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LEGAL NorrcE No..........

THE CIVIL AVIATION ACT,20I3

(No2t of20t3)

IN EXERCTSE of powers conferred by section 82 of the Civil Aviation
Act, the Cabinet Secretary for Transport, Infrastructure, Housing and

Urban Development makes the following Regulations-

crvrL AVTATIoN (SURVEILLANCE AND COLLISION
AVOIDANCE SYSTEMS) REGULATIONS, 2018

PART I_PRELIMINARY PROVISIONS

L These Regulations may be cited as the Civil Aviation
(Surveillance and Collision Avoidance Systems) Regulations 2018.

2. In these Regulations, unless the contcxt otherwise requires-

"ACAS I" means an ACAS which provides information as an aid
to "see and avoid" action but does not include the capability for
generating resolution advisorics (RAs);

"ACAS [[" means an ACAS which providcs vertical resolution
advisories (RAs) in addition to traflic advisories (TAs);

*ACAS I[I" means an ACAS which provides vcrtical and
horizontal resolution advisories (RAs) in addition to tr8ffic advisories
(TAs);

"ACAS broadcast" means a long Mode S air.air surveillance
interrogation (UF = l6) with the broadcast address;

"Act" means the Civil Aviation Act, 2013;

"Active RAC" means a RAC currently constrains the selcction of
the RA. RACs that have been received within the [ast six seconds and

have not been explicitly cancelled are active;

"Airborne collision avoidance system" means an aircraft system
based on secondary surveillance radar (SSR) transponder signals which
operates indepcndently of ground-based equipment to provide advice to
the pilot on potential conflicting aircraft that are equipped with SSR
transponders ;

"Air craft address" means a unique combination of twenty'four
bits available for assignment !o an aircraft for the purpose of air'ground
communications, navigation and surveillance;

"air navigation services" means air traffic services,
communication, navigation and surveillance, and aeronautical
information services;

"Air navigation services facility" means any facility used,
availablc for use, or designed for use in aid of navigation of aircraft,
including airports, landing f,relds. any structures, mechanisms, lights,
beacons, marks, communicating systcms, or othcr instruments or

Cilrrion

lncrprcEtion
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devices used or useful as an aid to the safe taking ofl navigation, and

landing of aircraft and any combination of such facilities;

"Air navigation services provider" means an independent entity

established for ihe purpose of bperating and managing air navigation

ta*i..t una arnpo*"r"d to manage and use the revenues it generated to

cover its costs;

..AltitudecrossingRA''meansaresolutionadvisoryisaltitude

crossing if own ACAS-aircraft is currently at least 30 m (100 ft) below

or abou'e the threat aircraft for upward or downward sense advisories'

respectively;

"Automatic dependent surveillance-broadcast (ADS-B) O.Ufl"

means a function on an aircraft or vehicle that periodically broadcasts

its state vector (position and velociry) and other information derived

from on-board systems in a format suitable for ADS-B IN capable

receivers;

"Authority" means the Kenya Civit Aviation Authority

established under section 4 ofthe Act;

"Automatic dependent surveillance-broadcast (ADS-B)-IN)"
means a function that ieceives surveillance data from ADS-B OUT data

sources;

"Climb RA" means a positive RA recommending a climb but not

an increased climb;

"Closest approach" means the occulrence of minimum range

between own A|AS aircraft and the intruder. Thus range at closest

approach is the smallest range between the two aircraft and time of

ciosest approach is the time at which this occurs;

"Coltision avoidance logic" means the sub-system or part of

ACAS that analyses data reliting to an intruder and own aircraft'

decides whether or not advisories are appropriate and, if so, generates

the advisories. It includes the fotlowing functions: range and. altitude

,r*ting, threat detection and RA generation' It excludes surveillance;

"Co-ordination" means the process by which rwo ACAS'

equipped alrcraft select compatible resolution-advisories (RAs) by the

"i"t 
ung" of resolution advisory complements (RACs);

