 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 format. For a Mode S Transponder-Based ADS-B system, this formatted
data will then be inserted into DF=17 for transmission over the 1090 MHz frequency link.
For a Non-Transponder-Based ADS-B system, the formatted data will be inserted into
DF=18 for transmission.

ADS-B Message Exchange Function

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

The modulation of the ADS-B Message transmission is Pulse Position Modulation (PPM) as
specified in RTCA DO-181D (EUROCAE ED-73C). 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 Transponder-Based
implementations, the transmitter requirements for transmission of the ADS-B data are
defined in ICAO Annex 10, Volume IV, and also RTCA DO-181D (EUROCAE ED-73C).
For Non-Transponder-Based implementations, transmitter requirements are contained in this
document.

1.4.2.2 Transmit/Receive/Antenna Subfunction

The ADS-B transmit and receive subfunctions should 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 an on-board TCAS, or if the aircraft’s weight or maximum
airspeed is such that diversity is 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 (D-Band).

For best coverage in the yaw plane, the ADS-B antennas 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 includes all azimuth
headings with respect to any radial direction from another ADS-B System receiver when in
the transmit mode or to another ADS-B transmitter when in the receive mode.

Note: For the transponder case, the antenna should also be capable of receiving the 1030
MH?z 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 establish a receive antenna suitable for the ADS-B function.

1.4.2.3 Receiver/Demodulator Subfunction

The ADS-B 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 ADS-B report. The MTL may vary to effectively increase or
reduce the range depending on the phase of flight. Dynamic MTL may be used to reject low
level multipath and interference.
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1.4.3

1431

1432

1.4.3.3
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ADS-B Report Assembly Function

Decoder/Report Assembly

Once the ADS-B Message is received, the decoder and message assembly subfunctions
provide all control, decoding, and formatting functions needed to convert the received
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 ADS-B information will 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 data 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 processor serves
as the output control for ADS-B 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 communication 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 industry has articulated the goal of leveraging ADS-B equipage, in conjunction
with technologies/services such as GPS, Traffic Information Service—Broadcast (TIS-B),
Flight Information Service—Broadcast (FIS-B), and two-way digital aeronautical data link,
to support 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 Air-to-Air, Improved Surface/Approach Operations, a Surface
and Airport Vicinity Display for the Controller, Use of ADS-B in Non-Radar Airspace, and
Use of ADS-B to Enhance Radar and Automation Performance. ADS-B is a technical
linchpin for supporting seven of the ten identified operational enhancements.

Operational scenarios 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 ADS-B 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. The ADS-B Report Assembly function, whether or not physically collocated
with the ADS-B Message reception function, will similarly be required to be capable of
accepting this number of messages as output by the ADS-B receiver 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 recognized that other
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 procedures.

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 electrical and mechanical 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 certain cases, 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 as design guidance 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 performance 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 completion 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 it is intended to operate and with the minimum service to be
provided.
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1.8

19

MASPS Compliance
A detailed listing of compliance with the ADS-B MASPS is contained in Appendix F.

Definition of Key Terms

Appendix B provides a glossary of the terms used in this document. This 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 Equipment - Equipment that can transmit and receive ADS-
B Messages. Defined as Class A equipment.

ADS-B Broadcast Only Equipment - Equipment that can transmit but not receive ADS-B
Messages. Defined as Class B equipment. Includes Transponder-Based 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 ADS-B reports.

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

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

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

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

Transponder-Based Implementation - An ADS-B Transmitting Subsystem implemented as
part of, or added capability to, a Mode S transponder.
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2.0 Equipment Performance Requirements and Test Procedures

2.1 General Requirements

211 Airworthiness
In the design and manufacture of the equipment, the manufacturer shall provide for
installation so as not to impair the airworthiness of the aircraft.

2.1.2 Intended Function
The equipment shall perform its intended function(s), as defined by the manufacturer, and
its proper use shall 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 functions will then comply with the applicable MOPS.

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

214 Fire Protection
All materials shall be self-extinguishing except for small parts (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.

2.15 Operation of Controls
The equipment shall 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 operation of the aircraft. If the optional
Extended Squitter inhibit capability per 82.1.5.1 is included, a means shall be provided to
annunciate this status to the pilot.

2.15.1 Optional Extended Squiter Inhibit

There is no requirement to include a control to allow pilot entry to inhibit the transmission
of Extended Squitters. However, if Extended Squitter capability is supported as per RTCA
DO-181D, §2.2.23 (EUROCAE ED-73C, 8§3.28), Minimum Operational Performance
Standards for Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/Mode S)
Airborne Equipment, dated October 2, 2008, the requirements of RTCA DO-181D, §2.2
(EUROCAE ED-73C, 83.0) apply, including the loading and servicing of the Extended
Squitter related ground initiated Comm-B Registers identified in RTCA DO-181D, §2.2.23
(EUROCAE ED-73C, §3.28), but with the following exceptions:
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2.16

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 limit requirements of
RTCA DO-181D, §2.2.3.3 (EUROCAE ED-73C, 83.3.4).

2. The transponder is not considered failed, as per RTCA DO-181D, §2.2.10.2
(EUROCAE ED-73C, §3.14.2), 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 acquisition squitter as per
RTCA DO-181D, §2.2.18.2.6 (EUROCAE ED-73C, 83.22.2.6), acquisition squitters are
always transmitted when Extended Squitters are inhibited by pilot entry.

Accessibility of Controls

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

Equipment Interfaces

The interfaces with other aircraft equipment shall be designed such that, properly installed
with adequately designed other equipment, normal or abnormal ADS-B equipment
operation shall not adversely affect the operation of other equipment nor shall normal or
abnormal operation of other equipment adversely affect the ADS-B equipment except as
specifically allowed.

Effects of Test

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

Design Assurance

The equipment shall 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 failure modes of
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 contained in Advisory
Circulars AC 23.1309-1C and AC 25.1309-1A.

Software included as part of the equipment shall be developed in compliance with the
appropriate software level as specified in RTCA DO-178B, Software Considerations in
Airborne Systems and Equipment Certification (EUROCAE ED-12B).

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 the MOPS for Air Traffic Control
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2.1.12

Radar Beacon System/Mode Select (ATCRBS/Mode S) Airborne Equipment (RTCA DO-
181D) (EUROCAE ED-73C).

If the ADS-B equipment is designed as a stand-alone system, it shall be interoperable within
the Mode S environment.

Equipage Class Definitions

ADS-B equipment is categorized into aircraft system equipage classes as defined in Table 3-
1 of RTCA DO-242A (ADS-B MASPS). For 1090 MHz ADS-B equipment, those
definitions are repeated in these MOPS in Table 2-1.

The Class “A” Aircraft/Vehicle Classes (A0, Al, A2, and A3) are as defined in RTCA DO-
242A. Class A equipment is interactive, transmit and receive equipment, used for both
aircraft and vehicles. The ADS-B MASPS “A1” equipment has been further divided into
two classes, based on antenna diversity. For Al installations using a single antenna, the
“Al Single” class is created, and abbreviated throughout this document as “A1S.” Al
installations with diversity antennas are abbreviated throughout this document as “A1.” The
only equipment difference between classes A1 and A1S is antenna diversity.

The ADS-B MASPS “B0” class (broadcast-only aircraft) is defined as having transmitter
characteristics and payload capability identical to the 1090 MHz AOQ interactive aircraft
class. The ADS-B MASPS “B1” class (broadcast-only aircraft) is defined as having
transmitter characteristics and payload capability identical to the 1090 MHz Al interactive
aircraft class. The ADS-B MASPS “B1” equipment has been further divided into two
classes, based on antenna diversity. For Bl installations using a single antenna, the “B1
Single” class is created, and abbreviated throughout this document as “B1S.” Bl
installations with diversity antennas are abbreviated throughout this document as “B1.” The
only equipment difference between classes B1 and B1S is antenna diversity.

The characteristics of the 1090 MHz “B2” class (broadcast-only ground vehicle) are defined
in Table 2-1.

The characteristics of the 1090 MHz “B3” class (broadcast-only fixed or moveable obstacle)
are defined in Table 2-1. 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 obstacles require 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 for Class ‘C’ ground-based receive-only equipment are not addressed in this
document.

Equipage Class Categories

ADS-B equipment is categorized into aircraft system equipage classes as specified in the
ADS-B MASPS (RTCA DO-242A) and as summarized in Table 2-1. These class categories
are based on both the aircraft’s on-board transmitter and receiver capabilities. The system
classes are then broken down into subsystem equipment classes that are based on the
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individual unit specifications (refer to §2.1.12.1 and §2.1.12.2). Table 2-2 lists the different
types of ADS-B Messages in the 1090 MHz ADS-B system.

Table 2-1: ADS-B Aircraft System Classes

Class | Subsystem | Features
Interactive Aircraft/Vehicle Participant Systems (Class A)
Minimum Interactive . ” .
A0 X . Lower transmit power and less sensitive receive than Class Al.
Aircraft/Vehicle
A1S/AL Basic Interactive Aircraft Standard tran'smlt power and more s'ensm.ve receiver. Class Al
implements Antenna Diversity (Note)
. Standard transmit power and more sensitive receiver. Interface with
Enhanced Interactive L . . . .
A2 Aircraft avionics source required for aircraft trajectory intent data. Antenna
Diversity (Note)
. More sensitive receiver. Interface with avionics source required for
A3 Extended Interactive aircraft trajectory intent data.
Aircraft
Antenna Diversity (Note)
Broadcast-Only Participant Systems (Class B)
BO Aircraft Broadcast Only Transmit power may be matched tf) coverage needs. Nav data input
required.
T i h . N i
B1S/B1 Aircraft Broadcast Only ransmit power may be matc ed to coverage ne_eds _ av data input
required. Class B1 implements Antenna Diversity (Note)
B2 Ground Vehicle Transmit power matched to surface coverage needs. High accuracy
Broadcast Only Nav data input required.
B3 Fixed Obstacle Fixed coordinates. l\_lo Nav_ data input_required. Collocation 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 Operations 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 §3.3.1 for Antenna Diversity.
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Table 2-2: ADS-B Message To Requirement Cross-Reference Table
Message Reference Section
AIRBORNE POSITION 8§2.2.3.2.3
SURFACE POSITION 8§2.2.3.2.4
AIRCRAFT IDENTIFICATION and CATEGORY §2.2.3.25
AIRBORNE VELOCITY §2.2.3.2.6.1-
(Subtypes 1, 2, 3, & 4) §2.2.3.2.6.4
TARGET STATE AND STATUS
(Subtype=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 §2.2.3.2.74
RESERVED MESSAGE TYPES 82.2.3.2.75-82.23.2.7.6
RESERVED FOR TRAJECTORY CHANGE
MESSAGE §2.2.3.2.7.7
EXTENDED SQUITTER AIRCRAFT STATUS §2.2.3.2.7.8
(Subtypes1and2) |  ceewel
RESERVED MESSAGE TYPE §2.2.3.2.7.9
2.1.12.1 Transmitting Subsystem

An ADS-B Transmitting Subsystem is classified according to the unit’s range capability and
the set of parameters that it is capable of transmitting. Manufacturers should take into
consideration the equipment’s intended operation when determining the minimum set of
messages that the unit will be required to transmit (refer to Table 2-3 and Table 2-4).
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Table 2-3: ADS-B Class A Transmitter Equipment To Message Coverage

Transmitter Class

Minimum

Transmit Power
(at Antenna Port)

MASPS Requirement
(RTCA DO-242A)

Minimum Message Capability Required

(From Table 2-2)

Airborne Position
AJ/C ldentification & Category

l?/l\g Airborne Velocity
A0 AJC Operational Status
. 0w Extended Squitter A/C Status
(Minimum) Surface Position
sV AJ/C Identification & Category
MS AJ/C Operational Status
Extended Squitter A/C Status
Airborne Position
sv AJ/C Identification & Category
MS Airborne Velocity
A1S/AL AJC Operational Status
. 125 W Extended Squitter A/C Status
(Basic) Surface Position
sV AJC Identification & Category
MS AJ/C Operational Status
Extended Squitter A/C Status
Airborne Position
AJ/C ldentification & Category
I?/I\g Airborne Velocity
TS AJC Operational Status
A2 TC+0 Extended Squitter A/C Status
125 W Target State and Status
(Enhanced) Reserved for TC Message
Surface Position
sV AJ/C Identification & Category
MS A/C Operational Status
Extended Squitter A/C Status
Airborne Position
sV AJ/C Identification & Category
MS Airborne Velocity
TS AIC Opera?ional Status
A3 TC+n Extended Squitter A/C Status
200 W Target State and Status
(Extended) Reserved for TC Message
Surface Position
sV AJ/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

e | oo | (RTOA | MM Mesage Cepailty Rerd
(at Antenna Port) DO-242A)
Airborne Position
AJC ldentification and Category
Airborne Velocity
B0 . sv A/C OperaFionaI Status
(Aircraft) 70W MS Extended Squitter A/C Status
Surface Position
AJC ldentification and Category
AJC Operational Status
Extended Squitter A/C Status
Airborne Position
AJC Identification and Category
Airborne Velocity
AJC Operational Status
B.18/Bl 125 Wt l?/l\é Extended Squitter A/C Status
(Aircraft) Surface Position
AJC ldentification and Category
AJC Operational Status
Extended Squitter A/C Status
B2 sy Surface Position
(Ground ow? MS A/C Identification and Category
Vehicle) AJC Operational Status
B3 sv Airborne Position
(Fixed 70W1? MS AJC ldentification and Category
Obstacle) AJC Operational Status

! _ May be increased based upon application specific needs.

Notes: (Table 2-3 and Table 2-4):

1. SV = State Vector, MS = Mode Status, TS = Target State, TC = Trajectory Change
2. SV elements are specified in Table 2-81.
3. MS elements are specified in Table 2-88.
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21122

4. On-Condition reports is a category that includes multiple report types. Each
specific On-Condition report type includes the following elements:

e Target State Report (see Table 2-94)
o Time of Applicability
o Horiztonal Short Term Intent
o Vertical Short Term Intent
e Air Referenced Velocity Report (see Table 2-96)
o Address (the ICAO 24-bit Address)
o Time of Applicability
o Airspeed
o Heading
e Reserved for Trajectory Change Reports

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 should take into consideration
the equipment’s intended operation when determining the minimum set of reports that the
unit will be required to develop (refer to Table 2-5, Table 2-6 and Table 2-6A).
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Table 2-5: ADS-B Class A Receiver Equipment To Report Coverage

Receiver Class

Minimum
Trigger
Threshold
Level (MTL)

Reception
Technique

MASPS
Requirement
[RTCA DO-242A
Table 3-3(a)]

Minimum Report Required

A0
(Minimum)

-72.dBm

Standard

SV
MS

ADS-B State Vector Report
(82.2.8.1)
AND
ADS-B Mode Status Report
(82.2.8.2)

Al1S/Al
(Basic)

-79 dBm

Enhanced
(82.2.4.4)

SV
MS
ARV

ADS-B State Vector Report
(82.2.8.1)
AND
ADS-B Mode Status Report
(82.2.8.2)
AND
ADS-B Air Referenced Velocity
Report (ARV)
(§2.2.8.3.2)

A2
(Enhanced)

-79.dBm

Enhanced
(82.2.4.4)

SV

MS

TS
ARV
TC+0

ADS-B State Vector Report
(82.2.8.1)
AND
ADS-B Mode Status Report
(82.2.8.2)
AND
ADS-B Target State Report
(82.2.8.3.1)
AND
ADS-B ARV Report
(82.2.8.3.2)
AND
Reserved for ADS-B Trajectory
Change Reports

A3
(Extended)

-84 dBm

Enhanced
(82.2.4.4)

SV

MS

TS
ARV
TC+n

ADS-B State Vector Report
(82.2.8.1)
AND
ADS-B Mode Status Report
(82.2.8.2)
AND
ADS-B Target State Report
(§2.2.8.3.1)
AND
ADS-B ARV Report
(82.2.8.3.2)
AND
Reserved for ADS-B Trajectory
Change Reports
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Table 2-6: ADS-B Class C Receiver Equipment To Report Coverage

Minimum Trigger

MASPS
Requirement

Minimum Report Required

Receiver Threshold Level :
Class efMOT?_) o Operation [RTCA DO-242A
Table 3-3(b)]
ADS-B State Vector Report (§2.2.8.1)
Y. AND
c1 MS ADS-B Mode Status Report (§2.2.8.2)
. AND
(ATS En Not Specified in Slﬁ’.lggrt;u%)&ﬁ’gﬁége s ADS-B Target State Report (§2.2.8.3)
Route and these MOPS Services AND
Terminal) ARV ADS-B ARV Report (§2.2.8.3.2)
TC+n AND
Reserved for ADS-B Trajectory
Change Report(s)
ADS-B State Vector Report (§2.2.8.1)
Y. AND
c2 MS ADS-B Mode Status Report (§2.2.8.2)
. AND
(Approach | Not Specified in Slﬁ’.lggrt;u%)&ﬁ’gﬁége s ADS-B Target State Report (§2.2.8.3.1)
and these MOPS SR AND
Surface) ARV ADS-B ARV Report (§2.2.8.3.2)
TC+n AND
Reserved for ADS-B Trajectory Change
Report(s)
C3 e Supports Private User SV ADS-B State Vector Report (§2.2.8.1)
(Flight N?ﬁezge&g%(jsln Operations Planning and M AND
Following) Flight Following S ADS-B Mode Status Report (§2.2.8.2)

Note: (Table 2-5 and Table 2-6):

SV = State Vector, MS = Mode Status, OC = On-Condition TS = Target State,
ARV = Air Referenced Velocity, TC = Trajectory Change

© 20xx, RTCA, Inc.

Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B



30

Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B

Table 2-6A: ADS-B Class R Receive-Only Equipment To Report Coverage

Minimum MASPS
Receiver Class T-lr;::ags%l%rld _IF}eCﬁp_t'O” [RE{r(g]Auugeg_ ;TZ A | Minimum Report Required
Level (MTL) echnique Table 3-3(a)]
ADS-B State Vector Report
RO SV (82.2.8.1)
. -72 dBm Standard AND
(Minimum) MS ADS-B Mode Status Report
(§2.2.8.2)
ADS-B State Vector Report
(§2.2.8.1)
Y, AND
R1S/R1 Enhanced ADS-B Mode Status Report
. -79 dBm MS (82.2.8.2)
(Basic) (82.2.4.4) AND
ARV ADS-B Air Referenced Velocity
Report (ARV)
(§2.2.8.3.2)
ADS-B State Vector Report
(§2.2.8.1)
AND
SV ADS-B Mode Status Report
(§2.2.8.2)
MS AND
R2 79 dBm Enhanced TS ADS-B Target State Report
(Enhanced) (§2244) (82.2.8.3.1)
ARV AND
ADS-B ARV Report
e (§2.2.832)
AND
Reserved for ADS-B Trajectory
Change Reports
ADS-B State Vector Report
(§2.2.8.1)
AND
ADS-B Mode Status Report
S (§2.282)
MS AND
R3 -84 dBm Enhanced TS ADS-B Target State Report
(Extended) (§2244) (82.2.8.3.1)
ARV AND
ADS-B ARV Report
Rl (§2.2.8.3.2)
AND
Reserved for ADS-B Trajectory
Change Reports
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2.2

221

2.2.2

2221

22211

222111

Minimum Performance Standards - Standard Conditions and Signals

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 function is designed.

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
antenna should be included as part of the net antenna gain.

ADS-B Transmitter Characteristics

Mode S Transponder-Based Transmitters

a. Transmitters for Class Al, A1S, Bl and B1S systems shall be based on Mode S
transponders with RF Peak Output Power levels as specified in §2.2.2.1.1.2.
Transmitters for Class A2, A3 systems shall be based on Mode S transponders with RF
Peak Output Power levels as specified in §2.2.2.1.1.3, or 82.2.2.1.1.4, respectively, 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 specified in 82.2.2.2.10.

c. If the ADS-B transmitter is based on Mode S transponders, then for transponder
functions it shall comply with RTCA DO-181D (EUROCAE ED-73C) for each class of
transponder specified in the latest version of FAA TSO-C112. For ADS-B functions, it
shall comply with the latest version of FAA TSO-C166.

RF Peak Output Power (minimum)

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

Class A0 ADS-B Transponder-Based Transmitter Power

The minimum RF peak output power for Class AO ADS-B Transponder-Based equipment
shall be 18.5 dBW (70 W).
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222112 Class A1S and A1 ADS-B Transponder-Based Transmitter Power
The minimum RF peak output power for Class A1S and A1 ADS-B Transponder-Based
equipment shall be 21.0 dBW (125 W).

222113 Class A2 ADS-B Transponder-Based Transmitter Power
The minimum RF peak output power for Class A2 ADS-B Transponder-Based equipment
shall be 21.0 dBW (125 W).

222114 Class A3 ADS-B Transponder-Based Transmitter Power
The minimum RF peak output power for Class A3 ADS-B Transponder-Based equipment
shall be 23.0 dBW (200 W).

2.2.2.1.15 Class B ADS-B Transponder-Based Transmitter Power
The minimum RF peak output power for Class B0, B2 and B3 ADS-B Transponder-Based
equipment shall be 18.5 dBW (70 W). The minimum RF peak output power for Class B1S
and B1 ADS-B Transponder-Based equipment shall 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 each transmitted message at the
terminals of the antenna shall be fixed at 27.0 dBW (500 W) for 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 of a Mode S transponder. Such transmitters shall comply with the ADS-B
requirements of the latest version of FAA TSO-C166 and shall meet the requirements
specified in the following subparagraphs.

Note: A 1090 MHz Non-Transponder-Device (NTD) is intended to provide the lowest cost
implementation of Extended Squitter for low-end 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. For this
reason, its use is restricted to class AO 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 ADS-B information from the NTD.
TCAS will only monitor ADS-B 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 the range and approximate bearing via active interrogations through a
process called hybrid surveillance.
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22221

22222

2.2.2.2.3

22224

2. Mode S interrogators will not be able to benefit from the ADS-B information
from the NTD. Mode S interrogators will not be able to read Extended Squitter
messages via direct air-ground readout. Such readout requires that the ADS-B
data is available in the transponder registers. This will not be the case for a
NTD.

3. More interference is generated. An aircraft equipped with a NTD and a Mode
AJ/C transponder will 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 a near threat or a threat. For the
NTD case, the aircraft will emit Extended Squitters and 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 un-necessary transmissions.

Transmission Frequency

The carrier frequency of ADS-B Message transmissions shall be 1090 +1 MHz.

Note: This requirement is consistent with ICAO Annex 10, Volume 1V, fourth edition, July
2007, 83.1.2.2.1, and RTCA DO-181D, §2.2.3.1 (EUROCAE ED-73C, 83.3.1).

Transmission Spectrum

Spectrum requirements for the ADS-B transmitted message are provided in 82.2.3.1.3 and
Table 2-7 of these MOPS.

Note: The requirements provided are consistent with requirements of ICAO Annex 10,
Volume 1V, fourth edition, July 2007, § 3.1.2.2.2 and Figure 3-5, as well as with the
requirements of RTCA DO-181D (EUROCAE ED-73C).

Modulation

The ADS-B transmitted message shall consist of a preamble and a data block. The
preamble shall be a 4-pulse sequence and the data block shall be binary pulse-position
modulated at a 1 megabit per second data rate.

Note: This requirement is consistent with ICAO Annex 10, Volume 1V, fourth edition, July
2007, 83.1.2.2.4. Requirements consistent with RTCA DO-181D, §2.2.4.2.1
(EUROCAE ED-73C, 83.6.1 and 83.6.2) are provided in 8§2.2.3.1.1 of this
document.

Pulse Shapes

Pulse shape requirements of the ADS-B transmitted message are provided in §2.2.3.1.3 of
these MOPS.
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2.2.2.25

2.2.2.2.6

2.2.2.2.7

2.2.2.2.8

2.2.2.2.9

Note: The requirements provided are consistent with the requirements of ICAO Annex 10,
Volume 1V, fourth edition, July 2007, 83.1.2.2.4.1 and Table 3-2, as well as with the
requirements of RTCA DO-181D, §2.2.4.2.3 (EUROCAE ED-73C, 83.3.2 and
83.6.4).

Message Structure

Message structure requirements of the ADS-B transmitted message are provided in §2.2.3.1
and Figure 2-1 of these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, 83.1.2.2.5 and Figure 3-6, as well as with the
requirements of RTCA DO-181D, §2.2.4.2 and Figure 2-3 (EUROCAE ED-73C,
83.6.1 and Figure 3-2).

Pulse Intervals

Pulse interval requirements of the ADS-B transmitted message are provided in §2.2.3.1.4 of
these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, 83.1.2.2.5.1, as well as with the requirements of RTCA
DO-181D, §2.2.4.2.4 (EUROCAE ED-73C, §3.6.5).

Preamble

Preamble requirements of the ADS-B transmitted message are provided in §2.2.3.1.1 of
these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, § 3.1.2.2.5.1.1, as well as with the requirements of
RTCA DO-181D, § 2.2.4.2.1 (EUROCAE ED-73C, §3.6.1).

Data Pulses

Requirements for data pulses of the ADS-B transmitted message are provided in §2.2.3.1.2
of these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, §3.1.2.2.5.1.2, as well as with the requirements of
RTCA DO-181D, §2.2.4.2.2 (EUROCAE ED-73C, §3.6.2).

Pulse Amplitude

Pulse amplitude requirements of the ADS-B transmitted message are provided in §2.2.3.1.3
of these MOPS.

Note: The requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, 83.1.2.2.5.2, as well as with the requirements of RTCA
DO-181D, §2.2.4.2.3 (EUROCAE ED-73C, 83.3.2 and 8§3.6.4.b).
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2.2.2.2.10

2.2.2.2.10.1

2.2.2.2.10.2

2.2.2.2.10.3

RF Peak Output Power

The RF peak 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.

Class A0 and B0 Equipment RF Peak Output Power

The minimum RF peak output power for Class A0 and BO equipment shall:

a. not be less than 18.5 dBW (70 W) for aircraft (or other installations) not capable of
operating at altitudes exceeding 15000 feet (4570 meters);

b. not be less than 21.0 dBW (125 W) for aircraft (or other installations) capable of
operating above 15000 feet (4570 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 the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, §83.1.2.10.2, as well as with the requirements of RTCA
DO-181D, §2.2.3.2 (EUROCAE ED-73C, 8§3.3.3).

Class B2 and B3 Equipment RF Peak Output Power

The minimum RF peak output power for Class B2 and B3 equipment shall not be less than
18.5 dBW (70 W).

Notes:

1. ADS-B equipment that meets all requirements of Class B2 with the exception of this RF

peak output power requirement is identified by the use of the “B2 Low” Capability
Class Code as specified in §2.2.3.2.7.2.3.8.

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 DO-242A. Future revisions of these MOPS may reduce the
minimum power output requirement on B2 equipment to better reflect the SNM
operational range.

RF Peak Output Power (maximum)

The maximum RF peak output power of each pulse of each transmitted message at the
terminals of the antenna shall be fixed at 27.0 dBW (500 W) for all classes of stand-alone
transmitter based equipment.

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, 83.1.2.10.2, as well as with the requirements of RTCA
DO-181D, §2.2.3.2 (EUROCAE ED-73C, 8§3.3.3).
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2.2.2.2.11 Unwanted Output Power

When the ADS-B transmitter is in the inactive state, the RF output power at 1090 £3.0 MHz

at the terminals of the antenna shall not exceed -70 dBm.

Notes:

1. The inactive state is defined to include the entire period between ADS-B Message
transmissions less 10-microsecond transition periods, if necessary, preceding and
following the extremes of the transmissions.

2. This unwanted power requirement is necessary to insure that the ADS-B transmitter
does not prevent closely located 1090 MHz receiver equipment from meeting its
requirements. It assumes that the isolation between the ADS-B transmitter antenna
and the 1090 MHz receiver equipment antenna exceeds 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 4, Fourth Edition, July 2007, §3.1.2.10.2.1.

b. RTCA DO-181D, §2.2.3.3 and 82.2.22.f (EUROCAE ED-73C, §3.3.4 and
83.27.f), and
c. RTCA DO-185B, §2.2.3.2 (EUROCAE ED-143, §2.2.3.2).
2.2.2.2.12 Broadcast Rate Capability

The ADS-B Transmitting Subsystem must be capable of the broadcast rates specified for

each message type in §2.2.3.3. These rates must be maintained along with whatever other

transmit functions that the transmitting device may be required to perform.
2.2.3 Broadcast Message Characteristics
2.2.3.1 ADS-B Message Characteristics

The ADS-B 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 ZERO (see Figure 2-1).

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, 83.1.2.3.1.2, as well as with the requirements of RTCA
DO-181D, §2.2.4.2 (EUROCAE ED-73C, 83.6).
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Example: Message Data Block Waveform Corresponding to Bit Sequence 0010...001

Figure 2-1: ADS-B Message Transmission Waveform

2.2.3.1.1 ADS-B Message Preamble

The preamble shall consist of 4 pulses, each having duration of 0.5 £0.05 microseconds.
The second, third and fourth pulses shall be spaced 1.0, 3.5 and 4.5 microseconds,
respectively, from the first transmitted pulse. The spacing tolerance shall be 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, 83.1.2.2.4 and 83.1.2.2.5, as well as with the
requirements of RTCA DO-181D, §2.2.4.2 (EUROCAE ED-73C, §3.6.1).

2.2.3.1.2 ADS-B Message Data Pulses

The block of message data pulses shall begin 8.0 microseconds after the first transmitted
pulse. 112 one-microsecond intervals shall be assigned to each ADS-B Message
transmission. A pulse with a width of 0.5 £0.05 microseconds shall 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 followed by another pulse transmitted in the first half of the next interval, the two
pulses shall merge and a 1.0 £0.05 microsecond pulse shall be transmitted.

Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, 8§3.1.2.2.5.1.2, as well as with the requirements of
RTCA DO-181D, §2.2.4.2.2 (EUROCAE ED-73C, 8§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
transmission shall not exceed 2 dB.
b. The pulse rise time shall not be less than 0.05 microseconds or greater than 0.1
microsecond.
c. The pulse decay time shall not be less than 0.05 microseconds or greater than 0.2
microseconds.
d. The spectrum of the message transmission shall not exceed the bounds in Table 2-7:
Table 2-7: ADS-B Transmission Message Spectrum
Frequency Difference Maximum Relative Response
(MHz from 1090 MHz) (dB Down From Peak)
> 13and < 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, July 2007, 83.1.2.2, Table 3-2, and Figure 3-5, as well as with
the requirements of RTCA DO-181D, §2.2.4.2.2 (EUROCAE ED-73C, 83.6.4).
22314 ADS-B Message Pulse Spacing
ADS-B Message transmission pulses shall start at a defined multiple of 0.5 microsecond
from the first transmitted pulse. The pulse position tolerance shall be +0.05 microseconds,
measured from the first pulse of the transmission.
Note: These requirements are consistent with the requirements of ICAO Annex 10, Volume
IV, fourth edition, July 2007, 83.1.2.2.5.1, as well as with the requirements of RTCA
DO-181D, §2.2.4.2.4 (EUROCAE ED-73C, 83.6.5).
2.2.3.2 ADS-B and TIS-B Message Baseline Format and Structures

Figure 2-2 shows the overall format structure that shall be used for ADS-B and TIS-B
Messages. The first 5 data bits in each transmission are called the DF (Downlink Format)
field, while the next three bits are called:

1. the CA field if DF=17,

2. the CF field if DF=18, or

3. the AF field if DF=109.
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ADS-B and TIS-B Overall Message Format Structures
Bit# — y [pe— 5 [ 8 QR 32 33 --mem- 88 89 ---—-- 112
DF=171 peogy CA AA ADS-B Message ME Field Pl
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 non-ICAO
[3] Address
[24]
CF=2t03 AA TIS-B Message ME Field Pl
3] [24] [56] [24]
DF=18 _ CF=4 Pl
Field DIES—]18 3] TIS-B and ADS-R Management Messages [24]
Names — AA
CF=5 non-ICAO TIS-B Message ME Field
[3] Address [56]
[24]
Rebroadcast of an ADS-B Message from an Pl
CE=6 alternate data link using the same TYPE Codes and [24]
3] Message Formats as are defined for DF=17 ADS-B
Messages, with the exception of bits modified as
identified in 82.2.18.
CF=7 Reserved
AF=0 AA ADS-B Message ME Field Pl
DF=19 DF=19 3] ICAO Address [56] [24]
Field [5:] [24]
Names—> AF:[é]to ! Reserved for Military Applications
MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB

Figure 2-2: ADS-B and TIS-B Message Baseline Format Structure

Notes for Fiqure 2-2:

1. “[#]” provided in a field indicates the number of bits in the field.

2. DF=19 messages are intended for Military Applications systems only.

3. For DF=19, if the AF field is equal to 0, then bits 9-32 are used for the AA field, bits

33-88 are used for the ME field, and bits 89-112 are used for the PI field.

If the AF

field is not O (that is, is in the range 1 to 7) then bits 9-112 are used for the “Reserved
for Military Applications” field. (This format is reserved for military use only.)
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The DF=17 format is used for ADS-B Messages from Mode S transponders. If DF=17, the
CA field describes the capabilities of the Mode S transponder, the AA field holds the
transponder’s 24-bit ICAO address, the ME field holds the body of the ADS-B Message,
and the PI field holds parity check bits.

The DF=18 format is used for ADS-B or TIS-B Messages from transmitting devices that are
not Mode S transponders. If DF=18, then the 3-bit CF (Code Format) field designates
whether the ME field holds an ADS-B Message or a TIS-B Message. For DF=18
transmissions in which CF=0 or 1 (that is, DF=18 Extended Squitters that carry ADS-B
Messages), the CF field also specifies what type of address is contained in the AA field.

ADS-B Messages shall use Extended Squitter formats in which DF=17, or in which DF=18
and CF=0 or 1, or in which DF=19 and AF=0. The DF=19 format is reserved for military
applications; non-military ADS-B participants shall not transmit Extended Squitter formats
in which DF=109.

ADS-B Airborne Receiving Subsystems shall accept, and process as ADS-B Messages, any
Extended Squitter transmissions in which DF=17, or in which DF=18 and CF=0, 1 or 6.
ADS-B Airborne Receiving Subsystems may accept and process ADS-B Messages in which
DF=19 and AF=0, but need not do so. ADS-B Airborne Receiving Subsystems shall not
process as ADS-B Messages any Extended Squitter receptions in which DF=18 and CF is
not equal to 0, 1 or 6, or 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=18 and CF=2, 3 or
5. An ADS-B Message from an alternate data link that is being rebroadcast by ground
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 ADS-B Messages, with the exception of bits modified as identified in Section
82.2.18. 1090 MHz Extended Squitter Messages with DF=18 and CF=4 convey
management information for TIS-B and ADS-R. Receiving equipment shall not process as
TIS-B Messages any Extended Squitter receptions in which DF is not equal to 18, or in
which CF is not in the range from 2 to 5.

Note: A primary purpose of the TIS-B/ADS-R Management Messages (i.e., DF=18 and
CF=4) is to convey the TIS-B and the ADS-R service volumes and to provide a
‘heartbeat’ indicator.  This information is provided in order that airborne
applications using TIS-B and/or ADS-R received information can determine if their
own ship is within the designated TIS-B and/or ADS-R service volume (i.e., by
comparing own ship position with the service volume information conveyed by the
management message) and current service availability (i.e., with the ‘heartbeat’
function conveyed by the management message). Although the explicit data
contents of the TIS-B/ADS-R Management Messages are not defined within this
document, the overall message structure and purpose is defined.

ADS-B Message Baseline Field Descriptions
The following subparagraphs describe the fields that were listed in Figure 2-2 above.
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“DF” Downlink Format Field

a.

The “DF” field is the first field in all downlink formats and provides the transmission
descriptor coded in accordance with RTCA DO-181D, Figure 2-5 (EUROCAE ED-73C,
Figure 3-4).

The “DF” field shall be set to DF=17 (binary 1 0001) for all ADS-B Message
transmissions from Mode-S Transponder-Based transmission devices.

The “DF” field shall be set to DF=18 (binary 1 0010) for all ADS-B Message
transmissions from transmission devices that are not Mode-S Transponder-Based
systems. The DF=18 is also used for all TIS-B Message transmissions.

The “DF” field shall be set to DF=19 (binary 1 0011) for all ADS-B Message
transmissions from transmission devices that are Military Application based systems.

Note: Encoding of the “DF” field is consistent with §3.1.2.3.2 and Figure 3-8 in ICAO

ANNEX 10, Volume 1V, Fourth Edition, July 2007.

“CA” Capability Field (used in DF=17)

a.

Definition: -- The “CA” field is a 3-bit (Message bits 6 through 8) field used to report
the capability of an ADS-B transmitting installation that is based on a Mode-S
transponder. The “CA” field is used to report the capability and notice of a transponder
condition that requires interrogation by the ground of a transponder. It is used in Mode-
S downlink format DF=11, i.e., the Mode-S All Call reply and acquisition squitter, and
DF=17. Therefore, the codes used in the “CA” field are as specified in Table 2-8:

Table 2-8: “CA” Field Code Definitions

Coding .
(Binary) (Decimal) Meaning

000 0 Signifies Level 1 transponder (surveillance only), and no ability to
set “CA” code 7, and either on the ground or airborne

001 1 Reserved

010 2 Reserved

011 3 Reserved

100 4 Signifies Level 2 or above transponder, and the ability to set “CA”
code 7, and on the ground
Signifies Level 2 or above transponder, and the ability to set “CA”

101 5 .
code 7, and airborne
Signifies Level 2 or above transponder, and the ability to set “CA”

110 6 . .
code 7, and either on the ground or airborne

111 7 Signifies the “DR” field is NOT equal to ZERO (0), or the “FS”
field equals 2, 3, 4, or 5, and either on the ground or airborne.

When the conditions for “CA” Code 7 are not satisfied, Level 2 or above transponders
in installations that do not have automatic means to set on-the-ground condition shall
use “CA” Code 6. Aircraft with automatic on-the-ground determination shall use “CA”
Code 4 when on the ground, and “CA” Code 5 when airborne. Data Link capability
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reports (RTCA DO-181D, §2.2.19.1.12.6) (EUROCAE ED-73C, 8§3.23.1.12.e) shall be
available from aircraft installations that set “CA” codes 4, 5, 6 and 7.

Notes:

1. “CA” codes 1 to 3 are reserved to maintain 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 RTCA DO-181D, §2.2.14.4.6
(EUROCAE ED-73C, §3.18.4.5).

b. Transponder Use -- The “CA” code definitions provided herein are intended for use
when implemented with the Mode-S Transponder functions.

c. Air/Ground Determination

(1). If a transmitting ADS-B participant is not equipped with a means, such as a weight-
on-wheels switch, to determine whether it is airborne or on the surface, and that
participant’s Emitter Category (§2.2.3.2.5.2) is one of the following, then it shall set
its Air/Ground State to “Airborne,” and broadcast the Airborne Position Message
(82.2.3.2.3):

e Unknown Emitter Category
Light Aircraft

Rotorcraft

Glider or Sailplane

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

Cluster Obstacle

Line Obstacle

Notes:

1. Because of the unique operating capabilities of “Lighter-Than-Air” vehicles,
i.e., balloons, an operational “Lighter-Than-Air” vehicle will always report the
“Airborne” State, unless the “ON-GROUND ” State is specifically declared in
compliance with subparagraph “(4)” below.

2. Because of the fact that it is important for Fixed Ground or Tethered Obstacles
to report altitude, such objects will always report the “Airborne” state.

3. Because of the unique capabilities of Rotorcraft, i.e., hover, etc., an operational
Rotorcraft will always report the “Airborne” state unless the “ON-GROUND”
state is specifically declared in compliance with subparagraph “(4)” below.

4. An automatic means of determining air/ground status may include Weight-on-
Wheels discrete, Airspeed, Ground Speed, Radio Altitude, or other appropriate
data sources.
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(2). If a transmitting ADS-B participant’s Emitter Category (§2.2.3.2.5.2) is one of the
following, then that participant shall set its Air/Ground State to the “ON-
GROUND?” condition and broadcast the Surface Position Message (§2.2.3.2.4):

Surface Vehicle — Emergency
Surface Vehicle — Service

(3). If a transmitting ADS-B participant is not equipped with a means, such as a weight-
on-wheels switch, to determine whether it is airborne or on the surface, and its
ADS-B Emitter Category (§2.2.3.2.5.2) is not one of those listed under tests (1) or
(2) above (i.e., the participant’s Emitter Category is either: Small, Large, High
Vortex Large, Heavy, Highly Maneuverable, or Space/Trans-Atmospheric), then the
following tests will be performed to determine whether to broadcast the Airborne or
Surface Position Messages.

a.

If the participant’s Radio Height (RH) parameter is available, and RH<50 feet,
and at least Ground Speed (GS) or Airspeed (AS) is available, and the available
GS<100 knots, or the available AS<100 knots, then that participant shall
broadcast the Surface Position Message (§82.2.3.2.4).

If all three parameters are available, the decision to broadcast the Airborne or
Surface Position Messages shall be determined by the logical “AND” of all
three parameters.

Otherwise, if Radio Height (RH) is not available, and if the participant’s
Ground Speed (GS) and Airspeed (AS) are available, and GS<50 knots and
AS<50 knots, then that participant shall broadcast the Surface Position Message
(82.2.3.2.4).

Otherwise, the participant shall broadcast the Airborne Position Message
(82.2.3.2.3).

(4). If a transmitting ADS-B participant is equipped with a means, such as a weight-on-
wheels switch, to determine automatically whether it is airborne or on the surface,
then such information shall be used to determine whether to broadcast the Airborne
Position Message (82.2.3.2.3), or the Surface Position Message (§2.2.3.2.4).

d. Validation of Ground Status:

Note:

For aircraft with an automatic means of determining vertical status (i.e., weight-
on-wheels, strut switch, etc.) the “CA” field reports whether the aircraft is
airborne or on the ground. TCAS acquires aircraft using the acquisition
squitters or extended squitters, both of which contain the “CA” field. If an
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
ADS-B Message formatter may have information available to validate that an
aircraft reporting “on-the-ground” is actually on the surface.
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If the automatically determined Air/Ground status is not available or indicates that the
Airborne Position Message (see 82.2.3.2.3) shall be broadcast, then the Airborne
Position Message shall be broadcast in accordance with subparagraph c.

If one of the conditions in Table 2-10 is satisfied, then the Air/Ground status shall be
changed to “Airborne” and the Airborne Position Message (see §2.2.3.2.3) shall be
broadcast irrespective of the automatically determined Air/Ground status.

Table 2-10: Validation of “ON-GROUND” Status

Airborne Position Message Broadcast

ADS-B Emitter Category Set “A”

Ground Radio

Coding

Airspeed Altitude

Meaning Speed

0

No ADS-B Emitter Category

. No Change to “On-the-Ground” status
Information

Light (<15,500 Ibs.) No Change to “On-the-Ground” status

Small (15,500 to 75,000 Ibs.) > 100 knots | or | >100knots | or > 50 feet

Large (75,000 to 300,000 Ibs.) > 100 knots | or | >100knots | or > 50 feet

B [WIN(F-

High-Vortex Large

(aircraft such as B-757) > 100 knots > 100 knots > 50 feet

or or

(6}

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

High Performance

(> 5g acceleration and >400 knots) > 100 knots

or | >100knots | or > 50 feet

Rotorcraft No Change to “On-the-Ground” status

2.2.3.2.1.3

Notes:

1.

Aircraft reporting ADS-B Emitter Category Set “A” codes 0, 1 or 7 with an automatic
means to determine the on-the-ground status, and means to validate that status, may
change the status to “dirborne” if the on-the-ground status cannot be validated.

Modern aircraft with integrated avionics suites commonly contain sophisticated
algorithms for determining the air/ground status based on multiple aircraft sensors.
These algorithms are customized 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.

“CF” Field (used in DF=18)

The “CF” field of DF=18 messages is a 3-bit field (Message bits 6 through 8) used by
installations in which the ADS-B or TIS-B transmitting device is not based on a Mode S
transponder. The CF field serves to classify DF=18 messages between ADS-B Messages
and TIS-B Messages. For ADS-B Messages, the CF field also specifies whether or not the
AA field (8§2.2.3.2.1.5) holds a 24-bit ICAO address. For TIS-B Messages, the CF field
serves to categorize the TIS-B Message as being a “fine format” TIS-B Message, a “coarse
format” TIS-B Airborne Position and Velocity Message, a Fine TIS-B Message that uses
non-ICAO 24-bit addresses, or a TIS-B/ADS-R Management Message. The coding of the
CF field shall be as specified in Table 2-11.
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Table 2-11: “CF” Field Code Definitions

- Coding . Meaning
(Binary) (Decimal)
AA field holds the transmitting ADS-B Participant’s 24-bit
000 0
ADS-B ICAO address.
Message AA field holds another kind of address for the transmitting
001 1 ADS-B Participant: a self-assigned “anonymous” address, a
ground vehicle address, or a surface obstruction address.
010 2 Fine TIS-B Message using ICAO 24-bit address
011 3 Coarse TIS-B Airborne Position and Velocity Message.
100 4 TIS-B TIS-B and ADS-R Management Messages.
101 5 and Fine TI1S-B Message using non-ICAO 24-bit address
'I?/I[e)sss_aRes Rebroadcast of an ADS-B Message from an alternate data link
110 6 g using the same TYPE Codes and Message Formats as are
defined for DF=17 ADS-B Messages, with the exception of bits
modified as identified in Section §2.2.18.
111 7 Reserved

ADS-B Messages from ADS-B Transmitting Subsystems that are not based on Mode S
transponders shall use CF=0 or 1, according to the type of address conveyed in the AA
field. TIS-B Messages use CF=2, 3 or 5. An ADS-B Message from an alternate data link
that is being Rebroadcast by ground equipment as a Message using 1090 MHz Extended
Squitter uses formats in which DF=18 and CF=6, and the same 1090ES TYPE Codes and
Message formats as are defined for DF=17 ADS-B Messages, with the exception of bits
modified as identified in section 82.2.18. CF code 7 is reserved for future standardization
and shall not be transmitted by equipment that conforms to these MOPS (RTCA
DO-260B).

“AF” Field (used in DF=19)

The “AF” (“Application Field”) field of DF=19 messages is a 3-bit field (Message bits 6
through 8) used by all ADS-B Message transmissions from transmission devices that are
Military Application based systems. The coding of the “AF” field shall be as specified in
Table 2-12. Refer to §2.2.3.2.1.2 for determining On-Ground Status.

Table 2-12: “AF” Field Code Definitions

Coding ]
(Binary) [ (Decimal) Meaning
000 0 ADS-B Message Structure
010111- 1-7 Reserved for future Military Applications
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“AA” Address Field, Announced

The “AA” field is a 24-bit (Message bits 9 through 32) field that shall contain the address of
the transmitting installation. This is intended to provide unambiguous identification of the
A/V being described in the ADS-B or TIS-B Message.

The type of address (whether a 24-bit 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 field for TIS-B
Messages. The type of address in the AA field shall be as specified in Table 2-13.

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

reld | el | subfield AA Field Contents
17 N/A N/A 24-bit ICAO address of transmitting ADS-B Participant
CF=0 24-bit ICAO address of transmitting ADS-B Participant
CE=1 N/A Anonymous address or gr(_)und vehicle a_dc:iress or fixed
obstacle address of transmitting ADS-B Participant
CE=2 0 TIS-B target’s 24-bit ICAO address
1 TIS-B target’s 12-bit Mode A code and track file number
CE=3 0 TIS-B target’s 24-bit ICAO address
1 TIS-B target’s 12-bit Mode A code and track file number
CF=4 N/A TIS-E_S and ADS-R Management _ Messag_es; AA field
18 contains TIS-B/ADS-R management information
CE=5 0 TIS-B target’s 24-bit non-ICAO address
1 Reserved
0 24-bit ICAO Address of the transmitting ADS-B Participant
CF=6 1 Anonymous address or ground vehicle address or fixed
obstacle address of the transmitting ADS-B Participant
Reserved for future standardization; AA field does not
CF=7 N/A necessarily exist in messages for which DF=18 and CF is
equal to 7.
AF=0 N/A 24-bit ICAO address of transmitting ADS-B participant
19 Reserved for military use; AA field does not necessarily
AF=1to7 exist in messages for which DF= 19 and AF is in the range
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 24-bit ICAO address of the transmitting
participant.

The TIS-B/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 the TIS-B or ADS-R service that
is being provided by the local ground infrastructure. Therefore, the coding of the AA 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 to ADS-B
applications.
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2.2.3.2.1.7

Notes:

1. For Extended Squitter transmissions in which DF=18 and CF=1, the CF field indicates
that the ME field holds an ADS-B Message and that the AA field holds an address other
than the standard ICAO 24-bit address of the transmitting ADS-B participant.

2. For Extended Squitter transmission in which DF=18 and CF=2, 3 or 5, the CF field
indicates that the ME field holds a TIS-B Message. In these cases, the meaning of the
AA field — whether or not it contains the ICAO 24-bit address of the aircraft being
described in the TIS-B Message — depends on the value of the CF field, as described in
80.

3. These requirements are consistent with the requirements of ICAO Annex 10, Volume IV,
as well as the requirements of RTCA DO-181D, 82.2.14.4.1 (EUROCAE ED-73C,
§3.18.4.1).

The ADS-B transmitter shall declare a transmitter failure in the event that its own ICAQO 24-
bit Address is all “ZEROs” or all “ONEs.”

Note: This requirement is consistent with the requirements of RTCA DO-181D, §2.2.10.3.

“ME” Message, Extended Squitter

The “ME” field is a 56-bit field (Message bits 33 through 88) that occurs in every 1090
MHz Extended Squitter Message (that is, in the relevent messages specified in Figure 2-2).
The ME field carries the bulk of the data in ADS-B and TI1S-B Messages.

The first five bits of the ME field comprise the TYPE Code subfield. For certain values of
the TYPE Code subfield, the next three bits (“ME” bits 6 to 8) comprise a Subtype Code
subfield. The values in the TYPE subfield and, if present, the Subtype subfield, determine
which of several ADS-B or TIS-B Messages is being conveyed in the remainder of the
“ME” field. The TYPE and Subtype subfields are described in §2.2.3.2.2.

The “ME” field formats for the various ADS-B Messages are described in §2.2.3.2.3
through §2.2.3.2.7 below. The formats for the various TIS-B Messages are described in
82.2.17 and its subparagraphs.

“PI” Parity / Identity

The “PI” field is a 24-bit (Message bits 89 through 112) downlink field that contains the
parity overlaid on the Code Label (“CL”) and Interrogator Code (“IC”) fields, that shall be
in accordance with 8§2.2.14.430 and 82.2.18.2.1 of RTCA Document DO-181D
(EUROCAE ED-73C, §3.18.4.27 and §3.22.2.1).

Note: In ADS-B and TIS-B Messages (those transmitted with downlink format DF=17, or
with DF=18 and CF in the range from 0 to 6, or with DF=19 and AF=0) both
CL=0 and IC=0. In other words, in ADS-B and TIS-B Messages the parity is
overlaid with a 24-bit pattern of ALL ZEROs.
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2.2.3.2.2

Determining ADS-B and TIS-B Message Types

All ADS-B and TIS-B transmissions have the baseline structure specified in §2.2.3.2.1. The
subfields of the “ME” field are defined for each of the ADS-B Message types in the
following subparagraphs.

In ADS-B and TIS-B Extended Squitter Messages, the TYPE Code subfield of the “ME”
field occupies “ME” bits 1 to 5 (Message bits 33 to 37). The Subtype field, if present for a
particular message type, occupies “ME” bits 6 to 8 (Message bits 38 to 40). The “TYPE
Code” subfield, together with the “Subtype” subfield for some message types, is used to
identify the ADS-B or TIS-B Message and to differentiate the messages into several
message types.