..Co.ordinationinterrogation''meansaModeSinterrogation

(uplink transmission) radiatJd by ACAS II or III and containing a

resolution message;

"Co-ordination reply" means a Mode S reply (downlink

traosmission) acknowledging the receipt of a coordination interrogation

by the Mode S transpondlr t6at is part bf an ACAS II or tll installation;

..CorrectiveRA''meansaresolutionadvisorythatadvisesthe

pilot to deviate from the current flight path;

"Cycle" means one complete pass through the sequence of

functions executed by ACAS U o; ACAS III, nominatty once a second;
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"Descend RA" means a positive RA recommending a descent but
not ao increased descent;

"Established track" means a track generated by ACAS air-air
surveillance that is treated as the track olan actual aircraft;

"Human Factors principles" means principles which apply to
design, certification, training, operations and maintenance and which
seek safe interface between the human and other system components by
proper consideration to human performance;

"Increased rate RA" means a resolution advisory with a strength
that recommends increasing the altitude rate to a value exceeding that
recommended by a previous climb or descend RA;

"lntruder" means an SSR transponder-equipped aircraft within
the surveillance range of ACAS for which ACAS has an established
track;

"Muttilateration (MLAT) System" means a group of equipment
configured to provide position derived from the secondary surveillance
radar (SSR) transponder signals (replies or squitters) primarily using
time difference of arrival (TDOA) techniques. Additional information,
including identification, can be extracted from the received signals;

"Own aircraft" means the aircraft fitted with the ACAS that is the
subject of the discourse, which ACAS is to protect against possible
collisions, and which may enter a manoeuvre in response to an ACAS
indication;

"Positive RA" means a resolution advisory that advises the pilot
either to climb or to descend (applies to ACAS II);

"Potential threat" means an intruder deserving special attention
either because of its close proximity to own aircraft or because
successive range and altitude measurements indicate that it could be on
a collision or near-collision course with own aircraft. The waming time
provided against a potential threat is sufliciently small that traffic
advisory (TA) is justified but not so small that a resolution advisory
(RA) would be justified;

"Preventive RA" means a resolution advisory that advises the
pilot to avoid ccrtain deviations from the current flight path but does
not require any change in the current flight path;

"RA sense" means the sense of an ACAS II RA is "upward" if it
requires climb or limitation of descent rate and "downward" if it
requires descent or limitation of climb rate. It can be both upward and
downward simultaneously if it requires limitation of the vertical rate to
a specified range;

"Resolution Advisory (RA)" means an indication given to the
fl ight crew recommending-

(a) a manoeuvre intended to provide separation from all
threats; or

(b) a manoeuvre restriction intended to maintain existing
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separation;

"Resolution advisory complement (RAC)" means information
provided by one ACAS to another via a Mode S interrogation in order

io ensur" complementary manoeuvres by restricting the choice of
manoeuvres available to the ACAS receiving the RAC;

"Resolution advisory complements record (RAC record)" means

a composite of all currently active vertical RACs (VRCs) and

horizontal RACs (HRCs) that have been received by ACAS' This
information is provided by one ACAS to another ACAS or to a Mode S

ground station via a Mode S reply;

"Resolution advisory strength" means the magnitude of the

manoeuvte indicated by the RA. An RA may take on several successive

strengths before being cancelled. Once a new RA strength is issued, the

previous one automatically becomes void;

"Resolution message" means the message containing the

resolution advisory complement (RAC);

"Reversed sense RA" means a resolution advisory that has had its

sense reversed;

"Secondary surveillance radar (SSR)" means a surveillance radar

system which uses transmitters/receivers (interrogators) and

transponders;

"sensitivity level (S)" means an integer defining a set of
parameters used by the traffic advisory (TA) and collision avoidance

algorithms to control the waming time provided by the potential threat

and threat detection logic, as well as the values of parameters relevant

to the RA selection logic;

"surveillance radar" means radar equipment used to determine

the position of an aircraft in range and azimuth;

"Threat" means an intruder deserving special attention either

because of its close proximiry to own aircraft or because successive

range and altitude measurements indicate that it could be on a collision
or near-collision course with own aircraft. The waming time provided
against a threat is sufficiently small that an RA is justified;

"Time difference of anival (TDOA)" means the diflference in
relative time that a transponder signal from the same aircraft (or ground

vehicle) is received at different receivers;

"Track" means a sequence of at least three measurements

representing positions that could reasonably have been occupied by an

aircraft;

"Traffic advisory (TA)" means an indication given to the flight
crew that a certain intruder is a potential threat;

"Traffic information service - broadcast (TIS-B) IN)" means a

surveillance function that receives and processes surveillance data from
TIS-B OUT data sources;
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"Traffic information service - broadcast (TIS-B) OUT)" means a
function on the ground that periodically broadcass the'surveillance
information made availablc by ground sensors in a format suitable for
TIS-B tN capable receivers;

"Tribunal" means the National Civil Aviation Administrative
Review Tribunal established under section 66 of the Act;

"Vertical speed limit (VSL) RA" means a resolution advisory
advising the pilot to avoid a given rangc of altitude rates. A VSL RA
can be either corrective or prevcntivc; and

"Warning time" means the time interval bctween potential threat
or threat detection and closest approach when neither aircraft
accelerates.

3. (l) These Regulations shall apply to a person providing
Communication, Navigation and Surveillance services within
designated air space and at aerodromes.

(2) These Regulations do not appty to a person providing
Communication, Navigation and Surveillance Services to state aircrafl,

PART II.GENERAL REQUIREMENTS

4. The minimum requirements for plauning, installation,
commissioning, training, operations and maintenance of the
Communications, Navigation and Surveillanco (CNS) facilities shalt
conform to these Regulations.

5. A person who wishes to providc CNS service or operate a
facility to support an air traffic servicc shall have an ANSP certificate
issued in accordance with thc Civil Aviation (Certification of ANSPs)
Regulations 2018.

6. (l) A person shall not provide air navigation services or
operate communication, navigation and surveillance facilities or
systems in the designated airspace and aerodromes unless the facilities
or systems have been approvcd by the Authority.

(2) The ANSP shall notifr the Authority of its intention to
procure, install, use, decommission, upgrade or relocate any
communication, navigation and surveillance facility or facilities in the
designatcd airspace and aerodromes not less than thirty(30) days prior
to the date of start of the process.

(3) Thc Authority shall approve installation, use,

decommissioning, upgrading or relocation of all the communication,
navigation and surveillance facility or facilities in the designated
airspace and aerodromes.

Applicatior

Requircmcnts for
Commwiotim,
Nrviptior.nd
Surcillrne (CNS)
Frcilitict.

Ccnification of CNS
Prcvidcr.

Approvel
Rcquitlrmcot.
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7. The Authority shatl carry out safety inspections and audits on

CNS facilities, documents and records of the CNS facilities to

determine compliance in accordance with these Regulations.

(2) An inspector of the Authority shall have unrestricted access to

the facilities, installations, records and documents of the service
provider to determine compliance with these Regulations and required
procedures.

8. ( I ) The Air Navigation Service Provider shall-
(a) establish procedures to ensure that the communication,

navigation and surveillance systems-

(i) are operated, maintained, available and reliable in
accordance with the requirements set out by the

Authority;

(ii) are designed to meet the applicable operational
specification for that facilitY;

(iii) are installed and commissioned as required by the

AuthoritY; and

(iv) conlorm to the applicable system characteristics and

specification standards provided by the Authority;
and

(b) determine the site for installation of a new facility based on

operational requirements, construction aspects and

maintainabilirY.

(2) The facilities in sub-regulation (l) shatl be installed by
licensed ATSEPs with relevant ratings for the [acilities.