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 encodes the 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 containment region for the intended use. The NIC
integrity containment region is described horizontally using the Radius of Containment
(Rc). The format TYPE Code also differentiates the Airborne Messages as to the type of
their altitude measurements: barometric pressure altitude or GNSS height (HAE). The 5-bit
encoding for the format TYPE Code and NIC values conforms to the definition contained in
Table 2-16. If an update has not been received from an on-board data source to allow for
the determination of the NIC value within the past 5 seconds, then the NIC value is encoded
to indicate that R¢ is “Unknown.”

For ADS-B Messages (those for which DF=17, or DF=18 and CF=0, 1 or 6, or DF=19 and
AF=0), the possible Message Types are those listed in Table 2-14. An ADS-B Message
from an alternate data link that is being Rebroadcast by ground equipment using 1090 MHz
Extended Squitter uses formats in which DF=18 and CF=6, and uses the same 1090ES
TYPE Codes and Message formats as are defined for DF=17 ADS-B Messages, with the
exception of bits modified as identified in section §2.2.18. In Table 2-14, the word
“Reserved” indicates ADS-B Message Types for which ADS-B Message formats have not
yet been defined, but which may be defined in future versions of these MOPS. The TYPE
Code, together with the Subtype Code (if present for a given TYPE Code value), identifies
the TYPE of ADS-B Message being broadcast, in accordance with Table 2-14.

Note: ADS-B Receiving Subsystems should not generate ADS-B Reports based on the
receipt of ADS-B Message Types that are indicated as “Reserved” in Table 2-14.
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Table 2-14: Determining ADS-B Message Type
(DF=17 or DF=18 and CF=0, 1 or 6, or DF=19 and AF=0)

TYPE Code Subtype Code
(“ME?” bits 1-5) (“ME)’/’pbits 6-8) ADS-B Message Type
Airborne Position Message (§2.2.3.2.3),
0 Not Present Surface Position Message (§2.2.3.2.4)
1-4 Not Present Aircraft Identification and Category Message (§2.2.3.2.5)
5-8 Not Present Surface Position Message (82.2.3.2.4)
9-18 Not Present Airborne Position Message (82.2.3.2.3)
0 Reserved
19 1-4 Airborne Velocity Message (82.2.3.2.6)
5-7 Reserved
20 - 22 Not Present Airborne Position Message (82.2.3.2.3)
23 0 Test Message (§2.2.3.2.7.3)
1-7 Reserved
0 Reserved
24 1 Surface System Status (§2.2.3.2.7.4) (Allocated for National use)
2-17 Reserved
25—26 Reserved
27 Reserved for Trajectory Change Message (§2.2.3.2.7.7)
0 Reserved
1 Extended Squitter Aircraft Status Message
08 (Emergency/Priority Status & Mode A Code) (82.2.3.2.7.8.1)
2 Extended Squitter Aircraft Status Message
(1090ES TCAS RA Message) (82.2.3.2.7.8.2)
3-7 Reserved
0 Target State and Status defined in DO-260A, ADS-B Version=1
29 1 Target State and Status (82.2.3.2.7.1)
2-3 Reserved
30 0-7 Reserved
0-1 Aircraft Operational Status (§2.2.3.2.7.2)
31
2-17 Reserved

For TIS-B Messages (those for which DF=18 and CF is in the range from 2 to 5), the
possible message Types are specified in Table 2-15. In that table, the word “Reserved”
indicates TIS-B 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
with the Subtype Code (if present for a given TYPE Code value), identifies the Type of
TIS-B Message being received, in accordance with Table 2-15.

Note: TIS-B Receiving Subsystems should not generate TIS-B Reports based on the receipt
of messages for which the TIS-B Message Type is indicated as “Reserved” in Table

2-15.
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Table 2-15: Determining T1S-B or ADS-R Message Type (DF=18, CF=2 to 6)
CcF TYPE Code Subtype Code
Field (“ME” bits 1-5) (“ME” bits 6-8) TIS-B Message Type
Value
TIS-B Fine Airborne Position Message (§2.2.17.3.1), or
0 Not Present TIS-B Fine Surface Position Message (82.2.17.3.2)
1-4 Not Present T1S-B Identification and Category Message (82.2.17.3.3)
5-8 Not Present TIS-B Fine Surface Position Message (82.2.17.3.2)
9-18 Not Present TIS-B Fine Airborne Position Message (82.2.17.3.1)
20r5
0 Reserved
19 1-4 T1S-B Velocity Message (82.2.17.3.4)
5-7 Reserved
20-22 Not Present T1S-B Fine Airborne Position Message (§2.2.17.3.1)
23-31 Not Present Reserved
TIS-B Coarse Airborne Position and Velocity Message
3 Not Present Not Present (§2.2.17.3.5)
4 Not Present Not Present TIS-B and ADS-R Management Messages
6 0-31 See Table 2-14 ADS-B Rebroadcast (ADS-R) Message (§2.2.18)
2.2.3.2.3 ADS-B Airborne Position Messages
Format for the Airborne Position Message “ME” field contents shall be as specified in
Figure 2-3. Each of the subfields is specified in the following subparagraphs.
Airborne Position Message “ME” Field
Msg
Bit 33-37 38 --mmeee- 39 40 41 ----- 52 53 54 55 ----71 72 ---- 88
#
“ME”
Bit 1-5 [ J—— 7 8 9 ----- 20 21 22 23---39 40 --- 56
#
. . CPR CPR CPR
Field TYPE Surveillance LG Altitude Time Format Encoded Encoded
Code Status Supplement-B (M : g
Name [12] (F) Latitude Longitude
[5] [2] [1] [1] [1] [17] [17]
MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB

Note: “/#]” provided in the Field indicates the number of bits in the field.

Figure 2-3: ADS-B Airborne Position Message Format
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“TYPE” Code Subfield in ADS-B Airborne Position Messages

The “TYPE” Code subfield is a 5-bit (“ME” bits 1 through 5, Message bits 33 through 37)
field that shall be used to identify the ADS-B Message and to differentiate between several
message types.

1. Airborne Position Message (82.2.3.2.3)

2. Surface Position Message (82.2.3.2.4)

3. Aircraft Identification (ID) and Category Message (82.2.3.2.5)
4. Airborne Velocity Message (TYPE=19) (§2.2.3.2.6)

5. Target State and Status Message (TYPE=29) (§2.2.3.2.7.1)

6. Aircraft Operational Status Message (TYPE=31) (82.2.3.2.7.2)
7. Test Message (TYPE=23) (§2.2.3.2.7.3)

8. Aircraft Status Message (TYPE=28) (§2.2.3.2.7.8)

In the case of ADS-B Airborne Position Messages (82.2.3.2.3), the Message TYPE Code
subfield (82.2.3.2.2) is also used in the following ways:

a. The TYPE Code subfield indicates the altitude type (barometric pressure altitude,
82.2.3.2.3.4.1, or geometric altitude, §2.2.3.2.3.4.2) being communicated in the
Airborne Position Message.

b. Together with the NIC Supplement subfield (described in conjunction with the
Aircraft Operational Status Message, 82.2.3.2.7.2.6), the TYPE Code subfield
allows the encoding of the Navigation Integrity Category (NIC) (see Table 2-70).

For Surface Position Messages (82.2.3.2.4), the TYPE Code subfield, together with the NIC
Supplement, allows the encoding of the NIC — but not altitude type, since altitude is not
reported in Surface Position Messages.

Detailed definition of the “TYPE” Code subfield encodings that shall be used for all ADS-B
Airborne Position and Surface Position Messages are provided in Table 2-16. For Airborne
Position Messages and Surface Position Messages, Table 2-16 also shows how the NIC
value can be determined from the value of the TYPE Code subfield and the NIC
Supplement subfield in the Airborne Position and Operational Status Messages.

The ADS-B Airborne Position Messages shall use only “TYPE” Code values 0, 9 through
18, and TYPE Codes 20 through 22 as indicated in Table 2-16.
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Table 2-16: “TYPE” Subfield Code Definitions (DF=17 or 18)
TYPE | Subtype S NIIC Format Horizontal Containment Radius Limit Navigation Integrity .
Code Code AquBe mlené (Message Type) (Re) Category (NIC) Altitude Type Notes
Not Not No Position Information Baro Altitude or
0 Present Applicable (Airborne or Surface Position Messages) Re unknown NIC=0 No Altitude Information 12,3
L Aircraft Identificati d Cat Cateqory 561 D
ircraft Identification and Category
g Prt?etnt App’;li(é;ble (é\éle;s;agz ) Not Applicable Not Applicable Not Applicable g::zgzg :2: g
4 Category Set A
5 0 - |0 Rc<7.5m NIC =11
6 0 - 10 Rc<25m NIC =10
7 1 - 10 Rc<75m NIC =9 6
Not 0| -0 Surface Position Message Rc <0.1 NM (185.2 m) NIC=8 . -
Present 1| -1]1 (82.2.3.2.4) ‘ Rc < 0.2 NM (370.4 m) NIC=7 No Altitude Information
g 1|[--To Rc < 0.3 NM (555.6 m) NIC =6
0 | -- 1 Rc < 0.6 NM (1111.2 m) NIC =6
0|-|[0 Rc > 0.6 NM (1111.2 m) or unknown NIC =0
9 0 0| -- Rc<7.5m NIC =11 5
10 0 0 | -- Rc<25m NIC =10 5
1 1 1 -- Rc<75m NIC =9 56
0[O0 |- Rc < 0.1 NM (185.2 m) NIC =8 '
12 0 0| -- Rc < 0.2 NM (370.4 m) NIC =7
0 1 -- Rc < 0.3 NM (555.6 m) NIC =6
13 Not 0| 0| - Airborne Position Message Rc < 0.5 NM (925 m) _ .
Present | 1 | 1 | - @308 Re<0.6 NM (1111.2 m) NIC=6 Baro Altitude
14 0o - Rc < 1.0 NM (1852 m) NIC=5
15 0o - Rc < 2 NM (3.704 km) NIC=4
16 1 1 -- Rc <4 NM (7.408 km) NIC =3 7
0[O0 |- 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 1-4 Applicable Airborne Velocity Message (§2.2.3.2.6) Not Applicable Not Applicable “Baro Altitude” and
5-7 Reserved ”GNSS Height (HAE)”
20 0 0| -- . . Rc<7.5m NIC =11 2,5
21 Pr,:;)etnt oo - A'rbor”(eng’zfgfgg)Message Rc<25m NIC = 10 GNSS Height (HAE) 2,5
22 0 0| - Rc > 25 m or unknown NIC=0 2
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TYPE | Subtype NIC Format
Code Code Supplement | (Message Type)
23 0 Test Message (§2.2.3.2.7.3)
1-7 Reserved
0 Reserved
24 1 Surface System Status (§2.2.3.2.7.4) (Allocated for National Use)
2-7 Reserved
2526 Reserved (§2.2.3.2.7.5 and §2.2.3.2.7.6)
27 Reserved for Trajectory Change Message (8§2.2.3.2.7.7)
0 Not Reserved
28 1 Applicable Extended Squitter Aircraft Status Message (Emergency/Priority Status) (§2.2.3.2.7.8.1)
2 Extended Squitter Aircraft Status Message (1090ES TCAS RA Message) (§2.2.3.2.7.8.2)
3-7 Reserved
0 Target State and Status Message (ADS-B Version Number=1, defined in RTCA DO-260A)
29 1 Target State and Status Message (§2.2.3.2.7.1) (ADS-B Version Number=2, defined in these MOPS, RTCA DO-260B)
2-3 Reserved
30 0-7 Reserved
31 0-1 Aircraft Operational Status Message (§2.2.3.2.7.2)
2-7 Reserved
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Notes for Table 2-16:

1.

“Baro Altitude” means barometric pressure altitude, relative to a standard pressure
of 1013.25 millibars (29.92 in.Hg.). It does not mean baro corrected altitude.

TYPE codes 20 to 22 or TYPE Code 0 are to be used when valid “Baro Altitude” is
not available.

After initialization, when horizontal position information is not available but altitude
information is available, the Airborne Position Message is transmitted with a TYPE
Code of ZERO in bits 1-5, the barometric pressure altitude in bits 9 to 20, and bits 22
to 56 set to ZERO (0). If neither horizontal position nor barometric altitude
information is available, then all 56 bits of Register 05,5 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 information is not
available. (See Appendix A).

If the position source is an ARINC 743A GNSS receiver, then the ARINC 429 data
“label 130" data word from that receiver is a suitable source of information for Rc,
the horizontal integrity containment radius. (The label 130 data word is variously
called HPL (Horizontal Protection Limit) or HIL (Autonomous Horizontal Integrity
Limit) in different documents.

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

The “NIC Supplement” field in the Airborne Position Message (§2.2.3.2.3.3) and in
the Aircraft Operational Status Message (§2.2.3.2.7.2.6) enables the Report
Assembly Function in ADS-B Receiving Subsystem to determine whether the ADS-B
Transmitting Subsystem is announcing NIC=8 (R¢ < 0.1 NM) or NIC=9 (Rc < 75 m).

The “NIC Supplement” field in the Airborne Position Message (82.2.3.2.3.3) and in
the Aircraft Operational Status Message (§2.2.3.2.7.2.6) enables the Report
Assembly Function in ADS-B Receiving Subsystem to determine whether the ADS-B
Transmitting Subsystem is announcing NIC=2 (R¢c < 8 NM) or NIC=3 (Rc < 4 NM).

Future versions of these MOPS may limit transmission of Surface Position Messages
at lower NIC and/or NACp values for Transponder-Based systems.

2.2.3.2.3.1.1  Airborne Position Message TYPE Code if Radius of 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 for the radius of
containment (Rc), is ARINC 429 label 130 from that GNSS receiver.

If Radius of Containment (R¢) information is available from the navigation data source,
then the ADS-B Transmitting Subsystem shall determine the TYPE Code (the value of
the TYPE Code subfield) of Airborne Position Messages as follows.

a.

© 20xx, RTCA, Inc.

If current valid horizontal position information is not available to the ADS-B
Transmitting Subsystem, then the TYPE Code subfield of Airborne Position
Messages shall be set to ZERO (0) as described in §2.2.3.2.3.1.3.2 below.
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b. If valid horizontal position and barometric pressure altitude information are both
available to the ADS-B Transmitting Subsystem, then the ADS-B Transmitting
Subsystem shall set the TYPE Code subfield of Airborne Position Messages to a
value in the range from 9 to 18 in accordance with Table 2-16.

c. If valid horizontal position information is available to the ADS-B Transmitting
Subsystem, but valid barometric pressure altitude information is not available, and
valid geometric altitude information is available, the ADS-B Transmitting Subsystem
shall set the TYPE Code subfield of Airborne Position Messages to a value in the
range from 20 to 22 depending on the radius of containment Rc in accordance with
Table 2-16.

d. If valid horizontal position information is available to the ADS-B Transmitting
Subsystem, but neither valid barometric altitude information nor valid geometric
altitude information is available, the ADS-B Transmitting Subsystem shall set the
TYPE Code subfield in Airborne Position Messages to a value in the range from 9 to
18 depending on the radius of containment Rc in accordance with Table 2-16. (In
that case, the ALTITUDE subfield of the Airborne Position Messages would be set to
ALL ZEROs in accordance with §2.2.3.2.3.4.3 below, in order to indicate that valid
altitude information is not available.)

Airborne Position Message TYPE Code if Radius of Containment is Not Available

If Re (radius of containment) information is NOT available from the navigation data
source, then the ADS-B Transmitting Subsystem shall indicate NIC=0 by selecting a
TYPE Code of 0, 18, or 22 in the Airborne Position Messages, as follows:

a. The ADS-B Transmitting Subsystem shall set the TYPE Code subfield to ZERO (0)
if valid horizontal position information is not available, as described in
§2.2.3.2.3.1.3.2 below.

b. The ADS-B Transmitting Subsystem shall set the TYPE Code subfield to 18 if valid
pressure altitude information is available, or if neither valid pressure altitude nor
valid geometric altitude information is available.

If valid pressure altitude is not available, but valid geometric altitude information is
available, the ADS-B Transmitting Subsystem shall set the TYPE Code subfield to 22.

Special Processing for TYPE Code Equal to ZERO

Significance of TYPE Code Equal to ZERO

As shown in Table 2-16, TYPE Code equal to ZERO (0) is labeled “No Position
Information.” This type of message is intended to be 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 TCAS the 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 Code of ZERO (0) shall set all 56 bits of the

“ME” field bits to ZERO (0) if NO barometric pressure Altitude data is available. If

valid pressure Altitude data is available, then the “Altitude” subfield, “ME” bits 9 - 20,

Message bits 41 - 52, shall report the altitude in accordance with §82.2.3.2.3.4.3.

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

2.2.3.2.3.1.3.2 Broadcast of TYPE Code Equal to ZERO

The TYPE Code 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, the ADS-B Message register
shall be cleared (i.e., all 56 bits set to ZERO) once it has timed out. Transmission of
the ADS-B Message that broadcasts the contents of the register shall be terminated if
the ADS-B Message register has not been loaded in 60 seconds, except that
transmission termination of Surface Position Messages does not apply to Non-
Transponder-Based Devices on aircraft that are on the surface, on surface vehicles, or
if barometric altitude information is available. Broadcast of the ADS-B Airborne
Position or Surface Position Message shall resume once data has been loaded into the
ADS-B Message register.

b. The data management function responsible for loading the ADS-B Message registers
determines that all navigation sources that can be used for the Airborne or Surface
Position 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 appropriate ADS-B Message register. This should only be done once in
support of the detection of the loss of data insertion and shall result in the
suppression of the broadcast of the related ADS-B Message.

c. Note that in all of the cases discussed above, a TYPE Code of ZERO infers a
message of ALL 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 Extended Squitter Message
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
information is available, then the “TYPE” Code in the Airborne Position Message
shall be set in the range from “9” to “18.”

b. If valid horizontal position information is available, valid pressure altitude is NOT
available, and GNSS Height Above the Ellipsoid (HAE) data is available, then the
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2.2.3.2.3.2

2.2.3.2.33

“TYPE” Code in the Airborne Position Message shall be set in the range from “20”
to “22.”

c. If valid horizontal position information is available, but neither valid pressure altitude
information nor valid GNSS Height Above Ellipsoid (HAE) information is available,
then the “TYPE Code in the Airborne Position Message shall be set in the range from
‘4977 tO “18.ﬂ’

d. In all three cases, “a,” “b,” and “c” above, the “TYPE” Coding shall be selected in
accordance with the Radius of Containment (R¢) given in Table 2-16.

Alternatively, the “TYPE” Code may be selected in accordance with the Horizontal
Protection Limits (HPL) given in Table 2-16.

“Surveillance Status” Subfield in ADS-B Airborne Position Messages

The “Surveillance Status” subfield is a 2-bit (“ME” bits 6 and 7, Message bits 38 and 39)
field that shall be used to encode information from the aircraft’s Mode-A transponder
code as provided in Table 2-17.

Table 2-17: “Surveillance Status” Subfield Code Definitions

Codin :
(Binary) (%ecinal) Meaning
00 0 No Condition Information
01 1 Permanent Alert Condition (Emergency)
10 5 Tempora_ry Alert Conditign 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 setting of the “Surveillance Status” is a transponder function and is appropriately
specified in RTCA DO-181D, §2.2.18.2.7 & §2.2.23.1.8 (EUROCAE ED-73C, §3.23.1.6
& 83.28.8).

When not implemented in a Mode-S Transponder-Based system, the ADS-B function
shall set the “Surveillance Status” subfield to ZERO.

“NIC Supplement-B” Subfield in ADS-B Airborne Position Messages

The NIC Supplement-B subfield in the Airborne Position Message is a one-bit subfield
(“ME” bit 8, Message bit 40) that, together with the TYPE Code subfield, shall be used
to encode the Radius of Containment (R¢) and the Navigation Integrity Category (NIC)
of the transmitting ADS-B participant. The NIC Supplement-A subfield is also broadcast
in the Aircraft Operational Status Message (82.2.3.2.7.2.6).

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 use. See §2.1.2.12 of RTCA DO-
242A, the ADS-B MASPS, for a fuller description of the Navigation Integrity
Category.
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2232341

2232342

2232343

If an update has not been received from an on-board data source for the determination of
the NIC value within the past 5 seconds, then the NIC Supplement-B subfield shall be
encoded to indicate the larger Radius of Containment (Rc¢).

Table 2-70 lists the possible NIC codes and the values of the TYPE Code subfield of the
Airborne and Surface Position Messages, and of the NIC Supplement-A and NIC
Supplement-B subfield that shall be used to encode those NIC codes in messages on the
1090 MHz ADS-B data link.

“Altitude” Subfield in ADS-B Airborne Position Messages

The “Altitude” subfield is a 12-bit (“ME” bit 9 through 20, Message bit 41 through 52)
field that shall contain the altitude of the ADS-B Transmitting Subsystem as provided in
the following subparagraphs.

“Barometric Altitude” in ADS-B Airborne Position Messages

Barometric Pressure Altitude relative to a standard pressure of 1013.25 millibars (29.92
in.Hg.) shall be reported in the “Altitude” Subfield of Airborne Position Messages
having “TYPE” Codes 9 through 18 (see §2.2.3.2.3.1 and Table 2-16) under the
following condition:

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

Note: “Barometric Pressure Altitude” specifically DOES NOT refer to “Barometric
Corrected Altitude.”

Encoding of the Barometric Pressure Altitude data into the “Altitude” subfield shall be in
accordance with §2.2.3.2.3.4.3.
“GNSS Height Above the Ellipsoid (HAE)” in ADS-B Airborne Position Messages

GNSS Height Above the Ellipsoid (HAE) shall be reported in the “Altitude” Subfield of
the Airborne Position Message having “TYPE” Codes 20 through 22 (see §2.2.3.2.3.1
and Table 2-16) 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 (HAE) data is valid.

Encoding of the GNSS Height Above the Ellipsoid (HAE) data into the “Altitude”
subfield shall be in accordance with 82.2.3.2.3.4.3.

Note: GNSS height may be useful for integrity checking of altitude and in future ATC
concepts.

“Altitude Encoding” in ADS-B Airborne Position Messages

Altitude data shall be encoded into the “Altitude” subfield as follows:

a. Bit 16 (i.e., Message bit 48) shall be designated as the “Q” bit. “Q” equals ZERO
(0) shall be used to indicate that the Altitude is reported in 100 foot increments as
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specified in paragraph “b” below. “Q” equals ONE (1) shall be used to indicate that
the altitude is reported in 25 foot increments as specified in paragraph “c” below.

b. If “Q” is equal to ZERO (0), then the Altitude shall be coded in 100 foot increments
by selection of pulses in accordance with ICAO ANNEX 10, Volume 1V, fourth
edition, July 2007, Appendix 1 to Chapter 3, (see RTCA DO-181D,
§2.2.13.1.2.a.(2).(c)) (EUROCAE ED-73C, 83.17.1.b.1.ii and 3.18.4.2). The
appropriate mapping for the sequence of pulses shall be as shown in Figure 2-4.

Altitude Subfield Encoding for “Q” = “0”
MSG
BIT 41 42 43 44 45 46 47 48 49 50 51 52
#
“ME”
BIT 9 10 11 12 13 14 15 16 17 18 19 20
#
CSEE C1 Al C2 A2 C4 Ad B1 “Q” B2 D2 B4 D4
Figure 2-4: Altitude Subfield Encoding For “Q=0"
c. If«“Q” isequal to ONE (1), then the Altitude shall be coded such that bits 9 through
15, and 17 to 20 (Message bits 41 through 47, and 49 through 52) represent a binary-
coded field whose least significant bit has a value of 25 feet. The binary value of the
decimal number “N” shall be used to report 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 to provide code values
only between -1000 feet and +50175 feet. The coding used for Altitudes that are
greater than 50175 feet shall conform to the coding principles described in paragraph
“b” above.
d. |If altitude data is not available, then all bits of the Altitude subfield shall be set to
ZERO.
Note: These requirements are consistent with the requirements of ICAO Annex 10,
Volume 1V, fourth edition, July 2007, §3.1.2.6.5.4, as well as with the
requirements of RTCA DO-181D, 82.2.13.1.2 (EUROCAE ED-73C,
§3.17.1.b).
2.2.3.2.35 “TIME” (T) Subfield in ADS-B Airborne Position Messages

The “TIME” (T) subfield is a 1-bit (“ME” bit 21, Message bit 53) field that shall indicate
whether or not the epoch of validity for the horizontal position data in an Airborne
Position Message is an exact 0.2 second UTC epoch. If the time of applicability of the
position data is synchronized to an exact 0.2 second UTC epoch, the “TIME” (T) subfield
shall be set to “1;” otherwise, the “TIME” (T) subfield shall be set to ZERO (0).
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Notes:

1.

An ADS-B Transmitting Subsystem that sets the “TIME” (T) subfield to ONE (1)
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 (See §2.2.5.1.6).

An arithmetic description of the intended synchronization implementation is provided
in the “Commentary” paragraphs provided in §2.2.3.2.3.7.2 for precision Latitude
Position Extrapolation and in 8§2.2.3.2.3.8.2 for precision Longitude Position
Extrapolation.

2.2.3.2.3.6 “CPR Format” (F) Subfield in ADS-B Airborne Position Messages

The

“CPR Format” (F) subfield is a 1-bit (“ME” bit 22, Message bit 54) field that shall

be used to indicate which Compact Position Reporting (CPR) Format type (“even” or
“odd”) is used to encode the latitude and longitude data (see 8§2.2.3.2.3.7 and
82.2.3.2.3.8). The bit shall be set to “ZERO” to indicate the “even” encoding of such
data, or to “ONE” to indicate the “odd” encoding of such data.

a.

© 20xx, RTCA, Inc.

When “TIME” (T) = 0:

The “CPR Format” (F) subfield functions ONLY to indicate the “even” or “odd”
CPR encoding. In this case, the CPR encoding type shall alternate between “even”
and “o0dd,” and the “CPR Format” (F) subfield shall alternate between ZERO (0) and
ONE (1) respectively, each time the Airborne Position Message register is updated
with new position data.

Note: When the “TIME” (T) subfield is “ZERQO,” the Airborne Position Message
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 alternate between
“even” and “odd” each time that the register is updated with new position
data.

When “TIME” (T) = 1:

The “CPR Format” (F) subfield functions to indicate the “even” or “odd” CPR
encoding and also indicates whether the epoch of applicability of the position data is
an “even” or “odd” 0.2 second UTC epoch.

Notes:

1. Although the Airborne Position Message register may be updated more
frequently than five times per second, the “CPR Format” (F) subfield alternates
between ZERO (0) and ONE (1) only as the epoch of applicability of the data
being loaded into the register alternates between “even” and “odd” 0.2 second
UTC epochs.
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2.2.3.2.3.7

2232371

2232372

22323721

2. An “even 0.2 second UTC epoch” is defined as that moment on the UTC time
scale that occurs at an even number of 200-millisecond intervals after an exact
even-numbered UTC second. Likewise, an “odd 0.2 second UTC epoch” is
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.

“CPR Encoded Latitude” Subfield in ADS-B Airborne Position Messages

The “CPR Encoded Latitude” subfield is a 17-bit (“ME” bit 23 through 39, Message bit
55 through 71) field containing the CPR encoded latitude of the airborne position.

Airborne Latitude Data Encoding

The airborne latitude position data shall be encoded in accordance with §A.1.4.2.2 and
§A.1.7 of Appendix A.

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

The following subsections apply to Airborne Position Messages in which the TYPE Code
is 9, 10, 20 and 21 (see 82.2.3.2.3.1).

GPS/GNSS Time Mark Coupled Case (Extrapolation, “TIME” (T) = “1”)

If “TIME” (T) = 1 (see §2.2.3.2.3.5) in an Airborne Position Message, then the time of
applicability of the latitude and longitude fields in that message shall be an exact 0.2
second UTC epoch.

a. Specifically, the position data in the latitude and longitude fields shall 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 latitude data registers and the encoded latitude subfield shall 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 indicated by the leading edge of the GNSS Time Mark (see §2.2.5.1.6).
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 latitude position registers 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 (see §2.2.5.2.1 and Appendix A, §A.1.4.2.3.1).

©20xx, RTCA, Inc.
Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B



Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B
62

3. One method of estimating the position to an exact 0.2 second UTC Epoch is
described in the following “Commentary.”

COMMENTARY:
The following example provides 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 Position Message. In the example, it is
assumed that the “TIME” (T) subfield (see §2.2.3.2.3.5) is “ONE,” indicating
that the time of applicability of the extrapolated position is an exact 0.2 second

UTC Epoch.

Let:

triy = time of the leading edge of the last received GNSS Time
Mark (see 82.2.5.1.6), 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 - trix, iN Milliseconds

Prix = last known latitude position, at time tgy, in degrees

Pressage = latitude, extrapolated forward to the time of applicability of
the Airborne Position Message, tmessage

A¢ = ¢messa_qe - ¢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 = ¢fix + A¢
= g + (s/60)(4t/3600000)
= v+ (s At) 1 (2.16 x 10°)

(We divide ws by 60 to convert from knots in the N-S direction to degrees of
latitude per hour, and divide At by 3600 x 1000 to convert from milliseconds
to hours.)

The result, @nessages 1S t0 be encoded in the latitude field of the Airborne
Position Message using the CPR algorithm described in Appendix A, 8A.1.7.

2.2.3.2.3.7.2.2 Non-Coupled Case (Estimation, “TIME” (T) = “0”)

ADS-B Airborne Position Messages with TYPE Codes of 9, 10, 20 and 21 (see
82.2.3.2.3.1) may implement estimation techniques such as alpha-beta trackers or Kalman
filters to satisfy the intent of the position update requirements given in §2.2.3.2.3.7.2.1.
Such technigques 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. Likewise such techniques may be necessary in order to
provide velocity compensation and/or acceleration estimation in the future.
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2.2.3.23.7.3

22323731

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

b. Sampled data implementations shall 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 that the 200
millisecond performance required in 82.2.3.2.3.7.2.1 is not degraded.

Airborne Latitude Position Extrapolation/Estimation (non - precision)

Airborne Latitude Position Extrapolation Case (non - precision)

ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 or 21 (see
82.2.3.2.3.1) 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 Message is
transmitted. Essentially, the original data and the encoded latitude shall be updated at
least as frequently as every 200 milliseconds.

COMMENTARY:
The only difference between latitude position extrapolation in the non-precision
case and that of the precision case (§2.2.3.2.3.7.2.1) is the interpretation of what
“At” means. In the non-precision case, At 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 case, At 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 Message).

Let:

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

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

tmessage = time of applicability of the Airborne Position Message

At = tmessage - tupdate, in mi“iseCondS

Prix = last known latitude position, at time tg, in degrees

Pressage = latitude, extrapolated forward to the time of applicability of
the Airborne Position Message, tmessage

Ag = ressage - P, 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
equals one minute of arc along a great circle. Using that approximation, yields:

¢message = hixt+ AP
&rix + (Ws/60)(4/3600000)
dix + (s A) 1 (2.16 x 10°)

(We divide ws by 60 to convert from knots in the N-S direction to degrees of
latitude per hour, and divide A, by 3600 x 1000 to convert from milliseconds to
hours.)

The result, gmessages 1S to be encoded in the latitude field of the Airborne 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,
Pressage; the latency, typgae - tix, in the delivery of PVT data from the
navigation data source should 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
82.2.3.2.3.1) may implement estimation techniques such as alpha-beta trackers or Kalman
filters to satisfy the intent of the position update requirements given in §2.2.3.2.3.7.3.1.
Such technigues 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. 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., alpha-beta trackers, alpha-beta-gamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data time shall not exceed 100 milliseconds.

b. Sampled data implementations shall 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 that the 200
millisecond performance required in §2.2.3.2.3.7.3.1 is 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 specified in §2.2.3.2.3.7.2 through
82.2.3.2.3.7.3.2 shall be limited to no more than two seconds.

At the end of two seconds, the latitude data registers and the encoded latitude field shall
be set to ALL ZEROs.
2.2.3.2.3.8 “CPR Encoded Longitude” Subfield in ADS-B Airborne Position Messages

The “CPR Encoded Longitude” subfield is a 17-bit (“ME” bit 40 through 56, Message bit
72 through 88) field that shall contain the encoded longitude of the airborne position.
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2232381

2232382

22323821

Airborne Longitude Data Encoding

The airborne longitude position data shall be encoded in accordance with 8A.1.4.2.2 and
8A.1.7 of Appendix A.

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

GPS/GNSS Time Mark Coupled Case (Extrapolation, “TIME” (T) = “1”)

If “TIME” (T) = 1 (see §2.2.3.2.3.5) in an Airborne Position Message, then the time of
applicability of the latitude and longitude fields in that message shall be an exact 0.2
second UTC epoch.

a.

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

The Airborne longitude data registers and the encoded longitude subfield shall 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 indicated by the leading edge of the GNSS Time Mark (see §2.2.5.1.6).
The time of applicability of the position message is the exact 0.2 second UTC Epoch
to which the position data is extrapolated.

The longitude position 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 (see §2.2.5.2.1 and Appendix A, 8A.1.4.2.3.1).

One method of estimating the position to an exact 0.2 second UTC Epoch is
described in the following “Commentary.”

COMMENTARY:

The following example provides one method (not the only method) that longitude
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 Position Message. In the example, it is
assumed that the “TIME” subfield (see §2.2.3.2.3.5) is “ONE,” indicating that
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 =
ﬂvmessage =

AL =
¢ =

VEw -

The earth may be

time of the leading edge of the last received GNSS Time
Mark (see §2.2.5.1.6), 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 - tfix, 1N Milliseconds
last known longitude position, at time tsy, in degrees

longitude, extrapolated forward to the time of
applicability of the Airborne Position Message, tmessage

Amessage = Aiix, IN degrees

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

last known E-W velocity at time tsy, in knots (positive for
easterly velocity)

modeled as a sphere with radius such that one nautical mile

equals one minute of arc along a great circle. Using that approximation, yields:

ﬂmessage =

ﬂffix + 4

Jix + [(vew)/(60 cos (4))] (4t/3600000)
Aiix + (vew At) / [(2.16 x 10°) cos(¢)]

(We divide vy by 60 cos (¢) to convert from knots in the E-W direction to
degrees of longitude per hour, and divide At by 3600 x 1000 to convert from
milliseconds to hours.)

The result, Amessage, 1S t0 be encoded in the longitude field of the Airborne
Position Message using the CPR algorithm described in Appendix A, 8A.1.7.

2.2.3.2.3.8.2.2 Non-Coupled Case (Estimation, “TIME” (T) = “0”)

ADS-B Airborne Position Messages with TYPE Codes of 9, 10, 20 and 21 (see
82.2.3.2.3.1) may implement estimation techniques such as alpha-beta trackers or Kalman
filters to satisfy the intent of the position update requirements given in §2.2.3.2.3.8.2.1.
Such technigues 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. Likewise such techniques may be necessary in order to

provide velocity compensation and/or acceleration estimation in the future.

a.
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If sampled data estimation techniques, e.g., alpha-beta trackers, alpha-beta-gamma
trackers, or Kalman filters, are used to periodically update position data, then the

maximum sampled data time shall not exceed 100 milliseconds.

Sampled data implementations shall update the airborne longitude data registers and

encoded longitude 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 in 82.2.3.2.3.8.2.1 is not degraded.
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2.2.3.2.3.8.3  Airborne Longitude 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
82.2.3.2.3.1) shall contain 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 longitude shall be updated at
least as frequently as every 200 milliseconds.

COMMENTARY:

The only difference between longitude position extrapolation in the non-precision
case and that of the precision case (82.2.3.2.3.7.2.1) is the interpretation of what
“At” means. In the non-precision case, At 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
case, At 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 Message).

Let:

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

t _ time when the transmitting ADS-B Subsystem receives the

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

tmessage = time of applicability of the Airborne Position Message

At = tmessage = Lupdates 1N Milliseconds

Asix = last known longitude position, at time tsy, in degrees

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

AL = Amessage - Aix, 1IN degrees

o = approximate latitude (the latitude, ¢, at the time of the
fix may be used)

Vew = last known E-W velocity at time tsy, in knots (positive for

easterly 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:

ﬂ/message = ﬂvfix + 44
i + [(vew)/(60 cos ()] (4t/3600000)
s+ (viw At) 1 [(2.16 x 10°) cos(4)]
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(We divide vgw by 60 cos (¢) to convert from knots in the E-W direction to
degrees of longitude per hour, and divide At by 3600 x 1000 to convert from
milliseconds to hours.)

The result, Amessage; 1S t0 be encoded in the longitude field of the Airborne
Position Message using the CPR algorithm described in Appendix A, 8A.1.7.

Note: In order not to introduce excessive error in the estimated longitude, Amessage; the
latency, typdate - tiix, N 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 (non - precision)

ADS-B Airborne Position Messages with TYPE Codes other than 9, 10, 20 and 21 (see
82.2.3.2.3.1) may implement estimation techniques such as alpha-beta trackers or Kalman
filters to satisfy the intent of the position update requirements given in §2.2.3.2.3.8.3.1.
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. 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., alpha-beta trackers, alpha-beta-gamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data time shall not exceed 100 milliseconds.

b. Sampled data implementations shall update the airborne longitude data registers and
encoded longitude 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 in 82.2.3.2.3.8.3.1 is not degraded.

2.2.3.2.3.8.4  Airborne Longitude Position Data Retention

The extrapolation or estimation, and update of longitude data and fields specified in
§2.2.3.2.3.8.2 through §2.2.3.2.3.8.3.2 shall be limited to no more than two seconds, in
the event that the longitude position data is no longer available.

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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2.2.3.2.4 ADS-B Surface Position Messages
The format for the Surface Position Message “ME” field contents is specified in Figure 2-
5. Each of the subfields is specified in the following subparagraphs.
Surface Position Message “ME” Field
Msg
Bit 33-37 38-44 45 46 - 52 53 54 55-71 72 -88
#
“ME”
Bit 1-5 6-12 13 14 - 20 21 22 23-39 40 — 56
#
Heading/ .
Heading/ . CPR CPR CPR
Field TCYPE Movement Ground Ground Time Format Encoded Encoded
ode Track ) . .
Name [5] [7] Status Track 1] F Latitude Longitude
1] [71 [1] [17] [17]
MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB
Note: “[#]” provided in the Field indicates the number of bits in the field.
Figure 2-5: ADS-B Surface Position Message Format
2.2.3.24.1 “TYPE” Code Subfield in ADS-B Surface Position Messages
The “TYPE” Code subfield was previously specified for the Airborne Position Message
in 82.2.3.2.3.1 and remains the same for the ADS-B Surface Position Message, which
shall use TYPE Codes 5, 6, 7 and 8 only.
Detailed definition of the “TYPE” Code subfield encodings that shall be used for all
ADS-B Messages are provided in Table 2-16.
2.2.3.2.4.1.1  Surface Position Message TYPE Code if Radius of Containment is Available
If Rc (horizontal radius of containment) information is available from the navigation data
source, then the ADS-B Transmitting Subsystem shall use Rc to determine the TYPE
Code used in the Surface Position Message in accordance with Table 2-16.
Note: If the position information comes from a GNSS receiver that conforms to the
ARINC 743A characteristic, a suitable source of information for the radius of
containment (R¢), is ARINC 429 label 130 from that GNSS receiver.
2.2.3.2.4.1.2  Surface Position Message TYPE Code if Radius of Containment is Not Available

If Rc (horizontal radius of containment) information is NOT available from the
navigation data source, then the ADS-B Transmitting Subsystem shall indicate NIC=0 by
selecting a TYPE Code of 0 or 8 in the Surface Position Messages, as follows:

a. The ADS-B Transmitting Subsystem shall set the TYPE Code subfield to ZERO if
valid horizontal position information is NOT available, as described in
§2.2.3.2.3.1.3.2 above.
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2232413

22324131

22324132

2232414

223242

b. The ADS-B Transmitting Subsystem shall set the TYPE Code subfield to 8 if valid
horizontal position information IS available. (This TYPE Code indicates that radius
of containment, Re, [SIGiiCHUNKNOWIIONOICAISINANIONEAUAINOINMINIIY > THIS
NEED TO BE CHANGED WITH THE ADDITION OF THE NIC SUPPLEMENT-
C AND THE NEW VALUES FOR Rc ON THE SURFACE <«

Special Processing for TYPE Code Equal to ZERO

Significance of TYPE Code Equal to ZERO

As shown in Table 2-16, TYPE Code equal to ZERO (0) is labeled ‘“No Position
Information.” This type of message is intended to be used when the latitude and/or
longitude information is not available, or is invalid.

A Surface Position Message with a TYPE Code eaual to ZERO (0) shall have all 56 bits
of the “ME” field set to ZERO.

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

Broadcast of TYPE Code Equal to ZERO

The requirements provided in §2.2.3.2.3.1.3.2 apply equally to the ADS-B Surface
Position Message except that subparagraph “c” is modified to read as follows:

c. Note that in all of the cases, a TYPE Code equal to ZERO infers a message of ALL
ZEROs.

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

a. If valid horizontal position information is available, then the “TYPE” Code in the
Surface Position Message shall be set in the range from “5” to “8.”

b. If Rc (Horizontal Radius of Containment) information is available from the
navigation data source, the “TYPE” Coding shall be selected according to the Rc
value, in accordance with Table 2-16.

c. If Rcis not available from the navigation data source, then the “TYPE” Code shall be
set to 8.

“Movement” Subfield in ADS-B Surface Position Messages

The “Movement ” subfield is a 7-bit (“ME” bits 6 through 12, Message bits 38 through
44) field that shall be used to encode information regarding the status of “Movement” of
the ADS-B Transmitting Subsystem in accordance with the coding provided in Table 2-
18.
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Table 2-18: “Movement” Subfield Code Definitions

ggg;g% Meaning Quantization
0 No Movement Information Available
1 Aircraft Stopped (Ground Speed = 0 knots)
2 0 knots < Ground Speed < 0.2315 km/h (0.125 kt)

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

94 - 108 129.64 km/h (70 kt) < Ground Speed < 185.2 km/h (100 kt) 3.704 km/h (2.00 kt) steps
109 - 123 | 185.2 km/h (100 kt) < Ground Speed < 324.1 km/h (175 kt) 9.26 km/h (5.00 kt) steps

124 324.1 km/h (175 kt) < Ground Speed

125 Reserved for Aircraft Decelerating

126 Reserved for Aircraft Accelerating

127 Reserved for Aircraft Backing-Up

Notes:

1. The data encoding represented in Table 2-18 represents a non-linear encoding:
therefore, encoding is performed exactly as specified 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.

2.2.3.2.4.3 “Status Bit for Heading/Ground Track” Subfield in ADS-B Surface Position

Messages

The “Status Bit for Heading/Ground Track” subfield is a 1-bit (“ME” bit 13, Message bit
45) field that shall be used to indicate the validity of the Heading or Ground Track as

specified in Table 2-19.

Table 2-19: “Status Bit for Heading/Ground Track” Encoding

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

Note: If a source of A/V Heading is not available to the ADS-B Transmitting
Subsystem, but a source of Ground Track angle is available, then Ground Track
angle may be used instead of Heading, provided that the “Status Bit for
Heading/Ground Track” subfield is set to ZERO whenever the Ground Track
angle is not a reliable indication of the A/V’s heading. (The Ground Track angle
is not a reliable indication of the A/V’s heading when the A/V’s ground speed is

close to ZERO.)
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223244 “Heading/Ground Track” Subfield in ADS-B Surface Position Messages

The
46 t

“Heading/Ground Track” Subfield is a 7-bit (“ME” bit 14 through 20, Message Bit
hrough 52) field that shall be used to report the Heading, or motion of the ADS-B

Transmitting Subsystem, Clockwise from North (i.e., Heading Sign Bit = 0). Encoding
of the “Heading/Ground Track” Subfield is specified in Table 2-20.

Table 2-20: “Heading/Ground Track” Encoding

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 Track = 5.6250 degrees
000 0011 3 Heading/Ground Track = 8.4375 degrees
**k*%k *kk *kk
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
1111111 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 LSB represents a bit weighting of 360/128
degrees.

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 data to the Heading/Ground Track Subfield, the
accuracy of the data must be maintained such that it is not worse than +% LSB where
the LSB is the weight of the least significant bit of the Heading subfield.

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§82.2.3.2.7.2.13).

2.2.3.24.5 “TIME” (T) Subfield in ADS-B Surface Position Messages

The

“TIME” (T) subfield is a 1-bit (“ME” bit 21, Message bit 53) field that shall be used

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
of the position data is synchronized to an exact 0.2 second UTC epoch, the “TIME” (T)
subfield shall be set to ONE (1); otherwise, the “TIME” (T) subfield shall be set to
ZERO (0).

The

“TIME” (T) subfield may be set to ONE (1) only for TYPE Codes 5 and 6 (see

§2.2.3.2.3.1 and Table 2-16) when used to indicated synchronization as discussed in the
previous paragraph.
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2.2.3.24.6

Notes:

1.

An ADS-B Transmitting Subsystem that sets the “TIME” (T) subfield to ONE (1)
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 (see §2.2.5.1.6).

An arithmetic description of the intended synchronization implementation is provided
in the “Commentary” paragraphs provided in §2.2.3.2.4.7.2 for precision Latitude
Position Extrapolation and in 8§2.2.3.2.4.8.2 for precision Longitude Position
Extrapolation.

“CPR Format” (F) Subfield in ADS-B Surface Position Messages

The “CPR Format” (F) subfield is a 1-bit (“ME” bit 22, Message bit 54) field that shall
be used to indicate which Compact Position Reporting (CPR) format type (“even” or
“odd™) is used to encode the latitude and longitude data (see §2.2.3.2.4.7 and
§2.2.3.2.4.8). The bit shall be set to “ZERO” to indicate the “even” encoding of such
data, or to “ONE” to indicate the “odd” encoding of such data.

a.

When “TIME” (T) = 0:

The “CPR Format” (F) subfield functions ONLY to indicate the “even” or “odd”
CPR encoding. In this case, the CPR encoding type shall alternate between “even”
and “odd,” and the “CPR Format” (F)” subfield shall alternate between ZERO (0)
and ONE (1) respectively, each time the Surface Position Message register is updated
with new position data.

Note: When the “TIME” (T) subfield is “ZERO,” the Surface Position Message
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 alternate between
“even” and “odd” each time that the register is updated with new position
data.

When “TIME” (T) = 1:

The “CPR Format” (F) subfield functions to indicate the “even” or “odd” CPR
encoding and also indicates whether the epoch of applicability of the position data is
an “even” or “odd” 0.2 second UTC epoch.

Notes:

1.

Although the Surface Position Message register may be updated more frequently
than five times per second, when T=1, the “CPR Format” (F) subfield alternates
between ZERO (0) and ONE (1) only as the epoch of applicability of the data being
loaded into the register alternates between “even” and “odd” 0.2 second UTC
epochs.
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2.2.3.24.7

2232471

2232472

22324721

2. An “even 0.2 second UTC epoch” is defined as that moment on the UTC time scale
that occurs at an even number of 200-millisecond intervals after an exact even-
numbered UTC second. Likewise, an “odd 0.2 second UTC epoch” is 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.

“CPR Encoded Latitude” Subfield in ADS-B Surface Position Messages

The “CPR Encoded Latitude” subfield is a 17-bit (“ME” bit 23 through 39, Message bit
55 through 71) field that shall contain the encoded latitude of the Surface position.

Surface Latitude Data Encoding

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

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 (see §2.2.3.2.3.1).

GPS/GNSS Time Mark Coupled Case (Extrapolation, “TIME” (T) = “1”)

If “TIME” (T) = 1 (see §2.2.3.2.3.5) in a Surface Position Message, then the time of
applicability of the latitude and longitude fields in that message shall be an exact 0.2
second UTC epoch.

a. Specifically, the position data in the latitude and longitude fields shall 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 and the encoded latitude subfield shall 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 indicated by the leading edge of the GNSS Time Mark (see
82.2.5.1.6). 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 latitude position registers 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 (see §2.2.5.2.1 and Appendix A, §A.1.4.2.3.1).

3. One method of estimating the position to an exact 0.2 second UTC Epoch is
described in the following “Commentary.”
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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 from the time 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 the “TIME” (T) subfield (see §2.2.3.2.3.5) is “ONE,” indicating
that the time of applicability of the extrapolated position is an exact 0.2 second

UTC Epoch.

Let:

tix = time of the leading edge of the last received GNSS Time
Mark (see §2.2.5.1.6), which is also the time of validity
included with the fix from the navigation data source.

trmessage = 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, at time tg, in degrees

Pressage = latitude, extrapolated forward to the time of
applicability the Surface Position Message, tmessage

Ag = Pmessage - Prix, IN degrees

s = 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 = ikt AP
&rix + (ws/60) (At /3600000)
= dix+ (s At) / (2.16 x 10%)

(We divide ws by 60 to convert from knots in the N-S direction to degrees of
latitude per hour, and divide At by 3600 x 1000 to convert from milliseconds
to hours.)

The result, @nessages 1S t0 be encoded in the latitude field of the Surface
Position Message using the CPR algorithm described in Appendix A, 8A.1.7.

2.2.3.2.4.7.2.2 Non-Coupled Case (Estimation, “TIME” (T) = “0)

ADS-B Surface Position Messages corresponding to precision categories 5 and 6 (see
82.2.3.2.3.1) may implement estimation techniques such as alpha-beta trackers or Kalman
filters to satisfy the intent of the position update requirements given in §2.2.3.2.4.7.2.1.
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. Likewise such techniques may be necessary in order to
provide velocity compensation and/or acceleration estimation in the future.
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a. If sampled data estimation techniques, e.g., alpha-beta trackers, alpha-beta-gamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data time shall not exceed 100 milliseconds.

b. Sampled data implementations shall update the 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 in §2.2.3.2.4.7.2.1 is 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 6 (see §2.2.3.2.3.1)
shall contain an estimate 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 latitude shall be updated at least as
frequently as every 200 milliseconds.

COMMENTARY:
The only difference between latitude position extrapolation in the non-precision
case and that of the precision case (82.2.3.2.4.7.2.1) is the interpretation of what
“At” means. In the non-precision case, At 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 case, At 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 Surface Position Message).

Let:

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

tupdate = time when the transmitting ADS-B 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 = Lupdate, 1IN Milliseconds

Prix = last known latitude position, at time tsy, in degrees

Pressage = latitude, extrapolated forward to the time of
applicability of the Surface Position Message, tmessage

A¢ = ¢messaqe - ¢fix; in degfeeS

Ws = North/South Velocity

© 20xx, RTCA, Inc.
Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B



Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B
77

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¢
drix + (Ws/60)(A4:/3600000)
dix + (s 4) 1 (2.16 x 10°)

(We divide ws by 60 to convert from knots in the N-S direction to degrees of
latitude per hour, and divide 4; by 3600 x 1000 to convert from milliseconds to
hours.)

The result, dnessage, 1S to be encoded in the latitude field of the Surface 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, gmessage, the
latency, typdaee - tix, in the delivery of PVT data from the navigation data
source should not be excessive.

2.2.3.2.4.7.3.2 Surface Latitude Position Estimation Case (non - precision)

2232474

2.2.3.24.38

ADS-B Airborne Position Messages that do not correspond to precision categories 5 and
6 (see §82.2.3.2.3.1) may implement estimation techniques such as alpha-beta 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 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 and/or acceleration estimation in the
future.

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

b. Sampled data implementations shall update the 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 in 82.2.3.2.4.7.3.1 is not degraded.

Surface Latitude Position Data Retention

The extrapolation and update of latitude data and fields specified in §2.2.3.2.4.7.2
through 8§2.2.3.2.4.7.3.2 shall 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 field shall be set to ALL ZEROs.