9. The Air Navigation Service Provider shall-
(a) establish procedures to ensure that each new facility;

(i) is commissioned to meet the specifications for that facility;
and

(ii) is in compliance with applicable standards;

(b) ensure that the system performance of the new facility has

been validated by the necessary tests, and that all parties
involved with the operations and maintenance of the

facitiry, including its maintenance contractors have

accepted and are satisfied with the results ofthe tests;

(c) ensure that procedures include documentation of tests

conducted on the facility prior to the commissioning,
including those that test the compliance of the facility with
the applicable standards and any flight check required.

lropctions and
Audits.

Siring and
lNtallation.

Commissioning
rcquircmcnts
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10. (l) An Air Navigation Services Provider shall be responsible
for the provision of communication, navigation and surveillance
services and facilities to ensure that the telecommunication inlormation
and data necessary for the safe, regular and efficient operation of air
navigation is avai lable.

(2) The functional specifrcation of each of the air navigation
service provider's telecommunication services shall include the
following values or characteristics for each service-

(a) avaitability;

(b) reliability;

(c) accuracy;

(d) Integrity;

(e) mean time between failure (MTBF); and

(l) mean time to repair (MTTF).

(3)The values mentioned in sub-regulation (2) shall be derived or
measured from either or both oF--

(a) the configuration ofeach service; and

(b) the known performance ofeach service.

(4) The Air navigation service provider shall describe in the
operations manual the method used to calculate each of the values

(5) For a radio navigation service, the integrity values or
characteristics shatt be given for each kind of navigation aid facility
that lorms part of the service

(6)The performance of technical facilities shall be monitored,
reviewed and reported against these Regulations.

(7) The air navigation service provider shall ensure that a facility
is instatled with main and standby power supply and adequate air
conditioning to ensure continuity of operation appropriate to the service
being provided.

I l. An air navigation service provider shall formalize interface
arrangements where applicable with external organizations in the form
of service level agreements, detailing the following-

(a) interface and functional specifications of the support
service;

(b) service level of the support service such as availability,
accuracy, integriry and recovery time of failure of service;
and

(c) monitoring and reporting of the operational status of the
service to the service provider.

12. (l) An air navigation service provider shall-
(a) hold copies of relevant equipment manuals, technical

Av!ihbility nnd
rcliabiliry of CNS
facilitics

lntcrfacc
amngcmcnt for
support scryiccs.

Rrcord Kecping and
dtrumcntstion.
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standards, practices, instructions, maintenance procedures,

site logbooks, systems backup data, equipment and test

gear inventory and any other documentation that are

necessary for the provision and operation ofthe faciliry;

(b) establish a procedure for the control of the documentation

required under these regulations;

(c) keep records under the control of the relevant key

personnel;

(d) Control access to the records system to ensure appropriate

security.

(2) The air navigation service provider shall ensure that data and

voice'for air navigaiion service operational systems are recorded

continuously and procedures established for the retention and

utilization ofthese recordings for analysis

(3) An air navigation service provider shall maintain all

documents and records which are necessary for the operation and

maintenance of the service and make available copies of these

documents to personnel where needed'

(4) These documents shall include-

(a) a copy ofthese regulations;

(b) the air navigation service provider's operations manual;

(c) ICAO Annex l0 Volumes I to V, ICAO Doc 8071 -

Manual on Testing of Radio Navigation Aids, and other

relevant ICAO documents;

(d) records of malfunction and safety incident reports;

(e) records of intemal audit reports;

(0 agreements with other organizations;

(g) records ofinvestigation into serious incidents;

(h) records ofstaffdeployment, duty and leave rosters;

(i) records of equiPment sPares;

0) records o[ job description, training Programme and plan of
each staff member; and

(k) all retated air navigation service technical standards and

technical guidance material developed by the Authority'

(5) A document retained tor this regulation shall be retained for
at least three years if paper based and one hundred and eighty (180)

days ifcomputer based.

(6) The air navigation service provider shall establish a Process
for the authorization and amendment of these documents to ensure that

they are constantly updated and ensure that-
(a) the currency of the documentation can be readily
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determined;

(b) amendments to the documentation are controlled in
accordance with established qualiry management
principles;

(c) only current versions ofdocuments are available; and

(d) the person authorizing the creation and any revision is
identified.