“CPR Encoded Longitude” Subfield in ADS-B Surface Position Messages

The “CPR Encoded Longitude” subfield is a 17-bit (“ME” bit 40 through 56, Message bit
72 through 88) field that shall contain the encoded longitude of the Surface position.
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2.2.3.2.4.8.1  Surface Longitude Data Encoding

The

surface longitude position data shall be encoded in accordance with §A.1.4.2.2 and

8A.1.7 of Appendix A.

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

2.2.3.2.4.8.2.1 GPS/GNSS Time Mark Coupled Case (Extrapolation, “TIME” (T) = “1”)

If “TIME” (T) = 1 (see §2.2.3.2.3.5) in a Surface Position Message, then the time of
applicability of the latitude and longitude fields in that message shall be an exact 0.2
second UTC epoch.

a.

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

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

Notes:

1.

© 20xx, RTCA, Inc.

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 Mark (see §2.2.5.1.6).
The time of applicability of the position message is the exact 0.2 second UTC Epoch
to which the position data is extrapolated.

The longitude position 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 (see §2.2.5.2.1 and Appendix A, 8A.1.4.2.3.1).

One method of estimating the position to an exact 0.2 second UTC Epoch is
described in the following “Commentary.”

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 (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 the “TIME” subfield (see §2.2.3.2.3.5) is “ONE,” indicating that
the time of applicability of the extrapolated position is an exact 0.2 second UTC
Epoch.

Let:

tfix = time of the leading edge of the last received GNSS Time
Mark (see §2.2.5.1.6), which is also the time of validity
included with the fix from the navigation data source.

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

At = tmessage - tiix, IN Milliseconds
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ﬂ/fix
ﬂfmessage

AA
¢

VEw

last known longitude position, at time tsy, in degrees

longitude, extrapolated forward to the time of
applicability of the Surface Position Message, tmessage

/lmessa,qe - ﬂfix; in degrees

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

last known E-W velocity at time tsy, in knots (positive for
easterly 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:

ﬂvmessage

(We divide

ﬂ'fix + A4

i + [(vew)/(60 c0s ()] X (At /3600000)

Jiix + (view At) / [(2.16 x 10°) cos(¢)]
vew by 60 cos (¢) to convert from knots in the E-W direction to

degrees of longitude per hour, and divide At by 3600 x 1000 to convert from
milliseconds to hours.)

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

2.2.3.2.4.8.2.2 Non-Coupled Case (Estimation, “TIME” (T) = “0”)

ADS-B Surface Position Messages with TYPE Codes of 5 and 6 (see §2.2.3.2.3.1) may
implement estimation techniques such as alpha-beta trackers or Kalman filters to satisfy
the intent of the position update requirements given in 82.2.3.2.4.8.2.1. Such techniques
provide the capability to decouple the position computation from the message
transmission timing provided that the sampled data rate is sufficient to satisfy minimum

Nyquist criterion.

velocity compensation and/or acceleration estimation in the future.

a.

Likewise such techniques may be necessary in order to provide

If sampled data estimation techniques, e.g., alpha-beta trackers, alpha-beta-gamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data time shall not exceed 100 milliseconds.

Sampled data implementations shall update the surface longitude data registers and
encoded longitude 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 in 82.2.3.2.4.8.2.1 is not degraded.
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2.2.3.2.4.8.3  Surface Longitude Position 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 6 (see §2.2.3.2.3.1)
shall contain an estimate of the 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 longitude shall be updated at least as
frequently as every 200 milliseconds.

COMMENTARY:

The only difference between longitude position extrapolation in the non-precision
case and that of the precision case (82.2.3.2.3.7.2.1) is the interpretation of what
“At” means. In the non-precision case, At 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 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
Surface Position Message).

Let:

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

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

trmessage = time of applicability of the Surface Position Message

At = tmessage = Lupdate, 1N Milliseconds

ix = last known longitude position, at time tsy, in degrees

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

AL = Amessage = i, IN degrees

o = approximate latitude (the latitude, ¢, at the time of the
fix may be used)

Ve _ last known E-W velocity at time tsy, in knots (positive for

W =

easterly 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:

ﬂmessage = Jix+ 44
Jin + [(vew)/(60 cos ()] X (At /3600000)
= i+ (vew 4t) / [(2.16 x 10°) cos(4)]

(We divide vy by 60 cos (¢) to convert from knots in the E-W direction to
degrees of longitude per hour, and divide At by 3600 x 1000 to convert from
milliseconds to hours.)
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The result, Amessage; 1S t0 be encoded in the longitude field of the Surface
Position Message using the CPR algorithm described in Appendix A, 8A.1.7.

Note: In order not to introduce excessive error in the estimated longitude, Amessage,
the latency, typdate - 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 (non - precision)

2232484

ADS-B Surface Position Messages with TYPE Codes other than 5 and 6 (see
82.2.3.2.3.1) may implement estimation techniques such as alpha-beta trackers or Kalman
filters to satisfy the intent of the position update requirements given in 82.2.3.2.4.8.3.1.
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 criterion. 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., alpha-beta trackers, alpha-beta-gamma
trackers, or Kalman filters, are used to periodically update position data, then the
maximum sampled data time shall not exceed 100 milliseconds.

b. Sampled data implementations shall update the surface longitude data registers and
encoded longitude 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 in 82.2.3.2.3.8.3.1 is not degraded.

Surface Longitude Position Data Retention

The extrapolation and update of longitude data and fields specified in §2.2.3.2.4.8.2
through 82.2.3.2.4.8.3.2 shall be limited to no more than two seconds, in the event that
the longitude position data is no longer available. 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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2.2.3.25 ADS-B Aircraft Identification and Category Messages
Format for the Aircraft Identification and Category Message “ME” field contents is
specified in Figure 2-6. Each of the subfields is specified in the following subparagraphs.
Aircraft Identification and Category Message “ME” Field
Msg
Bit 33-37 38 --40 41-46 | 47-52 | 53-58 | 59-64 | 65-70 | 71-76 | 77-82 | 83-88
#
“ME”
Bit 1-5 6-8 9-14 | 15-20 | 21-26 | 27-32 | 33-38 | 39-44 | 45-50 | 51-56
#
) TYPE ADS-B ldent ldent Ident ldent ldent ldent Ident Ident
Field Code Emitter Char. Char. Char. Char. Char. Char. Char. Char.
Name I5] 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: “/#]” provided in the Field indicates the number of bits in the field.
Figure 2-6: ADS-B Aircraft Identification and Category Message Format
2.2.3.25.1 “TYPE” Code Subfield in ADS-B Aircraft Identification and Category Message
The “TYPE” Code subfield was previously specified for the Airborne Position Message
in 82.2.3.2.3.1 and remains the same for the ADS-B Aiircraft Identification and Category
Message, which uses TYPE Codes 1, 2, 3 and 4 only.
2.2.3.25.2 “ADS-B Emitter Category” Subfield in ADS-B Aircraft Identification and Category

Message

The “ADS-B Emitter Category” subfield is a 3-bit (“ME” bits 6 through 8, Message bits
38 through 40) field that shall be used to identify particular aircraft or vehicle types
within the ADS-B Emitter Category Sets A, B, C or D identified by Message Format
TYPE Codes 4, 3, 2 and 1, respectively. Each of the ADS-B Emitter Category Sets are
specified in Table 2-21.

If the ADS-B Emitter Category is not available to the ADS-B Transmitting Subsystem,
then the device shall enter ALL ZEROs into the "ADS-B Emitter Category" Subfield in
the Aircraft Identification and Category Message.
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Table 2-21: “ADS-B Emitter Category SET” Code Definitions

ADS-B Emitter Category SET “A”

ADS-B Emitter Category SET “B”

Coding Meaning Coding Meaning
0 No ADS-B Emitter Category Information 0 No ADSTB 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 as B-757) 4 Ultralight / hang-glider / paraglider
5 Heavy (> 300,000 Ibs.) 5 Reserved
6 High Performance 6 Unmanned Aerial Vehicle
(>5g acceleration and > 400 knots) 7 Space / Trans-atmospheric vehicle
7 Rotorcraft

ADS-B Emitter Category SET “C”

ADS-B Emitter Category SET “D”

Coding Meaning Coding Meaning
0 No ADS-B Emitter Category Information 0 No ADSTB Emitter Category
Information

1 Surface Vehicle - Emergency Vehicle 1-7 Reserved

2 Surface Vehicle - Service Vehicle

3 Point Obstacle (includes tethered balloons)

4 Cluster Obstacle

5 Line Obstacle

6-7 Reserved
Note: The Emitter Category codes 1 to 5 in category set “A” are intended to advise
other aircraft of the transmitting aircraft’s wake vortex characteristics, and not
necessarily the transmitting aircraft’s actual maximum takeoff weight. In case of
doubt, the next higher aircraft category code should be used.
2.2.3.25.3 “ID Character” Subfield in ADS-B Aircraft Identification and Category Message

Each of the 8 “ldent Character” subfields is a 6-bit field as specified in Figure 2-6.

The 8 “ldent Character” subfields shall encode the following information:

a. If the flight identification used in the aircraft flight plan is available (e.g., an airline
flight number), then the flight identification used in the flight plan shall be encoded.

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

c. Surface vehicles should encode their radio call signs.

The character in each of the “ldent Character” subfields is encoded as a 6-bit subset of
the International Alphabet Number 5 (1A-5) in accordance with the following documents:

a. ICAO, Annex 10, Volume IV, fourth edition, July 2007, §3.1.2.9.1.2 and Table 3-9.
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Note: The international reference version of International Alphabet No. 5 (1A-5) is
defined in full in ICAO, Annex 10, Volume Ill, Part 1, Amendment No. 82,
dated 11/22/2007, Table 8-2.
b. RTCA DO-181D, §2.2.19.1.13, (EUROCAE ED-73C, §3.23.1.13) 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 classified by a Subtype
Code as identified in the following subparagraphs and Figure 2-7 and Figure 2-8.
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Airborne Velocity Message Subtype=1 and “2” “ME” Field

MSG
BIT |33-37 38-40 41 42 43 -45 46 47 - 56 57 58 - 67 68 69 70-78 | 79-80 81 |82-88
#
“ME”
BIT 1-5 6-8 9 10 11-13 14 15-24 25 26 - 35 36 37 | 38-46 | 47-48 49 | 50-56
#
< DIff | gy
Intent . E/W N/S Vert | Vert oy from
FIELD | TYPE Subtype Change g — NACy Direction ng/cvit Direction Vel;lcfit Rate Rate ;{:{; E = Baro ggg
NAME | [5] [3] Flag 3= [3] Bit [10] y Bit [10] Y| source Sign [9] = | Al Al
[1] x [1] [1] [1 [1] & Sign 7l
[1]
MSB MSB MSB MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB LSB LSB LSB
Figure 2-7: ADS-B Airborne Velocity Message Subtype ”1&2”
Airborne Velocity Message Subtype=3 and “4” “ME” Field
MSG
BIT |33-37 38-40 41 42 43 -45 46 47 - 56 57 58 - 67 68 69 70-78 | 79-80 81 |82-88
#
“ME”
BIT 1-5 6-8 9 10 11-13 14 15-24 25 26 - 35 36 37 | 38-46 | 47-48 49 | 50-56
#
Diff .
Intent < Heading . Vert Vert @ from Diff
= . Airspeed ; Vert b= from
FIELD | TYPE Subtype Change g — NACy Status Heading Tvpo Airspeed Rate Rate Rate S = | Baro Baro
NAME [5] [3] Flag g = [3] Bit [10] [)ﬁ [10] Source | Sign [9] 3= Alt Alt
[1] 4 [1] [ [ @ S[ig]n 7]
1
MSB MSB MSB MSB MSB MSB MSB MSB
LSB LSB LSB LSB LSB LSB LSB LSB
Figure 2-8: ADS-B Airborne Velocity Message Subtype ”3&4”
Note:
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2.2.3.2.6.1 ADS-B Airborne Velocity Message - Subtype=1

a. The Airborne Velocity Message - Subtype=1 is illustrated in Figure 2-7 and shall be
transmitted by the Airborne ADS-B Transmitting Subsystem when Velocity Over
Ground information is available, and the transmitting device is installed in an
environment having NON-supersonic airspeed capability.

b. The Supersonic Version of the Airborne Velocity Message (i.e., Subtype=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 (i.e., Subtype=1) shall be made if
both the East/West and the North/South velocities drop below 1000 knots.

c. The Airborne Velocity Message shall not be broadcast if the only valid data is the
Intent Change Flag.

(1). Transponder-Based ADS-B Transmitting Subsystems shall suppress the
broadcast by loading Register 09,6 with “ALL ZEROs” and then discontinuing
updating of the Register until data input is available again. The Transponder
will ZERO the Airborne Velocity Message after 2.6 seconds and terminate the
broadcast.

(2). Non-Transponder-Based ADS-B Transmitting Subsystems shall ZERO the
Airborne Velocity Message after 2.6 seconds and terminate the broadcast as
specified in §2.2.3.3.2.11 and §2.2.3.3.2.12.

Each of the subfields of the Airborne Velocity Message - Subtype=1 is specified in the
following subparagraphs.
2.2.3.2.6.1.1 “TYPE” Code Subfield in Airborne Velocity Message - Subtype=1
The “TYPE” Code subfield was previously specified in §2.2.3.2.3.1 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=1 that use TYPE Code 19 only.
2.2.3.2.6.1.2  “Subtype” Code Subfield in Airborne Velocity Message - Subtype=1

The “Subtype” Code subfield is a 3-bit (“ME” bit 6 through 8, Message bit 38 through
40) field that shall be used to identify the subtypes of Airborne Velocity Messages as
specified in Table 2-22.
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2.2.3.2.6.1.3

Table 2-22: Airborne Velocity Message “Subtype” Code Field Encoding

(Binary():Odm?Decimal) Primary Message Contents

000 0 Reserved

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

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

011 3 information is not available and airspeed conditions are normal,
i.e., non-supersonic

100 4 Airspeed_ anql Heading_ Informatio_n when Velo_city Over Ground _
information is not available and airspeed conditions are supersonic

101 5 Reserved

110 6 Reserved

111 7 Reserved

The ADS-B Airborne Velocity Messages - Subtype=1 shall use a Subtype encoding of

“1 2

“Intent Change Flag” Subfield in Airborne Velocity Messages - Subtype=1

The “Intent Change Flag” subfield is a 1-bit (“ME” bit 9, Message bit 41) field that shall
be used to indicate a change in intent as specified in Table 2-23, and transmitted in the
Airborne Velocity Message.

Table 2-23: “Intent Change Flag” Encoding

Coding Meaning
0 No Change in Intent
1 Intent Change

a. Mode-S Transponder Implementations

An Intent Change event shall be triggered 4 seconds after the detection of new
information being inserted in GICB Registers 4046 t0 42¢. This results in the “Intent
Change Flag” being set to ONE (1) and the code remains set for 18 +1 seconds
following the intent change.

Notes:

1. GICB Register 43,5 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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b. Non-Transponder-Based Implementations

Non-Transponder-Based transmission devices do not implement the Target State and
Status Messages and therefore do not set the “Intent Change Flag.” Therefore, such
devices shall set the “Intent Change Flag” to ZERO at all times.

2.2.3.2.6.1.4 “Reserved Bit-A” Subfield in Airborne Velocity Messages — Subtype=1

The “Reserved Bit-A” subfield is a 1-bit (“ME” bit 10, Message bit 42) field that shall be
set to ZERO (0) in all ADS-B Transmitting Subsystems that comply with these MOPS.

This “Reserved Bit-A” subfield was identified in RTCA DO-260A as the “IFR Capability
Flag” subfield, and was required to be set to ONE only for transmitting aircraft that had
the capability for applications requiring ADS-B equipage Class “A1” or above. The “IFR
Capability Flag” has been eliminated from the ADS-B MASPS (RTCA D0O-242B), and
so has been removed from these requirements for the 1090ES MOPS.

2.2.3.2.6.1.5 “NACy” Subfield in Airborne Velocity Messages - Subtype=1

The “NAC,” subfield is a 3-bit (“ME” bits 11 through 13, Message bits 43 through 45)
field that shall be used to indicate the Navigation Accuracy Category for Velocity as
specified in Table 2-25.

The ADS-B Transmitting Subsystem shall accept, via an appropriate data interface, data
from which the own-vehicle Navigation Accuracy Category for Velocity (NACy) may be
inferred, and it shall use such data to establish the NACy, subfields in transmitted ADS-B
Airborne Velocity Messages.

If the external data source provides 95% accuracy figures of merit for horizontal and
vertical velocity, then the ADS-B Transmitting Subsystem shall determine the value of
the NACy field in the Airborne Velocity Messages, Subtypes 1, 2, 3 and 4 (§2.2.3.2.6.1,

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 ADS-B equipment as part of
the installation process.

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

Navigation Accuracy Category for Velocity
Coding . .
Binary) (Decimal) Horizontal Velocity Error
000 0 >10 m/s
001 1 <10 m/s
010 2 <3mils
011 3 <1mls
100 4 <0.3m/s
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2.2.3.2.6.1.6

2.2.3.2.6.1.7

“East/West Direction Bit” Subfield in Airborne Velocity Messages - Subtype=1

The “East/West Direction Bit” subfield is a 1-bit (“ME” bit 14, Message bit 46) field that
shall be used to indicate the direction of the East/West Velocity Vector as specified in
Table 2-28.

Table 2-28: “East/West Direction Bit” Encoding

Coding Meaning
0 EAST
1 WEST

“East/West Velocity” Subfield in Airborne Velocity Messages - Subtype=1

The “East/West Velocity” subfield is a 10-bit (“ME” bit 15 through 24, Message bit 47
through 56) field that shall be used to report the East/West subsonic Velocity (in knots)
of the ADS-B Transmitting Subsystem.

Range, Resolution, and No Data encoding of the “East/West Velocity” subfield shall be
as shown in Table 2-29.

Table 2-29: “East/West Velocity” (subsonic) Encoding

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 0000 0011 3 E/W Velocity = 2 knots

**kx *k* *kx

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 by the 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 Subfield, the accuracy of the
data must be maintained such that it is not worse than +% LSB where the LSB is that
of the East/West Velocity subfield.

3. All velocity vector components are to be referenced to WGS-84 or to a coordinate
system consistent with WGS-84.
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2.2.3.2.6.1.8 “North/South Direction Bit” Subfield in Airborne Velocity Messages - Subtype=1
The “North/South Direction Bit” subfield is a 1-bit (“ME” bit 25, Message bit 57) field
that shall be used to indicate the direction of the North/South Velocity Vector as shown
in Table 2-30.
Table 2-30: “North/South Direction Bit” Encoding
Coding Meaning
0 NORTH
1 SOUTH
2.2.3.2.6.1.9  “North/South Velocity” Subfield in Airborne Velocity Messages - Subtype=1
The “North/South Velocity” subfield is a 10-bit (“ME” bit 26 through 35, Message bit 58
through 67) field that shall be used to report the North/South subsonic Velocity (in knots)
of the ADS-B Transmitting Subsystem.
Range, Resolution, and No Data encoding of the “North/South Velocity” subfield shall
be as shown in Table 2-31.
Table 2-31: “North/South Velocity” (subsonic) Encoding
Coding 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
00 0000 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 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/South Velocity
Subfield. When converting such data to the North/South Velocity Subfield, the
accuracy of the data shall be maintained such that it is not worse than =% LSB
where the LSB is that of the North/South Velocity subfield.
3. All velocity vector components are to be referenced to WGS-84 or to a coordinate
system consistent with WGS-84.
2.2.3.2.6.1.10 “Source Bit for Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=1

The “Source Bit for Vertical Rate ” subfield is a 1-bit (“ME” bit 36, Message bit 68) field
that shall be used to indicate the source of Vertical Rate information by being encoded as
specified in Table 2-32.
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2.2.3.26.1.11

2.2.3.2.6.1.12

2.2.3.2.6.1.13

Table 2-32: “Source Bit for Vertical Rate” Encoding

Coding Meaning
0 Vertical Rate information from Geometric Source (GNSS or INS)
1 Vertical Rate information from Barometric Source

“Sign Bit for Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=1

The “Sign Bit for Vertical Rate” subfield is a 1-bit (“ME” bit 37, Message bit 69) field
that shall be used to indicate the direction of the “Vertical Rate” Vector as shown in
Table 2-33.

Table 2-33: “Sign Bit for Vertical Rate” Encoding

Coding Meaning
0 UP
1 DOWN

“Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=1

The “Vertical Rate” subfield is a 9-bit (“ME” bit through 38 through 46, Message bit 70
through 78) field that is used to report the Vertical Rate (in feet/minute) of the ADS-B
Transmitting Subsystem.

Range, Resolution, and No Data encoding of the “Vertical Rate” subfield shall be as
shown in Table 2-34.

Table 2-34: “Vertical Rate” Encoding

Coding Meaning
(Binary) (Decimal) (Vertical 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
00000 0011 3 Vertical Rate = 128 feet / minute
*k*k *k*k *k*k
111111110 510 Vertical Rate = 32576 feet / minute

111111111 511 Vertical Rate > 32608 feet/ minute

Note: The encoding shown in the table represents Positive Magnitude data only.
Direction is given completely by the “Sign Bit for Vertical Rate” subfield.

“Reserved Bits-B” Subfield in Airborne Velocity Messages — Subtype=1

The “Reserved Bits-B” subfield is a 2-bit (“ME” bits 47 — 48, Message bits 79 — 80) field
that shall be set to ZERO (binary 00) in all ADS-B Transmitting Subsystems that comply
with these MOPS.

This “Reserved Bits-B” subfield was identified in RTCA DO-260 as the “Turn Indicator”
subfield, and was required to be set to ZERO (binary 00) for all ADS-B Transmitting and
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Receiving Subsystems that comply with that document also. The “Turn Indicator” was
eliminated from the ADS-B MASPS (RTCA DO-242A), and so has been removed from
the requirements for the 1090 MHz Extended Squitter data link.
2.2.3.2.6.1.14 “Difference From Barometric Altitude Sign Bit” Subfield in Airborne Velocity
Messages - Subtype=1
The “Difference From Barometric Altitude Sign Bit” subfield is a 1-bit (“ME” bit 49,
Message bit 81) field that shall be used to indicate the direction of the GNSS Altitude
Source data as shown in Table 2-35.
Table 2-35: “Difference From Barometric Altitude Sign Bit” Encoding
Coding Meaning
0 Geometric (GNSS or INS)
Altitude Source data is greater than (above) Barometric
1 Geometric (GNSS or INS)
Altitude Source data is less than (below) Barometric
2.2.3.2.6.1.15 “Difference From Barometric Altitude” Subfield in Airborne Velocity Messages -

Subtype=1

The “Difference From Barometric Altitude” subfield is a 7-bit (“ME” bits 50 through 56,
Message bits 82 through 88) field that is used to report the difference between Geometric
(GNSS or INS) Altitude Source data and 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 reported using 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 the Difference from Barometric Altitude
subfield shall 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 encoding of the “Difference From Barometric Altitude”
subfield shall be as shown in Table 2-36.
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Table 2-36: “Difference From Barometric Altitude” Encoding

Coding Meaning
(Binary) (Decimal) (Geometric (GNSS or INS) Altitude Source data Difference in feet)
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
**%* **%* **x%*
1111110 126 GNSS Altitude Source data Difference = 3125 feet
1111111 127 GNSS Altitude Source data Difference > 3137.5 feet

2.2.3.2.6.2

2.2.3.26.2.1

Note: The encoding shown in the table represents Positive Magnitude data only.
Direction is given completely by the Difference From Barometric Altitude Sign

Bit.

ADS-B Airborne Velocity Message - Subtype=2

a. The Airborne Velocity Message - Subtype=2 is illustrated in Figure 2-7 and shall be
transmitted by the Airborne ADS-B Transmitting Subsystem when 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 (i.e., Subtype=2) shall be
used if either the East/West Velocity OR the North/South Velocity exceeds 1022
knots. A switch to the normal Airborne Velocity Message (i.e., Subtype=1) shall be
made if both the East/West and the North/South Velocities drop below 1000 knots.

c. The Airborne Velocity Message shall not be broadcast if the only valid data is the
Intent Change Flag.

(1). Transponder-Based ADS-B Transmitting Subsystems shall suppress the
broadcast by loading Register 09,6 with “ALL ZEROs” and then discontinuing
updating of the Register until data input is available again. The Transponder
will ZERO the Velocity Message after 2.6 seconds and terminate the broadcast.

(2). Non-Transponder-Based ADS-B Transmitting Subsystems shall ZERO the
Velocity Message after 2.6 seconds and terminate the broadcast, as specified in
§2.2.3.3.2.11 and §2.2.3.3.2.12.

Each of the subfields of the Airborne Velocity Message - Subtype=2 is specified in the
following subparagraphs.

“TYPE” Code Subfield in Airborne Velocity Messages - Subtype=2

The “TYPE” Code subfield was previously specified in §2.2.3.2.3.1 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=2 which use TYPE Code 19

only.
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2.2.3.26.2.2

2.2.3.2.6.2.3

2.23.26.2.4

2.2.3.2.6.25

2.2.3.2.6.2.6

2.2.3.2.6.2.7

“Subtype” Code Subfield in Airborne Velocity Messages - Subtype=2

The “Subtype” Code subfield was previously specified in §2.2.3.2.6.1.2 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=2 which shall use a subtype
encoding of “2.”

“Intent Change Flag” Subfield in Airborne Velocity Messages - Subtype=2

The “Intent Change Flag” subfield was previously specified in §2.2.3.2.6.1.3 and remains
the same for ADS-B Airborne Velocity Messages - Subtype=2.

“Reserved Bit-A” Subfield in Airborne Velocity Messages — Subtype=2

The “Reserved Bit-A” subfield was previously specified in §2.2.3.2.6.1.4 and remains the
same for ADS-B Airborne Velocity Messages — Subtype=2.

“NAC\” Subfield in Airborne Velocity Messages - Subtype=2

The “Navigation Accuracy Category - Velocity” (NACy) subfield was previously
specified in §2.2.3.2.6.1.5 and remains the same for ADS-B Airborne Velocity Messages
- Subtype=2.

“East/West Direction Bit” Subfield in Airborne Velocity Messages - Subtype=2

The “East/West Direction Bit” subfield was previously specified in §2.2.3.2.6.1.6 and
remains the same for ADS-B Airborne Velocity Messages - Subtype=2.

“East/West Velocity” Subfield in Airborne Velocity Messages - Subtype=2

The “East/West Velocity” subfield is a 10-bit (“ME” bit 15 through 24, Message bit 47
through 56) field that shall be used to report the East/West supersonic Velocity (in knots)
of the ADS-B Transmitting Subsystem.

Range, Resolution, and No Data encoding of the “East/West Velocity” subfield shall be
as shown in Table 2-37.

Table 2-37: “East/West Velocity” (supersonic) Encoding

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*

1111111110 1022 E/W Velocity = 4084 knots
111111 1111 1023 E/W Velocity > 4086 knots

© 20xx, RTCA, Inc.

Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B



Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B
95

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 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 Subfield, the accuracy of the
data must be maintained such that it is not worse than +% LSB where the LSB is that
of the East/West Velocity subfield.

3. All velocity vector components are to be referenced to WGS-84 or to a coordinate

system consistent with WGS-84.

“North/South Direction Bit” Subfield in Airborne Velocity Messages - Subtype=2

The “North/South Direction Bit” subfield was previously specified in §2.2.3.2.6.1.8 and
remains the same for ADS-B Airborne Velocity Messages - Subtype=2.

“North/South Velocity” Subfield in Airborne Velocity Messages - Subtype=2

The “North/South Velocity” subfield is a 10-bit (“ME” bits 26 through 35, Message bits
58 through 67) field that shall be used to report the North/South Supersonic Velocity (in
knots) of the ADS-B Transmitting Subsystem.

Range, Resolution, and No Data encoding of the “North/South Velocity” subfield shall
be as shown in Table 2-38.

Table 2-38: “North/South Velocity” (supersonic) Encoding

Coding Meaning
(Binary) (Decimal) (N/S Velocity in knots)(supersonic)
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 = 4 knots
00 0000 0011 3 N/S Velocity = 8 knots

*k% *k% **k*%

1111111110 1022 N/S Velocity = 4084 knots
1111111111 1023 N/S Velocity > 4086 knots

Notes:

1. The encoding shown in the table represents Positive Magnitude data only. Direction

is given completely by the North/South Direction Bit.

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/South Velocity Subfield, the
accuracy of the data must be maintained such that it is not worse than +% LSB where
the LSB is that of the North/South Velocity subfield.
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2.2.3.2.6.2.10

2.2.3.26.2.11

2.2.3.2.6.2.12

2.2.3.2.6.2.13

2.2.3.2.6.2.14

2.2.3.2.6.2.15

2.2.3.2.6.3

3. All velocity vector components are to be referenced to WGS-84 or to a coordinate
system consistent with WGS-84.

“Source Bit for Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=2

The “Source Bit for Vertical Rate” subfield was previously specified in §2.2.3.2.6.1.10
and remains the same for ADS-B Airborne Velocity Messages - Subtype=2.

“Sign Bit for Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=2

The “Sign Bit for Vertical Rate” subfield was previously specified in §2.2.3.2.6.1.11 and
remains the same for ADS-B Airborne Velocity Messages - Subtype=2.

“Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=2

The “Vertical Rate” subfield was previously dspecified in §2.2.3.2.6.1.12 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=2.

“Reserved Bits-B” Subfield in Airborne Velocity — Subtype=2 Messages

The “Reserved Bits-B” subfield was previously specified in §2.2.3.2.6.1.13 and remains
the same for ADS-B Airborne Velocity — Subtype=2 Messages.

“Difference From Barometric Altitude Sign Bit” Subfield in Airborne Velocity
Messages - Subtype=2

The “Difference From Barometric Altitude Sign Bit” subfield was previously specified in
82.2.3.2.6.1.14 and remains the same for ADS-B Airborne Velocity Messages -
Subtype=2.

“Difference From Barometric Altitude” Subfield in Airborne Velocity Messages -
Subtype=2

The “Difference From Barometric Altitude” subfield was previously specified in
82.2.3.2.6.1.15 and remains the same for ADS-B Airborne Velocity Messages -
Subtype=2.

ADS-B Airborne Velocity Message - Subtype=3

a. The Airborne Velocity Message - Subtype=3 is illustrated in Figure 2-8 and shall be
transmitted by the Airborne ADS-B Transmitting Subsystem when Velocity Over
Ground information is not available, and the transmitting device is installed in an
environment having NON-supersonic airspeed capability.
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2.2.3.26.3.1

2.2.3.2.6.3.2

2.2.3.2.6.3.3

2.2.3.2.6.34

b. The Supersonic Version of the Airborne Velocity Message (i.e., Subtype=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 below 1000 knots.

c. The Airborne Velocity Message shall not be broadcast if the only valid data is the
Intent Change Flag.

(1). Transponder-Based ADS-B Transmitting Subsystems shall suppress the
broadcast by loading Register 0955 with all “ZEROs” and then discontinuing
updating of the Register 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 RTCA DO-181D (EUROCAE ED-73C).

(2). Non-Transponder-Based ADS-B Transmitting Subsystems shall ZERO the
Velocity Message after 2 seconds and terminate broadcast after 60 seconds, as
specified in §2.2.3.3.2.11 and §2.2.3.3.2.12.

Each of the subfields of the Airborne Velocity Message - Subtype=3 is specified in the
following subparagraphs.

“TYPE” Code Subfield in Airborne Velocity Messages - Subtype=3

The “TYPE” Code subfield was previously specified in §2.2.3.2.3.1 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=3 which use TYPE Code 19
only.

“Subtype” Code Subfield in Airborne Velocity Messages - Subtype=3

The “Subtype” Code subfield was previously specified in §2.2.3.2.6.1.2 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=3 which shall use a subtype
encoding of “3.”

“Intent Change Flag” Subfield in Airborne Velocity Messages - Subtype=3

The “Intent Change Flag” subfield was previously specified in §2.2.3.2.6.1.3 and remains
the same for ADS-B Airborne Velocity Messages - Subtype=3.

“Reserved Bit-A” Subfield in Airborne Velocity Messages — Subtype=3

The “Reserved Bit-A” subfield was previously specified in §2.2.3.2.6.1.4 and remains the
same for ADS-B Airborne Velocity Messages — Subtype=3.
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2.2.3.2.6.35

2.2.3.2.6.3.6

2.2.3.2.6.3.7

“NACy” Subfield in Airborne Velocity Messages - Subtype=3

The “Navigation Accuracy Category - Velocity” (NACy) subfield was previously
specified in 82.2.3.2.6.1.5 and remains the same for ADS-B Airborne Velocity Messages
- Subtype=3.

“Heading Status Bit” Subfield in Airborne Velocity Messages - Subtype=3

The “Heading Status Bit ” subfield is a 1-bit (“ME” bit 14, Message bit 46) field that
shall be used to indicate the availability of “Heading” information as shown in Table 2-
39.

Table 2-39: “Heading Status Bit” Encoding

Coding Meaning
0 Heading Data is NOT Available
1 Heading Data is Available

“Heading” Subfield in Airborne Velocity Messages - Subtype=3
g y

The “Heading” subfield is a 10-bit (“ME” bits 15 through 24, Message bits 47 through
56) field that shall be used to report the “Heading” (in degrees) of the ADS-B
Transmitting Subsystem.

Range, Resolution, and No Data encoding of the “Heading” subfield shall be as shown in
Table 2-40.

Table 2-40: “Heading” 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 degrees
00 0000 0011 3 Heading = 1.0546875 degrees
**k*%k *kk *kk

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 represents a bit
weighting of 180 degrees, while the LSB represents a bit weighting of 360/1024
degrees.
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2.2.3.2.6.3.8

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 converting such
data to the Heading Subfield, the accuracy of the data must be maintained such that
it is not worse than % 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 (82.2.3.2.7.2.13).

“Airspeed Type” Subfield in Airborne Velocity Messages - Subtype=3

The “Airspeed Type” subfield is a 1-bit (“ME” bit 25, Message bit 57) field that shall be
used to indicate the type of subsonic airspeed data provided in the “Airspeed” Subfield
(see §2.2.3.2.6.3.9) and is coded as specified in Table 2-41.

Table 2-41: “Airspeed Type” (subsonic) Encoding

Coding Meaning
0 Airspeed Type is Indicated Airspeed (1AS)
1 Airspeed Type is True Airspeed (TAS)

“Airspeed” Subfield in Airborne Velocity Messages - Subtype=3

The “Airspeed” subfield is a 10-bit (“ME” bit 26 through 35, Message bit 58 through 67)
field that shall be used to report the subsonic Airspeed, either Indicated or True, of the
ADS-B Transmitting Subsystem.

Range, Resolution, and No Data encoding of the “Airspeed” subfield shall be as shown
in Table 2-42.

Table 2-42: “Airspeed” (IAS or TAS) (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 = 1021 knots
1111111111 1023 Airspeed > 1021.5 knots

Note: The encoding shown in the table represents Positive Magnitude data only, since
Airspeed Data (IAS or TAS) is always considered to be positive. All velocity
vector components are to be referenced to WGS-84 or to a coordinate system

consistent with WGS-84.
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2.2.3.2.6.3.10 “Source Bit for Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=3
The “Source Bit for Vertical Rate” subfield was previously specified in §2.2.3.2.6.1.10
and remains the same for ADS-B Airborne Velocity Messages - Subtype=3.

2.2.3.2.6.3.11 “Sign Bit for Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=3
The “Sign Bit for Vertical Rate” subfield was previously specified in §2.2.3.2.6.1.11 and
remains the same for ADS-B Airborne Velocity Messages - Subtype=3.

2.2.3.2.6.3.12 “Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=3
The “Vertical Rate” subfield was previously specified in §2.2.3.2.6.1.12 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=3.

2.2.3.2.6.3.13 “Reserved Bits-B” Subfield in Airborne Velocity Messages — Subtype=3
The “Reserved Bits-B” subfield was previously specified in §2.2.3.2.6.1.13 and remains
the same for ADS-B Airborne Velocity — Subtype=3 Messages.

2.2.3.2.6.3.14 “Difference From Barometric Altitude Sign Bit” Subfield in Airborne Velocity
Messages - Subtype=3
The “Difference From Barometric Altitude Sign Bit” subfield was previously specified in
82.2.3.2.6.1.14 and remains the same for ADS-B Airborne Velocity Messages -
Subtype=3.

2.2.3.2.6.3.15 “Difference From Barometric Altitude” Subfield in Airborne Velocity Messages -
Subtype=3
The “DIFFERENCE FROM BAROMETRIC ALTITUDE” subfield was previously
specified in 82.2.3.2.6.1.15 and remains the same for ADS-B Airborne Velocity
Messages - Subtype=3.

2.2.3.2.6.4 ADS-B Airborne Velocity Message - Subtype=4

a. The Airborne Velocity Message - Subtype=4 is illustrated in Figure 2-8 and shall be
transmitted by the Airborne ADS-B Transmitting Subsystem when Velocity Over
Ground information is NOT available, and the transmitting device is installed in an
environment having Supersonic airspeed capability.

b. The Supersonic Version of the Airborne Velocity Message (i.e., Subtype=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 below 1000 knots.
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2.2.3.26.4.1

2.2.3.2.6.4.2

2.2.3.2.6.4.3

2.2.3.2.6.4.4

2.2.3.2.6.45

c. The Airborne Velocity Message shall not be broadcast if the only valid data is the
Intent Change Flag.

(1). Transponder-Based ADS-B Transmitting Subsystems shall suppress the
broadcast by loading Register 09,5 with “ALL ZEROs” and then discontinuing
updating of the Register until data input is available again. The Transponder
will ZERO the Velocity Message after 2.6 seconds and terminate the broadcast.

(2). Non-Transponder-Based ADS-B Transmitting Subsystems shall ZERO the
Velocity Message after 2.6 seconds and terminate the broadcast, as specified in
§2.2.3.3.2.11 and §2.2.3.3.2.12.

Each of the subfields of the Airborne Velocity Message - Subtype=4 is specified in the
following subparagraphs.

“TYPE” Code Subfield in Airborne Velocity Messages - Subtype=4

The “TYPE” Code subfield was previously specified in §2.2.3.2.3.1 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=4 which use TYPE Code 19
only.

“Subtype” Code Subfield in Airborne Velocity Messages - Subtype=4

The “Subtype” Code subfield was previously specified in §2.2.3.2.6.1.2 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=3 which shall use a subtype
encoding of “4.”

“Intent Change Flag” Subfield in Airborne Velocity Messages - Subtype=4

The “Intent Change Flag” subfield was previously specified in §2.2.3.2.6.1.3 and remains
the same for ADS-B Airborne Velocity Messages - Subtype=4.

“Reserved Bit-A” Subfield in Airborne Velocity Messages — Subtype=4

The “Reserved Bit-A” subfield was previously specified in §2.2.3.2.6.1.4 and remains the
same for ADS-B Airborne Velocity Messages — Subtype=4.

“NAC,” Subfield in Airborne Velocity Messages - Subtype=4

The “Navigation Accuracy Category - Velocity” (NACy) subfield was previously
specified in §2.2.3.2.6.1.5 and remains the same for ADS-B Airborne Velocity Messages
- Subtype=4.
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2.2.3.2.6.46  “Heading Status Bit” Subfield in Airborne Velocity Messages - Subtype=4

The “Heading Status Bit” subfield was previously specified in §2.2.3.2.6.3.6 and remains
the same for ADS-B Airborne Velocity Messages - Subtype=4.

2.2.3.2.6.47 “Heading” Subfield in Airborne Velocity Messages - Subtype=4

The “Heading” subfield was previously specified in §2.2.3.2.6.3.7 and remains the same
for ADS-B Airborne Velocity Messages - Subtype=4.

2.2.3.2.6.48 “Airspeed Type” Subfield in Airborne Velocity Messages - Subtype=4

The “Airspeed Type” subfield is a 1-bit (“ME” bit 25, Message bit 57) field that shall be
used to indicate the type of supersonic airspeed data provided in the “Airspeed” Subfield
(see 82.2.3.2.6.4.9) and is coded as specified in Table 2-43.

Table 2-43: “Airspeed Type” (supersonic) Encoding

Coding Meaning
0 Airspeed Type is Indicated Airspeed (1AS)
1 Airspeed Type is True Airspeed (TAS)

2.2.3.2.6.49  “Airspeed” Subfield in Airborne Velocity Messages - Subtype=4

The “Airspeed” subfield is a 10-bit (“ME” bit 26 through 35, Message bit 58 through 67)
field that shall be used to report the subsonic Airspeed, either Indicated or True, of the
ADS-B Transmitting Subsystem.

Range, Resolution, and No Data encoding of the “Airspeed” subfield shall be as shown
in Table 2-44.

Table 2-44: “Airspeed” (IAS or TAS) (supersonic) Encoding

Coding Meaning

(Binary) (Decimal) (Airspeed in knots) (supersonic)
00 0000 0000 0 No Airspeed information 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 = 4084 knots
1111111111 1023 Airspeed > 4086 knots

Note: The encoding shown in the table represents Positive Magnitude data only, since
Airspeed Data (IAS or TAS) is always considered to be positive. All velocity
vector components are to be referenced to WGS-84 or to a coordinate system
consistent with WGS-84.
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2.2.3.2.6.4.10

2.2.3.26.4.11

2.2.3.2.6.4.12

2.2.3.2.6.4.13

2.2.3.2.6.4.14

2.2.3.2.6.4.15

2.2.3.2.6.5

“Source Bit for Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=4

The “Source Bit for Vertical Rate” subfield was previously specified in §2.2.3.2.6.1.10
and remains the same for ADS-B Airborne Velocity Messages - Subtype=4.

“Sign Bit for Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=4

The “Sign Bit for Vertical Rate” subfield was previously specified in §2.2.3.2.6.1.11 and
remains the same for ADS-B Airborne Velocity Messages - Subtype=4.

“Vertical Rate” Subfield in Airborne Velocity Messages - Subtype=4

The “Vertical Rate” subfield was previously specified in §2.2.3.2.6.1.12 and remains the
same for ADS-B Airborne Velocity Messages - Subtype=4.

“Reserved Bits-B” Subfield in Airborne Velocity Messages — Subtype=4

The “Reserved Bits-B subfield was previously specified in §2.2.3.2.6.1.13 and remains
the same for ADS-B Airborne Velocity — Subtype=4 Messages.

“Difference From Barometric Altitude Sign Bit” Subfield in Airborne Velocity
Messages - Subtype=4

The “Difference From Barometric Altitude Sign Bit” subfield was previously specified in
§2.2.3.2.6.1.14 and remains the same for ADS-B Airborne Velocity Messages -
Subtype=3.

“Difference From Barometric Altitude” Subfield in Airborne Velocity Messages -
Subtype=4

The “Difference From Barometric Altitude” subfield was previously specified in
§2.2.3.2.6.1.15 and remains the same for ADS-B Airborne Velocity Messages -
Subtype=4.

ADS-B Airborne Velocity Messages - Subtypes “5, 6, & 7”

ADS-B Airborne Velocity Messages are not specified for Subtypes “5,” “6” or “7” and
shall be considered to be Reserved for future expansion of Velocity Information Type
Messages.
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2.2.3.2.7 ADS-B Periodic Status and Event-Driven Messages

223271 “Target State and Status” Messages

The “Target State and Status” Message is used to provide the current state of an airborne
aircraft in navigating to its intended trajectory and the status of the aircraft’s navigation
data source and TCAS/ACAS systems. For this version of these MOPS the Target State
and Status Message with Subtype=1 is defined to convey information on the aircraft’s
target heading and altitude (i.e. Target State information) as well as information on the
status of the navigation data being used by ADS-B and the status of the aircraft TCAS
systems. The format of the Target State and Status Message shall be as specified in
Figure 2-9, while further definition of each of the subfields shall be as specified in the
subsequent paragraphs.

Note: The provisions of RTCA DO-260 related to TCP/TCP+1 were removed from the
initial publication of RTCA DO-260A, and provisions for a Target State and
Status Message were defined using the same message TYPE Code value (i.e,
TYPE Code = 29) as previously defined by RTCA DO-260 for the Aircraft
Trajectory Intent Messages that conveyed TCP/TCP+1 information. It is not
expected that any implementation based on RTCA DO-260 would have
implemented the messages for TCP and TCP+1. However, for purposes of
backward compatibility RTCA DO-260A required for a TYPE Code=29 message
that “ME” bit 11 always be set to ZERO (0), which would result in a RTCA DO-
260 conformant ADS-B receiver not attempting to make use of the remaining
contents of the message. Likewise, any TYPE Code=29 message transmitted by
an implementation based on DO-260 that has incorrectly set “ME” bit 11 set to
ONE (1) (i.e., indicating a valid TCP/TCP+1 Message is being transmitted)
should be discarded.

Target State and Status Message
Msg
Bit 33 - 37 38 ------- 39 40 88
#
“ME”
Bit 1 - 5 6 ----m-m-m 7 8 56
#
Field TYPE Code =29 Subtype Intent/Status Information
Name (11101) Code (see §2.2.3.2.7.1.3)
[5] [2] [49]
MSB MSB MSB
LSB LSB LSB

Figure 2-9: “Target State and Status” Message Format

2.2.3.27.11 “TYPE” Code Subfield in Target State and Status Messages

The “TYPE” Code subfield was previously specified for the Airborne Position Message
in §2.2.3.2.3.1 and shall use the same subfield format for the Target State and Status
Message, which uses a TYPE Code of 29.
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2232712

2232713

“Subtype” Code Subfield in Target State and Status Messages

The “Subtype” Code subfield is a 2-bit (“ME” bits 6 and 7, Message bits 38 and 39) field
that shall be used to identify if the format of the remainder of the Target State and Status
Message. The “Subtype” subfield shall be encoded in accordance with Table 2-45.
ADS-B Transmitting Subsystems that comply with these MOPS shall transmit a Subtype
Code equal to ONE (1).

Table 2-45: “Subtype” Code Subfield Encoding

Codin :
(Binary) (Dgecimal) Meaning

00 0 Reserved _ _ o
(Target State and Status information was defined in RTCA DO-260A)

01 1 Target State and Status information is provided in the subsequent subfields
of the message (see §2.2.3.2.7.1.3)

10 2 Reserved

11 3 Reserved

Target State and Status Message (Subtype=1)

“Target State and Status” information is conveyed by the Target State and Status
Message (TYPE=29) when the Subtype=ONE (1). The format of the Target State and
Status Message for ADS-B Transmitting Subsystems that comply with these MOPS shall
be in accordance with Figure 2-10.
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Msg
Bit 33 - 37 | 38---- 39 40 41 42 52 53 61
#
“ME”
Bit 1 5 6 ----- 7 8 9 10 20 21 29
#
TYPE Selected | MCP/FCU Selected Altitude ] )
Subtype=1 ] Barometric Pressure Setting
Fielg | Code=29 SIL Altitude or _ .
(01) Supplement ) (Minus 800 millibars)
Name | (11101) 2] [1] Type FMS Selected Altitude (]
[5] [1] [11]
MSB LSB MSB LSB MSB LSB MSB LSB
Msg
Bit 62 63 Y, FE—— 7 R I i JS— 75 76 T 78
#
“ME”
Bit 30 31 32 e 39 | 40 ------mmmee- 43 44 45 oo 46
#
Selected | Selected Navigation Source
electe electe igati
. . 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
#
“ME”
Bit 47 48 49 50 51 52 53 54 --mnnee- 56
#
Status of Altitude Reserved
Autopilot VNAV Approach TCAS
Field MCP / FCU Mode Hold For ADS-R . Reserved
) Engaged Mode Operational
Name | Mode Bits Engaged | Mode Flag [3]
[1] | [1] [1]
[1] [ [1] [1]
MSB LSB

Figure 2-10: “Target State and Status Message” (Subtype=1 Format)

2.2.3.2.7.1.3.1 “SIL Supplement” Subfield in Target State and Status Messages

The “SIL Supplement” (Source Integrity Level Supplement) subfield is a 1-bit (“ME” bit
8, Message bit 40) field that shall define whether the reported SIL probability is based on
a “per hour” probability or a “per sample” probability as defined in Table 2-46.
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Table 2-46: “SIL Supplement” Subfield Encoding

Coding

Meaning

Probability of exceeding NIC radius of containment is based on “per hour”

Probability of exceeding NIC radius of containment is based on “per sample”

» Per Hour:

» Per Sample:

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 time-to-alert. The per hour representation
will typically be used when the probability of exceeding the NIC is
greater for the faulted versus fault-free Signal-in-Space case (When
the Signal-in-Space fault rate is defined as hourly).

Note: The probability of exceeding the integrity radius of
containment for GNSS position sources are 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 Signal-in-Space case, or when the position source does not
depend on a Signal-in-Space.

Note: The probability of exceeding the integrity radius of
containment for IRU, DME/DME and DME/DME/LOC
position sources may be based on a per sample basis.

2.2.3.2.7.1.3.2 “Selected Altitude Type” Subfield in Target State and Status Messages

a.

The “Selected Altitude Type” subfield is a 1-bit (“ME” bit 9, Message bit 41) field
that shall be used to indicate the source of Selected Altitude data that is being used to
encode “ME” bits 10 through 20 (Message bits 42 through 52). Encoding of the
“Selected Altitude Type” shall be in accordance with Table 2-47.

Table 2-47: “Selected Altitude Type” Subfield Encoding

Coding

Meaning

0

Data being used to encode “ME” bits 10 through 20 is derived from the
Mode Control Panel / Flight Control Unit (MCP / FCU) or equivalent
equipment.

Data being used to encode “ME” bits 10 through 20 is derived from the
Flight Management System (FMS).

Whenever there is no valid MCP / FCU or FMS Selected Altitude data available, then
the “Selected Altitude Type” subfield (“ME” bit 9, Message bit 41) shall be set to

ZERO (0).
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2.2.3.2.7.1.3.3 “MCP/FCU Selected Altitude or FMS Selected Altitude” Subfield in Target State

and

a.

Status Messages

The “MCP / FCU Selected Altitude or FMS Selected Altitude” subfield is an 11-bit
(“ME” bits 10 through 20, Message bits 42 through 52) field that shall contain either
MCP / FCU Selected Altitude or FMS Selected Altitude data in accordance with the
following subparagraphs.

Whenever valid Selected Altitude data is available from the Mode Control Panel /
Flight Control Unit (MCP / FCU) or equivalent equipment, such data shall be used to
encode “ME” bits 10 through 20 (Message bits 42 through 52) in accordance with
Table 2-48. Use of MCP / FCU Selected Altitude shall then be declared in the
“Selected Altitude Type” subfield as specified in Table 2-47.

Whenever valid Selected Altitude data is NOT available from the Mode Control
Panel / Flight Control Unit (MCP / FCU) or equivalent equipment, but valid Selected
Altitude data is available from the Flight Management System (FMS), then the FMS
Selected Altitude data shall be used to encode “ME” bits 10 through 20 (Message
bits 42 through 52) in accordance with Table 2-48 provided in paragraph “d.” Use of
FMS Selected Altitude shall then be declared in the “Selected Altitude Type”
subfield as specified in §2.2.3.2.7.1.3.2, Table 2-47.

Encoding of Selected Altitude data in “ME” bits 10 through 20 (Message bits 42
through 52) shall be in accordance with Table 2-48. Encoding of the data shall be
rounded so as to preserve accuracy of the source data within =% LSB.

Table 2-48: “MCP/FCU Selected Altitude or FMS Selected Altitude” Subfield Encoding

Coding
(“ME” bits 10 ---- 20) Meaning
(Binary) (Decimal)

000 0000 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 kkhkkk kkkk *xk *kk kkhkkk kkkk
*kk kkhkkk kkkk *kk *kk kkhkkk kkkk
*kk kkhkkk kkhkkk *k*k *kk kkhkkk kAhkkk
1111111 1110 2046 65440 feet

1111111 1111 2047 65472 feet

e.

Whenever there is NO valid MCP / FCU or FMS Selected Altitude data available,
then the “MCP / FCU Selected Altitude or FMS Selected Altitude” subfield (“ME”
bits 10 through 20, Message bits 42 through 52) shall be set to ZERO (0) as indicated

in Table 2-48.
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2.2.3.2.7.1.3.4 “Barometric Pressure Setting (Minus 800 millibars)” Subfield in Target State and
Status Messages

a.

The “Barometric Pressure Setting (Minus 800 millibars)” subfield is a 9-bit (“ME”
bits 21 through 29, Message bits 53 through 61) field that shall contain Barometric
Pressure Setting data that has been adjusted by subtracting 800 millibars from the
data received from the Barometric Pressure Setting source.

After adjustment by subtracting 800 millibars, the Barometric Pressure Setting shall
be encoded in “ME” bits 21 through 29 (Message bits 53 through 61) in accordance
with Table 2-49.

Table 2-49: “Barometric Pressure Setting (Minus 800 millibars)” Subfield Encoding

Coding
(“ME” bits 21 ---- 29) Meaning
(Binary) (Decimal)
0 0000 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 khkkk *kk *khk kkkk khkkhkk
111111110 510 407.2  millibars
111111111 511 408.0 millibars
c. Encoding of Barometric Pressure Setting data in “ME” bits 21 through 29 (Message
bits 53 through 61) shall be rounded so as to preserve a reporting accuracy within £%
LSB.
d. Whenever there is NO valid Barometric Pressure Setting data available, then the
“Barometric Pressure Setting (Minus 800 millibars) subfield (“ME” bits 21 through
29, Message bits 53 through- 1) shall be set to ZERO (0) as indicated in Table 2-49.
e. Whenever the Barometric Pressure Setting data is greater than 1209.5 or less than

800 millibars, then the “Barometric Pressure Setting (Minus 800 millibars) subfield
(“ME” bits 21 through 29, Message bits 53 through 61) shall be set to ZERO (0).

2.2.3.2.7.1.3.5 “Selected Heading Status” Subfield in Target State and Status Messages

The “Selected Heading Status” subfield is a 1-bit (“ME” bit 30, Message bit 62) field that
shall be used to indicate the status of Selected Heading data that is being used to encode
“ME” bits 32 through 39 (Message bits 64 through 71) in accordance with Table 2-50.

©20xx, RTCA, Inc.
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Table 2-50: “Selected Heading Status” Subfield Encoding

Coding

(“ME” bit 30) Meaning

Data being used to encode “ME” bits 32 through 39 (Message bits

0 64 through 71) is either NOT Available or is INVALID. See Table
2-52.
1 Data being used to encode “ME” bits 32 through 39 (Message bits

64 through 71) is Available and is VALID. See Table 2-52.

2.2.3.2.7.1.3.6 “Selected Heading Sign” Subfield in Target State and Status Messages

The “Selected Heading Sign” subfield is a 1-bit (“ME” bit 31, Message bit 63) field that
shall be used to indicate the arithmetic sign of Selected Heading data that is being used to
encode “ME” bits 32 through 39 (Message bits 64 through 71) in accordance with Table
2-51.

Table 2-51: “Selected Heading Sign” Subfield Encoding

Coding

(“ME” bit 31) Meaning

Data being used to encode “ME” bits 32 through 39 (Message bits
64 through 71) is Positive in an angular system having a range
between +180 and —180 degrees. (For an Angular Weighted Binary
system which ranges from 0.0 to 360 degrees, the sign bit is positive
or Zero for all values that are less than 180 degrees). See Table 2-
52.

Data being used to encode “ME” bits 32 through 39 (Message bits
64 through 71) is Negative in an angular system having a range

1 between +180 and —180 degrees. (For an Angular Weighted Binary
system which ranges from 0.0 to 360 degrees, the sign bit is ONE
for all values that are greater than 180 degrees). See Table 2-52.
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2.2.3.2.7.1.3.7 “Selected Heading” Subfield in Target State and Status Messages

a. The “Selected Heading” subfield is an 8-bit (“ME” bits 32 through 39, Message bits
64 through 71) field that shall contain Selected Heading data encoded in accordance
with Table 2-52.

Table 2-52: “Selected Heading Status, Sign and Data” Subfields Encoding

“ME” Bit Coding

30 31 32 -mm-=ne- 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 *khkhk khkkk kkhkkk
* * *khkhk khkkk *khkhk khkkk kkkk
1 0 1111 1111 179.296875 degrees
1 1 0000 0000 180.0 or -180.0 degrees
1 1 0000 0001 180.703125 or -179.296875 degrees
1 1 0000 0010 181.406250 or -178.593750 degrees
* * *kkk kkkk *kkk khkkk 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 “ME” bits 31 through 39 (Message bits 63
through 71) shall be rounded so as to preserve accuracy of the source data within +%
LSB.

c. Whenever there is NO valid Selected Heading data available, then the Selected
Heading Status, Sign, and Data subfields (“ME” bits 30 through 39, Message bits 62
through 71) shall be set to ZERO (0) as indicated in Table 2-52.

2.2.3.2.7.1.3.8 “NACp” Subfield in Target State and Status Messages

The Navigation Accuracy Category for Position (NACp) subfield is a 4-bit (“ME” bits 40
through 43, Message bits 72 through 75) subfield of the Target State and Status Message
that shall announce 95% accuracy limits for the horizontal position (and for some NACp
values, the vertical position) that is being currently broadcast in Airborne Position and
Surface Position Messages. Table 2-71 specifies the accuracy limits for each NAC»
value. If an update has not been received from an on-board data source for NAC, within
the past 5 seconds, then the NAC, subfield shall be encoded as a value of ZERO (0)
indicating “Unknown Accuracy.”
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Note: The Navigation Accuracy Category for Position (NACp) is reported so that
surveillance applications may determine whether the reported geometric position
has an acceptable level of accuracy for the intended use. See §2.1.2.13 of the
ADS-B MASPS, RTCA DO-242A, for a fuller description of NACp.

2.2.3.2.7.1.3.9 “NICgaro” Subfield in Target State and Status Messages

The “NICgaro” (Barometric Altitude Integrity Code) subfield is a 1-bit (“ME” bit 44,
Message bit 76) field that shall be used to indicate whether or not the barometric pressure
altitude being reported in the Airborne Position Message (§2.2.3.2.3) has been
crosschecked against another source of pressure altitude. The “NICgaro ” subfield shall
be encoded in accordance with Table 2-73, as specified in the Aircraft Operational Status
Message. If an update has not been received from an on-board data source for NICgaro
within the past 5 seconds, then the NICgaro Subfield shall be encoded as a value of ZERO

0).

2.2.3.2.7.1.3.10 “Source Integrity Level (SIL)” Subfield in Target State and Status Messages

The “SIL” (Source Integrity Level) subfield is a 2-bit (“ME” bits 45 and 46, Message bits
77 and 78) field that shall be used to define the probability of the reported horizontal
position exceeding the radius of containment defined by the NIC, without alerting,
assuming no avionics faults. The SIL will address the Signal-in-Space, if applicable, and
will be the higher of the faulted or fault free probability of the Signal-In-Space causing
the NIC radius of containment to be exceeded.

Note: The faulted Signal-in-Space case will represent the highest probability for GNSS
position sources while the fault free Signal-in-Space case will represent the
highest probability for DME/DME or DME/DME/LOC position sources because
the Signal-in-Space is monitored and for IRU position sources because there is
no Signal-in-Space.

The SIL probability can be defined as either “per sample” or “per hour” as defined in the
SIL Supplement (SILsupp) in §2.2.3.2.7.1.3.1.

The “SIL” subfield shall be encoded in accordance with Table 2-72, as specified in the
Aircraft Operational Status Message. For installations where the SIL value is being
dynamically updated, if an update has not been received from an on-board data source for
SIL within the past 5 seconds, then the SIL subfield shall be encoded as a value of ZERO
(0), indicating “Unknown.”

Note: The SIL and NIC should be set to unknown if the ADS-B 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).

2.2.3.2.7.1.3.11 “Status of MCP/FCU Mode Bits” Subfield in Target State and Status Messages

The “Status of MCP / FCU Mode Bits” subfield is a 1-bit (“ME” bit 47, Message bit 79)
field that shall be used to indicate whether the mode bits (“ME” bits 48, 49, 50 and 52,
Message bits 80, 81, 82 and 84) are actively being populated (e.g., set) in the Target State
and Status Message in accordance with Table 2-53.
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Table 2-53: “Status of MCP/FCU Mode Bits” Subfield Encoding

Codin .
(“ME” Bi'? 47) Meaning
0 No Mode Information is being provided in “ME” bits 48, 49, 50 or
52 (Message bits 80, 81, 82, or 84)
1 Mode Information is deliberately being provided in “ME” bits 48,
49, 50 or 52 (Message bits 80, 81, 82, or 84)

If information is provided to the ADS-B Transmitting Subsystem to set either “ME” bit
48, 49, 50, or 52 (Message bit 80, 81, 82 or 84) to either “0” or “1,” then bit 47 shall be
set to ONE (1). Otherwise, bit 47 shall be set to ZERO (0).

2.2.3.2.7.1.3.12 “Autopilot Engaged” Subfield in Target State and Status Messages

The “Autopilot Engaged” subfield is a 1-bit (“ME” bit 48, Message bit 80) field that
shall be used to indicate whether the autopilot system is engaged or not.

a. The ADS-B Transmitting Subsystem shall accept information from an appropriate
interface that indicates whether or not the Autopilot is engaged.

b. The ADS-B Transmitting Subsystem shall set “ME” bit 48 (Message bit 80) in
accordance with Table 2-54.

Table 2-54: “Autopilot Engaged” Subfield Encoding

Coding .
(“ME” Bit 48) Meaning
0 Autopilot is NOT Engaged (e.g., not actively coupled and flying the aircraft)
1 Autopilot is Engaged (e.g., actively coupled and flying the aircraft)

2.2.3.2.7.1.3.13 “¥YNAV Mode Engaged” Subfield in Target State and Status Messages

The “VNAV Mode Engaged” subfield is a 1-bit (“ME” bit 49, Message bit 81) field that
shall be used to indicate whether the Vertical Navigation Mode is active or not.

a. The ADS-B Transmitting Subsystem shall accept information from an appropriate
interface that indicates whether or not the Vertical Navigation Mode is active.

b. The ADS-B Transmitting Subsystem shall set “ME” bit 49 (Message bit 81) in
accordance with Table 2-55.

Table 2-55: “VNAYV Engaged” Subfield Encoding

Coding .
0 VNAYV Mode is NOT Active
1 VNAYV Mode is Active
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2.2.3.2.7.1.3.14 “Altitude Hold Mode” Subfield in Target State and Status Messages

The “Altitude Hold Mode” subfield is a 1-bit (“ME” bit 50, Message bit 82) field that
shall be used to indicate whether the Altitude Hold Mode is active or not.

a. The ADS-B Transmitting Subsystem shall accept information from an appropriate
interface that indicates whether or not the Altitude Hold Mode is active.

b. The ADS-B Transmitting Subsystem shall set “ME” bit 50 (Message bit 82) in
accordance with Table 2-56.

Table 2-56: “Altitude Hold Mode” Subfield Encoding

Coding .
(“ME” Bit 50) Meaning
0 Altitude Hold Mode is NOT Active
1 Altitude Hold Mode is Active

2.2.3.2.7.1.3.15 “Reserved for ADS-R Flag” Subfield in Target State and Status Messages

The “Reserved for ADS-R Flag” subfield is a 1-bit (“ME” bit 51, Message bit 83) field
that shall be used as specified in §2.2.18.4.6.

2.2.3.2.7.1.3.16 “Approach Mode” Subfield in Target State and Status Messages

The “Approach Mode” subfield is a 1-bit (“ME” bit 52, Message bit 84) field that shall
be used to indicate whether the Approach Mode is active or not.

a. The ADS-B Transmitting Subsystem shall accept information from an appropriate
interface that indicates whether or not the Approach Mode is active.

b. The ADS-B Transmitting Subsystem shall set “ME” bit 52 (Message bit 84) in
accordance with Table 2-57.

Table 2-57: “Approach Mode” Subfield Encoding

Coding .
(“ME” Bit 52) Meaning
0 Approach Mode is NOT Active
1 Approach Mode is Active

2.2.3.2.7.1.3.17 “TCAS Operational” Subfield in Target State and Status Messages

The “TCAS Operational” subfield is a 1-bit (“ME” bit 53, Message bit 85) field that shall
be used to indicate whether the TCAS System is Operational or not.
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a. The ADS-B Transmitting Subsystem shall accept information from an appropriate
interface that indicates whether or not the TCAS System is Operational.

b. The ADS-B Transmitting Subsystem shall set “ME” bit 53 (Message bit 85) in
accordance with Table 2.2.3.2.7.1.3.17.

Table 2.2.3.2.7.1.3.17: “TCAS Operational” Subfield Encoding

Coding .
(“ME” Bit 53) Meaning
0 TCAS System is NOT Operational
1 TCAS System is Operational

Note: As a reference point, RTCA DO-181D Mode-S Transponders consider that the
TCAS System is operational when “MB” bit 16 of Register 1015 is set to “ONE”
(1). This occurs when the transponder / TCAS interface is operational and the
transponder is receiving TCAS RI=2, 3 or 4. (Refer to RTCA DO-181D
[EUROCAE ED-73C], Appendix B, Table B-3-16.

2.2.3.2.7.1.3.18 “Reserved” Subfield in Target State and Status Messages

2232714

2.2.3.2.7.2

ME bits 54 through 56 (Message bits 86 through 88) of the Target State and Status
Message are “Reserved” for future assignment and shall be set to ZERO (0) in this
version of these MOPS.

Reserved for TYPE=29 and Subtype > 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 and the Subtype greater than
ONE (1).

“Aircraft Operational Status” Messages

The “Aircraft Operational Status Message” is used to provide the current status of the
aircraft. The format of the Aircraft Operational Status Message shall be as specified in
Figure 2-11, while further definition of each of the subfields is provided in the
subsequent paragraphs.
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Aircraft Operational Status ADS-B Message “ME” Field Format
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
#
“ME”
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) | 40 (om) GVA NICaaro
Codes Source
(3] [16] ks MOPS NIC 2] Integrity (1] SIL
FIELD TYPE=31 [16] Version SUDD-A NAC, Level HRD su Reserved
NAME 5] o LW Operational | Number FlF]’ [4] GIL) [ [1‘]p [
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
Note:

© 20xx, RTCA, Inc.

Subfields that are relevant only for Airborne 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: “Aircraft Operational Status” ADS-B Message “ME” Field Format
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2232721

2232722

“TYPE” Code Subfield in Aircraft Operational Status Messages

The “TYPE” Code subfield was previously specified for the Airborne Position Message
in 82.2.3.2.3.1 and remains the same for the Aircraft Operational Status Message that
uses TYPE Code 31.

“Subtype” Code Subfield in Aircraft Operational Status Messages

The “Subtype” Code subfield is a 3-bit (“ME” bits 6 through 8, Message bits 38 through
40) subfield that shall be used to indicate various types of Aircraft Operational Status
Messages as specified in Table 2-58.

Table 2-58: “Subtype” Code Subfield in Aircraft Operational Status Messages Encoding

2232723

Coding Meaning
0 Message contains Aircraft Operational Status data as shown in
Figure 2-11 for Airborne Participants
1 Message contains Aircraft Operational Status data as shown in
Figure 2-11 for Surface Participants
2-7 Reserved

“CAPABILITY CLASS (CC)” Subfield in Aircraft Operational Status Messages

The Capability Codes (CC) subfield of the ADS-B Aircraft Operational Status Message
shall occupy 16 bits in the “airborne” format of that message and 12 bits in the “surface”
format of the message. In the airborne format (messages with TYPE=31, Subtype=0), the
CC codes shall occupy “ME” bits 9 through 24 (Message bits 41 through 56). In the
surface format (TYPE=31, Subtype=1), the CC codes shall occupy “ME” bits 9 through
20 (Message bits 41 through 52). The format of this subfield depends on the value of the
Version Number subfield (82.2.3.2.7.2.5). Moreover, for ADS-B Messages transmitted
from a “Version 1” ADS-B Transmitting Subsystem, the CC format depends on whether
the ADS-B Aircraft Operational Status Message Subtype field is has a value of 0 or 1.

If the Version Number subfield (82.2.3.2.7.2.5) is ZERO (0), then the format of the CC
subfield is as specified in the initial version of these MOPS (RTCA DO-260). This is
summarized in Table 2-59.
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Table 2-59: Capability Class (CC) Code Format in Version 0 Transmitting Subsystems
g/llfi 41 | 42 43 44 45 | 46 | 47 | 48 | 49 50 51 52 53 54 | 55 56
El;ftE# 9 | 10 11 12 |13|14|15| 16|17 |18 |19 | 20| 21 | 22| 23 | 24
Not-
Content | O 0 TCAS CDTI Reserved

Notes for Table 2-59:

1. Not-TCAS = “TCAS/ACAS Not Installed Or Not Operational”
2. CDTI = “CDTI Traffic Display Capability”

3. Reserved = “Reserved for standardization in future versions of these MOPS”

If the Version Number subfield (§2.2.3.2.7.2.5) is TWO (2) (for ADS-B Transmitting
Subsystems conformant to RTCA DO-260A), and the Subtype subfield is ZERO (0) (for
Airborne Participants), then the format of the CC subfield shall be as specified in Table
2-60.

Table 2-60: Airborne Capability Class (CC) Code Format in Version 2 Transmitting Subsystems.

MBI a1 | a2 43 44 | 45 | 46 | 47 |48 | 49 [ 50 | 51 52 -- 56
gft}i 9 | 10 11 12 | 13|14 15 | 16| 17| 18 19 20 -- 24
Reserved TCAS 1090ES | Reserved UAT Reserved
Content =0,0 Operational IN =0,0 ARV | TS TC IN [6]
0,1 Reserved
1,0 Reserved
11 Reserved

© 20xx, RTCA, Inc.

Notes for Table 2-60:

1. TCAS Operational = TCAS is Operational or Not Operational
2. 1090ES IN = Aircraft has ADS-B 1090ES Receive Capability
3. ARV = “ARV Report Capability”

4. TS = “TS Report Capability”

5. TC = “TC Report Capability Level”
6. UAT IN = Aircraft has ADS-B UAT Receive Capability

7. Reserved = “Reserved for standardization in future versions of these MOPS”

If the Version Number subfield (8§2.2.3.2.7.2.5) is TWO (2) (for ADS-B Transmitting
Subsystems conformant to RTCA DO-260B), and the Aircraft Operational Status
Message Subtype subfield is ONE (1) (indicating Surface Participants), then the format
of the CC subfield shall be as specified in Table 2-61.
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Table 2-61: Surface Capability Class (CC) Code Format in Version 2 Transmitting Subsystems.

Msg Bit
#

41 42 43 44 45 46 47 48 49 -51 52

“ME”
Bit #

9 10 11 12 13 14 15 16 17-19 20

Content

Reserved POA 1090ES Reserved B2 UAT NACy NIC
0,0 IN =0,0 Low IN [3] Supplement-C

0,1 Reserved

1,0 Reserved

11 Reserved

22327231

2.2.3.2.7.23.2

Notes for Table 2-61:

1. POA = “Position Offset Applied”

2. 1090ES IN = Aircraft has ADS-B 1090ES Receive Capability

3. B2 Low = 1 if Class B2 Ground Vehicle is transmitting with less than 70 watts
4. UAT IN = Aircraft has ADS-B UAT Receive Capability

5. NACy = Navigation Accuracy Category for Velocity

6. NIC Supplement-C = NIC Supplement used on the Surface

7. Reserved = “Reserved for standardization in future versions of these MOPS”

If the Version Number subfield (§2.2.3.2.7.2.5) is TWO (2) (for ADS-B Transmitting
Subsystems conformant to RTCA DO-260B), and an update has not been received from
an on-board data source within the past 5 seconds for any data element of the Capability
Class subfield, then the data associated with that data element shall be considered invalid
and so reflected in the encoding of that message element to reflect “No Capability” or
“Unknown Capability.”

“Reserved” CC Code Subfields in Aircraft Operational Status Message

Within the Capability Class subfield, “ME” bits 9-10, 13-14, and 20-24 (Message bits 41-
42, 45-46 and 52-56) shall be reserved for setting by a future version of these MOPS.
ADS-B equipment conforming to this version of these MOPS (RTCA DO-260B) shall
set these reserved bits to ALL ZEROs.

Note: Future versions of these MOPS may define values other than zero for these
reserved bits.

“TCAS Operational” CC Code Subfield in Aircraft Operational Status Messages

The “TCAS Operational” subfield (“ME” bit 11, Message bit 43) of the CC Codes
subfield in ADS-B Aircraft Operational Status Messages (TYPE=31, SUBTYPE=0, for
airborne participants) shall 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
(82.2.3.2.7.1.3.17), with the encoding as specified in Table 2.2.3.2.7.1.3.17.
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2.2.3.2.7.23.3

22327234

2.2.3.2.7.2.35

“1090ES IN” CC Code Subfield in Aircraft Operational Status Messages

The CC Code subfield for “1090ES IN” in Aircraft Operational Status Messages
(TYPE=31, Subtype=0 or 1) is a 1-bit field (“ME” bit 12, Message bit 44) that shall be
set to ONE (1) as specified in Table 2-63 if the transmitting aircraft has the capability to
receive ADS-B 1090ES Messages. Otherwise, this CC code subfield shall be set to
ZERO (0).

Table 2-63: Encoding of “1090ES IN” CC Subfield in Aircraft Operational Status
Messages

“1090ES IN” CC

Code Encoding Meaning

0 No Capability to Receive ADS-B 1090ES Messages

1 Aircraft has the Capability to Receive ADS-B 1090ES Messages

“ARV Report Capability” CC Code Subfield in Aircraft Operational Status
Messages

The “ARV Report Capability” subfield of the CC Codes subfield is a one-bit Boolean
flag that shall be encoded as specified in Table 2-64.

Table 2-64: ARV Report Capability Encoding.

Coding Meaning

0 No capability for sending messages to support Air Referenced Velocity
Reports
Capability of sending messages to support Air-Referenced Velocity
Reports.

1

“TS Report Capability” CC Code Subfield in Aircraft Operational Status Messages

The “Target State (TS) Report Capability” subfield of the CC Codes subfield is a one-bit
Boolean flag in the “airborne” format of the Aircraft Operational Status Message
(TYPE=31, Subtype=0) that shall be encoded as specified in Table 2-65.

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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2.2.3.2.7.2.3.6

2.2.3.2.7.23.7

2.2.3.2.7.2.3.8

“TC Report Capability” CC Code Subfield in Aircraft Operational Status Messages

The “Trajectory Change (TC) Report Capability” subfield of the CC Code subfield is a
two-bit (“ME” bits 17 and 18) subfield in the “airborne” format of the Aircraft
Operational Status Message (TYPE=31, Subtype=0) and is defined in the ADS-B
MASPS (RTCA DO-242A) as specified in Table 2-66. For these MOPS the subfield
shall be set to ZERO (binary 00).

Table 2-66: TC Report Capability Encoding

Codin .
(Binary) (E?ecimal) Meaning
00 0 No capability for sending messages to support Trajectory Change
Reports
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.)

“Position Offset Applied” CC Code Subfield in Surface Aircraft Operational Status
Messages

The “Position Offset Applied” (POA) subfield of the CC Code subfield of the “surface”
format Aircraft Operational Status Message (TYPE=31, Subtype=1) is a one-bit Boolean
flag that the ADS-B Transmitting Subsystem shall set to ONE as specified in Table 2-67
if the position that it is transmitted in the ADS-B Surface Position Message (82.2.3.2.4) is
known to be the position of the ADS-B participant’s ADS-B Position Reference Point
(RTCA DO-242A, §3.4.4.9.7) rather than, for example, the position of the antenna of the
navigation receiver. Otherwise, the ADS-B Transmitting Subsystem shall set this flag to
ZERO.

Table 2-67: Position Offset Applied (POA) Encoding

Coding Meaning

0 The position transmitted in the Surface Position Message is not known
to be referenced to the ADS-B Position Reference Point of the A/V

The position transmitted in the Surface Position Message is known to

1 be referenced to the ADS-B Position Reference Point of the A/V

“B2 Low” CC Code Subfield in Surface Aircraft Operational Status Messages

The “B2 Low” subfield (“ME” bit 15) of the CC Code subfield in the “surface” version
of the Aircraft Operational Status Message (TYPE=31, Subtype=1) is a one-bit Boolean
flag that the ADS-B Transmitting Subsystem shall set to ONE (1) if the Transmitting
Subsystem is a Non-Transponder-Based 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 bit shall be set to ZERO (0).

Note: Setting the “B2 Low” CC Code bit indicates to airborne participants that any
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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2.2.3.2.7.2.3.9 “NACy” CC Code Subfield in Surface Aircraft Operational Status Messages

The requirements for establishing the values for the Navigation Accuracy Category for
Velocity (NAC,) are stated in §2.2.3.2.6.1.5 in conjunction with the Airborne Velocity
Messages. The NAC,, subfield shall be provided in “ME” bits 17 through 19 (Message
bits 49 through 51) of the Surface Aircraft Operational Status Message.

2.2.3.2.7.2.3.10 “UAT IN” CC Code Subfield in Aircraft Operational Status Messages

The “UAT IN” CC Code subfield (“ME” bit 19, Message bit 51, TYPE=31, Subtype=0,
for airborne participants AND “ME” Bit 16, Message bit 48, TYPE=31, Subtype=1 for
surface participants) in ADS-B Aircraft Operational Status Messages denotes whether the
aircraft is equipped with the capability to receive ADS-B UAT Messages. The coding of
“UAT IN” CC Code subfield shall be as specified in Table 2.2.3.2.7.2.3.10.

Table 2.2.3.2.7.2.3.10: Encoding of “UAT IN” CC Subfield in Aircraft
Operational Status Messages.

“UAT IN” CC Code Encoding Meaning
0 No Capability to Receive ADS-B UAT Messages
1 Aircraft has the Capability to Receive ADS-B UAT Messages

The “UAT IN” CC Code in Aircraft Operational Status Messages shall be set to ZERO
(0) in Aircraft Operational Status Messages if the aircraft is NOT fitted with the
capability to receive ADS-B UAT Messages. The “UAT IN” CC Code Subfield in
Aircraft Operational Status Messages shall be set to ONE (1) if the aircraft has the
capability to receive ADS-B UAT Messages.

Note: If the aircraft is fitted with ADS-B UAT receive equipment but such equipment is
not functional, then the encoding should be set to “ZERO” (0), e.g., the same as
if the aircraft were NOT fitted with the receive capability.

2.2.3.2.7.2.3.11 “NIC Supplement-C” CC Code Subfield in Aircraft Operational Status Messages

The NIC Supplement-C subfield in the Aircraft Operational Status Message is a one-bit
subfield (“ME” bit 20, Message bit 52) that, together with the TYPE subfield in Surface
Position Messages and the NIC Supplement-A in the Operational Status Message (“ME”
Bit 44, Message Bit 76), shall be used to encode the Navigation Integrity Category (NIC)
of the transmitting ADS-B participant.

If an update has not been received from an on-board data source for the determination of
the NIC value within the past 5 seconds, then the NIC Supplement subfield shall be
encoded to indicate the larger Radius of Containment (R¢).

Table 2-70 lists the possible NIC codes and the values of the TYPE subfield of the
Airborne and Surface Position Messages, and of the NIC Supplement subfields that shall
be used to encode those NIC codes in messages on the 1090 MHz ADS-B data link.
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2232724 “OPERATIONAL MODE (OM)” Subfield in Aircraft Operational Status Messages
The “Operational Mode (OM)” subfield is a 16-bit subfield (“ME” bits 25 through 40,
Message bits 57 through 72) that shall indicate Operational Modes that are active on
board the A/V in which the ADS-B Transmitting Subsystem resides. The format of the
OM subfield in Aircraft Operational Status Messages, with Subtype=0 for airborne
participants shall be as specified in Table 2-68A. The format of the OM subfield in
Aircraft Operational Status Messages, with Subtype=1 for surface participants shall be as
specified in Table 2-68B.

Table 2-68A: Airborne Operational Mode (OM) Subfield Format
MBIl 57 | 58 | 59 60 61 62 63 -- 64 65 - 72
"ME”
Bit # 25| 26 27 28 29 30 31-32 33-40
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
Msg#Bit 57| 58 | 59 60 61 62 63 -- 64 65 -- 72
"ME”
Bit # 25| 26 27 28 29 30 31-32 33-40
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 first two bits of the OM subfield (“ME” bits 25 and 26) shall be reserved for
selecting one of up to four OM subfield formats. For this version of these MOPS (DO-

260B), the OM subfield format code shall be set to ZERO (binary 00).
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22327243

22327244

2.2.3.2.7.245

“TCAS/ACAS Resolution Advisory Active” OM Code Subfield in Aircraft
Operational Status Message

The “TCAS/ACAS Resolution Advisory Active” (RA Active) Operational Mode Code is
a one-bit subfield (“ME” bit 27, Message bit 59) of the OM subfield in Aircraft
Operational Status Messages (TYPE=31, Subtype=0 or 1). The ADS-B Transmitting
Subsystem shall set this code to ZERO (0) so long as a TCAS Il or ACAS Resolution
Advisory is known not to be in effect (i.e., an update has been received within the last 2
seconds that indicates a “TCAS/ACAS Resolution Advisory is not Active”); otherwise, it
shall set this OM code to ONE (1).

“IDENT Switch Active” OM Code Subfield in Aircraft Operational Status Message

The “IDENT Switch Active” Operational Mode code is a one-bit subfield (“ME” bit 28,
message bit 60) of the OM Code subfield in Aircraft Operational Status Messages.
Initially, the “IDENT Switch Active” OM Code shall be set to ZERO. Upon activation
of the IDENT switch, the ADS-B Transmitting Subsystem shall set this code to ONE for
a period of 18 £ 1 seconds; thereafter, the ADS-B Transmitting Subsystem shall set this
OM Code to ZERO.

Note: The requirement for an interface by which the ADS-B Transmitting Subsystem
may be informed when the IDENT switch is active is given in §2.2.5.1.30.

Reserved for “Receiving ATC Services” OM Code Subfield in Aircraft Operational
Status Message

“ME” bit 29, Message bit 61 of the OM Code subfield in Aircraft Operational Status
Messages shall be reserved for the “Receiving ATC Services” Operational Mode Code.
If implemented into future versions of these MOPS, an ADS-B Transmitting Subsystem
would set this OM Code to ONE when the ADS-B Transmitting Subsystem is Receiving
ATC Services, as indicated by an update having been received via an appropriate
interface on board the transmitting aircraft within the past 5 seconds. Otherwise, in this
version of these MOPS, this OM Code bit shall be set to ZERO.

Note: The requirement for an interface by which the ADS-B Transmitting Subsystem
may be informed when the aircraft is receiving ATC services is given in
§2.2.5.1.31.

“Single Antenna Flag” OM Code Subfield in Aircraft Operational Status Messages

The “Single Antenna” subfield is a 1-bit (“ME” bit 30, Message bit 62) field that shall be
used to indicate that the ADS-B Transmitting Subsystem is operating with a single
antenna. The following conventions shall apply both to Transponder-Based and Stand
Alone ADS-B Transmitting Subsystems:

a. Non-Diversity, i.e., those transmitting functions that use only one antenna, shall set
the Single Antenna subfield to “ONE” at all times.
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2.2.3.2.7.24.6

b. Diversity, i.e., those transmitting functions designed to use two antennas, shall set
the Single Antenna subfield to “ZERQO” at all times that both antenna channels are
functional.

At any time that the diversity configuration cannot guarantee that both antenna channels
are functional, then the Single Antenna subfield shall be set to “ONE.”

Note: Certain applications may require confirmation that each participant has
functioning antenna diversity for providing adequate surveillance coverage.

“System Design Assurance” OM Code Subfield in Aircraft Operational Status
Messages

The “System Design Assurance” (SDA) subfield is a 2-bit (“ME” bits 31 — 32, Message
bits 63 — 64) field that shall define the failure condition that the ADS-B system is
designed to support as defined in Table 2.2.3.2.7.2.4.6.

The supported failure condition will indicate the probability of an ADS-B system fault
causing false or misleading information to be transmitted. The definitions and
probabilities associated with the supported failure effect are defined in AC 25.1309-1A,
AC 23-1309-1C, and AC 29-2C. All relevant systems attributes should be considered
including software and complex hardware in accordance with RTCA DO-178B
(EUROCAE ED-12B) or RTCA D0O-254 (EUROCAE ED-80).

The ADS-B system includes the ADS-B transmission equipment, ADS-B processing
equipment, position source, and any other equipment that processes the position data
transmitted by the ADS-B system.

Table 2.2.3.2.7.2.4.6: “System Design Assuance” OM Subfield in Aircraft Operational Status

Messages
SDA Value . Probability of Undetected Fault causing Software & Hardware
Supported Failure . . . .
_ (binary Condition Nt transmission of False or Misleading Design Assurance Level
(decimal) ) Information Note 3,4 Note 1,3
Unknown/ No > 1X107 per flight hour
0 00 safety effect or Unknown N/A
01 Minor < 1X10° per flight hour D
10 Major < 1X107 per flight hour C
3 11 Hazardous < 1X107 per flight hour B
Notes:

1. Software Design Assurance per RTCA DO-178B (EUROCAE ED-12B). Airborne Electronic Hardware Design
Assurance per RTCA DO-254 (EUROCAE ED-80).

2. Supported Failure Classification defined in AC-23.1309-1C, AC-25.1309-1A, and AC 29-2C.

3. Because the broadcast position can be used by any other ADS-B equipped aircraft or by ATC, the provisions in
AC 23-1309-1C that allow reduction in failure probabilities 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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2.2.3.2.7.2.4.7 “GPS Antenna Offset” OM Code Subfield in Aircraft Operational Status Messages

The

“GPS Antenna Offset” subfield is an 8-bit (“ME” bits 33 — 40, Message bits 65 — 72)

field in the OM Code Subfield of surface format Aircraft Operational Status Messages

that

shall define the position of the GPS antenna in accordance with the following when

Position Offset Applied (82.2.3.2.7.2.3.7) is set to ZERO (0).

a.

© 20xx, RTCA, Inc.

Lateral Axis GPS Antenna Offset:

“ME” bits 33 through 35 (Message bits 65 through 67) shall be used to encode the
lateral distance of the GPS Antenna from the longitudinal axis (Roll) axis of the
aircraft. Encoding shall be established in accordance with Table 2.2.3.2.7.2.4.7A.

Table 2.2.3.2.7.2.4.7A: Lateral Axis GPS Antenna Offset Encoding

“ME” Bit
(Message Bit) GPS Antenna Offset
33 34 35 Along Lateral (Pitch) Axis
(65) (66) | (67) | Leftor Right of Longitudinal (Roll) Axis
0 = left Encoding
1=right | Bitl | Bit0 Direction (meters)
0 0 0 or NO DATA
0 1 2
0 1 0 LEFT 2
1 1 6
0 0 0 or 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 longitudinal
center line of the aircraft.

2. Right means toward the right wing tip moving from the
longitudinal center line of the aircraft.

3. Maximum distance left or right of aircraft longitudinal (roll) axis is
6 meters or 19.685 feet.

Longitudinal Axis GPS Antenna Offset:

“ME” bits 36 through 40 (Message bits 68 through 72) shall be used to encode the
longitudinal distance of the GPS Antenna from the NOSE of the aircraft. Encoding
shall be established in accordance with Table 2.2.3.2.7.2.4.7B.
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2.2327.248

2.2.3.2.7.25

Table 2.2.3.2.7.2.4.7B: Longitudinal Axis GPS Antenna Offset Encoding

Longitudinal Axis GPS Antenna Offset Encoding
“ME” 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 0 or 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
* * * * * *kx
* * * * * **kx
* * * * * *kx
1 1 1 1 1 62
Note: Maximum distance aft from aircraft nose is 62 meters or 203.412 feet.

When Position Offset Applied (82.2.3.2.7.2.3.7) is set to ONE (1), the GPS Antenna
Offset subfield shall be set to ALL ZEROs (0).

Note: When Position Offset Applied (8§2.2.3.2.7.2.3.7) is set to ONE (1), it means that
the GPS antenna position has already been compensated for in the reported
latitude and longitude position 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.

“Reserved” OM Code Subfield in Aircraft Operational Status Messages

“Reserved” bits, (“ME” bits 33 through 40, Message 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, these bits shall be set to “ZERO” (0).

ADS-B “Version Number” Subfield in Aircraft Operational Status Message

The ADS-B “Version Number” (VN) subfield is a 3-bit (“ME” bits 41 through 43,
Message bits 73 through 75) field that shall be used to indicate the Version Number of
the formats and protocols in use on the aircraft installation. Encoding of the ADS-B
Version Number subfield shall be as shown in Table 2-69. Airborne ADS-B systems
conformant to the initial version of the 1090 MHz ADS-B MOPS (RTCA DO-260) do
not broadcast an explicit ADS-B Version Number. Therefore, ADS-B Receiving
Subsystems conformant with this version of the 1090 MHz MOPS (RTCA DO-260B)
shall initially assume a Version Number of ZERO (binary 000), until a received ADS-B
Version Number data indicates otherwise.
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Table 2-69: Version Number Subfield Encoding
Coding .
(Binary) (Decimal) Meaning

000 0 Conformant to DO-260 and DO-242

001 1 Conformant to DO-260A and DO-242A

010 2 Conformant to DO-260B and DO-242B

011-111 3-7 Reserved

2.2.3.2.7.2.6  “NIC Supplement-A” Subfield in Aircraft Operational Status Messages

The NIC Supplement-A subfield in the Aircraft Operational Status Message is a one-bit
subfield (“ME” bit 44, Message bit 76) that, together with the TYPE subfield in Airborne
Position and Surface Position Messages, shall be used to encode the Navigation Integrity
Category (NIC) of the transmitting ADS-B participant. In ADS-B Transmitting
Subsystems with Version Number=2, or later, the NIC Supplement-B is also broadcast in
the Airborne Position Message (82.2.3.2.3.3).

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 use. See 82.1.2.12 of RTCA
DO-242A, the ADS-B MASPS, for a fuller description of the Navigation Integrity
Category.

If an update has not been received from an on-board data source for the determination of
the NIC value within the past 5 seconds, then the NIC Supplement subfield shall be
encoded to indicate the larger Radius of Containment (R¢).

Table 2-70 lists the possible NIC codes and the values of the TYPE subfield of the
Airborne and Surface Position Messages, and of the NIC Supplement subfield that shall
be used to encode those NIC codes in messages on the 1090 MHz ADS-B data link.
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Table 2-70: Navigation Integrity Category (NIC) Encoding.
Airborne Surface
_ _ NIC NIC
NIC Radius of Containment Airborne | sypplement Surface Supplement
Value (Re) Position Codes Position 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<0.1NM (185.2 m) 11 0 0 7 0 0
9 Rc < 75m 11 1 1 7 1 0
10 Rc <25m 10or21 0 0 6 0 0
11 Rc <7.5m 9 or 20 0 0 5 0 0
12 Reserved
13 Reserved
14 Reserved
15 Reserved
Notes:

1. “N/A” means “This NIC value is not available in the ADS-B Surface Position
Message formats.”

2. NIC Supplement-A is broadcast in the Aircraft Operational Status Message, “ME”
bit 44 (Message bit 76, see Figure 2-11). NIC Supplement-B is broadcast in the
Airborne Position Message, “ME” bit 8 (Message bit 40, see Figure 2-3). NIC
Supplement-C is broadcast in the Surface Capability Class (CC) Code Subfield of the
Aircraft Operational Status Message, “ME” bit 20 (Message bit 52, see Table 2-61).

“Navigation Accuracy Category for Position (NACp)” Subfield in Aircraft

Operational Status Messages

The Navigation Accuracy Category for Position (NACy) is a 4-bit subfield of the ADS-B
Aircraft Operational Status Message (“ME” bits 45 to 48, Message bits 77 to 80) that
shall announce 95% accuracy limits for the horizontal position (and for some NACp
values, the vertical position) that is being currently broadcast in airborne position and
surface position messages. Table 2-71 specifies the accuracy limits for each NACp value.
If an update has not been received from an on-board data source for NAC, within the past
5 seconds, then the NAC, subfield shall be encoded as a value of ZERO (0) indicating
“Unknown Accuracy.”
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Note: The Navigation Accuracy Category for Position (NACp) is reported so that
surveillance applications may determine whether the reported geometric position
has an acceptable level of accuracy for the intended use. See §2.1.2.13 of the
ADS-B MASPS, RTCA DO-242A, for a fuller description of NACp.

Table 2-71: Navigation Accuracy Category for Position (NACp) Encoding

Coding 95% Horizontal and Vertical Comment Notes

(Binary) | (Decimal) Accuracy Bounds (EPU)

0000 0 EPU > 18.52 km (10 NM) Unknown accuracy 1
0001 1 EPU < 18.52 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 13
0101 5 EPU <926 m (0.5 NM) RNP-0.5 accuracy 13
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<30m e.g., GPS (SA off) 1,24
1010 10 EPU <10 m e.g., WAAS 1,24
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 2-71:

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 NACp only refers to horizontal position error uncertainty.

2.2.3.2.7.2.8 “Geometric Vertical Accuracy (GVA)” Subfield in Aircraft Operational Status
Messages

The “Geometric Vertical Accuracy (GVA)” subfield of Subtype=0 Aircraft Operational
Status Message is a 2-bit field (“ME” bits 49-50, Message bits 81-82) defined in Table
2.2.3.2.7.2.8. The GVA field shall be set by using the Vertical Figure of Merit (VFOM)
(95%) from the GNSS position source used to encode the geometric altitude field in the
Airborne Position Message.
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Table 2.2.3.2.7.2.8: Encoding of the Geometric Vertical Accuracy (GVA) Subfield in Aircraft

2.2.3.2.7.2.9

Operational Status Messages

GVA Encoding Meaning
(decimal) (meters)
0 Unknown or > 45 meters
1 <45 meters
2 Reserved
3 Reserved

Note: For the purposes of these MOPS (RTCA DO-260B) values for 0 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.

“Source Integrity Level (SIL)” Subfield in Aircraft Operational Status Messages

The “SIL” (Source Integrity Level) subfield is a 2-bit (“ME” bits 45 and 46, Message bits
77 and 78) field that shall be used to define the probability of the reported horizontal
position exceeding the radius of containment defined by the NIC, without alerting,
assuming no avionics faults. The SIL will address the Signal-in-Space, if applicable, and
will be the higher of the faulted or fault free probability of the Signal-In-Space causing
the NIC radius of containment to be exceeded.

Note: The faulted Signal-in-Space case will represent the highest probability for GNSS
position sources while the fault free Signal-in-Space case will represent the
highest probability for DME/DME or DME/DME/LOC position sources because
the Signal-in-Space is monitored and for IRU position sources because there is
no Signal-in-Space.

The SIL probability can be defined as either “per sample” or “per hour” as defined in the
SIL Supplement (SILsupp) in 82.2.3.2.7.1.3.1.

The “SIL” subfield shall be encoded in accordance with Table 2-72. For installations
where the SIL value is being dynamically updated, if an update has not been received
from an on-board data source for SIL within the past 5 seconds, then the SIL subfield
shall be encoded as a value of ZERO (0), indicating “Unknown.”

Note: The SIL and NIC should be set to unknown if the ADS-B 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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Table 2-72: “SIL” Subfield Encoding

SIL Coding Probability of Exceeding the NIC
(Binary) | (Decimal) Containment Radius (R¢)
00 0 Unknown or > 1 x 10
per flight hour or per sample
01 1 _ <1x10°
per flight hour or per sample
<1x10°
10 2 per flight hour or per sample
11 3 _ =1x107
per flight hour or per sample

Notes:

1.

2.2.3.2.7.2.10 “Barometric Altitude Integrity Code (NICgaro) Subfield in Aircraft Operational

The RTCA DO-242 definition of SIL has been updated in this version of these MOPS.
These updates will be incorporated in §2.1.2.15 of the ADS-B MASPS, RTCA DO-

242B.

Implementers should not arbitrarily set the SIL to ZERO (0) just because SIL is not
provided by the position source. Implementers should perform an off-line analysis of

the installed position source to determine the appropriate SIL.

Status Messages

The “NICgaro” (Barometric Altitude Integrity Code) is a 1-bit subfield of “Subtype 0”
ADS-B Aiircraft Operational Status Messages (“ME” bit 53, Message bit 85) that shall be
used to indicate whether or not the barometric pressure altitude being reported in the
Airborne Position Message (82.2.3.2.3) has been cross-checked against another source of
pressure altitude. The “NICgaro ~ subfield shall be encoded in accordance with Table 2-
73. If an update has not been received from an on-board data source for NICgaro Within
the past 5 seconds, then the NICgaro Subfield shall be encoded as a value of ZERO (0).

Table 2-73: “NICgaro” Subfield 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 cross-checked against another source

of pressure altitude

The barometric altitude that is being reported in the
Airborne Position Message is either based on a Gilham code
input that has been cross-checked against another source of
pressure altitude and verified as being consistent, or is based

on a non-Gilham coded source

Notes:

1. The NIC value itself is conveyed within the ADS-B Position Message.
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2. The NIC,.o subfield provides a method of indicating a level of data integrity for
aircraft installed with Gilham encoding barometric altitude sources. Because of 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 NICqo subfield be set to a value of ONE (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 NICeguwo subfield will be set to a value of ONE (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.

“Aircraft/Vehicle Length and Width Code” Subfield in Aircraft Operational Status
Messages

The Aircraft/Vehicle (A/V) Length and Width Code Subfield is a four-bit field (“ME”
bits 21 to 24, Message bits 53 to 56) of the Aircraft Operational Status Messages
(Subtype=1, for Surface Participants). This field shall describe the amount of space that
an aircraft or ground vehicle occupies. The A/V Length and Width Code is based on the
actual dimensions of the transmitting aircraft or surface vehicle as specified in Table 2-
74. Once the actual Length and Width of the A/V has been determined, each A/V shall
be assigned the smallest A/V Length and Width Code from Table 2-74 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 equal to the 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). But since the wingspan exceeds 34
m, it does not qualify for even the “wide” subcategory (width code = 1) of length
category 1. Such an aircraft would be assigned length code = 4 and width code
= [, meaning “length less than 55 m and width less than 52 m.”
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Table 2-74: “Aircraft/Vehicle Length and Width Code” Encoding

Width Upper-Bound Length and Width
A \(/:o dLe/W Length Code Code for Each Length/Width Code
ME | ME | ME | ME Length Width
. Bit Bit Bit Bit
(Decimal) 1 29 23 24 (meters) (meters)
0 0 0 0 0 No Data or Unknown
1 0 0 0 1 15 23
2 0 28.5
3 0 0 1 1 25 3
4 0 33
5 0 1 0 1 35 38
6 0 39.5
7 0 1 1 1 45 45
8 0 45
9 1 0 0 1 55 5
10 0 59.5
1 1 0 1 1 65 67
12 0 72.5
13 1 1 0 1 75 30
14 0 80
15 ! ! ! 1 & 90

If the Aircraft or Vehicle is longer than 85 meters, or wider than 90 meters, then decimal

Aircraft/Vehicle Length/Width Code 15 shall be used.

2.2.3.2.7.2.12 “Track Angle/Heading” Subfield in Aircraft Operational Status Messages

The Track Angle/Heading subfield is a 1-bit field (“ME” bit 53, Message bit 85) of the
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 ADS-B Surface Position Message (§2.2.3.2.4) when the Air/Ground status is
determined to be in the “On-Ground” state as defined in §2.2.3.2.1.2. The encoding of

the Track Angle/Heading subfield shall be as specified in Table 2-75.

© 20xx, RTCA, Inc.
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Coding Meaning
0 Track Angle
1 Heading
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2.2.3.2.7.2.13

2.2.3.2.7.2.14

2.2.3.2.7.2.15

2.2.3.2.7.3

“Horizontal Reference Direction (HRD)” Subfield in Aircraft Operational Status
Messages

The Horizontal Reference Direction (HRD) subfield of the ADS-B Aircraft Operational
Status Messages is a 1-bit field (“ME” bit 54, message bit 86) that shall indicate the
reference direction (true north or magnetic north) for horizontal directions such as
heading, track angle. The Horizontal Reference Direction subfield shall be encoded as
specified in Table 2-76.

Table 2-76: Horizontal Reference Direction (HRD) Encoding.

Coding Meaning
0 True North
1 Magnetic North

“SIL Supplement” Subfield in Aircraft Operational Status Messages

The “SIL Supplement” (Source Integrity Level Supplement) subfield is a 1-bit (“ME” bit
55, Message bit 87) field that shall define whether the reported SIL probability is based
on a “per hour” probability or a “per sample” probability as defined in 8§2.2.3.2.7.1.3.1,
with the encoding specified in Table 2-46.

“Reserved” Subfield in Aircraft Operational Status Message

There are two “Reserved” subfields in the Aircraft Operational Status Message. The first
is a 2-bit field (“ME” bits 49 and 50, Message bits 81 and 82) of the Aircraft Operational
Status Message (Subtype=1, for Surface Participants). The second “Reserved” subfield is
a 1-bit field (“ME” bit 56, Message bit 88) that shall be reserved for future applications.

TYPE Code “23” ADS-B Messages for “TEST”

TYPE “23” ADS-B Messages shall be used for Test Purposes. “TEST” Messages shall
be used exclusively for the broadcast of information in support of bench and/or
certification testing of 1090 MHz ADS-B systems, or for the broadcast of information of
interest only to local ADS-B ground applications. “TEST” Message broadcasts will not
result in an ADS-B report being generated onboard any other ADS-B equipped aircraft,
nor is the specific information being included in the “TEST” Message expected to be
generally codified within internationally accepted standards. “TEST” Messages
containing information of interest only to local ADS-B ground applications are intended
to be used in support of technical or operational evaluations, or in support of local
operational requirements.

These MOPS define only one category of use for the “TEST” Messages, Subtype=0.
“TEST” Messages of Subtypes 1 through 7 are reserved.

“TEST” Messages with Subtype=0 shall be used only for messages in support of bench
and/or certification testing of 1090 MHz ADS-B systems. The format for “TEST”
Messages with Subtype=0 shall be shown in Figure 2-12.
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“TEST” Message (TYPE=23 and Subtype=0)
MSG
Bit ) JE——— 37 38 o - 40 /[ 88
“ME”
Bit # [ 5 [ JE— 8 o JEE————— 56
Field TYPE=23 Subtype=0 Unformatted Test Data
Name [5] [3] [48]
MSB MSB MSB
LSB LSB LSB
Figure 2-12: “TEST” Message with Subtype=0 Format
2.2.3.2.17.4 Surface System Status Messages with TYPE Code=24
The Surface System Status 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. The format of the Surface System Status Message shall 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 “ME” Field Format
Msg
Bit c JER———— 37 7 JR—— 40 | [pS——— 88
GSME”
Bit #  SSST——— 5 [ —— 8 - JORRUS— 56
Field TYPE =24 SUBTYPE Surface
Name [5] 3] System Status
[48]
MSB MSB MSB
LSB LSB LSB
Figure 2.2.3.2.7.4: “Surface System Status” ADS-B Message “ME” Field Format
2.2.3.2.7.41 “TYPE” Code Subfield in Surface System Status Messages
The “TYPE” Code subfield was previously specified for the Airborne Position Message
in §2.2.3.2.3.1 and remains the same for the Surface System Status Message that uses
TYPE Code=24.
2.2.3.2.7.42 “SUBTYPE” Code Subfield in Surface System Status Messages

The “SUBTYPE” Code subfield is a 3-bit (“ME” bits 6 through 8, Message bits 38
through 40) subfield that shall be used to indicate the source of the Surface System Status
Message as specified in Table 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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2232743

2.2.3.2.15

2.2.3.2.7.6

2.2.3.2.17.7

2.2.3.2.7.8

2232781

| 2-7 | Reserved |

“Surface System Status” Subfield in Surface System Status Messages

The Surface System Status subfield is a 48 bit (“ME” bits 9 through 56, Message bits 41
through 88) subfield that may be defined by the system equipment manufacturer.