(7) The air navigation service provider sball ensure that where
documents are held as computer based records and where paper copies
of computer based records are made, they are subjected to the same
control as paper documents

(8) An air navigation service provider shalt establish procedures
to identifu, collect, index, store, maintain, and dispose records
covering-

(a) the performance and maintenance history of each facility;

(b) the establishment of the periodic test programmes for each
facility;

(c) each item of test equipment required for the measurement
of critical performance parameters;

(d) each reported or detected facitity malfunction;

(e) each intemal quality assurance review; and

(f) each person who is authorised to place facilities into
operationaI service.

13. (l) An Air Navigation Services Provider shall develop an
operations manua[ that demonstrates the Air Navigation Services
Provider's compliance with these Regulations.

(2) The contents of the operations manual shall contain-

(a) the information required of the Air Navigation Services
Provider in accordance with these Regulations;

(b) an organization chart of the Air Navigation Services
Provider and its maintenance contractors, if any, that shows
the position of each personnel and the name, qualification,
experience, duties and responsibilities ofpersonnel who are
responsible for ensuring the compliance of the organization
with the requirements described in these regulations;

(c) an overall operation and maintenance plan for the
aeronautical telecommunication service, and for each
facility, an operation and maintenance plan, as described in
these regulations document;

(d) for each faciliry, information on the compliance of the
faciliry with these regulations and the applicable
aeronautical telecommunication standards; and

Opentionr manual.
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(e) the system performance target of each facility, such as its
availabiliry and reliability.

(3) The operations manual shall consist of a main manual
covering the main areas that need to be addressed, as well as seParate

supporting documents and manuals (such as the operation and

maintenance plan of each facitity) that are referred to in the main
manua[.

(4)The air navigation service provider shall control the

distribution of the operations manual and ensure that it is amended

whenever necessary to maintain the accuracy of the information in the

operations manual and to keep its contents up to date.

(S)The air navigation service provider shall establish an operation
and maintenance plan for each facility which shall include-

(a) a procedure for the periodic inspection and testing of each

lacility to veriff that it meets the operational and

performance specifications otthat flacility;

(b) details of flight test, if necessary, such as the standards and

procedures to be used and flight test interval, which shall
be in compliance with guidelines prescribed by the

Authority;

(c) the interval between periodic inspection and flight test and

the basis for that interval and whenever the interval is

changed, the reasons flor such change shall be documented;

(d) the operation and maintenance instructions for each

facility;

(e) an analysis of the number of personnel required to operate

and maintain each facility taking into account the workload
required;

(0 the corrective plan and procedures for each facility,
including such as whether the repair of modules and
component are undertaken in-house or by equipment
manufacturers; and the spare support plan for each facility;
and

the maintenance plan or the operating and maintenance
instructions for each facility shall specify the test

equipment requirements for all levels of operation and

maintenance undertaken.

14. (l) An ANSP shall establish a procedure for the periodic inspecQ{thfia$fs-qyg
of the communication, navigation and zurveitlance systems to verify thh'$iffiilfi,ffiHltttv
meets the applicable operational requirements and performance specifications for that

facility.

(2)The air navigation service provider shall ensure-

(a) that appropriate inspection, measuring and test equipment are available for
staff to maintain the operation of each facility;

(e)
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(b) the control, calibration and maintenance of such equipment so that they have

the precision and accuracy necessary for the measurements and tests to be
performed

(3) Periodic inspection shall include-

(a) security ofthe facility and site;

(b) adherence to the approved maintenance Programme;

(c) upkeep ofthe equipment, building, site and site services; and

(d) adequacy of facility records and documentation.

(a) The air navigation service provider shall establish a securiry programme for the

communication, navigation and surveillance facility

(5) The security programme required under sub regulation (4) shall speci$ the
physical securiry requirements, practices, and procedures to be followed for the PurPoses
of minimising the risk of destruction of, damage to, or interference with the operation of
communication, navigation and surveillance facility.