RESERVED TYPE Code “25” ADS-B Messages
ADS-B Messages with TYPE Code=25 shall be Reserved for future expansion.

RESERVED TYPE Code “26” ADS-B Messages
ADS-B Messages with TYPE Code=26 shall be Reserved for future expansion.

RESERVED TYPE Code “27” ADS-B Messages

ADS-B Messages with TYPE Code=27 are Reserved for future expansion of these MOPS
to specify Trajectory Change Message formats.

Note: While no messages supporting Trajectory Change (TC) Reports are defined in
this version of these MOPS, a possible approach to the broadcast of this
information is described in Appendix O, “Accommodation of Trajectory Change
Reporting.

Extended Squitter Aircraft Status Messages with TYPE Code=28

Emergency / Priority Status and Mode A Code (Subtype=1)

The Extended Squitter Aircraft Status Message (TYPE Code=28) is used to provide
additional information regarding aircraft status. Subtype=1 is used specifically to
provide Emergency / Priority Status and the broadcast of the Mode A (4096) Code.

Specific formatting of the TYPE Code=28, Subtype=1 is specified in Figure 2-13 and in
Appendix A, Figure A-8.
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“1090ES Aircraft Status Message (Emergency/Priority Status) (TYPE=28, Subtype=1)”
MSg | 3337 | 3840 | 41 -oeeee LR R — T Ry A— 88
Bit #
“ME”
Rit# | 17 5 | 6-mem-mm- 8 Q —mmmeee- 11 12 -eeeeee- 2 i C peeeemee— 56
Field | TYPE=28 | Subtype=1 Pﬁg‘ﬁtrg‘;“tg{é . | Mode A Code Reserved
Name [5] [3] 3] [13] [45]
MSB LSB MSB LSB MSB LSB MSB LSB MSB LSB

Figure 2-13: 1090ES Aircraft Status Message (Emergency/Priority Status)
(TYPE=28, Subtype=1)

2.2.3.2.7.8.1.1 “Emergency/Priority Status” Subfield in Aircraft Status Messages

The

“Emergency/Priority Status” subfield in the Extended Squitter Aircraft Status

Message shall be encoded in accordance with Table 2.2.3.2.7.8.1.1.

© 20xx, RTCA, Inc.

Table 2.2.3.2.7.8.1.1: “Emergency/Priority Status” Subfield Encoding

Codin .

(Binary) (Eg)ecimal) 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

If the pilot enters a Mode A Code of 7500, the “Emergency/Priority Status” subfield
shall be encoded with a value of decimal 5 indicating “Unlawful Interference.”

If the pilot enters a Mode A Code of 7600, the “Emergency/Priority Status” subfield
shall be encoded with a value of decimal 4 indicating “No Communications.”

If the pilot enters a Mode A Code of 7700, the “Emergency/Priority Status” subfield
shall be encoded with a value of decimal 1 indicating “General Emergency.”

The emergency condition initiated by the pilot entry of Mode A Code 7500, 7600 or
7700 shall be terminated when the pilot changes to any other Mode A Code.

Note: The “Surveillance Status” subfield value of ONE corresponds to the
emergency condition activated by Mode A Code 7500, 7600 or 7700 and the
change from the value of ONE signals the termination of the emergency
condition (see §2.2.3.2.3.2).

If an update has not been received from an on-board data source for the
“Emergency/Priority Status” within the past 5 seconds, then the “Emergency/Priority
Status” subfield in the Aircraft Status Message shall be encoded with a value of
ZERO (binary 000) indicating “No Emergency.”
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2.2.3.2.78.1.2

2.2.3.2.7.8.2

Note:

The encoding of the “Emergency/Priority Status” subfield values 2, 3 and 6 do
not have a corresponding Mode A Code value that denotes the emergency
condition. The establishment of these emergency conditions by providing a pilot
interface to activate them is optional in this version of these MOPS.

“Mode A (4096) Code” Subfield in Aircraft Status Messages

a. The Mode A (4096) Code subfield in the Aircraft Status Message shall be encoded as
defined in RTCA DO-181D, 82.2.4.1.2 and §2.2.13.1.2.b (EUROCAE ED-73C,
§3.5.2 and 83.5.6.h).

b. Starting with “ME” bit 12, the code sequence shall be C1, Al, C2, A2, C4, A4,
ZERO, B1, D1, B2, D2, B4, D4.

Note:

The broadcast of the Mode A (4096) Code in the Aircraft Status Message with
Subtype=1 is provided as a transitional feature to aid operation of ATC
automation systems that use Mode A 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 of “3000,” disables the broadcast of the Mode A (4096) Code
as specified in 82.2.3.3.1.4.3.1.

1090ES TCAS Resolution Advisory (RA) Broadcast Message (Subtype=2)

The Extended Squitter Aircraft Status Message (TYPE “28”) is also used to provide

additional information regarding the TCAS Resolution Advisory (RA).

Subtype=2 is

used specifically to provide the encoding of this information as specified in Figure 2-14.
The content of the fields of the 1090ES TCAS RA Message conform to the
corresponding bits of transponder Register 3036, and are specified in ICAO Annex 10,
Vol 1V, §4.3.8.4.2.2.1.

1090ES Aircraft Status Message (TCAS RA Broadcast Message) (TYPE=28, Subtype=2)

Msg
Bit #

59

60

63 ---- 88

“ME”
Bit #

27

28

31 ---- 56

Field
Name

TYPE=28
(5]

Subtype=2
(3]

Active
Resolution
Advisories

(ARA)

[14]

RA
Terminated
(RAT)
[1]

Multiple
Threat
Encounter
(MTE)
[1]

Threat
Type
Indicator
(TTI)
[2]

Threat
Identity
Data
(TID)
[26]

MSB LSB

Note:

MSB LSB

MSB LSB

MSB LSB

“[#]” provided in a field indicates the number of bits in that field.

MSB LSB

Figure 2-14: 1090ES Aircraft Status Message (TCAS RA Broadcast Message)

(TYPE=28, Subtype 2)
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2.2.3.2.7.9

2.2.3.3

22331

223311

2.2.3.3.1.2

a. The transmission of the Aircraft Status Message with Subtype=2 shall begin within
0.5 seconds after the transponder notification of the initiation of a TCAS Resolution
Advisory.

b. The transmission of the Aircraft Status Message with Subtype=2 shall be terminated
24 +1 seconds after the Resolution Advisory Termination (RAT) flag transitions from
ZERO (0) to ONE (1).

c. Aircraft Status Messages with Subtype=2 shall have priority over Aircraft Status
Messages with Subtype=1, and over all other Event-Driven Messages.

RESERVED TYPE Code “30” ADS-B Messages

ADS-B Messages with TYPE Code=30 are Reserved for future expansion.

Note: The first version of these MOPS (RTCA DO-260) specified TYPE “30” for use in
support of Operational Coordination Messages. The Operational Coordination
Messages are no longer required and future editions of these MOPS may specify
a different use for TYPE “30” Messages.

ADS-B Message Transmission Rates
Transmission Rates for Transponder - Based Transmitters

Transmission Rates Compliant with RTCA DO-181D (EUROCAE ED-73C)

ADS-B transmitters based on Mode S transponders shall comply with the Message
Transmit Rates specified in RTCA DO-181D (EUROCAE ED-73C), for each class of
transponder defined in the latest version of FAA TSO-C112.

Note: The requirements of RTCA DO-181D (EUROCAE ED-73C) are consistent with
the requirements of ICAO Annex 10, Volume IV, fourth edition, July 2007,
§3.1.2.8.6.4.

Transmission Rates Not Specified in RTCA DO-181D (EUROCAE ED-73C)

When the transmission rate of a particular message type is not specified in RTCA DO-
181D (EUROCAE ED-73C), then the Mode S Transponder-Based ADS-B 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 RTCA DO-
181D (EUROCAE ED-73C) and this document, then the requirements of RTCA DO-
181D (EUROCAE ED-73C) 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 2-77 summarizes the broadcast rates of the 1090ES ADS-B Messages specified in
these MOPS (RTCA DO-260B).
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Table 2-77: 1090 MHz Extended Squitter ADS-B Message Broadcast Rates
Broadcast Rate
Transponder Event—Drlyen 1090ES ADS-B Message On-the-Grgund, On-the-Grpund Airborne
Register Message Priority not moving and moving
. . 2 /1 second
BDS 0,5 N/A IAirborne Position N/A N/A (0.4— 0.6 sec)
LOW RATE HIGH RATE
BDS 0,6 N/A Surface Position 1/5 seconds 2 /1 second N/A
(4.8 5.2 sec) (0.4 — 0.6 sec)
LOW RATE HIGH RATE HIGH RATE
BDS 0,8 N/A IAircraft Identification and Category 1/10 seconds 1/5 seconds 1/5 seconds
(9.8 — 10.2 sec) (4.8 —5.2 sec) (4.8 —5.2 sec)
. . 2 /1 second
BDS 0,9 N/A IAirborne Velocity N/A N/A (0.4— 0.6 sec)
. TCAS RA or Mode A Code Change
IAircraft Status
BDS 6,1 gn(q:gselr?? :12 (Emergency/Priority Status, Subtype=1) NoTC ASO ; A ONQ sls/lco;dsA ch
gency (TCAS RA Broadcast, Subtype=2) 0 » N0 Mode ange
4.8 — 5.2 seconds
BDS 6,2 N/A Target State and Status (TSS) N/A N/A 1.2 — 1.3 seconds
No change TSS being broadcast or not
NICsypp/NAC/SIL No change TCAS/NAC/SIL
2.4 — 2.6 seconds 2.4 — 2.6 seconds
TSS being broadcast
BDS 6,5 N/A IAircraft Operational Status 4.8 —5.2 seconds . Change in TCAS/NAC/SIL
Change in 2.4 — 2.6 seconds
NICsypp/NAC/SIL y : 5
0.7 — 0.9 seconds TSS not broadcast
Change in TCAS/NAC/SIL
0.7 — 0.9 seconds

N/A = Not Applicable

Notes:

1. Transmitters 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 2 Periodic Status and Event Driven messages per second, averaged over any 60 second interval, yields the required 6.2 messages per second.
2. Not all aircraft broadcast the Target State and Status Message (see Table 2-3).
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2.2.3.3.1.3

223314

2233141

2233142

Maximum Transmission Rates for Transponder - Based Transmitters

The maximum ADS-B Message transmission rate shall not exceed 6.2 transmitted
messages per second averaged over any 60 second interval, distributed as required by
RTCA DO-181D, 82.2.23.1.3 (ED-73C, §3.28.3).

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 2 Periodic Status and Event Driven messages per second,
averaged over any 60 second interval, yields the required 6.2 messages per
second.

ADS-B Periodic Status and Event-Driven Message Broadcast Rates

ADS-B Target State and Status Message Broadcast Rates

a. The Target State and Status Message(s) (TYPE=29, §2.2.3.2.7.1) 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 with a Subtype value of ZERO (0) shall, 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 requirements of subparagraph “a.” above.

c. The broadcast rates for Target State and Status Messages with a Subtype subfield
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 and Status Message Subtype (i.e., unique for each value of
the Subtype subfield).

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 change in target state or system status information.

ADS-B Aircraft Operational Status Message Broadcast Rates

The rate at which the ADS-B Aircraft Operational Status Messages (TYPE=31 and
Subtype=0, §2.2.3.2.7.2) are broadcast shall vary depending on the following conditions:

Condition 1:  Target State and Status Message (82.2.3.2.7.1) for Target State and
Status Information (i.e., TYPE=29 and Subtype=1) is not being
broadcast versus being broadcast.
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Condition 2:  There has been a change within the past 24 seconds in the value of one or

a.

d.

more of the following parameters included in the Operational Status
Message:

a. TCAS/ACAS Operational
b. ACAS/TCAS resolution advisory active
c. NAC,
d. SIL
For the two cases where:

i. The Target State and Status Message (82.2.3.2.7.1) with Subtype=1 is not being
broadcast and Condition 2 above is not applicable (hominal condition); or

ii. The Target State and Status Message with Subtype=1 is being broadcast
regardless of the applicability of Condition 2 above;

The Aircraft Operational Status Message shall be broadcast at random intervals
uniformly distributed over the range of 2.4 to 2.6 seconds.

For the case where the Target State and Status Message (82.2.3.2.7.1) with
Subtype=1 is not being broadcast and Condition 2 above is applicable, the Aircraft
Operational Status Message broadcast rate shall be increased for a period of 24
seconds (x1 second) such that the broadcasts occur at random intervals that are
uniformly distributed over the range of 0.7 to 0.9 seconds.

While the A/V is determined to be in the “On-Ground” condition, and Condition 2
above IS NOT applicable, then the ADS-B Aircraft Operational Status Message
(TYPE=31 and Subtype=1, for surface participants, 82.2.3.2.7.2) shall be broadcast
at random intervals that are uniformly distributed over the range of 2.4 to 2.6
seconds.

While the A/V is determined to be in the “On-Ground” condition, and Condition 2
above IS applicable, then the broadcast rate of the ADS-B Aircraft Operational Status
Message (TYPE=31 and Subtype=1, for surface participants, §2.2.3.2.7.2) shall be
increased for a period of 24 seconds (x1 second) such that the broadcasts occur at
random intervals that are uniformly distributed over the range of 0.7 to 0.9 seconds.

2.2.3.3.1.43 “Extended Squitter Aircraft Status” ADS-B Event-Driven Message Broadcast Rates

2.2.3.3.1.43.1 “Emergency/Priority Status Message” Broadcast Rates

The

“Emergency/Priority Status Message” (TYPE=28, Subtype=1), (see §2.2.3.2.7.8)

shall be broadcast using the Event—Driven protocol. The rate of transmission varies
depending on other conditions. If the transmission of the Mode A Code is disabled, the
transmission of the “Emergency/Priority Status Message” occurs only when an
emergency condition is active. When the transmission of the Mode A Code is enabled,

the

transmission rate of the “Emergency/Priority Status Message” depends on whether

the Mode A Code is changed, or if an emergency condition is active.

© 20xx, RTCA, Inc.
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When the Mode A Code is set to “3000,” the 1090ES Transmitting Subsystem shall
disable the transmission of the Mode A Code and broadcast the “Emergency/Priority
Message” in accordance with 82.2.3.3.1.4.3.1.1 only when an emergency 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 “3000” for this purpose is in accordance with the ICAO

Doc 9871 provision 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.

2.2.3.3.143.1.1 “Emergency/Priority Status Message” Broadcast Rates When Transmission of

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 “Emergency/Priority Status Message” (TYPE=28, Subtype=1) shall be
broadcast at random intervals that are uniformly distributed over the range of 0.7 to
0.9 seconds relative to the previous “Emergency/Priority Status” for the duration of
the emergency condition which is established by any value other than ZERO in the
“Emergency/Priority Status” subfield in accordance with (§2.2.3.2.7.8.1.1).

In the case where there is no emergency condition established by a ZERO value in
the “Emergency/Priority Status” subfield, then the “Emergency/Priority Status
Message” shall not be broadcast.

2.2.3.3.1.43.1.2 “Emergency/Priority Status Message” Broadcast Rates When Transmission of

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 “Emergency/Priority Status” (TYPE=28, Subtype=1) shall be broadcast at
random intervals that are uniformly distributed over the range of 0.7 to 0.9 seconds
relative to the previous “Emergency / Priority Status” under the following conditions:

i. For a duration of 24 1 seconds following a Mode A Code change by the pilot
except if the Mode A 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
Alert in the “Surveillance Status” field (value of 1) (see §2.2.3.2.3.2). A
change in the Mode A Code, except to 7500, 7600 or 7700, is indicated

by a Temporary Alert in the “Surveillance Status” subfield (value of 2)
(see §2.2.3.2.3.2).
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ii. For the duration of an emergency condition by any non-ZERO value in the
“Emergency/Priority Status” subfield in accordance with (§2.2.3.2.7.8.1.1), if the
emergency code is cleared by the pilot changing the Mode A Code to other than
7500, 7600 or 7700, the broadcast of the “Emergency/Priority Status” Message
shall be continued for 24 +1 seconds as “i” above.

b. In the absence of conditions specified in “a” above, the “Emergency/Priority Status”
Message shall be broadcast at random intervals that are uniformly distributed over
the range of 4.8 to 5.2 seconds relative to the previous “Emergency / Priority Status”
Message.

2.2.3.3.1.4.3.2 “TCAS RA Broadcast Message” Broadcast Rate

2233144

2.2.3.3.1.45

2.2.3.3.1.4.6

A TCAS RA Broadcast (TYPE=28, Subtype=2), shall be broadcast at random intervals
that are uniformly distributed over the range of 0.7 to 0.9 seconds relative to the previous
“TCAS RA Broadcast Message” for the duration of the TCAS RA in accordance with
82.2.3.2.7.8.2.

“TYPE Code=23 (TEST)” ADS-B Event-Driven Message Broadcast Rate

The following broadcast rate requirements shall apply only under the condition that
“TEST” Messages of the Subtype indicated are authorized to be transmitted.

The “TEST” ADS-B Event-Driven Messages with Subtype=0 shall be broadcast NOT
MORE THAN ONCE each time the Event-Driven Test Information is updated to the
transponder.

“TYPE Codes 24 — 27” and “TYPE Code=30” ADS-B Event-Driven Message
Broadcast Rate

In general, TYPE Codes 24 - 27 ADS-B Event-Driven Messages shall be broadcast
ONCE each time the Event-Driven TYPE Code 24 - 27 information is updated to the
transponder.

ADS-B Message Transmission Scheduling

An ADS-B Message scheduling function shall be used to determine the sequence of
ADS-B Messages to be broadcast and to control the overall transmission rate of Event-
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 (82.2.3.2.7.7). 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 Class A1S and Al airborne systems. The following requirements for the
Event-Driven Message Scheduling Function include provisions to accommodate
the future addition of messages conveying Trajectory Change information (i.e.,
message TYPE=27).

The Event-Driven Message Scheduling Function shall ensure that the total Event-Driven
message rate does not exceed 2 transmitted messages per second. This is consistent with
the required overall maximum allowed transmission rate specified in §2.2.3.3.1.3.

The Event-Driven Message Scheduling Function shall apply the following rules as a
means of prioritizing the Event-Driven Message transmissions and limiting the
transmission rates:

a. The Event-Driven Message scheduling function shall reorder, as necessary, pending
Event-Driven Messages according to the following message priorities, listed below
(and in Table 2-145) in descending order from highest to lowest priority:

i. The broadcast of the Extended Squitter Aircraft Status Message (82.2.3.2.7.8.1)
TCAS RA Broadcast (TYPE=28, Subtype=2).

ii. The broadcast of the Extended Squitter Aircraft Status Message (82.2.3.2.7.8.2)
Emergency/Priority Condition (TYPE=28, Subtype=1).

iii. This priority level applies as a default to any Event-Driven Message TYPE and
Subtype combination not specifically identified at a higher priority level above.
Event-Driven Messages of this default priority level shall be delivered to the
transponder on a first-in-first-out basis at equal priority.

b. The Event-Driven Message scheduling function shall 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 these MOPS, requiring a complementary
change to the Mode S transponder MOPS, will 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 the Event-Driven
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) above shall 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 messages shall directly replace older messages of the same exact TYPE and
Subtype (where a Subtype is defined) that are already in the pending message queue.
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The updated message shall 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 awaiting delivery to the transponder, then
pending message(s), shall 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 and Subtype, within the Message Lifetime value
specified in the Table 2-78 below:

Table 2-78: Event-Driven Message Lifetime
Message Message Message Lifetime

TYPE Subtype (seconds)

23 =0 5.0 seconds (0.2 sec.)
=1-7 Reserved (see Note)
24 Reserved (see Note)
25 Reserved (see Note)
26 Reserved (see Note)
27 Reserved (see Note)

=1 5.0 seconds (£0.2 sec.)

28 _, 10 seconds 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 used for queue 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 transmitters shall meet the
transmission rate requirements of §2.2.3.3.1.3 and the message update rate
requirements specified in the following subparagraphs.

b. Extended Squitter messages shall be transmitted at random intervals that are
uniformly distributed over 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.
2.2.3.3.2.1 Power-On Initialization and Start Up
2.2.3.3.2.1.1  Power-On Initialization

a.

© 20xx, RTCA, Inc.

At power-up initialization, the ADS-B Transmitting Subsystem shall start operations
in a mode in which it transmits NO messages.

Given that appropriate message data is provided to the ADS-B Transmitting

Subsystem, the transmission device shall be capable of transmitting ADS-B
Messages no later than 2.0 seconds after Power-On.
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2.2.3.3.2.2

2.2.3.3.2.3

C.

After a power-up initialization exceeding the momentary power interruption
capability of the equipment, the total set of BITE tests that check all necessary
functions of the ADS-B device shall be completed within 20 seconds. As a
minimum, the BITE tests shall include RAM, ROM, 1I/O, Timing, CPU instruction
integrity, and any associated RF hardware tests necessary to ensure proper
functioning of the ADS-B device.

Start Up

a.

The ADS-B Transmitting Subsystem shall initiate broadcast transmissions of the
Airborne Position, Surface Position, Aircraft Identification and Category, Velocity,
Target State and Status, and/or Aircraft Operational Status Messages only when it has
received appropriate data to structure at least one variable data field of the respective
message. As such, each message shall be initiated individually and independently of
the other messages.

The single exception is presented by Altitude data in the Airborne Position Message
which shall be processed as follows:

The ADS-B Transmitting Subsystem shall not initiate broadcast of the Airborne
Position Message until horizontal position data has been received. That is, that
altitude data alone shall not be sufficient to initiate broadcast of the Airborne
Position Message.

Once ADS-B Message transmission has been initiated the transmission rate of each
type of ADS-B Message shall be as provided in the following paragraphs.

ADS-B Airborne Position Message Broadcast Rate

Once started, ADS-B Airborne Position Messages shall be broadcast by the transmission
device when in the Airborne state at random intervals that are uniformly distributed over
the range of 0.4 to 0.6 seconds relative to the previous Airborne Position Message, with
the exceptions as specified in §2.2.3.3.2.9.

ADS-B Surface Position Message Broadcast Rate

a.

Once started, ADS-B Surface Position Messages shall be broadcast by the
transmission device when in the On-Ground state using either the “High” or “Low”
rate, which has been selected as follows:

(1). Switching from “High” rate to “Low” Rate:

(@). The broadcast rate shall be changed from “High” to “Low” when the
navigation source position data has not changed more than 10 meters in any
30 second interval.

Note: It is acceptable to compute the 10 meter distance using either
rectangular or polar coordinates.

(b). Upon selecting the “Low” rate, the transmission device shall save the
Position data at the time that the “Low” rate was selected.
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(2). Switching from “Low” rate to “High” Rate:

The broadcast rate shall be changed from “Low” to “High” when the position of
the transmission device has changed by 10 meters or more since the “Low” rate
was selected.

Note: It is acceptable to compute the 10 meter distance using -either
rectangular or polar coordinates.

If the “High” rate is selected, then the Surface Position Message shall be transmitted
at random intervals that are uniformly distributed over the range of 0.4 to 0.6 seconds
relative to the previous Surface Position Message.

If the “Low” rate is selected, then the Surface Position Messages shall be transmitted
at random intervals that are uniformly distributed over the range of 4.8 to 5.2 seconds
relative to the previous Surface Position Message.

If the transmission device loses its navigation source, the “High” rate shall be used as
the default transmission rate.

Exceptions to these transmission rate requirements are specified in §2.2.3.3.2.9.

2.2.3.3.2.4 ADS-B Aircraft Identification and Category Message Broadcast Rate

a.

Once started, ADS-B Aircraft ldentification and Category Messages shall be
broadcast by the transmission device at random intervals that are uniformly
distributed over the range of 4.8 to 5.2 seconds relative to the previous Identification
and Category Message, when the ADS-B Transmitting Subsystem is reporting the
Airborne Position Message, or when reporting the Surface Position Message at the
high rate.

When the Surface Position Message is being reported at the low surface rate, then the
Aircraft Identification and Category Message shall be broadcast at random intervals
that are uniformly distributed over the range of 9.8 to 10.2 seconds relative to the
previous Aircraft Identification and Category Message.

When neither the Airborne Position Message nor the Surface Position Message is
being transmitted, then the Aircraft Identification and Category Message shall be
broadcast at the rate specified in subparagraph a.

Exceptions to these transmission rate requirements are specified in §2.2.3.3.2.9.

2.2.3.3.25 ADS-B Velocity Information Message Broadcast Rate

a.

© 20xx, RTCA, Inc.

Once started, ADS-B Velocity Information Messages shall 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.

Exceptions to these transmission rate requirements are specified in §2.2.3.3.2.9.
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2.2.3.3.2.6
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2.2.3.3.2.6.2

2.2.3.3.2.6.3

2.2.3.3.2.7

2.2.3.3.2.8

2.2.3.3.2.9

ADS-B Periodic Status Message Broadcast Rates

ADS-B Target State and Status Message Broadcast Rates

a. The requirements of 82.2.3.3.1.4.1 are applicable.

b. The Target State and Status Message (TYPE=29, Subtype=0, §2.2.3.2.7.1) 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 and Status Message for as long as
data is available to satisfy the requirements of subparagraph “a.” above.

c. Exceptions to these transmission rate requirements shall be as specified in
§2.2.3.3.2.9.

ADS-B Aircraft Operational Status Message Broadcast Rates

a. The Aircraft Operational Status Message (TYPE=31 and Subtype=0 and 1)
(82.2.3.2.7.2) shall be broadcast at the rates as specified in §2.2.3.3.1.4.2.

b. Exceptions to these transmission rate requirements shall be as defined in §2.2.3.3.2.9.

“Extended Squitter Aircraft Status” ADS-B Event-Driven Message Broadcast Rate

a. The rate at which the “Extended Squitter Aircraft Status” (TYPE=28), ADS-B Event-
Driven Message (see 82.2.3.2.7.8) shall be broadcast varies as defined in
§2.2.3.3.1.4.3.

b. The exceptional conditions specified in §2.2.3.3.2.9 shall be observed.

“TYPE Code=23 (TEST)” ADS-B Event-Driven Message Broadcast Rate

The “TEST” Message with Subtype=0 ADS-B Event-Driven Messages shall be
broadcast NOT MORE Than ONCE each time the Event-Driven Test Information is
updated to the ADS-B Transmitting Subsystem. The delay conditions specified in
§2.2.3.3.2.9 shall be observed.

“TYPE Codes 24 - 27” ADS-B Event-Driven Message Broadcast Rate

In general, TYPE Code 24 - 27 ADS-B Event-Driven Messages shall be broadcast
ONCE each time the Event-Driven TYPE Code 24 - 27 information is updated to the
ADS-B Transmitting Subsystem. The delay conditions specified in §2.2.3.3.2.9 shall be
observed.

ADS-B Message Transmission Scheduling

a. An ADS-B Message scheduling function shall be used to determine the sequence of
ADS-B Messages to be broadcast and to control the overall transmission rate of
Event-Driven messages.
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b. As an exception to the general requirement for the transmission of ADS-B Messages,
the scheduled message transmission shall 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 types that are not
event-driven shall be:

a. Position Message (either Airborne Position Message, as specified in §2.2.3.2.3,
or Surface Position Message, as defined in §2.2.3.2.4)

b. Airborne Velocity Message (§82.2.3.2.6)

c. Aircraft Identification and Category Message (§2.2.3.2.5)

2.2.3.3.29.2 Event-Driven Message Scheduling

An Event-Driven Message Scheduling function shall:

a. Ensure that the total Event-Driven Message rate does not exceed 2 transmitted
messages per second. This is consistent with the required overall maximum
allowed transmission rate specified in §2.2.3.3.2.10.

Note: It is possible that future versions of these MOPS may 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 the Event-Driven Message scheduling function.

b. The Event-Driven Message scheduling requirements of §2.2.3.3.1.4.6.1 shall be
used as the means of ensuring the Event-Driven message broadcast limit of 2
messages per second is not exceeded.

2.2.3.3.2.10 Maximum ADS-B Message Transmission Rates

The maximum ADS-B Message transmission rate of non-transponder ADS-B Transmitter
implementations shall not exceed 6.2 transmitted messages per second, averaged over
any 60 second interval.

Note: It is possible that future versions of these MOPS may allow for ADS-B Messages
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 message 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 event, the “ME” field of the ADS-B Broadcast Message
may contain ALL ZEROs, except for those fields that may be updated due to the
receipt of new data.

The ADS-B Transmitting Subsystem shall clear all but the altitude and surveillance
status subfields of the Airborne Position Message, if ho new position data 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 ADS-B Transmitting Subsystem shall clear all 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 ADS-B 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 of the 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 ADS-B Transmitting Subsystem shall clear all 56-bits 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 (§2.2.3.2.6.1.3).

The ADS-B Transmitting Subsystem shall not clear the Aircraft Identification
Message (see §2.2.3.2.5).

Note: The Aircraft Identification Message, is not cleared since it contains data that
rarely changes in flight and is not frequently updated.

The ADS-B Transmitting Subsystem shall clear each of the Selected Altitude,
Selected Heading, or Barometric Pressure Setting subfields of the Target State and
Status Message (see 82.2.3.2.7.1) if no new data is received within 2.0 seconds of the
previous input data update for the respective subfield. Each of the subfields shall be
cleared independently of the other subfields. 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 Message shall not
be cleared, as they contain other integrity, mode, or status information.
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f.

g.

The ADS-B Transmitting Subsystem shall not clear the Operational Status Messages
(see 82.2.3.2.7.2) since the subfields of the Message contain various integrity, mode,
or status information..

The ADS-B Transmitting Subsystem shall not clear the Event-Driven Messages (see
82.2.3.2.7.8).

Note: The Event-Driven Messages do not need to be cleared since contents of such
messages are only broadcast once each time that new data is received.

2.2.3.3.2.12  ADS-B Message Termination

a.

© 20xx, RTCA, Inc.

The ADS-B Transmitting Subsystem shall terminate broadcast transmissions of the
Airborne Position Message when position (latitude/longitude) and altitude data are
not available for a period of 60 seconds.

Note: For the Airborne Position Message, altitude 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 Message
continues to be transmitted even after 60 seconds. However, if the altitude
data is not available for 60 seconds, then the Airborne Position Message
transmission is terminated and the conditions for start-up defined in
§2.2.3.3.2.1.2 are necessary to resume the transmission of Airborne Position
Message.

The ADS-B Transmitting Subsystem shall terminate the transmission of Surface
Position Messages if position data that is necessary to update the Message is not
available for a period of 60 seconds. Transmission termination of Surface Position
Messages does not apply to Non-Transponder 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 Movement, or Ground
Track data is not sufficient to maintain broadcast of the message once the
message has been initiated.

The ADS-B Transmitting Subsystem shall not terminate broadcast transmissions of
Aircraft Identification and Category Message even if input data necessary to update
the Message is not available.

The ADS-B Transmitting Subsystem shall terminate broadcast transmissions of the
Airborne Velocity Message if input data necessary to update the subfields of the
Airborne Velocity Message, other than 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
Message.

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 barometric 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 ADS-B Transmitting Subsystem shall continue to broadcast the 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 and Status Messages contain various integrity, mode, or status
information that is applicable to the Airborne Position Messages.

The ADS-B Transmitting Subsystem shall continue to broadcast the Operational
Status Messages for as long as Airborne Position Messages 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 contain various integrity, mode, or status
information that is applicable to the Airborne Position Messages or the
Surface Position Messages.

Class B2 Non-Transponder-Based Transmitting Subsystems on Ground Vehicles
shall provide an interface capable of putting the unit into a standby condition in
which the unit suspends all message transmissions.
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Notes:

1. This interface is intended to be used by a mapping function that will
automatically trigger the interface if the Transmitting Subsystem is outside a user
adaptable two-dimensional geographic area.

2. If required because of spectrum considerations, the two-dimensional geographic
area will be defined as the movement area (i.e., runways and taxiways) plus a
reasonable buffer area (i.e., 50 foot buffer). Implementations 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 precision and 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.

2.2.34 ADS-B Transmitted Message Error Protection

Error protection shall be provided by the ADS-B Transmitting Subsystem encoding all
messages in accordance with the requirements provided in RTCA DO-181D, §2.2.18.2.1
(EUROCAE ED-73C, 83.22.2.1) and illustrated in Figure 2-11 of RTCA DO-181D
(EUROCAE ED-73C, Figure 3-9).

Note: The requirements of RTCA DO-181D, 8§2.2.18.2.1 and Figure 2-11 (EUROCAE
ED-73C, 83.22.2.1 and Figure 3-9) are consistent with the requirements of ICAO
Annex 10, Volume 1V, fourth edition, July 2007, §83.1.2.3.3.

2.2.4 ADS-B Receiver Characteristics

2.24.1 Minimum Triggering Level (MTL) Definition

a. The sensitivity of the ADS-B 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 stated in terms of the Minimum Triggering
Level (MTL) specified in the following paragraphs.

b. Given avalid ADS-B 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 ADS-B receiver is defined as the received power level that results in a
successful message reception ratio of 90%.

2242 Receivers Shared with a TCAS Unit

a. ADS-B Receiving Subsystems implemented as part of a TCAS unit shall comply
with all receiver requirements specified in the TCAS MOPS, RTCA DO-185B,
82.2.4.4 (EUROCAE ED-143, §2.2.4.4).

b. ADS-B Receiving Subsystems operating with TCAS units that are more sensitive
than the MTL requirements specified in RTCA DO-185B (EUROCAE ED-143),
shall implement the capabilities specified in §2.2.4.2.1 through §2.2.4.4.
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22421

224211

2242172

224272

Note: The TCAS MOPS, RTCA DO-185B (EUROCAE ED-143), uses the term
“Extended Squitter” to refer to messages having the same formats and
transmission requirements as those messages referred to as ADS-B Messages
in this document. These terms should be accepted as being equivalent when
referring to the TCAS system.

Dual Minimum Triggering Levels

Note: A TCAS receiver that is also used as an ADS-B receiver 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 would have been
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.

TCAS Compatibility

No more than 10% of all ADS-B Messages received at an input signal level of -78 dBm
or less shall be delivered to the TCAS functions specified in RTCA DO-185B
(EUROCAE ED-143).

Note: Use of the standard TCAS MTL (-74 +2dB as specified in RTCA DO-185B
§2.2.4.4.1.1.a (EUROCAE ED-143, §2.2.4.4.1.1.a)) for the TCAS surveillance
functions preserves the current operation of TCAS surveillance when operating
with a receiver with an improved MTL, such as those inferred in §2.2.4.3.1.

ADS-B Compatibility
All ADS-B Messages shall be processed in accordance with §2.2.4.3.1.1.

Re-Triggerable Reply Processor

The TCAS Mode S reply processing function shall use a Mode 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 low-level 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 low-level squitter is allowed to capture the
reply processor. This may be prevented by using a separate reply processor for
each function, or by requiring the reply processor to be re-triggered by a higher
level squitter message.

©20xx, RTCA, Inc.
Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B



Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B

158

2243 Receivers Not Shared With TCAS

22431 In-Band Acceptance and Re-Triggerable Capability
224311 In-Band Acceptance

The requirements provided in 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 ADS-B receiver processing signals over the frequency range of 1089
to 1091 MHz shall comply with the MTL limits provided in Table 2-79 for the
applicable receiver Equipment Class.

Table 2-79: ADS-B Class “A” Equipment Receiver Sensitivity

EQUIPMENT
CLASS A0 A1S/A1 A2 A3
MTL -72 dBm -79 dBm -79 dBm -84 dBm

Note: The MTL limits of Table 2-79 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 account).

b. In the absence of interference or overloads, each ADS-B receiver shall properly
detect and decode at least 99% of all ADS-B Messages received at an input signal
level between the levels of MTL + 3 dB and -21 dBm.

c. In the absence of interference or overloads, each ADS-B receiver of equipment Class
A3 shall properly detect and decode at least 15% of all ADS-B Messages received at
an input signal level of -87 dBm.

Notes:
1. This requirement need only be tested under ambient conditions.

2. The intent of this requirement is to emphasize the desirability of taking
advantage of signals received below the required MTL.

2.2.4.3.1.2 Re-Triggerable Capability

ADS-B receivers having Equipment Class A1S, Al, A2 or A3 capability shall re-trigger
if such receivers detect an ADS-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 ADS-B processor will
properly detect and process the stronger signal.
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2.2.4.3.2 Out-of-Band Rejection

For out-of-band signals the ADS-B 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 provided in Table 2-80.

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 to 3
+10 Greater Than or Equal to 20
+15 Greater Than or Equal to 40
+ 25 Greater Than or Equal to 60
2.2.4.3.3 Dynamic Minimum Trigger Level (DMTL)

ADS-B single receiver systems shall implement Dynamic Minimum Trigger Level
(DMTL) control as a mean of rejecting low level multipath signals and interference.

If the enhanced reception techniques (82.2.4.4) are used, then the DMTL characteristics
shall be compatible with the requirements in 8§2.2.4.4. Otherwise, the DMTL
characteristics shall be compatible with the requirements in 82.2.4.3.4.1 through
§2.2.4.3.4.3.

22434 1090 MHz ADS-B Message Reception Techniques

2.24.34.1 ADS-B Message Reception

a. When listening for ADS-B Messages and upon receipt of a single pulse of greater
than 300 nanoseconds duration and having amplitude A, where A exceeds MTL +8
dB, the receiver threshold shall increase to A -6 dB +1 dB for a period of not less
than five microseconds following the leading edge of the first pulse and shall be
recovered in not more than eight microseconds, unless a valid or qualifying preamble
is received (82.2.3.1.1), in which case the threshold shall be held at A -6 dB +1 dB
for a period of not less than 115 microseconds and shall be recovered in not more
than 120 microseconds.

The receiver threshold shall at no time exceed A -5 dB except for possible overshoot
during the first microsecond following the leading edge of the first pulse.

b. If Aislessthan MTL +8 dB, there is no requirement to raise the threshold.
Notes:
1. The length of an ADS-B Message cannot be determined with certainty by the DMTL

system. Therefore, the ADS-B Message DMTL desensitizes for the duration of the
ADS-B Message.
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2. These requirements are consistent with the requirements of RTCA DO-185,
82.2.2.3.2. Note that there is no direct correlation to these requirements provided in
RTCA DO-185A. In fact, RTCA DO-185A has deleted the DMTL requirements
previously provided and now relies completely on Whisper Shout level control
techniques to provide multipath rejection (see §2.2.4.5.1 or RTCA DO-185A).
P XXXXXXXX TBD XXXXXXXX What do we do about this note ?? &
224342 Narrow Pulse Discrimination
The DMTL control shall not be responsive to pulses that have a width of less than 0.3
microseconds.
Note: These requirements are consistent with the requirements of RTCA DO-185B,
82.2.45.1.2.1 (EUROCAE ED-143, 82.2.4.5.1.2.1).
224343 TACAN and DME Discrimination
The DMTL control shall not be responsive to TACAN or DME pulses.
Note: These requirements are consistent with the requirements of RTCA DO-185B,
§2.2.4.5.1.2.2 (EUROCAE ED-143, §2.2.4.5.1.2.2).
224344 Pulse Characteristics of Received ADS-B Messages
All pulse characteristics of the ADS-B Messages were previously specified in §2.2.2.2.1
and §2.2.3.1 and associated subparagraphs of this document.
224345 Message Formats
The 1090 MHz receiver shall correctly decode all valid ADS-B Messages received in
accordance with the requirements specified in §2.2.4.3.1.1 through §2.2.4.3.4.4. A valid
Extended Squitter message follows the format specified in RTCA DO-181D (EUROCAE
ED-73C) with the “PI” field specified with “II”’=0 and “SI”=0.
General formats of the Extended Squitter (i.e., ADS-B) Messages was provided is
§2.2.3.1 through §2.2.3.2.1.7 of this document.
2.2.4.3.4.6 Description of 1090 MHz ADS-B Message Received Signals

Formats of ADS-B transmitted messages were previously specified in §2.2.3.2.3 through
§2.2.3.2.7 of this document.
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224347

2243471

2243472

2.2434.73

ADS-B Signal Reception

Criteria for ADS-B Message Transmission Pulse Detection

a. ADS-B Message transmission pulse decoding shall 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: the signal rises 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 assumed to exist in order to account for a pulse whose width
implies the existence of overlapping pulses.

a. All performance requirements shall be met for pulses having the following
characteristics:

Q. Pulse Amplitude Variation: up to +2 dB, relative to the amplitude of
the first preamble pulse

(2. Pulse rise time: 0.1 microsecond or less

3. Pulse decay time: 0.2 microseconds or less

Criteria for Preamble Acceptance

The first qualifying criterion for reception of an ADS-B 1090 MHz message signal shall
be the reception of the Preamble (82.2.3.1.1). A preamble shall 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 nominal duration, AND the last three
pulses are within +0.125 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
82.2.4.3.4.7.1.a) that occur within +0.125 microseconds of their nominal edge positions.
All inferred leading edges shall occur within +0.125 microseconds of the expected
nominal position.

Note: Appendix “I” provides description of an improved implementation.

Criteria for Data Block Acceptance in ADS-B Message Signals

ADS-B Messages always contain 112 data bits. Each bit of the 1090 MHz ADS-B
Message Data Block shall be decoded by comparing the received signal with a 0.5
microsecond delayed replica of itself to determine the difference between the signal
amplitudes at the centers of the two possible pulse positions for that bit.

The ADS-B transmission shall be accepted as a valid ADS-B Message if:

a. The first five bits of the data block contain either the code 1 0001 or 1 0010 (i.e.,
either DF=17 or DF=18);

b. AND no error is detected, OR error correction performed in accordance with
82.2.4.4.2.2.d and Appendix A, Section 3 of RTCA DO-185B (EUROCAE ED-143,

©20xx, RTCA, Inc.
Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B



162

Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B

2.2.4.3.5

2244

22441

224472

82.2.4.4.2.2.d) can be successfully applied, AND no more than seven consecutive
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 of the receiver. The data bit shall be declared
a high-confidence 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 three AND the sign of 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 ADS-B transmissions with the first five bits identified as
10011 (i.e., DF=19) is optional.

ADS-B Receiver Duty Factor

Available ADS-B receiver duty factor (i.e., the percentage of time that the ADS-B
Message Reception function is able to receive and process ADS-B Messages at the
required ADS-B MTL), when the receiver is shared with another receiving function using
the 960-1215 MHz band, is an important consideration in meeting the intended ranges of
operation for ADS-B equipment. The available ADS-B receiver duty factor shall be 90%
or greater, averaged over a 10 second period. As an exception, if the available ADS-B
receiver duty factor is less than 90 percent, techniques for achieving equivalent
performance may be proposed and substantiated by analysis.

Enhanced Squitter Reception Techniques

Need for Enhanced Techniques

The 1090 MHz ADS-B Message Reception Techniques specified in 82.2.4.3.4 provide a
high probability of correct reception when the desired squitter is overlapped with one
ATCRBS interfering reply of 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 environments, the air-to-air range may be reduced because of the effects
of this interference.

Enhanced Squitter Reception Technique Overview

Enhanced squitter reception techniques have been developed (see Appendix 1) that
provide the ability to receive squitters with multiple overlapping Mode A/C FRUIT.
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 overlapped Mode A/C
FRUIT replies.
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22443

224431

224432

2245

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.

Class AlS, Al, A2 and A3 equipment shall demonstrate compliance with test procedures
specified in 82.4.4.4 and its subparagraphs.

Note: The full set of enhanced techniques are applicable to Class A2 and A3 receiving
equipment. Class A1S and Al receiving equipment requires only a subset of the
enhanced reception capabilities, and this is reflected in the test procedures of
82.4.4.4 and its subparagraphs.

Error Correction

Error Correction Requirements

The ADS-B Receiving Subsystem shall either

a. use “conservative” and “brute force” error correction techniques as defined in §1.4.3,
or

b. use alternative error correction techniques that are demonstrated to provide no more
than 1 x (10°°) report error rate.

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 conjunction with the enhanced techniques since it produces an
unacceptably high undetected error rate in these high FRUIT environments.

Note: See Appendix I, 81.3.3 and 81.4.3 for more details on error correcting techniques.

ADS-B Received Message Error Protection

a. Error protection shall be provided by the ADS-B Receiving Subsystems decoding all
messages that have been encoded in accordance with the requirements provided in
RTCA DO-181D, §2.2.18.2.1.c and illustrated in Figure 2-11 of RTCA DO-181D
(EUROCAE ED-73C, §3.22.2.1.c and Figure 3-10).

b. Error correction techniques for equipment class A0 shall be applied by the ADS-B
Receiving Subsystems in accordance with RTCA DO-185B, Appendix A, 8A.3
(EUROCAE ED-143, §A.3).

c. Error correction techniques for equipment Classes A1S, Al, A2 and A3 are specified
in82.2.4.4.2.
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2251

22511

225111

225112

225113

ADS-B Transmission Device Message Processor Characteristics

The primary functions of the ADS-B Transmission Device Message Processor are
described in the following subparagraphs.

ADS-B Transmission Device Data Processing and Message Formatting
Participant Address

ICAO 24-Bit Discrete Address

The ADS-B Transmitting Subsystem shall accept the ICAO 24-bit Discrete Address via
an appropriate data input interface. For Transponder-Based systems, the ADS-B
Transmitting Subsystem shall format such data into the “AA” field (§2.2.3.2.1.5),
Message bits 9 through 32, of ALL ADS-B Message Transmissions as identified in
Figure 2-2. Non-Transponder-Based systems shall format such data when selecting the
“24-Bit ICAO Address” from the Address Qualifier input specified in §2.2.5.1.1.3.

The ADS-B Transmitting Subsystem shall read in and store the ICAO 24-bit Discrete
Address during power-up initialization. For Transponder-Based Systems, the address
shall not change from the value stored at power-up, as required by RTCA DO-181D.
For Non-Transponder-Based Systems, if a means to change the ICAO 24-bit Address is
provided and permitted by the appropriate regulatory authority, the change shall only be
accepted while in standby mode as per section §4.4.6.

Anonymous Address

For Non-Transponder-Based systems, the use of an Anonymous Address may be allowed
under certain conditions. When an Anonymous Address is used the ADS-B Transmitting
Subsystems shall accept the Anonymous Address via an appropriate data input interface.
The Anonymous Address shall only be accepted while in standby mode as per section
4.4.6. The ADS-B Transmitting Subsystem shall format such data into the “AA” field
(82.2.3.2.1.5), Message bits 9 through 32, of ALL ADS-B Message Transmissions when
selecting “Anonymous Address” from the Address Qualifier input specified in
8§2.25.1.1.3.

Address Qualifier for Non-Transponder Devices

For Non-Transponder-Based systems, the ADS-B Transmitting Subsystems shall accept
the Address Qualifier selection via an appropriate data input interface. The input shall
select between the ‘“24-Bit ICAO Address” and the “Anonymous Address” to be
transmitted in the “AA” field (§2.2.3.2.1.5), Message bits 9 through 32, of ALL ADS-B
Message Transmissions.
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2.25.1.2

2.2.5.1.3

22514

2.25.15

ADS-B Emitter Category Data

The ADS-B Transmitting Subsystem shall accept the ADS-B Emitter Category (see
82.2.3.2.5.2) via an appropriate data input interface and use such data to establish the
“ADS-B Emitter Category” Subfield in Aircraft Identification and Category Messages
(see §2.2.3.2.5) as specified in §2.2.3.2.5.2.

If the ADS-B Emitter Category is not available to the ADS-B Transmitting Subsystem,
then the device shall enter ALL ZEROS into the "ADS-B Emitter Category™ Subfield in
the Aircraft Identification and Category Message.

Air/Ground Status Data

The ADS-B Transmitting Subsystem shall accept Air/Ground status information via an

appropriate data input interface and use such data to establish the “CA” Capability Field
as specified in §2.2.3.2.1.2.

If the ADS-B Transmitting Subsystem does not accept Air/Ground status information via
automatic means, the “CA” Capability field shall be set to 6 or 7 as specified in Table 2-8
in §2.2.3.2.1.2.

Surveillance Status Data

The ADS-B Transmitting Subsystem shall accept Surveillance status information via an
appropriate data input interface and use such data to establish the “Surveillance Status”
subfield in the ADS-B Airborne Position Message (see 82.2.3.2.3) as specified in
§2.2.3.2.3.2.

Note: The Surveillance Status information interface is an internal interface in
transponder implementations.

Altitude Data

a. Pressure Altitude -- The ADS-B Transmitting Subsystem shall accept
Barometric Altitude (see §2.2.3.2.3.4.1) information via an appropriate variable data
input interface and use such data to establish the “Altitude” subfield in the ADS-B
Airborne Position Message (see §2.2.3.2.3) as provided in 8§2.2.3.2.3.4 through
§2.2.3.2.3.4.3 with the following additional constraints:

(1). When operated in conjunction with a pressure-altitude encoder (digitizer) or an
air data system, the ADS-B Transmitting Subsystem shall have the capability
for pressure-altitude transmission up to its designed maximum altitude.

(2). If pressure-altitude Data is not available to the ADS-B Transmitting
Subsystem, then the device shall enter ALL ZEROs into the Altitude subfield
specified in 82.2.3.2.3.4.
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© 20xx, RTCA, Inc.

GNSS Height Above the Ellipsoid (HAE) -- The ADS-B  Transmitting
Subsystem shall accept GNSS Height Above the Ellipsoid (HAE) (see §2.2.3.2.3.4.2)
information via an appropriate variable data input interface and use such data to
establish subfields in ADS-B transmitted messages as follows:

(1). The “Altitude” subfield in the ADS-B Airborne Position Message (see
82.2.3.2.3) as provided in §2.2.3.2.3.4.2 through §2.2.3.2.3.4.3,

(2). The “Difference From Barometric Altitude Sign Bit” subfield (see
8§2.2.3.2.6.1.14) in the Airborne Velocity Subtype “1 & 2” (see §2.2.3.2.6.1
and 82.2.3.2.6.2) as specified in 82.23.26.1.14 and 8§2.2.3.2.6.2.14,
respectively,

(3). The “Difference From Barometric Altitude Sign Bit” subfield (see
8§2.2.3.2.6.1.14) in the Airborne Velocity Subtype “3 & 4” (see §2.2.3.2.6.3
and 82.2.3.2.6.4) as specified in 82.23.26.3.15 and 8§2.2.3.2.6.4.15,
respectively,

(4). The “Difference From Barometric Altitude” subfield (see §2.2.3.2.6.1.15) in
the Airborne Velocity Subtype “1 & 2” (see §2.2.3.2.6.1 and §2.2.3.2.6.2) as
specified in 82.2.3.2.6.1.15 and §2.2.3.2.6.2.15, respectively, and

(5). The “Difference From Barometric Altitude” subfield (see §2.2.3.2.6.1.15) in
the Airborne Velocity Subtype “3 & 4” (see §2.2.3.2.6.3 and §2.2.3.2.6.4) as
specified in 82.2.3.2.6.3.15 and 8§2.2.3.2.6.4.15, respectively,

If appropriate “GNSS Height Above the Ellipsoid (HAE)” data is not available to the
ADS-B Transmitting Subsystem, then the device shall 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 available to the ADS-B 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 Above the Ellipsoid
(HAE) nor GNSS Altitude (MSL) data are available to the ADS-B Transmitting
Subsystem, then the device shall set all subfields identified above in subparagraphs
b.(1). through b.(5). to ZERO.
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2.2.5.1.6

2.25.16.1

2.2.5.1.6.2

Time Data and Time Mark Pulse

The ADS-B Transmitting Subsystem shall accept GPS/GNSS Time Mark information as
provided in the following subparagraphs.