(6) An air navigation service provider shall make a test transmission if-
(a) the transmission is necessary to test a service, facility or equipment;

(b) within a reasonable time beflore commencing the transmission, the users have

been informed about the transmission;

(c) at the commencement of the transmission, the service provider identifies the
transmission as a test transmission; and

(d) the transmission contains information identifying it as a test transmission.

(7) The air navigation services provider shal[ ensure that-
(a) CNS systems and services are protected against service attacks to a level

consistent with the application service requirements;

(b) all end-systems supporting air navigation security services shall be capable ol
authenticating the identity of peer end-systems, authenticating the source of
messages and ensuring the data integrity of the messages;

(c) strategies and best practices on the protection of critical information and

communications technology systems used for civil aviation purposes are

developed and implemented;

(d) policies are established to ensure that, for critical aviation systems;

(e) system architectures are secure by design;

(0 systems are resilient;

(g) methods for data transfer are secured, ensuring integrity and confidentiality of
data;

(h) system monitoring, and incident detection and reporting, methods are

implemented; and

(i) forensic analysis ofcyber incidents is carried out.



Kenya Subsidiary Le gislation, 20 I 8 t48l

15. An Air Navigation Service Provider shall-

(b)

ensure that radio navigation aids are available for use by
aircraft engaged in air navigation and that the radio
navigation aids are subjected to periodic ground and flight
inspections; and

establish a procedure to check and accurately record the

operating condition of any communication, navigation and
surveillance facility that may have been used by an aircraft
that is involved in an accident or incident.

16. (l) The Air Navigation Service Provider shall establish an

overall operations and maintenance plan flor the aeronautical
telecommunication service.

(2) Alt facilities shall-
(a) be tested for normal operations on a routine basis;

(b) meet the required level of reliability and availability;

(c) provide for the timely and appropriate detection and

warning oflsystem failures and degradations;

(d) include documentation on the consequences of system'
subsystem and equipment failures and degradations; and

(") include measures to control the probability of failures and

degradations.

17. (l) An Air Navigation Services Provider shall-
(a) ensure that it employs sufficient number of personnel who

possess the skills and competencies required in the

provision of the aeronautical telecommunication service;

(b) provide in the MANSOPS an analysis of the personnel

required to perform the Communication Navigation and

surveillance services for each facility taking into account
the duties and workload required;

(c) develop job descriptions for each of its staff that depict the
job purpose, key responsibilities, and outcome to be

achieved ofeach staff;

(d) develop an overall training policy and programme for the

organization that shall laY down;

(e) designate an oflicer in charge ol training or on-job training
(OJT) at the oPerational stations;

(0

(e)

maintain individual training records for each of its staff;

conduct a yearly review o[the training plan for each staffat
the beginning of the year to identify any gaps in
competency and changes in training requirement and

prioritize the type of training required for the coming year;

and

(a)
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(h) ensure that the training requirements of these Regulations
are similarly applied to its maintenance contractors, if any.

(2) The OJT officer in sub-regulation (lXf) above shall have
satisfactorily completed the OJT instructional techniques course.

(3) A person shall not perform a function related to the
installation, training, operation or maintenance of any communication,
navigation and a surveillance system unless-

(a) that person has successfully completed training in the
performance of that functioning line with the ATSEP
competency based training requirements;

(b) the Air Navigation Service Provider is satisfied that the
technical person is competent in performing that function;
and

(c) that person has been certified in accordance with
requirements of Civil Aviation Regulations.

18. (l) An air navigation service provider shall establish
procedures for the reporting, collection and notification of facility
malfunction incidents and safety incidents.

(2) The procedures in sub-regulation (l) shall be documented in
the MANSOPS.

(3) An air navigation service provider shall compile reports of
incidents and review such reports periodically with its maintenance
contractors tG-

(a) determine the cause of the incidents and determine any
adverse trends;

(b) implement colrective and preventive actions where
necessary to prevent recurrence ofthe incidents; and

(c) implement any measures to improve the safety perflormance
of the aeronautical telecommunication service.

(a) The air navigation seryice provider shall-
(a) report any serious service failure or safety incident to the

Authority and investigate such incidents in order to
establish how and why the incident happened, including
possible organizational contributing factors and to
recommend actions to Prevent a recurrence; and

(b) ensure that information on the operational status of each
communication, navigation and surveillance facility that is
essential for the en-route, approach, landing, and take-off
phases of flight is provided to meet the operational needs of
the service being provided.

(5) The air navigation service provider shatl-
(a) establish a procedure for the management and protection of

aeronautical radio spectrum;

Fscility malfunction
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(b) designate a responsible Person to control any frequency
allocation within the aeronautical radio spectrum to ensure

that there will be no conflict and interference to any radio
stations or facitiry;

(d)

ensure that there is no willful transmission of unnecessary

or anonymous radio signals, messages or data by any of its

radio stations;

establish procedures with the communication authority to
address occurrence of radio flrequency interference;

ensure that any frequency interference occuffences are

reported, investigated and follow-up actions taken to

prevent reculTence;

keep updated records o[ all allocated frequencies; and

ensure that no facility providing radio signals for the

purpose of aviation safety shall be allowed to continue in
operation, ifthere is a suspicion or any cause to suspect that
the information being provided by that facility is erroneous.

(e)

(0

(d)

19. ( l)The Air Navigation Service Provider shall develop
proficiency certification program for ATSEP engaged in the

installation, training, operations and program maintenance of
Communication, Navigation and Surveillance systems in accordance

with guidelines set out by the Authority.

(2) The Authority shall certify ATSEP involved in the

installation, training, operations and maintenance of Communication,
Navigation and Surveillance systems in accordance with these

Regulations.

20. (l) The Air Navigation Service Provider shall ensure that for
safety critical systems, including automated air traffic control systems'
communication systems and instrument landing systems' the

commissioning of such systems shall include the conduct ol a safety

case or equivalent.

(2) The Air Navigation Service Provider shall ensure that human
lactors principles are observed in the design, operations and

maintenance of aeronautical telecommunication facilities.

(3) An air navigation service provider shall, as soon as possible-

(a) forward to the Aeronautical Information Services-

(i) information on the operational details ol any new
facility for publication in the Aeronautical
In[ormation Publication; and

(ii) information concerning any change in the operational
status of any existing facility, for the issue of a

Notice to Airmen; and

(b) ensure that the information forwarded under sub-paragraph
(a) has been accurately published.

(c)
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(4) An air navigation service provider shatl-
(a) establish a procedure to be used in the event o[ intemrption

to or when upgrading communication, navigation and
surveillance systems;

(b) speciff an acceptable recovery time for each service.

PART III_SECONDARY SURVEILLANCE RADAR (SSR)

2t. When Secondary Surveillance Radar (SSR) is installed and
maintained in operation as an aid to air traffic services, it shall conform
to the provisions of these Regulations unless otherwise specified.

22. (l) Test flights shall be mandatory during a system
commissioning technical acceptance test.

(2) The test method shall comprise the following stages-

(a) data collection and observations;

(b) data analysis; and

(c) comparison of results to assess performance.

(3) Prior to tests carried out as part of planned maintenance, all
the parameters listed below shall have been measured by the
manufacturer and the results of those measurements made available to
the user-

horizontaI polar diagram;

vertical polar diagram;

antenna gain; and

azimuth squint and skew, that is distortion of beam
(squint) or skew (direction) as function of frequency
the operating bandwidth of the antenna.

23. Radar surveillance data supplied to the display system shall
be recorded continuously and procedures shall be established for the
retention and utilization ofthese recordings for analysis.