Case, where TIME (“T”) =0

a.

If the ADS-B Transmitting Subsystem is not capable of setting the “TIME” (“T”)
subfield (see §2.2.3.2.3.5) in the Airborne Position Message (see §2.2.3.2.3) or in the
Surface Position Message (see §82.2.3.2.4), then the ADS-B Transmitting Subsystem
shall set the “TIME” subfield to ZERO.

Whenever the ADS-B Transmitting Subsystem is setting the “TIME” (“T”) subfield
to ZERO as provided in subparagraph a., then the ADS-B Transmitting Subsystem
shall not be required to accept and process GPS/GNSS Time Mark information.

Case, where TIME (“T”) =1

a.

C.

If the ADS-B Transmitting Subsystem is capable of setting the TIME (“T”) subfield
(see §82.2.3.2.3.5) to ONE in the Airborne Position Message (see §2.2.3.2.3) or in the
Surface Position Message (see §2.2.3.2.4), then the ADS-B Transmitting Subsystem
shall accept and process a GPS/GNSS Time Mark pulse or an equivalent time
synchronization indication from the source of navigation data.

The leading edge of the GPS/GNSS Time Mark pulse, or equivalent, shall indicate
the exact moment (epoch of the UTC time scale) 5 milliseconds that represents the
time of applicability of Position, Velocity, and Time (PVT) information that is
received from the navigation source.

Note: A possible implementation of the GPS/GNSS Time Mark pulse is illustrated
in Figure 2-15. The PVT data is expected to be provided by the navigation
data source no later than 200 milliseconds after the leading edge of the
GPS/GNSS Time Mark pulse, or equivalent.

When the ADS-B Transmitting Subsystem sets the TIME (“T”) subfield to ONE in
the Airborne Position Message (see 82.2.3.2.3), then the ADS-B Transmitting
Subsystem shall use the GPS/GNSS Time Mark pulse to accomplish the following:

(1). Synchronize the loading of the Airborne Position Message such that the
register is properly loaded 100 milliseconds £50 milliseconds prior to the time
of applicability of the data being loaded into the register.

(2). Establish the “Time” subfield in ADS-B Airborne Position Messages (see
82.2.3.2.3) as specified in §2.2.3.2.3.5,

(3). Establish the “CPR Format” subfield in ADS-B Airborne Position Messages
(see 82.2.3.2.3) as specified in §2.2.3.2.3.6,
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(4).

().

Extrapolate Airborne Latitude Position in ADS-B Airborne Position Messages
(see 8§2.2.3.2.3) as specified in §2.2.3.2.3.7.2.

Extrapolate Airborne Longitude Position in ADS-B Airborne Position
Messages (see §2.2.3.2.3) as specified in §2.2.3.2.3.8.2,

When the ADS-B Transmitting Subsystem sets the TIME (“T”) subfield to ONE in
the Surface Position Message (see 8§2.2.3.2.4), then the ADS-B Transmitting
Subsystem shall use the GPS/GNSS Time Mark pulse to accomplish the following:

().

).

).

(4).

().

Synchronize the loading of the Surface Position Message such that the register
is properly loaded 100 milliseconds +50 milliseconds prior to the time of
applicability of the data being loaded into the register.

Establish the “Time” subfield in ADS-B Surface Position Messages (see
82.2.3.2.4) as specified in §2.2.3.2.4.5,

Establish the “CPR Format” subfield in ADS-B Surface Position Messages (see
82.2.3.2.4) as specified in §2.2.3.2.4.6,

Extrapolate Surface Latitude Position in ADS-B Surface Position Messages
(see §2.2.3.2.4) as specified in 82.2.3.2.4.7.2, and

Extrapolate Surface Longitude Position in ADS-B Surface Position Messages
(see 8§2.2.3.2.4) as specified in §2.2.3.2.4.8.2.
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Figure 2-15: GPS/GNSS Time Mark Pulse

Note: Navigation and UTC time information should be available within 200
milliseconds following the leading edge of the Time Mark at time t,. The
information is considered to be valid at time to,. Specifically, the information is
NOT projected to be valid at time t;, which represents the beginning of the next
GPS/GNSS Epoch.
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2.25.1.7 Own Position Latitude Data

The

ADS-B Transmitting Subsystem shall accept own position Latitude information via

an appropriate variable data input interface and use such data to establish subfields in
ADS-B transmitted messages as follows:

a.

The encoded Latitude subfield in the Airborne Position Message (see §2.2.3.2.3) as
specified in 82.2.3.2.3.7 through §2.2.3.2.3.7 .4,

The encoded Latitude subfield in the Surface Position Message (see §2.2.3.2.4) as
specified in 82.2.3.2.4.7 through §2.2.3.2.4.7 .4,

Note: Encoded Latitude for the Airborne and the Surface Position Messages will
normally not be the same. However, the procedures used to obtain the
Encoded Latitude for either case are essentially the same in the CPR
algorithm. (See Appendix A).

If Latitude data is not available to the ADS-B Transmitting Subsystem, then the
device shall enter ALL ZEROs into the Encoded Latitude subfield of the Airborne
Position Message (§2.2.3.2.3) when airborne or into the Encoded Latitude subfield of
the Surface Position Message (82.2.3.2.4) when on the surface.

Note: Any airport surface application(s) that will use ADS-B surface position
information will need to account for the potential navigation error
associated with the reported position relative to the navigation center of the
aircraft.

2.25.1.8 Own Position Longitude Data

The

ADS-B Transmitting Subsystem shall accept own position Longitude information

via an appropriate variable data input interface and use such data to establish subfields in
ADS-B transmitted messages as follows:

a.

© 20xx, RTCA, Inc.

The encoded Longitude subfield in the Airborne Position Message (see §2.2.3.2.3) as
specified in §2.2.3.2.3.8 through §2.2.3.2.3.8.4,

The encoded Longitude subfield in the Surface Position Message (see §2.2.3.2.4) as
specified in §2.2.3.2.4.8 through §2.2.3.2.4.8.4,

Note: Encoded Longitude for the Airborne and the Surface Position Messages will
normally not be the same. However, the procedures used to obtain the
Encoded Longitude for either case are essentially the same in the CPR
algorithm. (See Appendix A).

If Longitude data is not available to the ADS-B Transmitting Subsystem, then the
device shall enter ALL ZEROs into the Encoded Longitude subfield of the Airborne
Position Message (82.2.3.2.3) when airborne or into the Encoded Longitude subfield
of the Surface Position Message (82.2.3.2.4) when on the surface.
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2.2.5.1.9

2.25.1.10

Note: Any airport surface application(s) that will use ADS-B surface position
information will need to account for the potential navigation error
associated with the reported position relative to the navigation center of the
aircraft.

Ground Speed Data

a.

The ADS-B Transmitting Subsystem shall accept own vehicle Ground Speed
information via an appropriate variable data input interface and use such data to
establish the “Movement” subfield (see §2.2.3.2.4.2) in the Surface Position Message
as specified in §2.2.3.2.4.2.

If Ground Speed data is not available to the ADS-B Transmitting Subsystem, then the
device shall enter ALL ZEROs into the Movement subfield specified in §2.2.3.2.4.2.

Ground Speed may be used in conjunction with Ground Track data to arithmetically
establish East/West Velocity Data (see 8§82.2.5.1.2) and North/South Velocity Data
(see §2.2.5.1.3) if East/West and/or North/South Velocity Data is not available.

(1). When Ground Speed data is used as provided in subparagraph “c,” the NACy
(see §82.2.5.1.19) data reported by the ADS-B Transmitting Subsystem shall be
consistent with the accuracy, range, and resolution that can be obtained by
using Ground Speed data as the input data to the arithmetic computations
necessary.

(2). When Ground Speed data is used as provided in subparagraph “c,” but Ground
Speed Data is not available to the ADS-B Transmitting Subsystem, then the
device shall enter ALL ZERO:s into all transmitted subfields that are computed
based on Ground Speed data.

Heading/Ground Track Data

The ADS-B Transmitting Subsystem shall accept own vehicle Heading/Ground Track
information via an appropriate variable data input interface and use such data to establish
subfields in transmitted ADS-B Messages as follows:

a.

The “Status Bit for Heading/Ground Track” subfield in the Surface Position Message
(See §2.2.3.2.4) as specified in §2.2.3.2.4.3,

The “Heading/Ground Track” subfield in the Surface Position Message (see
82.2.3.2.4.2) as specified in §2.2.3.2.4.4,

If Heading/Ground Track data is not available to the ADS-B Transmitting
Subsystem, then the device shall enter ALL ZEROs into the “Status Bit for
Heading/Ground Track” and “Heading” subfields specified in §2.2.3.2.4.3 and
82.2.3.2.4.4 respectively,

Heading/Ground Track may be used in conjunction with Ground Speed data to
arithmetically establish East/West Velocity Data (see §2.2.5.1.2) and North/South
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Velocity Data (see §2.2.5.1.3) if East/West and/or North/South Velocity Data is not
available.

(1). When Heading/Ground Track data is used, the NAC (see 82.2.5.1.19) data
reported by the ADS-B Transmitting Subsystem shall be consistent with the
accuracy, range, and resolution that can be obtained by using Heading data as
the input data to the arithmetic computations necessary.

(2). When Heading/Ground Track data is used, but Heading/Ground Track Data is
not available to the ADS-B Transmitting Subsystem, then the device shall
enter ALL ZEROs into all transmitted subfields that are computed based on
Heading/Ground Track data.

Notes:

1.

Ground Track data may be unreliable at low ground speeds. At very low ground
speeds, the best estimate of an aircraft’s or ground vehicle’s ground track angle may
be from a heading source rather than from the “track angle” output of a GNSS
receiver.

If a source of A/V Heading is not available to the ADS-B Transmitting Subsystem,
but a source of Ground Track angle is available, then Ground Track angle may be
used instead of Heading, provided that the “Status Bit for Heading/Ground Track”
subfield is set to ZERO whenever the Ground Track angle is not a reliable indication
of the A/V’s heading. (The Ground Track angle is not a reliable indication of the
A/V'’s heading when the A/V’s ground speed is close to ZERO.)

2.25.1.11 Aircraft Identification (or Registration) Data

a.

The ADS-B Transmitting Subsystem shall accept own vehicle Aircraft Identification
Data via an appropriate data input interface and use such data to establish the Aircraft
Identification or Flight Number Data in Aircraft Identification and Category
Messages (see §2.2.3.2.5) as specified in §2.2.3.2.5.3.

When Aircraft Identification or Flight Number data specified in subparagraph a is not
available or is not valid, the ADS-B Transmitting Subsystem shall accept own
vehicle Aircraft Registration Character Data (N250DL, etc.) via an appropriate data
input interface and use such data to establish the Aircraft Identification or Flight
Number Data in Aircraft Identification and Category Messages (see §2.2.3.2.5) as
specified in §2.2.3.2.5.3.

Only if Aircraft Identification or Flight Number Data, and Aircraft Registration Data
is not available to the ADS-B Transmitting Subsystem, shall the device enter ALL
ZEROs into the character fields specified in 82.2.3.2.5.3.
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2.25.1.12

2.25.1.13

East/West Velocity Data

The ADS-B Transmitting Subsystem shall accept own vehicle East/West Velocity
information via an appropriate variable data input interface and use such data to establish
subfields in transmitted ADS-B Messages as follows:

a. The “Encoded Longitude” subfield in Airborne Position Messages (see §2.2.3.2.3) as
specified in §2.2.3.2.3.8 through §2.2.3.2.3.8.4,

b. The “Encoded Longitude” subfield in Surface Position Messages (see §2.2.3.2.4) as
specified in §2.2.3.2.4.8 through §2.2.3.2.4.8.4,

c. The “East/West Direction Bit” subfield in Airborne Velocity Messages - Subtypes “1
& 2” (see §2.2.3.2.6.1 and 82.2.3.2.6.2) as specified in 8§2.2.3.2.6.1.6 and
82.2.3.2.6.2.6 respectively,

d. The “East/West Velocity” subfield in Airborne Velocity Messages - Subtypes “1 &
2” (see §82.2.3.2.6.1 and 82.2.3.2.6.2 respectively) as specified in 82.2.3.2.6.1.7 and
82.2.3.2.6.2.7 respectively.

If East/West Velocity data is not available to the ADS-B Transmitting Subsystem, then
the device shall enter ALL ZEROs in the E/W Direction Bit and E/W Velocity subfields
specified in:

(1). §2.2.3.2.6.1.6 and 82.2.3.2.6.1.7, and

(2). 82.2.3.2.6.2.6 and §82.2.3.2.6.2.7, respectively.

North/South Velocity Data

The ADS-B Transmitting Subsystem shall accept own vehicle North/South Velocity
information via an appropriate variable data input interface and use such data to establish
subfields in transmitted ADS-B Messages as follows:

a. The “Encoded Latitude” subfield in Airborne Position Messages (see §2.2.3.2.3) as
specified in §2.2.3.2.3.7 through §2.2.3.2.3.7.4,

b. The “Encoded Latitude” subfield in Surface Position Messages (see §2.2.3.2.4) as
specified in §2.2.3.2.4.7 through §2.2.3.2.4.7.4,

c. The “North/South Direction Bit” subfield in Airborne Velocity Messages - Subtypes
“l1 & 2” (see §2.2.3.2.6.1 and 82.2.3.2.6.2) as specified in §2.2.3.2.6.1.8 and
82.2.3.2.6.2.8, respectively,

d. The “North/South Velocity” subfield in Airborne Velocity Messages - Subtypes “1 &
2” (see §2.2.3.2.6.1 and 82.2.3.2.6.2 respectively) as specified in §2.2.3.2.6.1.9 and
82.2.3.2.6.2.9, respectively.
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If North/South Velocity data is not available to the ADS-B Transmitting Subsystem, then
the device shall enter ALL ZEROs in the N/S Direction Bit and N/S Velocity subfields
specified in:

(1). §2.2.3.2.6.1.8 and 82.2.3.2.6.1.9, and

(2). 82.2.3.2.6.2.8 and §82.2.3.2.6.2.9, respectively.

2.25.1.14 Vertical Rate Data

The ADS-B Transmitting Subsystem shall accept own vehicle Vertical Rate (Geometric
AND/OR Barometric referenced) information via an appropriate variable data input
interface and use such data to establish subfields in transmitted ADS-B Messages as
follows:

a. The “Source Bit for Vertical Rate” subfield in the Airborne Velocity - Subtype “1, 2,
3, & 4” Messages (§2.2.3.2.6.1, 82.2.3.2.6.2, §2.2.3.2.6.3 and 82.2.3.2.6.4
respectively) as specified in §2.2.3.2.6.1.10, 82.2.3.2.6.2.10, §2.2.3.2.6.3.10 and
82.2.3.2.6.4.10, respectively,

b. The “Sign Bit for Vertical Rate” subfield in the Airborne Velocity - Subtype “1,2,3,
& 4” Messages (§2.2.3.2.6.1, §2.2.3.2.6.2, §2.2.3.2.6.3 and §2.2.3.2.6.4 respectively)
as specified in §2.2.3.2.6.1.11, §2.2.3.2.6.2.11, §2.2.3.2.6.3.11 and 82.2.3.2.6.4.11,
respectively,

c. The “Vertical Rate” subfield in the Airborne Velocity - Subtype “1,2,3, & 4”
Messages (82.2.3.2.6.1, 82.2.3.2.6.2, 82.2.3.2.6.3 and §2.2.3.2.6.4 respectively) as
specified in 82.2.3.2.6.1.12, §2.2.3.2.6.2.12, §2.2.3.2.6.3.12 and §2.2.3.2.6.4.12,
respectively.

If Vertical Rate data is not available to the ADS-B Transmitting Subsystem, then the
device shall enter ALL ZEROs in the “Source Bit for Vertical Rate,” “Sign Bit for
Vertical Rate,” and “Vertical Rate” Subfields specified in subparagraphs a, b and ¢ given
directly above.

2.25.1.15 Heading (True or Magnetic) Data

The ADS-B Transmitting Subsystem shall accept own vehicle Heading information via
an appropriate variable data input interface and use such data to establish subfields in
transmitted ADS-B Messages as follows:

a. The “Heading Status” subfield in Airborne Velocity - Subtype “3 & 4” (§2.2.3.2.6.3
and 82.2.3.2.6.4) as specified in §2.2.3.2.6.3.6 and 8§2.2.3.2.6.4.6, respectively,

b. The “Heading” subfield in Airborne Velocity - Subtype “3 & 4” (§2.2.3.2.6.3 and
82.2.3.2.6.4) as specified in §2.2.3.2.6.3.7 and §2.2.3.2.6.4.7, respectively.

If Heading data is not available to the ADS-B Transmitting Subsystem, then the device
shall enter ALL ZEROs into the “Heading Status Bit” and “Heading” subfields specified
in subparagraphs a. and b. directly above respectively.
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2.25.1.16

2.25.1.17

True Airspeed Data

The ADS-B Transmitting Subsystem shall accept own vehicle True Airspeed information
via an appropriate variable data input interface and use such data to establish subfields in
transmitted ADS-B Messages as follows:

a. The “Airspeed Type” subfield in Airborne Velocity - Subtype “3 & 4” (§2.2.3.2.6.3
and 82.2.3.2.6.4) as specified in §2.2.3.2.6.3.8 and §2.2.3.2.6.4.8, respectively,

b. The “Airspeed” subfield in Airborne Velocity - Subtype “3 & 4” (§2.2.3.2.6.3 and
82.2.3.2.6.4) as specified in §2.2.3.2.6.3.9 and §2.2.3.2.6.4.9, respectively.

If appropriate “True Airspeed” or “Indicated Airspeed” (§2.2.5.1.17) data is not available
to the ADS-B Transmitting Subsystem, then the device shall set the “Airspeed Type,”
and “Airspeed” subfields to ALL ZEROs in the subfields specified in:

(1). 82.2.3.2.6.3.8,and §2.2.3.2.6.3.9, and

(2). 82.2.3.2.6.4.8,and §2.2.3.2.6.4.9.

Indicated Airspeed Data

The ADS-B Transmitting Subsystem shall accept own vehicle Indicated Airspeed
information via an appropriate variable data input interface and use such data to establish
subfields in transmitted ADS-B Messages as follows:

a. The “Airspeed Type” subfield in Airborne Velocity - Subtype “3 & 4” (§2.2.3.2.6.3
and 82.2.3.2.6.4) as specified in §2.2.3.2.6.3.8 and §2.2.3.2.6.4.8, respectively,

b. The “Airspeed” subfield in Airborne Velocity - Subtype “3 & 4” (§2.2.3.2.6.3 and
82.2.3.2.6.4) as specified in §2.2.3.2.6.3.9 and §2.2.3.2.6.4.9 respectively,

If appropriate “True Airspeed” (§2.2.5.1.16) or “Indicated Airspeed” data is not available
to the ADS-B Transmitting Subsystem, then the device shall set the “Airspeed Type,”
and “Airspeed” subfields to ALL ZEROs in the subfields specified in:

(1). §2.2.3.2.6.3.8 and §82.2.3.2.6.3.9, and

(2). 82.2.3.2.6.4.8and §2.2.3.2.6.4.9.
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2.25.1.18

2.25.1.19

2.25.1.20

225121

Intent Change Data

a. Intent Change data necessary to establish the setting of the “Intent Change Flag” in
Airborne Velocity - Subtype “1, 2, 3, & 4” Messages (§2.2.3.2.6.1, 82.2.3.2.6.2,
82.2.3.2.6.3 and §2.2.3.2.6.4, respectively) is a Mode-S Transponder function only.
Therefore, appropriate requirements shall be established for such devices in RTCA
DO-181D (EUROCAE ED-73C).

b. Non-Transponder-Based ADS-B Transmitting Subsystems need no additional data to
establish the “Intent Change Flag” in Airborne Velocity - Subtype “1, 2, 3, & 4”
Messages (8§82.2.3.2.6.1, 82.2.3.2.6.2, §2.2.3.2.6.3 and 82.2.3.2.6.4, respectively) in
accordance with §2.2.3.2.6.1.3, 82.2.3.2.6.2.3, 82.2.3.2.6.3.3 and §2.2.3.2.6.4.3,
respectively.

NAC, Data

The ADS-B Transmitting Subsystem shall accept own vehicle Navigation Accuracy
Category - Velocity (NACy) information via an appropriate variable data input interface
and use such data to establish subfields in transmitted ADS-B Messages as follows:

a. The “NACy” subfield in the Airborne Velocity - Subtype “1, 2, 3, & 4” Messages
82.2.3.2.6.1.5, 82.2.3.2.6.2.5, 82.2.3.2.6.3.5 and §2.2.3.2.6.4.5, respectively,

b. If “NACy” data is not available to the ADS-B Transmitting Subsystem, then the
device shall enter ALL ZEROs in the “NAC,,” subfields specified in §2.2.3.2.6.1.5,
§2.2.3.2.6.2.5, 82.2.3.2.6.3.5and §2.2.3.2.6.4.5.

Subtype (Aircraft Status) Data

The ADS-B Transmitting Subsystem shall accept own vehicle Subtype information via
an appropriate variable data input interface and use such data to establish the “Subtype”
subfield in the Aircraft Operational Status Messages (see §2.2.3.2.7.2) as specified in
§2.2.3.2.7.2.2.

If appropriate Subtype data is not available to the ADS-B Transmitting Subsystem, then
the device shall set the “Subtype” subfield specified in §2.2.3.2.7.2.2 to ZERO.

Capability Class (Reserved) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “Reserved”
information via an appropriate variable data input interface and use such data to establish
subfields in transmitted ADS-B Aircraft Operational Status Messages.
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2.25.1.22

2.25.1.23

2.25.1.24

2.25.1.25

2.2.5.1.26

2.25.1.27

2.25.1.28

Capability Class (UAT IN) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “UAT IN”
information via an appropriate variable data input interface and use such data to establish
subfields in transmitted ADS-B Aircraft Operational Status Messages as specified in
§2.2.3.2.7.2.3.2.

Capability Class (L090ES IN) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “1090ES IN”
information via an appropriate variable data input interface and use such data to establish
subfields in transmitted ADS-B Aircraft Operational Status Messages as specified in
§2.2.3.2.7.2.3.3.

Capability Class (ARV Report Capability) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “ARV Report
Capability” information via an appropriate variable data input interface and use such data
to establish subfields in transmitted ADS-B Aircraft Operational Status Messages.

Capability Class (TS Report Capability) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “TS Report
Capability” information via an appropriate variable data input interface and use such data
to establish subfields in transmitted ADS-B Aircraft Operational Status Messages.

Capability Class (TC Report Capability) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “TC Report
Capability” information via an appropriate variable data input interface and use such data
to establish subfields in transmitted ADS-B Aircraft Operational Status Messages.

Capability Class (Position Offset Applied) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “Position Offset
Applied” information via an appropriate variable data input interface and use such data to
establish subfields in transmitted ADS-B Aircraft Operational Status Messages.

Operational Mode (OM Format) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “OM Format”
information via an appropriate variable data input interface and use such data to establish
subfields in transmitted ADS-B Aircraft Operational Status Messages.
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2.25.1.29

2.2.5.1.30

225131

2.25.1.32

2.25.1.33

2.25.1.34

2.25.1.35

Operational Mode (TCAS/ACAS Resolution Advisory Active) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “TCAS/ACAS
Resolution Advisory Active” information via an appropriate variable data input interface
and use such data to establish subfields in transmitted ADS-B Aircraft Operational Status
Messages (TYPE=31, Subtype=0) as specified in §2.2.3.2.7.2.4.2.

Operational Mode (IDENT Switch Active) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “IDENT Switch
Active” information via an appropriate variable data input interface and use such data to
establish subfields in transmitted ADS-B Aircraft Operational Status Messages.

Operational Mode (Reserved for Receiving ATC Services) Data

The ADS-B Transmitting Subsystem shall be capable of accepting “Receiving ATC
Services” information via an appropriate variable data input interface and, if required in a
future version of these MOPS, use such data to establish subfields in transmitted ADS-B
Aircraft Operational Status Messages.

Radio Altitude Data

The ADS-B Transmitting Subsystem shall accept Radio Altitude via an appropriate
variable data input interface and use such data to establish the “Air/Ground” state and
thereby the “CA” field as provided in §2.2.3.2.1.2.

Version Number Data

ADS-B Transmitting Subsystems shall set the Version Number as indicated in Table 2-
69.

Navigation Accuracy Category for Position (NACp) Data

The ADS-B Transmitting Subsystem shall accept own vehicle NACp information via an
appropriate variable data input interface and use such data to establish the “NACp”
subfield transmitted in the ADS-B Target State and Status Message as specified in
§2.2.3.2.7.1.3.8, and the “NACp” subfield transmitted in the ADS-B Operational Status
Message as specified in §2.2.3.2.7.2.7.

Navigation Integrity Category for Barometric Altitude (NICgaro) Data

The ADS-B Transmitting Subsystem shall accept own vehicle NICgaro information via
an appropriate variable data input interface and use such data to establish the “NICgaro”
subfield transmitted in the ADS-B Target State and Status Message as specified in
§2.2.3.2.7.1.3.9, and the “NICgaro” subfield transmitted in the ADS-B Operational Status
Message as specified in §2.2.3.2.7.2.10.
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2.2.5.1.36

2.25.1.37

2.2.5.1.38

2.2.5.1.39

2.2.5.1.40

2.25.1.41

Navigation Integrity Category Supplement (NICsypp) Data

The ADS-B Transmitting Subsystem shall accept own vehicle Navigation Integrity
Catgeory Supplement (NICsupp) information via an appropriate variable data input
interface and use such data to establish the “NICgsypp” subfield transmitted in the ADS-B
Airborne Position Message as specified in 82.2.3.2.3.3, and in the ADS-B Operational
Status Message as specified in §2.2.3.2.7.2.6.

A/V Length/Width Code Data

The ADS-B Transmitting Subsystem shall accept own vehicle A/V Length/Width Code
information via an appropriate variable data input interface and use such data to establish
the “A/V Length/Width Code” subfield transmitted in the ADS-B Operational Status
Message as specified in §2.2.3.2.7.2.11.

Track Angle/Heading Data

The ADS-B Transmitting Subsystem shall accept own vehicle Track Angle/Heading
information via an appropriate variable data input interface and use such data to establish
the “Track Angle/Heading” subfield transmitted in the ADS-B Operational Status
Message as specified in §2.2.3.2.7.2.12.

Horizontal Reference Direction (HRD) Data

The ADS-B Transmitting Subsystem shall accept own vehicle HRD information via an
appropriate variable data input interface and use such data to establish the “HRD”
subfield transmitted in the ADS-B Operational Status Message as specified in
§2.2.3.2.7.2.13.

Source Integrity Level (SIL) Data

The ADS-B Transmitting Subsystem shall accept own vehicle Source Integrity Level
information via an appropriate variable data input interface and use such data to establish
the “SIL” subfield transmitted in the ADS-B Target State and Status Message as specified
in §2.2.3.2.7.1.3.10, and the “SIL” subfield transmitted in the ADS-B Operational Status
Message as specified in §2.2.3.2.7.2.9.

SIL Supplement Data

The ADS-B Transmitting Subsystem shall accept own vehicle Source Integrity Level
Supplement (SlLsypp) information via an appropriate data input interface and use such
data to establish the “SlLgypp” subfield transmitted in the ADS-B Target State and Status
Message as specified in 8§2.2.3.2.7.1.3.1, and the “SILsypp” subfield transmitted in the
ADS-B Aircraft Operational Status Message as specified in §2.2.3.2.7.2.14.
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2.2.5.1.42

2.2.5.1.43

2.25.1.44

2.2.5.1.45

Note: Section §2.2.3.2.7.1.3.1 indicates that an input interface may not be necessary to
provide SIL Supplement information. Rather, it should be sufficient to establish
that the SIL Supplement is set to “ZERO” (0) if a GNSS source is being used to
provide the geometric position information used to establish position in the
Airborne and Surface Position Messages. Likewise, it should be sufficient to
establish that the SIL Supplement is set to “ONE” (1) if a NON-GNSS source is
being used to provide the geometric position information used to establish
position in the Airborne and Surface Position Messages. Typical Non-GNSS
sources are recognized as IRS, IRU, DME/DME, DME/DME/LOC, etc.

MCP/FCU Selected Altitude or FMS Selected Altitude Data

The ADS-B Transmitting Subsystem shall accept own vehicle MCP/FCU Selected
Altitude or FMS Selcetd Altitude information via an appropriate variable data input
interface and use such data to establish the “MCP/FCU Selected Altitude or FMS Selcetd
Altitude” subfield transmitted in the ADS-B Target State and Status Message as specified
in 82.2.3.2.7.1.3.3.

Barometric Pressure Setting (Minus 800 millibars) Data

The ADS-B Transmitting Subsystem shall accept own vehicle Barometric Pressure
Setting (Minus 800 millibars) information via an appropriate variable data input interface
and use such data to establish the “Barometric Pressure Setting (Minus 800 millibars)”
subfield transmitted in the ADS-B Target State and Status Message as specified in
8§2.2.3.2.7.1.3.4.

Selected Heading Data

The ADS-B Transmitting Subsystem shall accept own vehicle Selected Heading
information via an appropriate variable data input interface and use such data to establish
subfields transmitted in the ADS-B Target State and Status Message as follows:

a. The “Selected Heading Status” subfield in the Target State and Status Message as
specified in §2.2.3.2.7.1.3.5,

b. The “Selected Heading Sign” subfield in the Target State and Status Message as
specified in §2.2.3.2.7.1.3.6, and

c. The “Selected Heading” subfield in Target State and Status Messages as specified in
82.2.3.2.7.1.3.7.

MCP / FCU Mode Bits Data

The ADS-B Transmitting Subsystem shall accept own vehicle MCP/FCU Mode
information via an appropriate variable data input interface and use such data to establish
the subfields transmitted in the ADS-B Target State and Status Message as follows:

a. The “Status of MCP/FCU Mode Bits” subfield in the Target State and Status
Message as specified in §2.2.3.2.7.1.3.11,
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2.2.5.1.46

2.2.5.1.47

2.2.5.1.48

2.2.5.1.49

2.2.5.1.50

b. The “Autopilot Engaged” subfield in the Target State and Status Message as
specified in §2.2.3.2.7.1.3.12,

Cc. The “VNAV Mode Engaged” subfield in the Target State and Status Message as
specified in §2.2.3.2.7.1.3.13,

d. The “Altitude Hold Mode” subfield in the Target State and Status Message as
specified in §2.2.3.2.7.1.3.14,

e. The “Approach Mode” subfield in the Target State and Status Message as specified
in §2.2.3.2.7.1.3.16.

Emergency/Priority Status Data

The ADS-B Transmitting Subsystem shall accept own vehicle Emergency/Priority Status
information via an appropriate variable data input interface and use such data to establish
the “Emergency/Priority Status” subfield transmitted in the “Emergency/Priority Status”
subfield transmitted in the ADS-B Extended Squitter Aircraft Status Message as specified
in §2.2.3.2.7.8.

Mode A (4096) Code

The ADS-B Transmitting Subsystem shall accept the own vehicle Mode A (4096) Code
from the transponder function and use such data to establish the Mode A Code subfield
transmitted in the ADS-B Extended Squitter Aircraft Status Message (TYPE=28,
Subtype=1) Message as specified in §2.2.3.2.7.8.1.

TCAS Operational Data

The ADS-B Transmitting Subsystem shall accept TCAS Operational data via an
appropriate variable data input interface and use such data to establish the subfield
transmitted in the ADS-B Extended Squitter Target State and Status Message (TYPE=29,
Subtype=1) as specified in §2.2.3.2.7.1.3.17 and the Aircraft Operational Status Message,
as specified in §2.2.3.2.7.2.3.2.

Single Antenna Flag Data

The ADS-B Transmitting Subsystem shall accept Single Antenna Operation information
via an appropriate data input interface and use such data to establish the subfield
transmitted in the ADS-B Extended Squitter Aircraft Operational Status Message
(TYPE=31, Subtype=0) as specified in §2.2.3.2.7.2.4.5.

System Design Assurance (SDA) Data
The ADS-B Transmitting Subsystem shall accept System Design Assurance (SDA)
information via an appropriate data input interface and use such data to establish the
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subfield transmitted in the ADS-B Extended Squitter Aircraft Operational Status Message
(TYPE=31, Subtype=0) as specified in §2.2.3.2.7.2.4.6.

2.25.151 GNSS Vertical Figure of Merit (VFOM) Data

The ADS-B Transmitting Subsystem shall accept GNSS Vertical Figure of Merit
(VFOM) information via an appropriate data input interface and use such data to
establish the Geometric Vertical Accuracy (GVA) subfield transmitted in the ADS-B
Extended Squitter Aircraft Operational Status Message (TYPE=31, Subtype=0) as
specified in 82.2.3.2.7.2.8.

2.25.2 ADS-B Transmission Device Message Latency

22521 Airborne Position Message Latency

The ADS-B Transmission Device Message Processor function shall update the Airborne
Position Message data fields specified in §2.2.3.2.3 as follows:

a. Type information may change due to changes in the precision, quality, or integrity of
received navigation information. As such, any change in the TYPE information
identified in §2.2.3.2.3.1, or in the NIC Supplement information identified in
82.2.3.2.3.3, shall be reflected in the TYPE subfield of the next scheduled Airborne
Position Message transmission provided that the change occurs and is detected at
least 100 milliseconds prior to the next scheduled Airborne Position Message
transmission.

b. Any change in the Surveillance Status identified in §2.2.3.2.3.2 shall be reflected in
the Surveillance Status subfield of the next scheduled Airborne Position Message
transmission provided that the change occurs and is detected at least 100 milliseconds
prior to the next scheduled Airborne Position Message transmission.

c. Any change in the Altitude identified in §2.2.3.2.3.4 shall be reflected in the Altitude
subfield of the next scheduled Airborne Position Message transmission provided that
the change occurs and is detected at least 100 milliseconds prior to the next
scheduled Airborne Position Message transmission.

d. CPR Format changes at 0.2 second intervals or more often as specified in
82.2.3.2.3.6. A change in the CPR Format shall be reflected in the CPR Format
subfield of the next scheduled Airborne Position Message transmission provided that
the change occurs at least “X” milliseconds prior to the next scheduled Airborne
Position Message transmission. The time “X,” shall be dependent upon the NAC,
(see Table 2-71, §2.2.3.2.7.2.7 and §2.2.8.2.12) provided to the transmission device
as follows:

(1). “X”isequal to 200 milliseconds if NACp < 8

(2). “X”isequal to 50 milliseconds if NACr > 8
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Note: All efforts must be made to allocate the time necessary to update the actual
transmission buffer within the 200 millisecond time frame allocated to the
CPR Format changes. That is that no additional time can be added to the
200 milliseconds already allocated.

Encoded Latitude (specified in §2.2.3.2.3.7) must be extrapolated in accordance with
82.2.3.2.3.7.2 for precision systems. Likewise, Encoded Latitude must be updated in
accordance with 82.2.3.2.3.7.3 for non-precision systems. Any change in the
Encoded Latitude shall be reflected in the Encoded Latitude subfield of the next
scheduled Airborne Position Message transmission provided that the change occurs
at least “X” milliseconds prior to the next scheduled Airborne Position Message
transmission. The time “X,” shall be dependent upon the NAC, (see Table 2-71,
82.2.3.2.7.2.7 and 82.2.8.2.12) provided to the transmission device as follows:

(1). “X”isequal to 200 milliseconds if NACp < 8
(2). “X”isequal to 50 milliseconds if NACy > 8

Note: All efforts must be made to allocate the time necessary to update the actual
transmission buffer within the 200 millisecond time frame allocated updating
the Encoded Latitude. That is, that no additional time can be added to the
200 milliseconds already allocated

Encoded Longitude (specified in §2.2.3.2.3.8) must be extrapolated in accordance
with 82.2.3.2.3.8.2 for precision systems. Likewise, Encoded Longitude must be
updated in accordance with 82.2.3.2.3.8.3 for non-precision systems. Any change in
the Encoded Longitude shall be reflected in the Encoded Longitude subfield of the
next scheduled Airborne Position Message transmission provided that the change
occurs at least “X” milliseconds prior to the next scheduled Airborne Position
Message transmission. The time “X,” shall be dependent upon the NAC; (see Table
2-71,82.2.3.2.7.2.7 and §2.2.8.2.12) provided to the transmission device as follows:

(1). “X”isequal to 200 milliseconds if NACp < 8

(2). “X”isequal to 50 milliseconds if NACy > 8

Note: All efforts must be made to allocate the time necessary to update the actual
transmission buffer within the 200 millisecond time frame allocated updating

the Encoded Latitude. That is, that no additional time can be added to the
200 milliseconds already allocated

Surface Position Message Latency

The ADS-B Transmission Device Message Processor function shall update the Surface
Position Message data fields specified in §2.2.3.2.4 as follows:

a.

Type information may change due to changes in the precision, quality, or integrity of
received navigation information. As such, any change in the TYPE information
identified in §2.2.3.2.4.1 shall be reflected in the Type subfield of the next scheduled
Surface Position Message transmission provided that the change occurs and is
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detected at least 100 milliseconds prior to the next scheduled Surface Position
Message transmission.

Any change in Movement (i.e., Ground Speed) identified in §2.2.3.2.4.2 shall be
reflected in the Movement subfield of the next scheduled Surface Position Message
transmission provided that the change occurs and is detected at least 100 milliseconds
prior to the next scheduled Surface Position Message transmission.

Any change in Ground Track identified in 82.2.3.2.4.3 and §2.2.3.2.4.4 shall be
reflected in the appropriate Ground Track subfields of the next scheduled Surface
Position Message transmission provided that the change occurs and is detected at
least 100 milliseconds prior to the next scheduled Surface Position Message
transmission.

CPR Format changes at 0.2 second intervals as specified in 82.2.3.2.4.6. A change in
the CPR Format shall be reflected in the CPR Format subfield of the next scheduled
Surface Position Message transmission provided that the change occurs at least “X”
milliseconds prior to the next scheduled Surface Position Message transmission. The
time “X,” shall be dependent upon the NAC, (see Table 2-71, §2.2.3.2.7.2.7 and
82.2.8.2.12) provided to the transmission device as follows:

(1). “X”isequal to 200 milliseconds if NACp < 8
(2). “X”isequal to 50 milliseconds if NACy > 8

Note: All efforts must be made to allocate the time necessary to update the actual
transmission buffer within the 200 millisecond time frame allocated to the
CPR Format changes. That is that no additional time can be added to the
200 milliseconds already allocated.

Encoded Latitude (specified in §2.2.3.2.4.7) must be extrapolated in accordance with
82.2.3.2.4.7.2 for precision systems. Likewise, Encoded Latitude must be updated in
accordance with 82.2.3.2.4.7.3 for non-precision systems. Any change in the
Encoded Latitude shall be reflected in the Encoded Latitude subfield of the next
scheduled Surface Position Message transmission provided that the change occurs at
least “X” milliseconds prior to the next scheduled Surface Position Message
transmission. The time “X,” shall be dependent upon the NAC, (see Table 2-71,
82.2.3.2.7.2.7 and 82.2.8.2.12) provided to the transmission device as follows:

(1). “X”isequal to 200 milliseconds if NACp < 8
(2). “X”isequal to 50 milliseconds if NACy > 8

Note: All efforts must be made to allocate the time necessary to update the actual
transmission buffer within the 200 millisecond time frame allocated updating
the Encoded Latitude. That is, that no additional time can be added to the
200 milliseconds already allocated.

Encoded Longitude (specified in §2.2.3.2.4.8) must be extrapolated in accordance
with 82.2.3.2.4.8.2 for precision systems. Likewise, Encoded Latitude must be
updated in accordance with §2.2.3.2.4.8.3 for non-precision systems. Any change in
the Encoded Longitude shall be reflected in the Encoded Longitude subfield of the
next scheduled Surface Position Message transmission provided that the change
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2.2.5.2.3

22524

occurs at least “X” milliseconds prior to the next scheduled Surface Position
Message transmission. The time “X,” shall be dependent upon the NAC; (see Table
2-71,82.2.3.2.7.2.7 and 82.2.8.2.12) provided to the transmission device as follows:

(1). “X”isequal to 200 milliseconds if NACp < 8

(2). “X”isequal to 50 milliseconds if NACp > 8

Note: All efforts must be made to allocate the time necessary to update the actual
transmission buffer within the 200 millisecond time frame allocated updating

the Encoded Longitude. That is, that no additional time can be added to the
200 milliseconds already allocated.

Aircraft Identification Message Latency

The ADS-B Transmission Device Message Processor function shall update the Aircraft
Identification Message data fields specified in §2.2.3.2.5 as follows:

a.

Type information for the Aircraft Identification Message should be fixed and
therefore not change. However, if changes are imposed, any such change in the
TYPE information identified in §2.2.3.2.5.1 shall be reflected in the Type subfield of
the Aircraft Identification message once the data has been stable (i.e., no changes) for
a period of 4 seconds.

ADS-B Emitter Category information for the Aircraft Identification Message should
be fixed and therefore not change. However, if changes are imposed, any such
change in the ADS-B Emitter Category information identified in §2.2.3.2.5.2 shall be
reflected in the ADS-B Emitter Category subfield of the Aircraft Identification
message once the data has been stable (i.e., no changes) for a period of 4 seconds.

Any change in Character information identified in §2.2.3.2.5.3 shall be reflected in
the appropriate Character subfields of the Aircraft Identification message once the
data has been stable (i.e., no changes) for a period of 4 seconds.

Airborne Velocity Message - Subtype=1 Latency

The ADS-B Transmission Device Message Processor function shall update the Airborne
Velocity Message - Subtype=1 data fields specified in §2.2.3.2.6.1 as follows:

Any change in the data used to structure the following subfields of the Airborne Velocity
Message - Subtype=1 shall be reflected in the affected subfield of the next scheduled
Airborne Velocity Message - Subtype=1 provided that the change occurs and is detected
at least 100 milliseconds prior to the next scheduled Airborne Velocity Message -
Subtype=1 transmission:

(1). TYPE-(§2.2.3.2.6.1.1)

(2).  Subtype — (§2.2.3.2.6.1.2)

(3). Intent Change Flag — (82.2.3.2.6.1.3)
(4). NACy - (§2.2.3.2.6.1.5)
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(5). East/West Direction Bit and East/West Velocity -- (82.2.3.2.6.1.6 and
§2.2.3.2.6.1.7)
(6). North/South Direction Bit and North/South Velocity -- (82.2.3.2.6.1.8 and
§2.2.3.2.6.1.9)
). Vertical Rate — (§2.2.3.2.6.1.10 through §2.2.3.2.6.1.12)
(8). Difference From Barometric Altitude — (82.2.3.2.6.1.14 and §2.2.3.2.6.1.15)
2.25.25 Airborne Velocity Message - Subtype=2 Latency
The ADS-B Transmission Device Message Processor function shall update the Airborne
Velocity Message - Subtype=2 data fields specified in §2.2.3.2.6.2 as follows:
Any change in the data used to structure the following subfields of the Airborne Velocity
- Subtype=2 message shall be reflected in the affected subfield of the next scheduled
Airborne Velocity - Subtype=2 message provided that the change occurs and is detected
at least 100 milliseconds prior to the next scheduled Airborne Velocity - Subtype=2
message transmission:
(1). TYPE-(§2.2.3.2.6.2.1)
(2). Subtype — (82.2.3.2.6.2.2)
(3). Intent Change Flag — (§2.2.3.2.6.2.3)
(4). NAC, -- (82.2.3.2.6.2.5)
(5). East/West Direction Bit and East/West Velocity -- (82.2.3.2.6.2.6 and
§2.2.3.2.6.2.7)
(6). North/South Direction Bit and North/South Velocity -- (§2.2.3.2.6.2.8 and
§2.2.3.2.6.2.9)
(7). Vertical Rate — (82.2.3.2.6.2.10 through §2.2.3.2.6.2.12)
(8). Difference From Barometric Altitude — (82.2.3.2.6.2.14 and 82.2.3.2.6.2.15)
2.2.5.2.6 Airborne Velocity Message - Subtype=3 Latency

The ADS-B Transmission Device Message Processor function shall update the Airborne
Velocity Message - Subtype=3 data fields specified in §2.2.3.2.6.3 as follows:

Any change in the data used to structure the following subfields of the Airborne Velocity
Message - Subtype=3 shall be reflected in the affected subfield of the next scheduled
Airborne Velocity Message - Subtype=3 provided that the change occurs and is detected
at least 100 milliseconds prior to the next scheduled Airborne Velocity Message -
Subtype=3 transmission:

(1). TYPE-(§2.2.3.2.6.3.1)

(2). Subtype — (82.2.3.2.6.3.2)

(3). Intent Change Flag — (82.2.3.2.6.3.3)

(4). NAC, -- (§2.2.3.2.6.3.5)

(5). Heading -- (§2.2.3.2.6.3.6 through §2.2.3.2.6.3.7)
(6).  Airspeed -- (82.2.3.2.6.3.8 and §2.2.3.2.6.3.9)
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2.2.5.2.7

2.25.2.8

2.2.5.2.9

2.25.2.10
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(7).  Vertical Rate — (82.2.3.2.6.3.10 through §2.2.3.2.6.3.12)
(8). Difference From Barometric Altitude — (§2.2.3.2.6.3.14 and §2.2.3.2.6.3.15)

Airborne Velocity Message - Subtype=4 Latency

The ADS-B Transmission Device Message Processor function shall update the Airborne
Velocity Message - Subtype=4 data fields specified in §2.2.3.2.6.4 as follows:

Any change in the data used to structure the following subfields of the Airborne Velocity
Message - Subtype=4 shall be reflected in the affected subfield of the next scheduled
Airborne Velocity Message - Subtype=4 provided that the change occurs and is detected
at least 100 milliseconds prior to the next scheduled Airborne Velocity Message -
Subtype=4 transmission:

D). TYPE - (82.2.3.2.6.4.1)

). Subtype — (82.2.3.2.6.4.2)

). Intent Change Flag — (582.2.3.2.6.4.3)

4). NACy -- (82.2.3.2.6.4.5)

(5). Heading -- (82.2.3.2.6.4.6 through §2.2.3.2.6.4.7)

(6).  Airspeed -- (82.2.3.2.6.4.8 and 82.2.3.2.6.4.9)

. Vertical Rate — (§2.2.3.2.6.4.10 through §2.2.3.2.6.4.12)

(8). Difference From Barometric Altitude - (82.2.3.2.6.4.14 and §2.2.3.2.6.4.15)

Airborne Velocity Message - Subtype “5” Latency
RESERVED FOR FUTURE APPLICATION.

Airborne Velocity Message - Subtype “6” Latency
RESERVED FOR FUTURE APPLICATION

Airborne Velocity Message - Subtype “7” Latency
RESERVED FOR FUTURE APPLICATION

Target State and Status Message Latency

The ADS-B Transmission Device Message Processor function shall update the Target
State and Status Message data fields specified in §2.2.3.2.7.1 as follows:

Any change in the data used to structure the following subfields of the Target State and
Status Message shall be reflected in the affected subfield of the next scheduled Target
State and Status Message provided that the change occurs and is detected at least 100
milliseconds prior to the next scheduled Target State Message transmission.

). TYPE —(82.2.3.2.7.1.1)

(2).  Subtype (§2.2.3.2.7.1.2)
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(3). SIL Supplement (82.2.3.2.7.1.3.1)

(4). Selected Altitude Type (82.2.3.2.7.1.3.2)

(5). MCP/FCU Selected Altitude or FMS Selected Altitude (82.2.3.2.7.1.3.3)
(6). Barometric Pressure Setting (Minus 800 millibars) (82.2.3.2.7.1.3.4)
. Selected Heading Status (82.2.3.2.7.1.3.5)

(8). Selected Heading Sign (8§2.2.3.2.7.1.3.6)

9). Selected Heading (§2.2.3.2.7.1.3.7)

(10). NAC;(82.2.3.2.7.1.3.8)

(11). NICgaro (82.2.3.2.7.1.3.9)

(12). SIL (82.2.3.2.7.1.3.10)

(13).  Status of MCP/FCU Mode Bits (82.2.3.2.7.1.3.11)

(14).  Autopilot Engaged (82.2.3.2.7.1.3.12)

(15). VNAV Mode Engaged (8§2.2.3.2.7.1.3.13)

(16).  Altitude Hold Mode (82.2.3.2.7.1.3.14)

(17).  Approach Mode (82.2.3.2.7.1.3.16)

(18). ' TCAS Operational (82.2.3.2.7.1.3.17)

Note: In the future, the ADS-B system may need to be capable of processing Target
State and Status Messages that are independent of each other, as identified with
different Subtype codes. Likewise, the latency requirements for each message
Subtype will need to be satisfied in an independent manner.

2.25.2.12 Aircraft Operational Status Message Latency

The ADS-B Transmission Device Message Processor function shall update the Aircraft
Operational Status Message data fields specified in §2.2.3.2.7.2 as follows:

Any change in the data used to structure the following subfields of the Aircraft
Operational Status Message shall be reflected in the affected subfield of the next
scheduled Aircraft Operational Status Message provided that the change occurs and is
detected at least 100 milliseconds prior to the next scheduled Aircraft Operational Status
Message transmission:

(1).  TYPE Code —(§2.2.3.2.7.2.1)

(2). Subtype Code — (§2.2.3.2.7.2.2)

(3). Capability Class — (82.2.3.2.7.2.3 through §2.2.3.2.7.2.3.11)
(4). Operational Mode — (§2.2.3.2.7.2.4 through 82.2.3.2.7.2.4.7)
(5). Version Number (82.2.3.2.7.2.5)

(6). NIC Supplement-A (82.2.3.2.7.2.6)

(7).  NAC»(§2.2.3.2.7.2.7)

(8). Geometric Vertical Accuracy (8§2.2.3.2.7.2.8)
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2.25.2.13

225214

2.25.2.15

2.2.5.2.16

2.25.2.17

2.25.2.18

(9).  SIL(82.2.3.2.7.2.9)

(10).  NICgaro (82.2.3.2.7.2.10)

(11).  Aircraft Length and Width Codes (§2.2.3.2.7.2.11)
(12). Track Angle/Heading (§2.2.3.2.7.2.12)

(13).  Horizontal Reference Direction (HRD) (§2.2.3.2.7.2.13)
(14).  SIL Supplement (82.2.3.2.7.2.14)

TYPE 23 TEST Message Latency

The ADS-B Transmission Device Message Processor shall process Vendor Specified
data for ADS-B Test messages specified in §2.2.3.2.7.3 with any change in data being
reflected in the next scheduled TYPE 23 Test Event-Driven Message provided that the
change occurs and is detected at least 100 milliseconds prior to the next scheduled TYPE
23 Test Event-Driven Message transmission.

TYPE 24 Message Latency

Reserved for Future Application.

TYPE 25 Message Latency

Reserved for Future Application.

TYPE 26 Message Latency

Reserved for Future Application.

TYPE 27 Message Latency

Reserved for future use of Trajectory Change.

Aircraft Status Message — Subtype=1 Latency

The ADS-B Transmission Device Message Processor function shall update the Aircraft
Status Message — Subtype=1 data fields specified in §2.2.3.2.7.8.1 as follows:

Any change in the data used to structure the following subfields of the Aircraft Status
Message — Subtype=1 (Emergency/Priority Status) shall be reflected in the affected
subfield of the next scheduled Aircraft Status Message — Subtype=1 provided that the
change occurs and is detected at least 100 milliseconds prior to the next scheduled
Aircraft Status Message — Subtype=1 transmission.

(1). TYPE- (82.2.3.2.6.1.1)
(2). Subtype — (§2.2.3.2.6.1.2)
(3). EMERGENCY/PRIORITY STATUS FLAG — (§2.2.3.2.7.1.3.12)
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2.25.2.19 Aircraft Status Message — Subtype=2 Latency

The ADS-B Transmission Device Message Processor function shall update the Aircraft
Status Message — Subtype=2 data fields specified in §2.2.3.2.7.8.2 as follows:

Any change in the data used to structure the following subfields of the Aircraft Status
Message — Subtype=2 (TCAS Resolution Advisory Broadcast) shall be reflected in the
affected subfield of the next scheduled Aircraft Status Message — Subtype=2 provided
that the change occurs and is detected at least 100 milliseconds prior to the next
scheduled Aircraft Status Message — Subtype=2 transmission.

(1). TYPE-(§2.2.3.2.6.1.1)

(2). Subtype —(§2.2.3.2.6.1.2)

(The following data items are defined in ICAO Annex 10, Vol 1V, §4.3.8.4.2.2)
(3). ACTIVE RESOLUTION ADVISORIES

(4). RACs RECORD

(5). RATERMINATED

(6). MULTIPLE THREAT ENCOUNTER

(7). THREAT — TYPE INDICATOR

(8). THREAT IDENTITY DATA

2.25.3 ADS-B Transmission Device Source Selection

When more than one position source is provided to the ADS-B transmitter, the
transmitter shall select a single source to provide position, velocity, and quality metrics.
Heading on the surface is an exception to this.

Notes:

1. The source selection logic should be designed to prevent the selection from
alternating between valid sources. One acceptable way to ensure this is to allow the
source selection to switch sources only after an alternate source has consistently
exceeded the performance of the currently selected source for several seconds.

2. Source selection logic may include criteria specific to the sources available on the
aircraft. In general, sources that support higher integrity should be selected over
sources that support lower integrity. When selecting among equivalent integrity
sources, the source with the smallest Radius of Containment should be selected.

2.2.6 ADS-B Receiving Device Message Processor Characteristics

To provide maximum flexibility in user application implementation of ADS-B
information, ADS-B Receiving Devices are categorized into two major functional types,
which are illustrated in Figure 2-16 and specified in the following subparagraphs.
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2.2.6.1

Note: Figure 2-19 provides additional detail in regards to ADS-B Message and Report

general data flow.

RF ADS-B
7;, MESSAGE RECEPTION
120 FUNCTION

_________ A8

MESSAGE DATA
REPORT TYPE 1: SUBSET REPORTS

REPORT ASSEMBLY :
CONTROL  ——— FUNCTION TYPE 2: CAPABLE OF FULL
INTERFACE REPORTS

Figure 2-16: ADS-B Receiver / Report Assembly Functional Types

The ADS-B Message processing function begins with the ADS-B Message Reception
Function receiving the transmitted message and then performing the necessary
processing to deliver “Message Data” to the Report Assembly Function.

TYPE 1 - TYPE 1 ADS-B Report Assembly subsystems are those that receive ADS-
B Messages and produce application-specific subsets of ADS-B reports. As such, the
Type 1 ADS-B Report Assembly subsystems may be customized to the particular
applications using ADS-B reports. In addition, Type 1 ADS-B Report Assembly
subsystems may be controlled by an external entity to produce installation-defined
subsets of the reports that those subsystems are capable of producing.

TYPE 2 - TYPE 2 ADS-B Report Assembly subsystems are those that receive ADS-
B Messages and are capable of producing complete ADS-B reports in accordance
with the applicable ADS-B equipment class requirements. Type 2 Report Assembly
subsystems may be controlled by an external entity to produce installation-defined
subsets of the reports that those subsystems are capable of producing.

ADS-B Message Reception Function Requirements

a.

The ADS-B Message Reception Function shall properly decode valid ADS-B
transmitted messages while ignoring other similar Mode-S transmissions.

The ADS-B Message Reception Function shall decode ADS-B transmitted messages
in accordance with the requirements provided in 82.2.4.3.4.7 of this document.

The ADS-B Message Reception Function shall receive and decode ADS-B messages that
are transmitted in Version Two (2) message formats as defined by §2.2.3.2 and its
subparagraphs and also Airborne Position, Surface Position, Airborne Velocity, Aircraft
Status, and Aircraft Operational Status, Identification and Category Messages that are
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transmitted in Version Zero (0) and Version One (1) message formats as defined by
Appendix N, Section N.2, and its subparagraphs.

The version determined from the decoding of the Version Number subfield of the
Aircraft Operational Status Message (82.2.3.2.7.2.5) shall be retained and associated with
the specific target. This Version Number shall then be used for determining the
applicable message formats to be applied for the decoding of all subsequent 1090 MHz
ADS-B Messages received from that target.

Notes:

1. A summary of the RTCA DO-260 compliant, ADS-B Version Zero (0) and RTCA DO-
260A compliant ADS-B Version One (1) Message formats that must be received and
processed by Version Two (2) 1090 MHz ADS-B Receiving Subsystems is provided in
Appendix N.

2. The Version Two (2) and Version One (1) Aircraft Operational Status Message
format includes an explicit Version Number subfield (“ME” bits 41 — 43). For an
ADS-B Version Zero (0) Aircraft Operational Status Message, these same bits were
unassigned and were required to be set to a value of ZERO (binary 000). Thus, a
Version Two (2) and Version One (1) ADS-B Receiving Subsystem will decode “ME”
bits 41 — 43 received from a 1090 MHz ADS-B Transmitting Subsystem compliant
with RTCA DO-260 to indicate a Version Number of Zero (0).

2.2.6.1.1 ADS-B Message Reception Function Output Message Structure Requirements

All ADS-B Messages are received in the general format provided in Figure 2-2 and
specified in §2.2.3.2.

Each ADS-B Message received shall be structured into the baseline OUTPUT
MESSAGE shown in Figure 2-17 for delivery to the user interface or the Report
Assembly function:

ADS-B Output Message Format Structure
Transmitted
Message 1---5 9 - 32 33 88
BIT #
Output
Message 1---5 6 -----—---—- 29 30 85
BIT #
FIELD DF AA ME
NAME [5] [24] [56]
MSB LSB | MSB LSB MSB LSB

Note: “/#/” Provided in the FIELD indicates the number of bits in the field.

Figure 2-17: ADS-B Output Message Format Structure
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2.2.6.1.2 ADS-B and TIS-B Message Reception Function Output Message Delivery
Requirements

Figure 2-18 illustrates the transmitted message receipt capabilities and the OUTPUT
MESSAGE delivery requirements, which are specified in the following subparagraphs:

treceive treo:over t treceive t
2 3
120 120
microseconds microseconds
max =8
Transmitted Recovery Transmitted
Message Reception Time Message Reception
t Output Message
0 Delivery
P 2.0 milliseconds -
- (maximum) g
t, ¢ t,
delivery
Figure 2-18: ADS-B and TIS-B Message Reception Function Output Message Delivery
The ADS-B and TIS-B Message Reception Function shall deliver All OUTPUT
MESSAGES to the user interface or the Report Assembly function within 2.0
milliseconds of the receipt of the last message bit of the transmitted message.
2.2.7 ADS-B Message Processor Characteristics
2.2.7.1 ADS-B Receiving Device Message Reception
The ADS-B Receiver shall decode all valid ADS-B transmitted messages and structure
the information from such messages into the appropriate ADS-B Reports identified in
subsequent sections of this document. The structured reports shall then be made
available to the appropriate user application as needed.
Future versions of these MOPS are expected to maintain backward compatibility with
RTCA DO-260B. Messages originating from 1090 MHz ADS-B Transmitting
Subsystems reporting a MOPS Version Number value that is indicated in Table 2-69 as
“Reserved” are to be considered valid. However, all message types and all subfields
within messages that are currently “Unassigned,” or are indicated as being “Reserved” by
these MOPS, shall be ignored and not used for ADS-B Report Generation.
22.7.1.1 Receipt of TYPE Code Equal to ZERO

An ADS-B Message containing a TYPE Code of ZERO (binary 0 0000) can only be used
to update the altitude data of an aircraft that is already being tracked by the entity
receiving the altitude data in a TYPE ZERO ADS-B Message.

If an ADS-B Message with TYPE Code equal to ZERO is received, it should be checked
to see if altitude data is present and then process the altitude data as follows:
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a. If altitude data is not present, the message shall be discarded.
b. If altitude data is present, it may be used to update altitude as needed.

Note: For TCAS systems, this could be an aircraft that was being maintained via
hybrid surveillance when the position data input failed. In this case, altitude
only could be used for a short period of time. Interrogation would have to begin
at the update rate for that track to ensure update of range and bearing
information on the TCAS display.

ADS-B Report Characteristics

The intent of the following subparagraphs is to provide an example coding of each type
of ADS-B report. Implementations may use alternative report structures and coding of
the ADS-B reports. However, the contents of each Report Type, as specified in Table 2-
82 shall include, as a minimum, the data parameters as specified in the following
subparagaphs.

Note: This requirement describes the Report Type structure, not the contents of each
report that can contain a subset of the complete allowed parameters.

ADS-B State Vector Report Characteristics

Table 2-81 and the subsequent subparagraphs identify the data structure for all ADS-B
State Vector Reports generated for each ADS-B vehicle being reported.

The Report Assembly Function shall be compatible with the current and prior versions of
the relevant 1090 MHz ADS-B Messages (e.g., Airborne Position, Surface Position,
Airborne Velocity) that are used as the basis for generating State Vector Reports. The
relevant Version Two (2) messages are identified below and the relevant Version Zero (0)
messages, conformant to RTCA DO-260, including Change 1, and Version One (1)
messages, conformant to DO-260A including Change 1 and Change 2, and their required
use for ADS-B State Vector Report generation are defined in Appendix N, Section N.3.

The intent of Table 2-81 is to illustrate the structure of all Items (i.e., parameters)
required to be reported in an ADS-B State Vector Report. The exact structure of the data
indicated in columns 10 and 11 is provided as a guideline or one possible method of
satisfying the report structure. Implementers may choose to organize the data in another
format; however, delivery to a user interface or application of all Items in Table 2-81
shall be consistent with the range, resolution, and units indicated in column 7, 8 and 9 of
Table 2-81 respectively. If data is not available to support a field that is delivered to an
application, then the data provided to the application shall be set to ALL ZEROs. Those
requirements in §2.2.8.1.1 to 82.2.8.1.22 below that relate to specific data structure
details (byte numbers, and bit numbers within the bytes) shall only apply to equipment
that uses the sample report data structure shown in columns 10-11 of Table 2-81.

Note: Table 2-81 is structured such that column 1, 2, and 6 through 11, pertain to the
State Vector Report elements and how such elements should be structured into
the report. Columns 3 through 5 provide information on where the appropriate
data can be located in the ADS-B Messages for each of the Report elements.
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Table 2-81: ADS-B State Vector Data Elements - Source Data Mapping To Report Structure

Table 2-81: ADS-B State Vector Data Elements — Source Data Mapping To Report Structure

Column REPORT STRUCTURE MESSAGE STRUCTURE RELEVANT REPORT STRUCTURE RELEVANT
# 1 2 3 4 5 6 7 8 9 10 11
Item Received “ME” Message # of . . Data
# Parameter / Contents Notes Message Structure Field Bits Field Bits Bits Range Resolution Units Data Structure Byte #
Report Type and . MddL Mddd dddddddd )
0Oa, Ob Structure Identification 2 N/A N/A 1-5 24 N/A N/A discrete ddddddL 0-2
Oc Validity Flags N/A N/A N/A 16 N/A N/A discrete | dddddddd dddddddd 3-4
Airborne Position - “AA” N/A 9-32
1 Participant Address Surface Position - “AA” N/A 9-32 24 N/A N/A discrete (l;/(lj((jj((jj((jjc(ij((jj(lj_d dddddddd 5-7
Airborne Velocity — “AA” N/A 9-32
f\ércrzft ICD fc Cate”gory 6_8 3840
2 Address Qualifier mutter Lategory _ 8 N/A N/A discrete | xxxxxMdL 8
All Messages with DF=18 —
“CF” N/A 6-8
Report Time of Airborne Position — “Time” 21 53 0.0078125 Mddddddd dddddddL
3 Applicability (Position 3 Surface Position — “Time” 21 53 48 511.9921875 .(1/128) seconds | Mddddddd dddddddL 9-14
and Velocity) Airborne Velocity N/A N/A Mddddddd dddddddL
Encoded Latitude Airborne Position 23-39 | %5-71 SMdddddd dddddddd
4 (WGS-84) 24 +180 0.0000215 degrees | iddddL 15-17
Surface Position — 23-39 5571
Encoded Longitude Airborne Position 40-56 | 72-88 SMdddddd dddddddd
5 (WGS-84) 24 +180 0.0000215 degrees dddddddL 18-20
Surface Position 40 - 56 72— 88
Airborne Position — “TYPE”, & 1-5 & 33-37
. . “Altitude” 9-20 41 -52
6 (A\,'\fgusd_g:);eome”'c 4 | Airborne Velocity - “Diff. from 24 | +131072 0.015625 feet | Sycaaddd dddddddd 21-23
Baro Alt sign” & 49 81
“Diff. from Baro. Alt.” 50 - 56 82 - 88
Airborne Velocity — “N/S 25 57
7 North/South Velocity 4 Direction” & 16 + 4096 0.125 knots SMdddddd dddddddL 24 -25
“N/S Velocity” 26 - 35 58 — 67
Airborne Velocity - “E/W 14 46
8 East/West Velocity 4 Direction” & 16 + 4096 0.125 knots SMdddddd dddddddL 26 - 27
“E/W Velocity” 15-24 47 — 56
g | Ground Speed while on 5 | Surface Position - “Movement” | 6-12 | 38-44 | 8 N/A N/A discrete | MddddddL 28
the Surface
10 g‘jff‘;'cr;g while on the 5 | Surface Position - “Heading” 14-20 46-52 8 +180 1.40625 degrees | SMdddddL 29
Altitude, Barometric Airborne Position - “TYPE”, & 1-5 33-37 SMdddddd dddddddd
L . ’ + . -
1 (Pressure Altitude) 4 “Altitude” 9-20 4152 24 +131072 0.015625 feet | ddddadL 30-32
Vertical Rate, Airborne Velocity —
12 Geometric/Barometric 4 “Vert. Rate Source”, 36 68 16 + 32768 1.0 ft./min. | SMdddddd dddddddL 33-34
(WGS-84) “Vert. Rate Sign” & 37 69
195
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Table 2-81: ADS-B State Vector Data Elements — Source Data Mapping To Report Structure
Column REPORT STRUCTURE MESSAGE STRUCTURE RELEVANT REPORT STRUCTURE RELEVANT
# 1 2 3 4 5 6 7 8 9 10 11
Item Received “ME” Message # of . . Data
# Parameter / Contents Notes Message Structure Field Bits Field Bits Bits Range Resolution Units Data Structure Byte #
“Vert. Rate” 38 - 46 70—78
Airborne Position “Type Code” 1-5 33-37
& NIC Supplement-B 8 40
Operationsl| Status -
Navigation Integrity NIC Supplement-A 44 76 .
13 Category (NIC) Surface Position “Type Code” 1-5 33-37 8 NIA NIA discrete Lo lUilL 3%
& Operational Status -
NIC Supplement-A and 44, 76,
NIC Supplement-C 20 52
Estimated Latitude A emeoded Lattude" 23-39 | %-71 SMdddddd dddddddd
o + _
14 (WGS-84) 6 1 surface Position — s | s | % 180 0.0000215 | degrees | gl 36-38
“Encoded Latitude”
Airborne Position — 40-56 72-88
Estimated Longitude “Encoded Longitude” SMdddddd dddddddd
151 (wes-s4) ® | surface Position ws | moew | 2 180 00000215 | degrees | yyqqqqqL 39-41
“Encoded Longitude”
. Airborne Velocity — “N/S 25 57
16 \E/Setl'(’)‘;?tted North/South 6 Direction” & 16 +4,006 0.125 knots | SMdddddd dddddddL 4243
Y “N/S Velocity” 26- 35 58— 67
. Airborne Velocity - “E/W 14 46
17 \E/Setl'(’)z?tted Bast/West 6 Direction” & 16 +4.096 0.125 knots | SMdddddd dddddddL 4445
y “E/W Velocity” 15-24 47 — 56
Airborne Position —
Surveillance “Surveillance Status” 6-7 38-39 4
18 Status/Discretes N/A N/A discrete | dddd dddd 46
Airborne Velocity — 9 9 4
“Intent Change Flag”
19 Report Mode N/A N/A N/A 8 N/A N/A discrete | xxxxxxML 47
TOTAL BYTES 48
Notes:
1. In the “Data Structure” column (i.e., column 10), “S” indicates the “sign-bit,” “M” indicates the Most Significant Bit of the data field, “d” indicates data bits in

the field, “L” indicates the Least Significant Bit of the data field, “0” indicates the bit is to always be set to a value of zero (0) and “x” indicates “Don’t Care”
bits in the data field.

The Report Type Identifier is used to identify the type of ADS-B Report being generated as specified in §2.2.8.1.1.1.
The Time of Applicability is actually a grouping of 3 individual parameters as specified in §2.2.8.1.4.
Parameters annotated with Note 4 are only present in the State Vector Report when the aircraft is airborne
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Parameters annotated with Note 5 are only present in the State Vector Report with the aircraft is on the airport surface

Estimated values may be either an actual value from a received message, if available, or a calculated value such as produced by a surveillance tracker algorithm.
For example it is possible for a surveillance tracker to produce an updated estimate of the target’s horizontal position based on just the receipt of a new velocity
message.

197
Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B



Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B

198
2.2.8.1.1 State Vector Report Type and Structure Identification and Validity Flags
228111 State Vector Report Type and Structure Identification

The Report Type is used to identify the type of ADS-B Report being generated by the
report generation function and being provided to the User Application. The Report Type
is a 4-bit field and shall be provided in the most significant nibble (i.e., bits 7 - 4) of the
first byte (i.e., byte “0”) of the Report. The Report Type formats and maximum number
of bytes to be contained in each report are identified in Table 2-82.

Table 2-82: ADS-B Report Type Coding

: Maximum
Coding Number
Report Type of Bvtes
(binary) || (decimal) . y
in Report
0000 0 Undefined Report Type or no Report Available 1
0001 1 State Vector Report for ALL Class “A” Equipment 48
Mode-Status Report for Class “AlS,” “Al,” “A2,” and “A3” 35
0010 2 .
Equipment
0011 3 | Reserved for Version ONE (1) ADS-B Target State Report 22
0100 4 | Air Reference Velocity Report for Class “A1S,” “A1,” “A2” 14
and “A3” equipment
ADS-B Target State and Status Report for Class “A2” and
0101 5 | “A3” Equipment (Optional for Equipment Classes “A1S and 22
Al”).
Reserved for Trajectory Change Report for Class “A2”
0110 6 A s
and “A3” equipment
0111
through Not Assigned (Reserved for Future Assignment)
1111

The Report Structure field is used to indicate the exact data parameters identified in Table
2-81 that are being provided in the State Vector report and is intended to provide a
methodology for the report processor to structure shorter reports when data for some
parameters or groups of related parameters are not available. In order to provide the
capability to provide shorter State Vector reports the following basic conventions shall
be adhered to:

a. Any given data parameter to be used in the report shall use the designated number of
bytes and format as designated in Table 2-81.

b. Whenever a data parameter identified in Table 2-81, or a required grouping of data
parameters as identified in Table 2-83, is not provided in the report, then it is
permissible to concatenate the next parameter to be included into the report
immediately following the inclusion of the previous reported parameter. This feature
shall be used accommodate the reporting of the different sets of required parameters,
such as for when the aircraft is in the airborne condition versus on the airport surface
as indicated in Table 2-81.
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c. Each parameter of the State Vector report identified in Table 2-81 shall be properly
declared in the Report Structure field as detailed in the following paragraphs and
Table 2-83.

Note: Implementation of the methodology just provided is realizable and controllable
due to the fact that the exact length of each report parameter is specified in Table
2-81 and the Report Structure field identifies exactly which parameters are
included in the report. Therefore, the report user can easily re-construct the
length and general format of the report.

The Report Structure is a 20-bit field and shall be provided in the least significant nibble
(i.e., bits 3 - 0) of the first byte (i.e., byte “0”) and continuing into bytes 1 and 2 of the
Report. The Report Structure format is specified in Table 2-83 where each bit is
associated with a particular data parameter, or group of data parameters, of the State
Vector Report. If the bit is set to ONE (1), then the data parameter, or group of identified
data parameters, is considered to be available and shall be transmitted in the report.
Otherwise, the data parameter, or group of identified data parameters, is considered to not
be available and shall not be transmitted in the report. Note that Table 2-83 does not
address the Report Type and Structure Identification parameter, the Validity Flags
parameter, nor the Participant Address parameter and the Address Qualifier, since these
four parameters shall be included in the State Vector Report. Also, certain of the
other State Vector data parameters are required to be reported, as specified in
§2.2.9, even though bits have been allocated in the report structure field as shown in
Table 2-83.

Table 2-83: ADS-B State Vector Report Structure Coding

Byte # | Bit# State Vector Data Parameter(s) Number of
to be Reported Bytes

3 Time of Applicability for Estimated 2
Position/Velocity

Position Time of Applicability

Velocity Time of Applicability

Latitude (WGS-84) & Longitude (WGS-84)
Altitude, Geometric (WGS-84)

North/South Velocity & East/West Velocity
Ground Speed while on the Surface
Heading while on the Surface

Altimeter, Barometric

Vertical Rate Geometric/Baro.

Navigation Integrity Category

Estimated Latitude

Estimated Longitude

Estimated North/South Velocity

Estimated East/West Velocity

Surveillance Status/Discretes

Report Mode

Reserved for Future Expansion

Reserved for Future Expansion

Reserved for Future Expansion

RIRININWIWR[wAINdINO RN

OIFRIN(W|IAOOINIO|IFR,[INIW|A|(OO|IN]IO (RN
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2.2.8.1.1.2 State Vector Report Validity Flags

Validity Flags for data provided in the State Vector Report shall be indicated in bytes #3
and #4 of the State Vector Report as shown for item “Oc” in Table 2-81. The State
Vector Report elements that require validity flags are identified in Table 2-84. Table 2-
84 identifies the byte and bit that shall be used as a flag for each element that requires a
validity flag. Each validity flag bit shall be set to ONE (1) to indicate that the
corresponding State Vector Report Element data is valid. If such data is not valid, then
the corresponding validity flag bit shall be set to ZERO (0).
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Table 2-84: ADS-B State Vector Report Validity Flag Requirements

SV - .
Report State Vector Report Validity Flag Bit Required? Valldljcy Flag Bit
Item # Element Assignment

Oa Report Type No Byte # Bit #

Ob Structure Identification No

Oc Validity Flags No

1 Participant Address No
2 Address Qualifier No
3 Report Time of Applicability No
4 Latitude Yes N _ N _ 3 7
(WGS-84) (This validity flag bit is for Horizontal Position Valid) (MSB)
5 Longitude Yes 3 7
(WGS-84) (This validity flag bit is for Horizontal Position Valid)
6 Altitude, Geometric Yes 3 6
(WGS-84) (This bit is validity flag bit for Geometric Altitude Valid)
. Yes (This bit is validity flag bit for Airborne Horizontal
7 North/South Velocity Velocity Valid) 3 5
. Yes (This bit is validity flag bit for Airborne Horizontal
8 East/West Velocity Velocity Valid) 3 5
9 Ground Speed while on the Yes (This bit is validity flag bit for Surface Ground Speed 3 4
Surface Valid)
10 Heading while on the Surface Yes (This bit is validity flag bit for Surface HeadingValid) 3 3
1 Altitude, Barometric Yes (This bit is validity flag bit for Barometric Altitude 3 2
(Pressure Altitude) Valid)
12a Vertical Rate, Geometric Yes (This bit is validity flag bit for Geometric Vertical Rate 3 1
(WGS-84) Valid)
12b Vertical Rate, Barometric Yes (This bit is validity flag bit for Barometric Vertical Rate 3 0
(WGS-84) Valid)
13 Navigation Integrity Category No
(NIC)
Yes (This validity flag bit is for Estimated Horizontal
Position Valid -- If for some reason an estimation cannot be 7
14 Estimated Latitude (WGS-84) made of the horizontal position at the TOA of the report, then 4
this could be indicated by zeroing the validity flag for the (MSB)
estimated horizontal position.)
Yes (This validity flag bit is for Estimated Horizontal
Position Valid -- If for some reason an estimation cannot be
15 Estimated Longitude (WGS-84) made of the horizontal position at the TOA of the report, then 4 7
this could be indicated by zeroing the validity flag for the
estimated horizontal position.)
Yes (This validity flag bit is for Estimated Horizontal
16 Estimated North/South Velocity | Velocity Valid -- It may be possible to estimate velocity at 4 6
some time after the TOA of the velocity message.)
Yes (This validity flag bit is for Estimated Horizontal
17 Estimated East/West Velocity Velocity Valid -- It may be possible to estimate velocity at 4 6
some time after the TOA of the velocity message.)
18 Surveillance Status/Discretes No
19 Report Mode No
2.2.8.1.2 Participant Address

The Participant Address shall be encoded as specified in §2.2.3.2.1.5.
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2.2.8.1.3 Address Qualifier

The Address Qualifier is used to indicate the type of Participant Address (§2.2.3.2.1.5)

being reported. The 3 least significant bits of the one byte field (byte 8 of the Report

Field) are used to convey the Address Qualifier information. The Address Qualifier

subfield shall be coded as shown in Table 2-85.

Table 2-85: Address Qualifier Coding
Coding Meanin ADS-B Emitter Cateogry Set
(MdL) 9 (see Notes 1 & 2)
000 ICAO address being reporteq as Participant See Note 3
Address for an unknown emitter category
Non-ICAO address being reported as
001 Participant Address for an unknown emitter See Note 3
category
ICAO address being reported as Participant Chr s
010 Address for an Aircraft ATor™B
Non-ICAO address being reported as AP PR
011 Participant Address for an Aircraft A”or "B
ICAO address being reported as Participant
100 Address is for a Surface Vehicle, a Fixed “C”
Ground or Tethered Obstruction
Non-ICAO address being reported as
101 Participant Address is for a Surface Vehicle, “c”
a Fixed Ground or Tethered Obstruction

110 Reserved N/A

111 Reserved N/A

Notes for Table 2-85:

1. All transponder-based based 1090 MHz ADS-B systems are required to use an ICAO
24-bit address. Certain types of non-transponder-based 1090 MHz ADS-B systems
may under certain conditions be permitted to broadcast an address other than an
ICAO 24-bit address. ADS-B Messages received from Non-Transponder Devices
transmitting with DF=18 and CF=1 indicate that a non-ICAO Address is being used
(see Figure 2-2).

2. The Emitter Category associated with the Participant Address is to be obtained from
the “ADS-B Emitter Category” subfield (§2.2.3.2.5.2) of the ADS-B Aircraft
Identification and Category Message.

3. An Address Qualifier Code of 000 or 001 is to be reported if the value from the
“ADS-B Emitter Category” subfield indicates “No ADS-B Emitter Category
Information,” or if an ADS-B Aircraft Identification and Category Message has not
been received.

22814 Report Time of Applicability

Since separate messages are used for position and velocity, the Time of Applicability is
reported individually for the position related report parameters and the velocity related
report parameters. Also the State Vector Report may include estimated position and/or
velocity values (i.e., not based on the receipt of a message with updated position or
velocity information). In this latter case the State Vector report shall include a Time of
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228141

2.2.8.14.2

2281421

2281422

Applicability for the estimated position/velocity parameters. The six-byte Report Time
of Applicability Parameter field, as specified in Table 2-81, is sub-divided into three
subfields as shown in Table 2-86. The coding of the subfields is specified in the
following subparagraphs.

Table 2-86: Report Time of Applicability Parameter Coding

Subfield Coding
Time of Applicability for Estimated Mddddddd dddddddL
Position/Velocity
[Position Time of Applicablity Mddddddd dddddddL
IVelocity Time of Applicabilty Mddddddd dddddddL

Note: In the “Coding” column, “M” indicates the Most Significant Bit of the data field
and “L” indicates the Least Significant Bit of the data field.

Time of Applicability for Estimated Position/Velocity

The Time of Applicability for the estimated position and velocity shall be generated
under the conditions specified below:

a. Each time that an individual State Vector Report is updated as specified in
82.2.8.1.17, 82.2.8.1.18, §2.2.8.1.19, OR §2.2.8.1.20, the Report Assembly Function
shall update the Time of Applicability for the Estimate Position/Velocity data in the
State Vector Report with either the GPS/GNSS UTC Measure Time data (82.2.8.5.1)
or the Established Receiver Unit Time (82.2.8.5.2), whichever is applicable to the
Receiving device Report Assembly Function installation requirements.

b. Time of Applicability data shall be provided in the State Vector report in binary
format as specified in Table 2-86.

Position Time of Applicability

Processing of Position Time of Applicability depends on the UTC Time of Message
Receipt of the Position Message and the value of the “TIME” (T) bit in the Position
Message.

Position Time of Applicability when “TIME” (T)=0

Each time that an Airborne or Surface Position Message is received with valid Latitude
AND Longitude data and “TIME” (T)=0, the Report Assembly Function shall update the
Position Time of Applicability data in the State Vector Report with the Time of Message
Receipt of the Position Message expressed as either GPS/GNSS UTC Measure Time data
(see §2.2.8.5.1), or the Established Receiver Unit Time (see §2.2.8.5.2). Time of
Applicability shall be rounded to the nearest LSB of the Position Time of Applicability
field.

Position Time of Applicability when “TIME” (T)=1 and UTC Time of Message
Receipt is Available

Each time that an Airborne or Surface Position Message is received with “TIME”
(T)="1" and valid Latitude AND Longitude data, and when a valid UTC Time of
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2281423

2.2.8.143

2.2.8.15

Message Receipt is available per 82.2.8.5.1, the Report Assembly Function shall update
the Position Time of Applicability data in the State Vector Report with the appropriate
0.2 second UTC epoch. The appropriate 0.2 second UTC epoch is determined as follows:

e If “CPR Format” (F)=0, Position Time of Applicability shall be the nearest even
0.2 second UTC epoch to the time that the Airborne Position Message is
received, expressed as GPS/GNSS UTC Measure Time data (see §2.2.8.5.1) and
rounded to the nearest LSB of the Position Time of Applicability field.

e If “CPR Format” (F)=1, Position Time of Applicability shall be the nearest odd
0.2 second UTC epoch to the time that the Airborne Position Message is
received, expressed as GPS/GNSS UTC Measure Time data (see §2.2.8.5.1) and
rounded to the nearest LSB of the Position Time of Applicability field.

Note: An “even 0.2 second UTC epoch” is defined as that moment on the UTC time
that occurs at an even number of 200-millisecond intervals after an exact even-
numbered UTC second. Likewise, an “odd 0.2 second UTC epoch” is 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.

Position Time of Applicability when “TIME” (T)=1 and UTC Time of Message
Receipt is NOT Available

Each time that an Airborne or Surface Position Message is received with “TIME” (T)=1
and valid Latitude AND Longitude data, and when no valid UTC Time of Message
Receipt per 82.2.8.5.1 is available, the Position Time of Applicability shall be processed
as specified in §2.2.8.1.4.2.1.

Velocity Time of Applicability

Each time that an Airborne Velocity Message - Subtype=1 or ‘“2” is received with valid
East/West AND North/South Velocity data, the Report Assembly Function shall update
the Velocity Time of Applicability data in the State Vector Report with either the
GPS/GNSS UTC Measure Time data (see §2.2.8.5.1) or the Established Receiver Unit
Time (see 82.2.8.5.2), whichever is applicable to the Receiving device Report Assembly
Function installation requirements.

Each time that a Surface Position Message is received with valid Movement AND
Ground Track data, the Report Assembly Function shall update the Velocity Time of
Applicability data in the State Vector Report with either the GPS/GNSS UTC Measure
Time data (see 82.2.8.5.1) or the Established Receiver Unit Time (see §2.2.8.5.2),
whichever is applicable to the Receiving device Report Assembly Function installation
requirements.

Latitude (WGS-84)

The ADS-B Report Assembly Function shall decode the Encoded Latitude data
(82.2.3.2.3.7 and /or 82.2.3.2.4.7) provided in the ADS-B broadcast. Decoding of the
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2.2.8.1.6

2.2.8.1.7

encoded latitude data shall be performed in accordance with 8A.1.7.4 through 8A.1.7.8.2
of Appendix A. Latitude data shall be provided to the user application in the State
Vector report in angular weighted binary format (M bit = 90 degrees, S bit = negative, or
180 degrees) as specified in Table 2-81.

When valid encoded latitude data is not available, the latitude data provided to the user
application shall be set to ALL ZEROs, and the Horizontal Position Validity Flag bit,
i.e., bit #7 (MSB) of byte #3 of the State Vector Report (82.2.8.1.1.2), shall be set to
ZERO (0) to indicate that the reported Horizontal Position data is not valid. Otherwise,
the Horizontal Position Validity Flag bit, i.e., bit #7 (MSB) of byte #3 of the State Vector
Report, shall be set to ONE (1), unless modified by other conditions.

Longitude (WGS-84)

The ADS-B Report Assembly Function shall decode the Encoded Longitude data
(82.2.3.2.3.8 and / or 2.2.3.2.4.8) provided in the ADS-B broadcast. Decoding of the
encoded longitude data shall be performed in accordance with 8A.1.7.4 through
A.1.7.8.2 of Appendix A. Latitude data shall be provided to the user application in the
State Vector report in angular weighted binary format (M bit = 90 degrees, S bit =
negative, or 180 degrees) as specified in Table 2-81.

When valid encoded longitude data is not available, the longitude data provided to the
user application shall be set to ALL ZEROs, and the Horizontal Position Validity Flag
bit, i.e., bit #7 (MSB) of byte #3 of the State Vector Report, shall be set to ZERO (0) to
indicate that the reported Horizontal Position data is not valid. Otherwise, the Horizontal
Position Validity Flag bit, i.e., bit #7 (MSB) of byte #3 of the State Vector Report, shall
be set to ONE (1), unless modified by other conditions.

Altitude, Geometric (WGS-84)

a. When Geometric Altitude Data is indicated by the “TYPE” subfield (§2.2.3.2.3.1) the
ADS-B Report Assembly Function shall decode Altitude Data (82.2.3.2.3.4) that has
been encoded by the ADS-B Transmitting Subsystem as specified in §2.2.3.2.3.4.2.

b. Alternatively, Barometric Altitude Data (§2.2.3.2.3.4.1), Difference from Barometric
Altitude  Sign Bit (82.2.3.2.6.1.14, §82.2.3.2.6.2.14, §2.2.3.2.6.3.14 or
§2.2.3.2.6.4.14), and Difference from Barometric Altitude (82.2.3.2.6.1.15,
§2.2.3.2.6.2.15, §2.2.3.2.6.3.15 or §2.2.3.2.6.4.15), shall be decoded and the
Geometric Altitude computed by the receiver Report Assembly Function.

c. Geometric Binary Altitude data shall be provided to the user application in the State
Vector report in binary format as specified in Table 2-81. This format represents a
true two’s complement format where the MSB has a weight of 65,536 and the LSB
has a weight of 0.015625. The maximum range of the data is then given by
+[2*MSB - LSB] or +131071.984375.

d. When valid Geometric Altitude data is not available, the ADS-B receiver shall set the
Geometric Altitude data provided to the user interface to ALL ZEROs, and the
Geometric Altitude Validity Flag bit, i.e., bit #6 of byte #3 of the State Vector Report
(82.2.8.1.1.2), shall be set to ZERO (0) to indicate that the reported Geometric
Altitude is not valid. Otherwise, the Geometric Altitude Validity Flag bit, i.e., bit #6
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of byte #3 of the State Vector Report, shall be set to ONE (1), unless modified by
other conditions.

Note: Geometric Altitude is not required to be estimated when a State Vector Report is

prepared as a result of receiving an airborne position and velocity messages.
(i.e. The State Vector Report can include the most recently received value for this
field.)

2.2.8.1.8 North/South Velocity

a.

The ADS-B Report Assembly Function shall extract the North/South Direction Bit
(82.2.3.2.6.1.8 or 8§2.2.3.2.6.28) and the North/South Velocity subfield
(82.2.3.2.6.1.9 or 82.2.3.2.6.2.9) from the ADS-B Message and provide North/South
Velocity information to the user Application in the State Vector report in binary
format as specified in Table 2-81. This format represents a true two’s complement
format where the MSB has a weight of 2,048 and the LSB has a weight of 0.125.
The maximum range of the data is then given by + [2*MSB - LSB] or +4,095.875.

When valid North/South Velocity data is not available, the North/South Velocity data
provided to the user application shall be set to ALL ZEROs, and the Airborne
Horizontal Velocity Validity Flag bit, i.e., bit #5 of byte #3 of the State Vector
Report (82.2.8.1.1.2), shall be set to ZERO (0) to indicate that the reported Airborne
Horizontal Velocity is not valid. Otherwise, the Airborne Horizontal Velocity
Validity Flag bit, i.e., bit #5 of byte #3 of the State Vector Report, shall be set to
ONE (1), unless modified by other conditions.

2.2.8.1.9 East/West Velocity

a.

The ADS-B Report Assembly Function shall extract the East/West Direction Bit
(82.2.3.2.6.1.6 or 82.2.3.2.6.2.6) and the East/West Velocity subfield (§2.2.3.2.6.1.7
or 8§2.2.3.2.6.2.7) from the ADS-B Message and provide East/West Velocity
information to the user application in the State Vector report in binary format as
specified in Table 2-81. This format represents a true two’s complement format
where the MSB has a weight of 2,048 and the LSB has a weight of 0.125. The
maximum range of the data is then given by +[2*MSB - LSB] or +4,095.875.

When valid East/West Velocity data is not available, the East/West Velocity data
provided to the user application shall be set to ALL ZEROs, and the Airborne
Horizontal Velocity Validity Flag bit, i.e., bit # 5 of byte #3 of the State Vector
Report (§2.2.8.1.1.2), shall be set to ZERO (0) to indocate that the reported Airborne
Horizontal Velocity is not valid. Otherwise, the Airborne Horizontal Velocity
Validity Flag bit, i.e., bit #5 of byte #3 of the State Vector Report, shall be set to
ONE (1), unless modified by other conditions.

2.2.8.1.10 Ground Speed While on the Surface

a.

©20xx, RTCA, Inc.

The ADS-B Report Assembly Function shall extract the Movement Data
(82.2.3.2.4.2) from the ADS-B Surface Position Message and provide Ground Speed
information to the user application in the State Vector report as specified in Table 2-
81. Coding of the Movement information shall be the same as that identified for the
Movement Data in §2.2.3.2.4.2.
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2.2.8.1.11

2.2.8.1.12

b.

When valid Movement data is not available, the ADS-B Report Assembly Function
shall set the Ground Speed data provided to the user application to ALL ZEROs, and
the Surface Ground Speed Validity Flag bit, i.e., bit #4 (LSB) of byte #3 of the State
Vector Report, shall be set to ZERO (0) to indicate that the reported Surface Ground
Speed is not valid. Otherwise, the Surface Ground Speed Validity Flag bit, i.e., bit
#4 (LSB) of byte #3 of the State Vector Report, shall be set to ONE (1), unless
modified by other conditions.

Heading While on the Surface

a.

The ADS-B Report Assembly Function shall extract the Status Bit for Heading
(82.2.3.2.4.3) and Heading Data (82.2.3.2.4.4) from the ADS-B Surface Position
Message and provide Heading while on the surface information to the user
application in the State Vector Report in binary format as specified in Table 2-81.
This format represents a true two’s complement format where the MSB has a weight
of 90 degrees and the LSB has a weight of 1.40625 degrees. The maximum range of
the data is then given by £[2*MSB - LSB] or +178.59375 degrees. Alternately, the
format may be referred to as angular weighted binary.

When valid Heading while on the surface data is not available, the ADS-B Report
Assembly Function shall set the Heading while on the surface data provided to the
user application to ALL ZEROs, and the Surface Heading Validity Flag bit, i.e., bit
#3 (MSB) of byte #3 of the State Vector Report, shall be set to ZERO (0) to indicate
that the reported Surface Heading is not valid. Otherwise, the Surface Heading
Validity Flag bit, i.e., bit #3 (MSB) of byte #3 of the State Vector Report, shall be set
to ONE (1), unless modified by other conditions.

Altitude, Barometric (Pressure Altitude)

a.

When Barometric Altitude Data is indicated by the “TYPE” subfield (8§2.2.3.2.3.1) of
the ADS-B Airborne Position Message, the ADS-B Report Assembly Function shall
decode Altitude Data (82.2.3.2.3.4) that has been encoded by the ADS-B
Transmitting Subsystem as specified in §2.2.3.2.3.4.1. Binary Altitude data shall be
provided to the user application in the State Vector report as specified in Table 2-81.
This format represents a true two’s complement format where the MSB has a weight
of 65,536 and the LSB has a weight of 0.015625. The maximum range of the data is
then given by + [2*MSB - LSB] or £131071.984375.

When valid Barometric Altitude data is not available, the ADS-B Report Assembly
Function shall set the Barometric Altitude data provided to the user application to
ALL ZEROs, and the Barometric Altitude Validity Flag bit, i.e., bit #2 of byte #3 of
the State Vector Report, shall be set to ZERO (0) to indicate that the reported
Barometric Altitude is not valid. Otherwise, the Barometric Altitude Validity Flag
bit, i.e., bit #2 of byte #3 of the State Vector Report, shall be set to ONE (1), unless
modified by other conditions.

Note: Barometric Altitude is not required to be estimated when a State Vector Report is

prepared as a result of receiving an airborne position and velocity messages.
(i.e. The State Vector Report can include the most recently received value for this
field.)
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2.2.8.1.13 Vertical Rate, Geometric/Barometric

The “Vertical Rate” field in the State Vector Report contains the altitude rate of an
airborne ADS-B Participant. This shall be either the rate of change of pressure altitude,
or of geometric altitude, as specified by the “Vertical Rate Type” element in the Mode
Status Report (§2.2.8.2.18).

2.2.8.1.14 Vertical Rate, Geometric (WGS-84)

a.

When Geometric Altitude Rate Data is indicated by the “Source Bit for Vertical
Rate” subfield (§2.2.3.2.6.1.10, §2.2.3.2.6.2.10, §2.2.3.2.6.3.10 or §2.2.3.2.6.4.10)
the ADS-B Report Assembly Function shall extract the “Sign Bit for Vertical Rate”

“Vertical Rate” subfield (§2.2.3.2.6.1.12, §2.2.3.2.6.2.12, 82.2.3.2.6.3.12 or
82.2.3.2.6.4.12) from the ADS-B Message and provide Vertical Rate, Geometric
information to the user application in the State Vector report in binary format as
specified in Table 2-81. This format represents a true two’s complement format
where the MSB has a weight of 16,384 and the LSB has a weight of 1. The
maximum range of the data is then given by +[2*MSB - LSB] or +32,767.

When valid Geometric Altitude Rate data is not available, the ADS-B Report
Assembly Function shall set the Vertical Rate, Geometric data provided to the user
application to ALL ZEROs, and the Geometric Vertical Rate Validity Flag bit, i.e.,
bit #1 of byte #3 of the State Vector Report (82.2.8.1.1.2), shall be set to ZERO (0)
to indicate that the reported Geometric Vertical Rate is not valid. Otherwise, the
Geometric Vertical Rate Validity Flag bit, i.e., bit #1 of byte #3 of the State Vector
Report, shall be set to ONE (1), unless modified by other conditions.

Note: Geometric Altitude Rate is not required to be estimated when a State Vector

Report is prepared as a result of receiving an airborne position and velocity
messages. (i.e. The State Vector Report can include the most recently received
value for this field.)

2.2.8.1.15 Barometric Altitude Rate

a.
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When Barometric Altitude Rate Data is indicated by the “Source Bit for Vertical
Rate” subfield (§2.2.3.2.6.1.10, 82.2.3.2.6.2.10, §2.2.3.2.6.3.10 or §2.2.3.2.6.4.10)
the ADS-B Report Assembly Function shall extract the “Sign Bit for Vertical Rate”
subfield (82.2.3.2.6.1.11, §2.2.3.2.6.2.11, §2.2.3.2.6.3.11 or §2.2.3.2.6.4.11) and the
“Vertical Rate” subfield (§2.2.3.2.6.1.12, §2.2.3.2.6.2.12, §2.2.3.2.6.3.12 or
82.2.3.2.6.4.12) from the ADS-B Message and provide Vertical Rate, Barometric
information to the user application in the State Vector report in binary format as
specified in Table 2-81. This format represents a true two’s complement format
where the MSB has a weight of 16,384 and the LSB has a weight of 1. The
maximum range of the data is then given by £[2*MSB - LSB] or +32,767.

When valid Barometric Altitude Rate data is not available, the ADS-B Report
Assembly Function shall set the Vertical Rate, Barometric data provided to the user
application to ALL ZEROs, and the Barometric Vertical Rate Validity Flag bit, i.e.,
bit #0 of byte #3 of the State Vector Report, shall be set to ZERO (0). Otherwise, the
Barometric Vertical Rate Validity Flag bit, i.e., bit #0 of byte #3 of the State Vector
Report, shall be set to ONE (1), unless modified by other conditions.
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2.2.8.1.16

2.2.8.1.17

Note: Barometric Altitude Rate is not required to be estimated when a State Vector
Report is prepared as a result of receiving an airborne position and velocity
messages. (i.e. The State Vector Report can include the most recently received
value for this field.)

Navigation Integrity Category (NIC)

The ADS-B Report Assembly Function shall provide Navigation Integrity Category
(NIC) information in the State Vector Report. The NIC is derived from the “TYPE”
Code data (82.2.3.2.3.1) and the NIC Supplement-B value (§2.2.3.2.3.3) from the ADS-B
Airborne Position Message, and the NIC Supplement-A value (8§2.2.3.2.7.2.6) from the
ADS-B Aircraft Operational Status Message, OR the “TYPE” Code data (§2.2.3.2.4.1)
from the ADS-B Surface Position Message, and the NIC Supplement-A value
(82.2.3.2.7.2.6) and the NIC Supplement-C value (§2.2.3.2.7.2.3.11) from the ADS-B
Aircraft Operational Status Message. The NIC values are encoded according to the NIC
values given in Table 2-70, except for Rc < 0.3 NM which is encoded in the State Vector
Report with a value of 6 in bits 0 to 3 in byte 35, with bit 4 in byte 35 set to ONE (1) (i.e.,
xxx10110). The NIC parameter is provided to the user application in the State Vector
Report as specified in Table 2-81.

Note: For backward compatability, applications designed to interface to the State
Vector Report structure of RTCA DO-260A will decode Rc < 0.3 NM as NIC=6
and interpret it as Rc < 0.6 NM. Applications designed to comply with these
MOPS will properly decode the NIC as Rc < 0.3 NM.

Estimated Latitude (WGS-84)

a. New Latitude Data Received

(1). Airborne or Surface Message Received: - Each time that the Report Assembly
Function establishes a new decoded Latitude in accordance with §2.2.8.1.2, the
Report Assembly Function shall update the Estimated Latitude (WGS-84) data in
the State Vector Report with the new Latitude data received.

(2). Airborne or Surface Message Received: - The Estimated Latitude update shall be
completed by the Report Assembly Function also updating the Report Time of
Applicability in the State Vector Report with either the GPS/GNSS UTC
Measure Time data (see §2.2.8.5.1) or the Established Receiver Unit Time (see
§2.2.8.5.2) whichever is applicable to the Receiving device Report Assembly
Function installation requirements.

b. New North/South Velocity Data Received: (Airborne Velocity Message Received)

(1). Each time that an Airborne Velocity Message - Subtype=1 or ‘“2” is received
with valid North/South Velocity data, the Report Assembly Function shall
compute a new Estimated Latitude (WGS-84) position based on the last known

Estimated Latitude (WGS-84), the last known North/South Velocity (Note: Not
the North/South Velocity data just received), and the time that has elapsed since
the last update of the Estimated Latitude (WGS-84).
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Accuracy of the Estimated Latitude (WGS-84) computation shall be within £20
meters of the theoretical noise free position that could be established based on the
previous position, the last known velocity, and the time of travel.

Note: The accuracy requirement is stated in the manner given in order to
specifically allow the implementation to use estimation techniques
such as Kalman filters, alpha-beta trackers, or linear estimation as
deemed necessary by the implementer to satisfy the accuracy
requirement.

(2). The new Estimated Latitude (WGS-84) computed in b.(1) shall be used by the
Report Assembly Function to update the Estimated Latitude (WGS-84) data in
the State Vector Report.

(3). The Estimated Latitude update shall be completed by the Report Assembly
Function also updating the Report Time of Applicability in the State Vector
Report with either the GPS/GNSS UTC Measure Time data (see §2.2.8.5.1) or
the Established Receiver Unit Time (see 82.2.8.5.2) whichever is applicable to
the Receiving device Report Assembly Function installation requirements.

Estimated Horizontal Position Validity Flag Requirements

When valid estimated Latitude or Longitude position data is not available, the
estimated latitude and longitude data provided to the user application shall be set to
ALL ZEROs and the Estimated Horizontal Position Validity Flag bit, i.e., bit #7 of
byte #4 of the State Vector Report (82.2.8.1.1.2), shall be set to ZERO (0) to indicate
that the reported Estimated Horizontal Position is not valid.

Otherwise, the Estimated Horizontal Position Validity Flag bit, i.e., bit #7 of byte #4
of the State Vector Report, shall be set to ONE (1), unless modified by other
conditions.

2.2.8.1.18 Estimated Longitude (WGS-84)

a.

©20xx, RTCA, Inc.

New Longitude Data Received

(1). Airborne or Surface Message Received: - Each time that the Report Assembly
Function establishes a new decoded Longitude in accordance with §2.2.8.1.6, the
Report Assembly Function shall update the Estimated Longitude (WGS-84) data
in the State Vector Report with the new Longitude data received.

(2). Airborne or Surface Message Received: - The Estimated Longitude update shall
be completed by the Report Assembly Function also updating the Report Time of
Applicability in the State Vector Report with either the GPS/GNSS UTC
Measure Time data (see 82.2.8.5.1) or the Established Receiver Unit Time (see
82.2.8.5.2) whichever is applicable to the Receiving device Report Assembly
Function installation requirements.

New East/West Velocity Data Received: (Airborne Velocity Message Received)

(1). Each time that an Airborne Velocity Message - Subtype=1 or ‘“2” is received
with valid East/West Velocity data, the Report Assembly Function shall compute
a new Estimated Longitude (WGS-84) position based on the last known
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).

(3).

Estimated Longitude (WGS-84), the last known East/West Velocity (Note: Not
the East/West Velocity data just received), and the time that has elapsed since the
last update of the Estimated Longitude (WGS-84).

Accuracy of the Estimated Longitude (WGS-84) computation shall be within
+20 meters of the theoretical noise free position that could be established based
on the previous position, the last known velocity, and the time of travel.

Note: The accuracy requirement is stated in the manner given in order to
specifically allow the implementation to use estimation techniques
such as Kalman filters, alpha-beta trackers, or linear estimation as
deemed necessary by the implementer to satisfy the accuracy
requirement.

The new Estimated Longitude (WGS-84) computed in b.(1) shall be used by the
Report Assembly Function to update the Estimated Longitude (WGS-84) data in
the State Vector Report.

The Estimated Longitude update shall be completed by the Report Assembly
Function also updating the Report Time of Applicability in the State Vector
Report with either the GPS/GNSS UTC Measure Time data (see §2.2.8.5.1) or
the Established Receiver Unit Time (see §2.2.8.5.2) whichever is applicable to
the Receiving device Report Assembly Function installation requirements.

c. Estimated Horizontal Position Validity Flag Requirements

When valid estimated Latitude or Longitude position data is not available, the
estimated latitude and longitude data provided to the user application shall be set to
ALL ZEROs and the Estimated Horizontal Position Validity Flag bit, i.e., bit #0 of
byte #3 of the State Vector Report (82.2.8.1.1.2), shall be set to ZERO (0) to indicate
that the reported Estimated Horizontal Position is not valid.

Otherwise, the Estimated Horizontal Position Validity Flag bit, i.e., bit #0 of byte #3
of the State Vector Report, shall be set to ONE (1), unless modified by other
conditions.

2.2.8.1.19 Estimated North/South Velocity

Note:

The estimation of North/South Velocity is considered to be an optional function
to be implemented in the ADS-B Report Assembly Function at the discretion of
the implementer. If estimation of North/South Velocity is implemented then the
requirements provided in the following subparagraphs a. through b.(3) are to be
used as the minimum acceptable performance for such estimation.

a. New North/South Velocity Received: (Airborne  Velocity or Surface Position

Message Received)

).

Each time that the Report Assembly Function establishes a new North/South
Velocity in accordance with §2.2.8.1.8, the Report Assembly Function shall
update the Estimated North/South Velocity data in the State Vector Report with
the new North/South Velocity data received.
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(2). The Estimated North/South Velocity update shall be completed by the Report
Assembly Function also updating the Report Time of Applicability in the State
Vector Report with either the GPS/GNSS UTC Measure Time data (see
82.2.8.5.1) or the Established Receiver Unit Time (see §2.2.8.5.2) whichever is
applicable to the Receiving device Report Assembly Function installation
requirements.

New Latitude Position Data Received: (Airborne Position or Surface Position

Message Received)

(1). Each time that the Report Assembly Function establishes a new decoded Latitude
in accordance with 82.2.8.1.2, the Report Assembly Function shall compute a
new Estimated North/South Velocity based on the last known Estimated Latitude
(WGS-84), the new Latitude position data just received, and the time that has
elapsed since the last update of the Estimated North/South Velocity.

Accuracy of the Estimated North/South Velocity computation shall be within
+0.3 meters/second of the theoretical noise free Estimated North/South Velocity
that could be established based on the previous position, the new position, and
the elapsed time of travel between the two positions.

Note: The accuracy requirement is stated in the manner given in order to
specifically allow the implementation to use estimation techniques
such as Kalman filters, alpha-beta trackers, or linear estimation as
deemed necessary by the implementer to satisfy the accuracy
requirement.

(2). The new Estimated North/South Velocity computed in b.(1) shall be used by the
Report Assembly Function to update the Estimated North/South Velocity data in
the State Vector Report.

(3). The Estimated North/South Velocity update shall be completed by the Report
Assembly Function also updating the Report Time of Applicability in the State
Vector Report with either the GPS/GNSS UTC Measure Time data (see
82.2.8.5.1) or the Established Receiver Unit Time (see §2.2.8.5.2) whichever is
applicable to the Receiving device Report Assembly Function installation
requirements.

Estimated Velocity Validity Flag Requirements

When valid estimated North/South or East/West Velocity data is not available, the
estimated North/South or East/West Velocity data provided to the user application
shall be set to ALL ZEROs and the Estimated Horizontal Velocity Validity Flag bit,
i.e., bit #6 of byte #4 of the State Vector Report (82.2.8.1.1.2), shall be set to ZERO
(0) to indicate that the reported Estimated Horzontal Velocity is not valid.

Otherwise, the Estimated Horizontal Velocity Validity Flag bit, i.e., bit #6 of byte #4
of the State Vector Report, shall be set to ONE (1), unless modified by other
conditions.
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2.2.8.1.20 Estimated East/West Velocity

Note:

a.

The estimation of East/West Velocity is considered to be an optional function to
be implemented in the ADS-B Report Assembly Function at the discretion of the
implementer. If estimation of East/West Velocity is implemented then the
requirements provided in the following subparagraphs a. through b.(3) are to be
used as the minimum acceptable performance for such estimation.

New East/West Velocity Data Received: (Airborne Velocity or Surface Position

Message Received)

).

@).

Each time that the Report Assembly Function establishes a new East/West
Velocity in accordance with §2.2.8.1.9, the Report Assembly Function shall
update the Estimated East/West Velocity data in the State VVector Report with the
new East/West Velocity data received.

The Estimated East/West Velocity update shall be completed by the Report
Assembly Function also updating the Report Time of Applicability in the State
Vector Report with either the GPS/GNSS UTC Measure Time data (see
82.2.8.5.1) or the Established Receiver Unit Time (see §2.2.8.5.2) whichever is
applicable to the Receiving device Report Assembly Function installation
requirements.

New Longitude Position Data Received: (Airborne or Surface Position Message
Received)

).

(2).

(3).

Each time that the Report Assembly Function establishes a new decoded
Longitude in accordance with §2.2.8.1.6, the Report Assembly Function shall
compute a new Estimated East/West Velocity based on the last known Estimated
Longitude (WGS-84), the new Longitude position data just received, and the
time that has elapsed since the last update of the Estimated East/West Velocity.

Accuracy of the Estimated East/West Velocity computation shall be within £0.3
meters/second of the theoretical noise free Estimated East/West Velocity that
could be established based on the previous position, the new position, and the
elapsed time of travel between the two positions.

Note: The accuracy requirement is stated in the manner given in order to
specifically allow the implementation to use estimation techniques
such as Kalman filters, alpha-beta trackers, or linear estimation as
deemed necessary by the implementer to satisfy the accuracy
requirement.

The new Estimated East/West Velocity computed in b.(1) Shall be used by the
Report Assembly Function to update the Estimated East/West Velocity data in
the State Vector Report.

The Estimated East/West Velocity update shall be completed by the Report
Assembly Function also updating the Report Time of Applicability in the State
Vector Report with either the GPS/GNSS UTC Measure Time data (see
§2.2.8.5.1) or the Established Receiver Unit Time (see §2.2.8.5.2) whichever is
applicable to the Receiving device Report Assembly Function installation
requirements.
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C.

Estimated Horizontal Velocity Validity Flag Requirements

When valid estimated North/South or East/West Velocity data is not available, the
estimated North/South or East/West Velocity data provided to the user application
shall be set to ALL ZEROs and the Estimated Horizontal Velocity Validity Flag bit,
i.e., bit #7 of byte #4 of the State Vector Report (§2.2.8.1.1.2), shall be set to ZERO
(0) to indicate that the reported Estimated Horzontal Velocity is not valid.

Otherwise, the Estimated Horizontal Velocity Validity Flag bit, i.e., bit #7 of byte #4
of the State Vector Report, shall be set to ONE (1), unless modified by other
conditions.

Surveillance Status / Discretes

a.

The ADS-B Report Assembly Function shall extract the Surveillance Status
(82.2.3.2.3.2) from the ADS-B Airborne Position Message (8§2.2.3.2.3) and map the
surveillance status data into the most significant nibble of the State Vector Report
byte on a bit for bit basis as shown in Table 2-81.

When valid Surveillance Status data is not available, the ADS-B Report Assembly
Function shall set the Surveillance Status data provided to the user application to
ALL ZEROs.

The ADS-B Report Assembly Function shall extract the Intent Change Flag
(82.2.3.2.6.1.3 and Figure 2-7, Figure 2-8) from the ADS-B Airborne Velocity
Message (82.2.3.2.6) and map the Intent Change Flag into the bit “b1” of the least
significant nibble of the State VVector Report byte on a bit for bit basis as shown in
Table 2-81.

The ADS-B Report Assembly Function shall insert a ZERO (0) into bit “b0” of the
least significant nibble of the State VVector Report byte shown in Table 2-81.

Report Mode

The Report Mode is used to indicate the current state of the Report for each ADS-B
vehicle being reported. Each time that the State Vector Report is updated, the Report
Mode shall be updated with the encoding being as shown in Table 2-87.

Table 2-87: Report Mode Encoding

Coding Report Mode
xxxx 0000 No Report Generation Capability
xxxx 0001 Acquisition Mode (see §2.2.10.2)
xxxx 0010 Track Mode (see §2.2.10.3)

xxxx 0011
through Reserved for Future Expansion
XXXx 1111

Note: “x” in the table above, denotes “DON’T CARE.”
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2.2.8.2

ADS-B Mode Status Report Characteristics

Table 2-88 and the subsequent subparagraphs identify the data structure for all ADS-B
Mode Status Reports.

The Report Assembly Function shall be compatible with the current and prior versions of
the relevant 1090 MHz ADS-B Messages (e.g., Operational Status, Airborne Paosition,
Surface Position, Airborne Velocity, Aircraft Status and Aircraft Identification) that are
used as the basis for generating Mode Status Reports. The relevant Version Two (2)
messages are identified below and the relevant Version Zero (0) messages, conformant to
RTCA DO-260, including Change 1, and the relevant Version One (1) messages,
conformant to RTCA DO-260A, including Change 1 and Change 2, and their required
use for ADS-B Mode Status Report generation are defined in Appendix N, Section N.4.

The intent of Table 2-88 is to illustrate the structure of all Items required to be reported in
an ADS-B Mode Status Report. The exact structure of the data indicated in columns 10
and 11 is provided as a guideline or one possible method of satisfying the report
structure. Implementers may choose to organize the data in another format; however,
delivery to a user interface or application of all Items in Table 2-88 shall be consistent
with the range, resolution, and units indicated in column 7, 8 and 9 of Table 2-88
respectively. If data is not available to support a field that is delivered to an application,
then the data provided to the application shall be set to ALL ZEROs. Those
requirements in 82.2.8.2.1 to 82.2.8.2.4 below that relate to specific data structure details
(byte numbers, and bit numbers within the bytes) shall only apply to equipment that uses
the sample data structure shown in columns 10-11 of Table 2-88.

Note: Table 2-88 is structured such that column 1, 2, and 6 through 11, pertain to the
Mode Status Report elements and how such elements should be structured into
the report. Columns 3 through 5 provide information on where the appropriate
data can be located in the ADS-B Messages for each of the Report elements.
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Table 2-88: ADS-B Mode Status Data Elements - Source Data Mapping To Report Structure
Table 2-88: ADS-B Mode Status Data Elements — Source Data Mapping To Report Structure
Column REPORT STRUCTURE MESSAGE STRUCTURE RELEVANT REPORT STRUCTURE RELEVANT
# 1 2 3 4 5 6 7 8 9 10 11
. “ME” Message
Item # Parameter / Contents Notes Received Field Field # 0 f Range Resolution Units Data Structure Data
Message Sources Bits Bits Bits Byte #
N/A 1-5 . MddL Mddd dddddddd
0a, Ob Report Type and Structure N/A N/A 1.5 24 N/A N/A discrete dddddddL 0-2
Oc Validity Flags N/A N/A N/A 8 N/A N/A discrete dddddddd 3
Airborne Velocity - “AA” N/A 9-32 24
-OR -
Operational Status — “AA” N/A 9-32 24
. -OR- . Mddddddd dddddddd
! Participant Address Target State & Status - “AA” | N/A 9-32 2 NIA NIA discrete | igddddL 4-6
-OR -
Aircraft ID & Category Msg
—“AA” N/A 9-32 24
2 Address Qualifier N egory _ 8 N/A N/A discrete XxxxxMdL 7
All Messages with DF=18 —
PP, N/A 6-8
CF
Operational Status 0.0078125
3 Time of Applicability Airborne Position N/A N/A 16 511.9921875 ) seconds Mddddddd dddddddL 8-9
(1/128)
Target State & Status
4 | ADSB Version Operational Status - 41-43 | 73-75 8 0-7 1 discrete | xo00xMdL 10
Version Number
xMdddddL xMdddddL
. Aircraft ID & Category Alphanumeric | xMdddddL xMdddddL
52 Call Sign Msg -  “Ident Char.” 14-56 41-88 64 NIA NIA characters xMdddddL xMdddddL 11-18
xMdddddL xMdddddL
5b Emitter Category Alrcraf‘t‘ ID & Category b 6-8 38-40 8 N/A N/A discrete xxxMdddL 19
Msg — “Emitter Category
A/V Length and Width Operational Status — :
5¢c Code 3&4 Subtype=1— “L/W Code” 21-24 53 - 56 8 N/A N/A discrete xxxxMddL 20
Aircraft Status Message —
6 Emergency/Priority Status Subtype 1 — “Emergency / 9-11 36-38 8 N/A N/A discrete XxxxxMdL 21
Priority Status”
Operational Status — “CC” 9-24 41 - 56 24
7 Capability Class Codes Target State & Status — See §2.2.8.2.10 gggggggg ddddddad 22-24
“TCAS Operational” 53 85 1
8 Operational Mode Operational Status — “OM” 2540 57-72 16 See §2.2.8.2.11 dddddddd dddddddd 25-26
Operational Status — “NACp” 4548 77-80
. 8 .
9a SV Quality - NAC» Target State & Status - N/A N/A discrete xxxxMddL 27
“NACp” 40 -43 72-75
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Table 2-88: ADS-B Mode Status Data Elements — Source Data Mapping To Report Structure

Column REPORT STRUCTURE MESSAGE STRUCTURE RELEVANT REPORT STRUCTURE RELEVANT
# 1 2 3 4 5 6 7 8 9 10 11
. “ME” Message
Item # Parameter / Contents Notes Received Field Field # .Of Range Resolution Units Data Structure Data
Message Sources Bits Bits Bits Byte #
Airborne Velocity — “NAC” 11-13 4345
9b SV Quality - NACy Operational Status — 10 451 8 N/A N/A discrete XxxxxMdL 28
Subtype=1— “NACy”
Operational Status — “SIL” 51_52 8384
9c SV Quality — SIL Target State & Status - 8 N/A N/A discrete XXXXXXML 29
Q] 45 — 46 77-78
SIL
Operational Status — “SIL 55 87
. Supplement”
ad g:/ Qll::]:z; 2 8 N/A N/A discrete XXXXXLXX 29
PP Target State and Status —
“SIL Supplement” 8 40
9e SOy — BB Operational Status — “SDA” 31-32 63 - 64 8 N/A N/A discrete XXXMLXXX 29
Design Assurance (SDA)
of SV Quality — GVA Operational Status — “GVA” 49 —50 8182 8 N/A N/A discrete XXXXXXML 30
Operational Status — 53 85
. Subtype=0 — “NICgaro” i
99 SV Quality — NICgaro Target State & Status - 8 N/A N/A discrete XXXXXXXL 31
“NICBARO” 44 76
Track/Heading and Operational Status —
10a Horizontal Reference Subtype=1 — Trk/Hdg 53-54 85 -86 8 N/A N/A discrete XXXXXXML 32
Direction (HRD) & Subtype=0,1 — HRD”
10b | Vertical Rate Type Airbome Velocity —“Vert. 36 68 8 N/A N/A discrete | 000000 33
Rate Source
11 | (Reserved for) Flight Mode 8 N/A NIA discrete | xo00xMdL 34
Specific Data
12 Other (Reserved) Reserved 8 Reserved dddddddd 35
TOTAL BYTES: 36
Notes:
1. In the “Data Structure” column (i.e., column 10), “S” indicates the “sign-bit,” “M” indicates the Most Significant Bit of the data field, “d”
indicates data bits in the field, “L” indicates the Least Significant Bit of the data field, and “x” indicates “Don’t Care” bits in the data field.
2. The Report Type and Structure Identifier is used to identify the type of ADS-B Report being generated and the data parameters provided in the
report as specified in §2.2.8.1.1.
3. The A/V Length and Width Code parameter is only applicable to Mode Status Reports for aircraft or vehicles that are reporting the surface
formats.
4. The Operational Mode subfield includes the GPS Antenna Offset parameter in Mode Status Reports for aircraft or vehicles when reporting the

surface formats.
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2.2.8.2.1 Mode Status Report Type and Structure Identification and Validity Flags
2.2.8.2.11 Mode Status Report Type and Structure Identification

The Report Type requirements were previously provided in 82.2.8.1.1. Report Type
formats and the maximum number of bytes to be contained in each report are identified in
Table 2-88.

The Report Structure field is used to indicate the exact data parameters identified in Table
2-88 that are being provided in the Mode Status report and is intended to provide a
methodology for the Report Assembly Function to structure shorter reports when data for
some parameters is not available. In order to provide the capability to provide shorter
Mode Status reports the following basic conventions shall be adhered to:

a. Any given data parameter to be used in the report shall use the designated number of
bytes and format as designated in Table 2-88.

b. Parameters that are designated in Table 2-88 are restricted to byte boundaries.

c. Whenever a data parameter identified in Table 2-88 is not provided in the report, then
it is permissible to concatenate the next parameter to be included into the report
immediately following the inclusion of the previous reported parameter.

d. Each parameter of the Mode Status report identified in Table 2-88 must be properly
declared in the Report Structure field as detailed in the following paragraphs and
Table 2-89.

Note: Implementation of the methodology just provided is realizable and controllable
due to the fact that the exact length of each report parameter is specified in Table
2-88 and the Report Structure field identifies exactly which parameters are
included in the report. Therefore, the report user can easily re-construct the
length and general format of the report.

The Report Structure is a 20-bit field and shall be provided in the least significant nibble
(i.e., bits 3 - 0) of the first byte (i.e., byte “0”) and continuing into bytes 1 and 2 of the
Report. The Report Structure format is specified in Table 2-89 where each bit is
associated with a particular data parameter of the Mode Status Report. If the bit is set to
ONE (1), then the data parameter is considered to be available and shall be transmitted in
the report. Otherwise, the data parameter is considered to not be available and shall not
be transmitted in the report. Note that Table 2-89 does not address the Report Type and
Structure Identification parameter, the Validity Flags parameter, nor the Participant
Address parameter since these four parameters shall be included in the Mode Status
Report. Also, certain of the other Mode Status data parameters are required to be
reported, as specified in §2.2.9, even though bits have been allocated in the report
structure field as shown in Table 2-89.
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Table 2-89: ADS-B Mode Status Report Structure Coding

Number of

Byte# | Bit# Mode Status Data Parameter to be Reported Bytes

N

Time of Applicability
ADS-B Version

Call Sign

Emitter Category

A/V Length and Width Code
Emergency / Priority Status

Capability Codes

Operational Mode

SV Quality - NACp

SV Quality - NACy

SV Quality — SIL, SIL Supplement, SDA
SV Quality — GVA

SV Quallty - NICgaro

True/Magnetic Heading (HRD)

Vertical Rate Type

(Reserved for) Flight Mode Specific Data
Other (Reserved)

Reserved

Reserved

Reserved

N R EEINTINNIEE e
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2.2.8.2.1.2 Mode Status Report Validity Flags

Validity Flags for data provided in the Mode Status Report shall be indicated in byte #3
of the Mode Status Report as shown for item “Oc” in Table 2-88. The Mode Status
Report elements that require validity flags are identified in Table 2-90. Table 2-90
identifies the byte and bit that shall be used as a flag for each element that requires a
validity flag. Each validity flag bit shall be set to ONE (1) to indicate that the
corresponding Mode Status Report Element data is valid. If such data is not valid, then
the corresponding validity flag bit shall be set to ZERO (0). Only the six most
significant bits of the subfield are currently assigned. The remaining 2 bits are reserved
for future use.
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Table 2-90: ADS-B Mode Status Report Validity Flag Requirements
MS idi i
Report Mode Status Validity Flag Bit Required? Vaxgslitgn?]ae%t&t
ltem # Report Element Bit #
Oa Report Type No
Report Data
0b | structure Definition | NO
0c Validity Flags No
1 Participant Address | No
2 Address Qualifier No
Time of
3 | Applicability No
4 ADS-B Version No
5a Call Sign No
5b Emitter Category No
A/V Length and
° | width Code No
Yes
6 Emergency/Priority | If an update has not been received within 100 seconds, via an 9
Status Extended Squitter Aircraft Status Message, or a Target State and
Status Message, then this report element is not considered valid.
Yes
7 Capability Codes If an update has not been received within 24 seconds, via a 7
Operational Status and/or a Target State and Status Message, then (MSB)
this report element is not considered valid
Yes
8 Operational Mode If an update has not been received V\{ithin 24 seconds,_via a 6
Operational Status Message, then this report element is not
considered valid
Yes 5
. If an update has not been received within 24 seconds, via a
9% SV Quality - NACe OperatFi)onaI Status and/or a Target State and Status Message, then
this report element is not considered valid
Yes
9b SV Quality - NACy If an update has not been received within 24 seconds via Airborne 4
Velocity Message, then this report element is not considered valid
Yes
. If an update has not been received within 24 seconds, via a
% SV Quality —SIL Operational Status and/or a Target State and Status Message then 3
this report element is not considered valid
9d SV Quality — SIL No
Supplement
9e SV Quality — SDA No
of SV Quality —GVA | No
SV Quality —
% | NICaaso No
10a True/_l\/lagneuc No
Heading
10b Vertical Rate Type No
(Reserved for)
11 Flight Mode No
Specific Data
12 Other (Reserved) No
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2.2.8.2.2

2.2.8.2.3

22824

2.2.8.2.5

2.2.8.2.6

Paritcipant Address
The Participant Address shall be encoded as specified in §2.2.3.2.1.5.

Address Qualifier

The Address Qualifier is used to indicate the type of participant address (82.2.8.1.3)
being reported. The 3 least significant bits of the one byte field are used to convey the
Address Qualifier information. The Address Qualifier subfield shall be coded as shown
in Table 2-85.

Report Time of Applicability

Each time that an individual Mode Status Report is updated, the Report Assembly
Function shall update the Report Time of Applicability data in the Mode Status Report
with either the GPS/GNSS UTC Measure Time data (see §2.2.8.5.1) or the Established
Receiver Unit Time (see §2.2.8.5.2), whichever is applicable to the Receiving device
Report Assembly Function installation requirements.

Report Time of Applicability data shall be provided in the Mode Status report in binary
format as specified in Table 2-88.

Version Number

The ADS-B Report Assembly Function shall extract the Version Number data from the
ADS-B Aircraft Operational Status Message (82.2.3.2.7.2.5) and provide the Version
Number to the user application in the Mode Status Report in the binary format specified
in Table 2-88.

When a valid Version Number is not available, the Version Number sent to the user
application shall be set to ALL ZEROs.

Call Sign

The ADS-B Report Assembly Function shall first extract the Aircraft Identification
Character subfields (82.2.3.2.5.3) from the ADS-B Flight Identification and Category
Message (82.2.3.2.5.3) for further processing.

Each of the eight characters extracted is encoded in a subset of International Alphabet
No. 5 (IA-5) in accordance with §82.2.3.2.5.3. The encoding of each character is 6 bits
long with bit_6 being the most significant and bit_1 being the least significant. 1A-5isa
seven bit encoding with bit_7 being the most significant and bit_1 being the least
significant. In order to provide an IA-5 encoding in an eight bit format as indicated in
Table 2-88, the Report Assembly Function shall:

(1). Retain bit_6 through bit_1 of the character encoding.
(2). Ifbit_6is “ZERO,” set bit 7 to “ONE”

(3). Ifbit 6is “ONE,” set bit 7 to “ZERO”

(4). Setbit 8 to “ZERO”
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(5). Format bit 8 through bit 6 into “OMdddddL” for entry into the report as
shown in Table 2-88.
When valid Flight Identity data is not available, the Call Sign data sent to the user
application shall be set to ALL ZEROs.
2.2.8.2.7 Emitter Category

The ADS-B Report Assembly Function shall extract “TYPE” (82.2.3.2.5.1) and “ADS-B
Emitter Category” (§2.2.3.2.5.2) from the Aircraft Identification and Category Message
(82.2.3.2.5) and encode the “Emitter Category” field of the Mode Status Report as shown

in Table 2-91.
Table 2-91: Emitter Category Encoding
(I%Ce)c(::ilrlrg% Meaning

0 No Emitter Category Information Available
1 Light (<15,500 Ibs.)
2 Reserved for Future Growth
3 Small (15,500 to 75,000 Ibs.)
4 Reserved for Future Growth
5 Large (75,000 to 300,000 Ibs.)
6 High-Vortex Large (aircraft such as B-757)
7 Heavy (>300,000 Ibs.)
8 High Performance (>5 g acceleration and >400 knots)
9 Reserved for Future Growth
10 Rotorcraft
11 Glider / Sailplane
12 Lighter - than - Air
13 Unmanned Aerial Vehicle
14 Space / Trans-atmospheric Vehicle
15 Ultralight / hang-glider / paraglider
16 Parachutist / Skydiver
17 Reserved for Future Growth
18 Reserved for Future Growth
19 Reserved for Future Growth
20 Surface Vehicle - Emergency Vehicle
21 Surface Vehicle - Service Vehicle
22 Point Obstacle (includes Tethered Ballons)
23 Cluster Obstacle
24 Line Obstacle

25 through 31 Reserved for Future Growth

When valid ADS-B Emitter Category data is not available, the Emitter Category data sent
to the user application shall be set to ALL ZEROs.
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2.2.8.2.8

2.2.8.2.9

2.2.8.2.10

Aircraft/Vehicle (A/V) Length and Width Code

The ADS-B Report Assembly Function shall extract the Aircraft/\VVehicle (A/V) Length
and Width Code from the Aircraft Operational Status Message (82.2.3.2.7.2) when the
A/V is on the airport surface. The A/V Length and Width Code shall be encoded bit for
bit as specified in Table 2-74, into the Mode Status Report as specified in Table 2-88.

Emergency / Priority Status

The ADS-B Report Assembly Function shall extract the “Emergency / Priority Status”
data from the Extended Squitter Aircraft Status Message (§2.2.3.2.7.8.1) (TYPE=28,
Subtype=1), and provide that Emergency / Priority Status information to the user
application in the Mode Status Report in the binary format specified in Table 2-88.

“Emergency/Priority Status,” bits 9 - 11 (see Appendix A, Figure A-8), of the Extended
Squitter Aircraft Status Message shall be mapped bit for bit into the three least significant
bits of the report byte as indicated in Table 2-88.

When valid “Emergency/Priority Status” data is not available (i.e., has not been received
within the past 100 seconds as per Table 2-102, Note #5), then the Emergency/Priority
Status data sent to the user application shall be set to ALL ZEROs and flagged as being
“invalid” as per Table 2-90.

Capability Class Codes

The ADS-B Report Assembly Function shall extract the “Capability Class Codes” data
(82.2.3.2.7.2.3) and the Target State and Status Message from the Aircraft Operational
Status Message (§2.2.3.2.7.2) and provide the Capability Class Codes to the user
application in the Mode Status Report in the binary format specified in Table 2-88.

Capability Class Codes from the ADS-B Operational Status and the Target State and
Status Messages, shall be mapped bit for bit into the 3-byte long Capability Class Codes
field of the ADS-B Mode Status Report as specified in Table 2-92.

When valid “Capability Class” data is not available for a given parameter, then the
Capability Class data sent to the user application for that parameter shall be set to ALL
ZERO:s.

When a Mode Status Report is generated and when the only received update to the
“Capability Class” data has come from a Target State and Status Message, the reported
value of all Capability Class parameters shall be based on the most recently received
Operational Status Message, except updated with the data (i.e., TCAS parameter)
received in the subsequent Target State and Status Message.
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Table 2-92: Capability Code Mapping
. Operational Status
MS Report Opé‘fgggil OSE,aAtilﬁ)oMr?]:age Message Subtype 1 Target ?\}Iaetses:;ed Status
(Surface)
h/(I:S(:ngr;:)Jt Parameter Msg. Bit # Mapping to Msg. Bit # Mapping to Msg. Bit # Mapping to
B - (ME field) MS Report (ME field) MS Report (ME field) MS Report
yte # Bit #
Direct Direct
! ° Mapping o Mapping
: -
Reserved bping pping
5 13 Dlregt 13 Dlrept
Mapping Mapping
0 Direct Direct
4 14 Mapping 14 Mapping
3 B2 Low 15 Direct
Mapping
2 Reserved
1 Reserved
0 Reserved
TCAS Direct Direct
! Operational 1 Mapping = Mapping
1090ES Direct Direct
6 IN 12 Mapping 12 Mapping
5 ARV 15 Direct
Mapping
Direct
4 TS Report 16 Mapping
1 Direct
3 1 Mappin
TC Report .p ping
Direct
2 18 :
Mapping
1 POA 19 Direct
Mapping
UAT Direct Direct
0 IN o Mapping - Mapping
7 Reserved
6 Reserved
5 Reserved
’ 4 Reserved
3 Reserved
2 Reserved
1 Reserved
0 Reserved
Note: Direct Mapping means the message bit state (i.e., 0 or 1) remains the same when
mapped into the Mode Status Report. Inverse Mapping means the message bit
state is reversed when mapped into the Mode Status Report.
2.2.8.2.11 Operational Mode

The ADS-B Report Assembly Function shall extract the “Operational Mode” data, “ME”
bits 25 through 40, (see Table 2-68 and §2.2.3.2.7.2.4) from the Aircraft Operational
Status Message (82.2.3.2.7.2) and shall be mapped bit for bit into the 2-byte long
Operational Mode field of the ADS-B Mode Status Report in the binary format specified

in Table 2-88.
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2.2.8.2.12

2.2.8.2.13

Operational Mode Codes from the ADS-B Aircraft Operational Status Message shall be
mapped bit for bit into the 2-byte long Operational Mode Codes subfield of the ADS-B
Mode Status Report as specified in Table 2-92A.

Table 2-92A: Operational Mode Code Mapping

Operational Status Message Operational Status Message

MS Report Subtype 0 (Airborne) Subtype 1 (Surface)
MS Report i i
oM Firzald Parameter ?Alvfg f?elrj; ?AMS gf?;fdi
Byte # Bit #
7 | OM Format 25 25
6 OM Format 26 26
TCAS RA
5 Active 2 Z
IDENT
g Switch 2 2
Reserved for
0 Receivin
3 e g 29 29
Services
Single
2 Antenna 30 30
Flag
1 Reserved
0 Reserved
7 33
5 34
S GPS -
1 g Antenna 23
Offset
2 38
1 39
0 40

SV Quality — NACp

The ADS-B Report Assembly Function shall extract the NACp data from the Aircraft
Operational Status Message (8§2.2.3.2.7.2) and from the Target State and Status Message
(82.2.3.2.7.1.3.8) and map the NAC; value bit for bit from the most recently received
ADS-B Message to the Mode Status Report in the binary format specified in Table 2-88.

SV Quality — NACy

The ADS-B Report Assembly Function shall extract the NAC,, data from the ADS-B
Airborne Velocity Message (82.2.3.2.6), and the Aircraft Operational Status Message
(82.2.3.2.7.2), and map the NAC,, value bit for bit from the received ADS-B Message to
the Mode Status Report in the binary format specified in Table 2-88.
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2.2.8.2.14

2.28.2.14.1

2.2.8.2.14.2

2.2.8.2.14.3

2.2.8.2.15

2.2.8.2.16

SV Quiality — SIL, SIL Supplement, SDA

SV Quality — Source Integrity Level (SIL)

The ADS-B Report Assembly Function shall extract the SIL data from the Aircraft
Operational Status Message (§2.2.3.2.7.2.9) and from the Target State and Status
Message (82.2.3.2.7.1.3.10), and map the SIL Value bit for bit from the most recently
received ADS-B Message to the Mode Status Report in the binary format specified in
Table 2-88.

SV Quality — SIL Supplement

The ADS-B Report Assembly Function shall extract the SIL Supplement data from the
Aircraft Operational Status Message (82.2.3.2.7.2.14) and from the Target State and
Status Message (82.2.3.2.7.1.3.1), and map the SIL Supplement value bit for bit from the
most recently received ADS-B Message to the Mode Status Report in the binary format
specified in Table 2-88.

SV Quality — System Design Assurance (SDA)

The ADS-B Report Assembly Function shall extract the SDA data from the Aircraft
Operational Status Message (82.2.3.2.7.2.4.6) and map the SDA value bit for bit from the
most recently received ADS-B Message to the Mode Status Report in the binary format
specified in Table 2-88.

SV Quality - GVA

The ADS-B Report Assembly Function shall extract the GVA data from the Aircraft
Operational Status Message (82.2.3.2.7.2.8) and map the value of the GVA field to the
Mode Status Report in the format specified in Table 2-88.

SV Quallty — NICgaro

The ADS-B Report Assembly Function shall extract the NICgaro data from the Aircraft
Operational Status Message (82.2.3.2.7.2.10) and from the Target State and Status
Message (82.2.3.2.7.1.3.9), and map the value of the NICgaro bit from the most recently
received ADS-B Message to the Mode Status Report in the binary format specified in
Table 2-88. The NICgaro field in the Mode Status Report uses the least significant bit of
a one-byte field as a one-bit flag that indicates whether or not the barometric pressure
altitude that is provided in the State Vector Report has been cross-checked against
another source of altitude.
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2.2.8.2.17

2.2.8.2.18

2.2.8.2.19

Track/Heading and Horizontal Reference Direction (HRD)

The ADS-B Report Assembly Function shall extract the Track Angle/Heading
(82.2.3.2.7.2.12) and the Horizontal Reference Direction (HRD) (82.2.3.2.7.2.13) flag
bits from the Aircraft Operational Status Message (82.2.3.2.7.2) and set the
True/Magnetic Heading field in the Mode Status Report in the binary format specified in
Table 2-88. This item within the Mode Status Report is used to indicate the nature of the
Horizontal Direction information being reported in the State Vector Reports. This
applies to the aircraft reported Horizontal Direction (in the State Vector Report). The
encoding of bits 0 and 1 of the report True/Magnetic Heading field shall be as specified
in Table 2-93. Bit 1 of the True/Magnetic Heading field indicates when Ground Track is
being reported (i.e., set to zero) or when Heading is being reported (i.e., set to one). Bit0
of the True/Magnetic Heading field indicates when Heading based on True North (i.e., set
to zero) or when heading based on Magnetic North (i.e., set to one) is being reported.

Table 2-93: True/Magnetic Heading Encoding

Coding .
bit 1 bit0 Meaning
0 0 No Track/Heading or HRD Information Available
0 1 Ground track being reported
1 0 Heading relative to true north being reported
1 1 Heading relative to magnetic north being reported

Note: Bits 2 through 7 of byte 32 of the True/Magnetic Heading subfield are always set
to ZERO (0).

Vertical Rate Type

The ADS-B Report Assembly Function shall extract the Vertical Rate Source
(82.2.3.2.6.1.10, §2.2.3.2.6.2.10, 82.2.3.2.6.3.10, §2.2.3.2.6.4.10) data from the ADS-B
Airborne Velocity Message (82.2.3.2.6) and set the Vertical Rate Type in the Mode
Status Report in the binary format specified in Table 2-88. The Vertical Rate Type field
uses the least significant bit of a one-byte field in the Mode Status Report. This one-bit
flag shall be set to ZERO (0) to indicate that the Vertical Rate field in the State Vector
Report holds the rate of change of barometric pressure altitude. Or, this one-bit flag shall
be set to ONE (1) to indicate that the Vertical Rate field holds the rate of change of
geometric altitude.

(Reserved for) Flight Mode Specific Data

A 3-bit field in the Mode Status Report is reserved for future use as a “Flight Mode
Specific Data” field. In the current version of these MOPS, this field shall be set to ALL
ZERO:s.
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2.2.8.3 ADS-B On-Condition Report Characteristics
ADS-B On-Condition Reports include, but will not necessarily be limited to:
a. The Target State Report
b. The Air Referenced Velocity Report
Note: It is anticipated that the Trajectory Change Reports will be specified by a future
revision of these MOPS as an additional type of “On-Condition” Report.
2.283.1 ADS-B Target State Report

Table 2-94 and the subsequent subparagraphs identify the data structure for all ADS-B
Target State Reports.

The Report Assembly Function shall be compatible with the current ADS-B Version
Two (2) of the relevant 1090 MHz ADS-B Messages (e.g., Target State and Status,
Subtype=1) that are used as the basis to generate Target State Reports. The relevant
Version Two (2) messages are identified below.

Note: Version 0 messages cannot be used as the basis for Target State Reports, because
there are no Version 0 messages that contain the necessary data elements.
Version 1 message formats for the Target State and Status Message with
Subtype=0 are defined in Appendix N, but are not used to generate the Version 2
Target State Report .

The intent of Table 2-94 is to illustrate the structure of all Items that are required to be
reported in an ADS-B Target State Report. The exact structure of the data indicated in
columns 10 and 11 is provided as a guideline or one possible method of satisfying the
report structure. Implementers may choose to organize the data in another format;
however, delivery to a user interface or application of all Items in Table 2-94 shall be
consistent with the range, resolution, and units indicated in column 7, 8 and 9 of Table 2-
94 respectively. If data is not available to support a field that is delivered to an
application, then the data provided to the application shall be set to ALL ZEROs. Those
requirements in the subparagraphs below that relate to specific data structure details (byte
numbers, and bit numbers within the bytes) shall only apply to equipment that uses the
sample data structure shown in columns 10 and 11 of Table 2-94.

Note: Table 2-94 is structured such that column 1, 2, and 6 through 11, pertain to the
Target State Report elements and how such elements should be structured into
the report. Columns 3 through 5 provide information on where the appropriate
data can be located in the ADS-B Messages for each of the Report elements.
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Table 2-94: ADS-B Target State Data Elements - Source Data Mapping To Report Structure

Table 2-94: ADS-B Target State Data Elements — Source Data Mapping To Report Structure

Column REPORT STRUCTURE MESSAGE STRUCTURE RELEVANT REPORT STRUCTURE RELEVANT
# 1 2 3 4 5 6 7 8 9 10 11
. “ME” | Message ‘ Data
Item# | Parameter / Contents | Notes Received Field | Field | #° Range |Resolution| Units Data Structure
Message Sources : ; Bits Byte #
Bits Bits
Report Type and N/A . MddL Mddd
0a, Ob structure Identification 3 N/A | 1-5 | 16 N/A NIA - |discrete i dddL 0-1
Oc Validity Flags N/A N/A N/A 16 N/A N/A discrete [dddddddd dddddddd 2.3
Target State & Status - N/A 9-32 ) Mddddddd dddddddd
1 Participant Address < AA” 24 N/A N/A discrete | dddddddL 4-6
Aircraft 1D & Category 6-8 | 38-40
2 Address Qualifier ”Emitter Category” All 8 N/A N/A discrete | xxxxxMdL 7
Messages with DF=18 — “CF” N/A 6-8
Report Time of 0.0078125
3 | applicability Target State & Status NA | NIA- ) g (SHS9R8TI TG 56y |seconds| Mddddddd dddddddL | 8- 9
Selected Altitude: Target State & Status — .
4a Selected Altitude Type “Selected Altitude Type” 9 Al 8 N/A N/A discrete | XXXXxxxL 10
Selected Altitude: Target State &Status —
MCP/FCU Selected “MCP/FCU Selected
4b Altitude or EMS Selected Altitude or EMS Selected 10-20 | 42-52 16 0-65472 32 feet |xxxxxMdd dddddddL |11 12
Altitude Altitude”
Selected Altitude: Target State & Status —
Barometric Pressure “Selected Altitude: Milli
4c Setting (Minus 800 Barometric Pressure Setting 21-29 | 53-61 16 0- 408.0 0.8 bars XXXXXXXM dddddddL |13 - 14
millibars) (Minus 800 millibars)”
5 |Selected Heading e ST 31-39 | 63-71 | 16 +180 | 0.703125 |degrees [xxxxxxxS MddddddL | 15 - 16
elected Heading
Mode Indicators: Target State & Status — .
6a Autopilot Engaged “Autopilot Engaged” 48 80 8 N/A N/A discrete [ XXXxxxxL 17
Mode Indicators: Target State & Status — .
6b VNAV Mode Engaged “VNAV Mode Engaged” 49 81 8 N/A N/A discrete [XxxxxxxL 18
Mode Indicators: Target State & Status — .
6C | Altitude Hold Mode “Altitude Hold Mode” 30 82 8 N/A N/A | discrete [oooooxxL 19
Mode Indicators: Target State & Status — .
6d Approach Mode «Approach Mode” 52 84 8 N/A N/A discrete | XxXxXxxxxL 20
7 Reserved N/A 8 N/A N/A discrete | XXXXXXXX 21
TOTAL BYTES: 21
229
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Notes:

1. In the “Data Structure” column (i.e., column 10), “S” indicates the “Sign-Bit,” “M” indicates the Most Significant Bit of the data
field, “d” indicates data bits in the field, “L” indicates the Least Significant Bit of the data field, and “x” indicates “Don’t Care”
bits in the data field.

2. The Report Type Identifier is used to identify the type of ADS-B Report being generated as specified in §2.2.8.1.1.1.
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Report Type and Structure Identification

The Report Type requirements were previously provided in 82.2.8.1.1. Report
Type formats and the maximum number of bytes to be contained in each report
are identified in Table 2-94.

The Report Structure field is used to indicate the exact data parameters identified
in Table 2-94 that are being provided in the Target State Report and is intended
to provide a methodology for the Report Assembly Function to structure shorter
reports when data for some parameters is not available. In order to provide the
capability to provide shorter Target State Reports the following basic
conventions shall be adhered to:

a. Any given data parameter to be used in the report shall use the designated
number of bytes and format as designated in Table 2-94.

b. Parameters that are designated in Table 2-94 are restricted to byte
boundaries.

c. Whenever a data parameter identified in Table 2-94 is not provided in the
report, then it is permissible to concatenate the next parameter to be included
into the report immediately following the inclusion of the previous reported
parameter.

d. Each parameter of the Target State Report identified in Table 2-94 must be
properly declared in the Report Structure field as detailed in the following
paragraphs and Table 2-95.

Note: Implementation of the methodology just provided is realizable and
controllable due to the fact that the exact length of each report
parameter is specified in Table 2-94 and the Report Structure field
identifies exactly which parameters are included in the report.
Therefore, the report user can easily re-construct the length and general
format of the report.

The Report Structure is a 12-bit field and shall be provided in the least
significant nibble (i.e., bits 3 - 0) of the first byte (i.e., byte “0”) and continuing
into byte 1 of the Report. The Report Structure format is specified in Table 2-95
where each bit is associated with a particular data parameter of the Target State
Report. If the bit is set to ONE (1), then the data parameter is considered to be
available and shall be transmitted in the report. Otherwise, the data parameter is
considered to not be available and shall not be transmitted in the report. Note
that Table 2-95 does not address the Report Type and Structure ldentification
parameter, the Participant Address parameter, the Address Qualifier parameter,
nor the Report Time of Applicability parameter, since these four parameters shall
be included in the Target State Report. Also, certain of the other Target State
data parameters are required to be reported, as specified in §2.2.9, even though
bits have been allocated in the report structure field as shown in Table 2-95.
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Table 2-95: ADS-B Target State Report — Structure Parameter Coding

. Target State Data Parameter Number of
Byte # Bit # to be Reported Bytes

3 Selected Altitude: Selected Altitude Type 1
Selected Altitude: MCP/FCU Selected
Altitude or FMS Selected Altitude
Selected Altitude: Barometric Pressure
Setting (Minus 800 millibars)

Selected Heading

Mode Indicators: Autopilot Engaged
Mode Indicators: VNAV Mode Engaged
Mode Indicators: Altitude Hold Mode
Mode Indicators: Approach Mode
Reserved

Reserved

Reserved

Reserved

o
N
N

[ay
Ol [(MVWw(~lO(O|NEO]| -
XX [X[X [P N

2.2.8.3.1.2 Target State and Status Validty Flags

Validity Flags for data provided in the Target State Report shall be indicated in
bytes #3 and #4 of the Target State Report as shown for item “Oc” in Table 2-
95A. The Target State Report elements that require Validity Flags are identified
in Table 2-95A. Table 2-95A identifies the byte and bit that shall be used as a
flag for each element that requires a validity flag. Each Validity Flag bit shall be
set to ONE (1) to indicate that the corresponding State Vector Report Element
data is valid. If such data is not valid, then the corresponding Validity Flag bit
shall be set to ZERO (0).
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Table 2-95A: ADS-B Target State Report Validity Flag Requirements

TS
0a Report Type No Byte # Bit #
0Ob Structure Identification No
Oc Validity Flags No
1 Participant Address No
2 Address Qualifier No
3 Report Time of Applicability No
4a Selected Altitude Type No
: Yes
g | MCRIECY Selecled Atitudeor | (This validity flag bt s for Selected 3 7
Altitude Valid)
4c AL [FlEssLle Bgill Z(Terfis bit is validity flag bit for 3 6
(Minus 800 millibars) Barometric Pressure Setting Valid)
: Yes (This bit is validity flag bit for
5 Selected Heading Selected Heading Valid) 8 5
- Yes (This bit is validity flag bit for
6 MCP / FCU Mode Bits Status MCP / FCU Mode Bits Valid) 3 4
2.2.8.3.1.3 Participant Address
The Participant Address shall be encoded as specified in §2.2.3.2.1.5.
228314 Address Qualifier
The Address Qualifier is used to indicate the type of Participant Address
(82.2.8.1.3) being reported. The three (3) least significant bits of the one-byte
field are used to convey the Address Qualifier information. The Address
Qualifier subfield shall be coded as shown in Table 2-85.
2.2.8.3.15 Report Time of Applicability
Each time that an individual Target State Report is updated, the Report Assembly
Function shall update the Time of Applicability data in the On - Condition
Report with either the GPS/GNSS UTC Measure Time data (see §2.2.8.5.1) or
the Established Receiver Unit Time (see 8§2.2.8.5.2), whichever is applicable to
the Receiving device Report Assembly Function installation requirements.
Report Time of Applicability data shall be provided in the Target State Report in
binary format as specified in Table 2-94.
2.2.8.3.1.6 Selected Altitude: Selected Altitude Type

The Selected Altitude Type parameter shall use the least significant bit within
byte 10 to encode the parameter values specified in §2.2.3.2.7.1.3.2.

© 20xx, RTCA, Inc.

Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B




234

Working Paper 1090-WP30-18 as DRAFT Version 4.2 of DO-282B

2.2.8.3.1.7

2.2.8.3.1.8

2.2.8.3.1.9

2.2.8.3.1.10

2283111

2.2.8.3.1.12

2.2.8.3.1.13

2.2.8.3.1.14

2.2.8.3.2

Selected Altitude: MCP/FCU Selected Altitude or FMS Selected Altitude

The MCP / FCU Selected Altitude or FMS Selected Altitude parameter shall use
the three (3) least significant bits within byte 11 and the 8 bits of byte 12 to
encode the parameter values specified §2.2.3.2.7.1.3.3.

Selected Altitude: Barometric Pressure Setting (Minus 800 millibars)

The Barometric Pressure Setting (Minus 800 millibars) parameter shall use the
three (3) least significant bits within byte 13 and the 8 bits of byte 14 to encode
the patameter values specified in §2.2.3.2.7.1.3.4.

Selected Heading

The Selected Heading parameter shall use the least significant bit of byte 15 and
the 8 bits of byte 16 to encode the heading values specified in §2.2.3.2.7.1.3.7.
Mode Indicators: Autopilot Engaged

The Autopilot Engaged parameter shall use the least significant bit within byte
17 to encode the parameter values specified in §2.2.3.2.7.1.3.12.

Mode Indicators: VNAV Mode Engaged

The VNAV Mode Engaged parameter shall use the least significant bit within
byte 18 to encode the parameter values specified in §2.2.3.2.7.1.3.13.

Mode Indicators: Altitude Hold Mode

The Altitude Hold Mode parameter shall use the least significant bit within byte
19 to encode the parameter values specified in §2.2.3.2.7.1.3.14.

Mode Indicators: Approach Mode

The Approach Mode parameter shall use the least significant bit within byte 20
to encode the parameter values specified in §2.2.3.2.7.1.3.16.

Reserved

A one-byte parameter is reserved for possible future use.

Air Referenced Velocity (ARV) Report

The Air Referenced Velocity (ARV) Report is an On-Condition Report type that
shall be provided when air-referenced velocity information is received from a
target aircraft.

The Report Assembly Function shall be compatible with the current and prior
versions of the relevant 1090 MHz ADS-B Messages (e.g., Airborne Velocity)
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that are used to as the basis to generate Air Referenced Velocity Reports. The
relevant Version Two (2) messages are identified below and the relevant Version
Zero (0) messages, conformant to RTCA DO-260, including Change 1, and the
relevant Version One (1) messages, conformant to RTCA DO-260A, including
Change 1 and Change 2, and their required use for Air Referenced Velocity
Report generation are defined in Appendix N, Section N.5.

If data is not available to support a field that is delivered to an application, then
the data provided to the application shall be set to ALL ZEROs. Table 2-96 and
the subsequent subparagraphs describe the data structure for all ARV Reports.
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Table 2-96: ADS-B Air Referenced Velocity Data Elements - Source Data Mapping To Report Structure
Column REPORT STRUCTURE MESSAGE STRUCTURE RELEVANT REPORT STRUCTURE RELEVANT
# 1 2 3 4 5 6 7 8 9 10 11
Received “ME” | Message 4 of D
Iltem# |Parameter / Contents | Notes ecelve Field | Field . Range | Resolution | Units | Data Structure ata
Message Sources : . Bits Byte #
Bits Bits
Report Type and
Oa, Ob Structure ldentification N/A N/A 1-5 16 N/A N/A discrete Mddl_ XXXX XXXXMddL 0-1
0c Validity Flags N/A N/A N/A 8 N/A N/A discrete |xxxxxxML 2
Airborne Velocity Subtype / Mddddddd dddddddd
1 Participant Address 3ord—“AA” N/A 9-32 24 N/A N/A discrete [dddddddL 3-5
- T 3% i
2 Address Qualifier All Messages with DF=18 — 8 N/A N/A discrete [xxxxxMdL 6
Cp N/A 6-8
Report Time of Airborne Velocity 0.0078125
3 Applicability Subtypes 3 or 4 N/A N/A 16 | 511.9921875 | (1/128) | seconds [Mddddddd dddddddL 7-8
rome Veloaty - o | 26-35 [ 5867 | 16 | 01000 1 knots ~[xxxxMddd dddddddL
4a Airspeed 3 yp -OR- p 9-10
h ’ 26 -35 58 - 67 16 1001 - 4000 4 knots |xxxxMddd dddddL 00
Subtype 4 - “Airspeed
4 |Airspeed Type ?"t?‘or.”e Velocity - Subtype | 55 57 8 N/A N/A | discrete [xxoooxxML 11
— “Airspeed Type
. L Airborne Velocity - Subtype i i 0- 0.3515625 )
5 Heading While Airborne 3_ “Heading” 15-24 47 - 56 16 350.6484375 | (360/1024) degrees |xxxxxxMd dddddddL 12-13
TOTAL BYTES 14

Notes:

1. In the “Data Structure” column (i.e., column 10), “S” indicates the “Sign-Bit,” “M” indicates the Most Significant Bit of the data field, “d” indicates
data bits in the field, “L” indicates the Least Significant Bit of the data field, “0” indicates the bit is to always be set to a value of ZERO (0), and “x”
indicates “Don’t Care” bits in the data field.

2. The Report Type Identifier is used to identify the type of ADS-B Report being generated as specified in §2.2.8.1.1.1.

3. Airspeed is coded with a fixed data structure using the 12 least significant bits of the 2-byte field. For the case where the source message for the air-

referenced velocity information is of the type Airborne Velocity — Subtype 3 (§2.2.3.2.6.3)