24. (l) Interrogation for air traflic services shall be performed on
the modes described in regulation 37 (3) and regulation 42 and each
mode shall be used as follows-

(a) Mode A to elicit transponder replies for identity and
surveillance;

(b) Mode C- to elicit transponder replies for automatic
pressure-altitude transmission and surveillance;

(c) Intermode-

(i) Mode A/C/S all-call: to elicit replies for surveillance
of Mode A"/C transponders and for the acquisition of
Mode S transponders; or

(ii) Mode A/C-only all-call: to elicit replies for

(a)

(b)

(c)

(d)
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surveillance of Mode A/C transponders. Mode S

transponders do not reply; and

(d)Mode S-
(i) Mode S-only all-cal[: to elicit replies for acquisition

of Mode S transponders;

(ii) Broadcast: to transmit information to all Mode S

transponders. No replies are elicited; or

(iii) Selective: for surveillance of, and communication
with, individual Mode S transponders. For each

interrogation, a reply is eticited only from the
ransponder uniquely addressed by the interrogation.

(2) Administrations sha[[ coordinate with appropriate national
and international authorities those implementation aspects of the SSR

system which permit is optimum use.

(3) The assignment of interrogator identitier codes in areas of
overlapping coverage, across international boundaries of flight
information regions, shall be the subject of regional air navigation
agreements.

(a) The assignment of surveillance identifier codes in areas of
overlapping coverage shatl be the subject o[ regional air navigation
agreements.

(5) Mode A and Mode C interrogations shall be provided by
intermode interrogations which elicit Mode A and Mode C replies from
Mode A/C transponders.

(6) In areas where improved aircraft identification is necessary to
enhance the effectiveness of the Air Traffic Control system, SSR
ground facilities having Mode S features shall include aircraft
identi fication capability.

25. (l) Side-lobe suppression shall be provided in accordance
with the provisions of regulations 37 and 38 on all Mode A, Mode C
and inter-mode interrogations.

(2) Side-lobe suppression shall be provided in accordance with
the provisions of regulatiot 42 (17) on all Mode S-only all-call
ioterrogations.

26. (l) Transponders shall respond to Mode A interrogations in
accordance with the provisions of regulation 40(22) and to Mode C
interrogations in accordance with the provisions of regulation 40 (24).

(2) The pressure-altitude reports contained in Mode S replies
shall be derived as specified in regulation 40 (24).

(3) Where the need for Mode C automatic pressure-altitude
transmission capability within a specified airspace has been
determined, transponders, when used within the airspace concemed,
shall respond to Mode C interrogations with pressure-altitude encoding
in the information pulses.

Sidc-lobc
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(4) All transponders, regardless o[the airspace in which they will
be used, shall respond to Mode C interrogations with pressure-altitude
in[ormation

(5) For aircraft equipped with 7.62 metres (25 feet) or better
pressure-altitude sources, the pressure-altitude information provided by
Mode S transponders in response to selective interrogations shall be

reported in 7.62 metres (25 feet) increments.

(6) All Mode A/C transponders shall report pressure-altitude
encoded in the information pulses in Mode C replies.

(7) All Mode S transponders shall report pressure-altitude
encoded in the inflormation pulses in Mode C replies and in the AC
field of Mode S replies.

(8) When a Mode S transponder is not receiving more pressure-
attitude inlormation from a source with a quantization of 7.62 metres
(25 feet) or better increments, the reported value ofthe altitude shall be
the value obtained by expressing the measured value ofthe uncorrected
pressure-altitude of the aircraft in 30.48 metres (100 feet) increments
and thc Q bit shall be set to 0.

(9) Transponders used within airspace where the need for Mode S

airborne capability has been determined shall also respond to intermode
and Mode S interrogations in accordance with the applicable provisions
ol regulation 42.

(10) Requirements for mandatory carriage of SSR Mode S

transponders shall-
(a) be on the basis ofregional air navigation agreements; and

(b) specify the airspace and the airbome implementation
timescales.

(l l) The agreements indicated in subregulation (10) shall provide
at least a notice offive years.

27. (l) All transponders shall be capable ofgenerating 4096 reply
codes conforming to the characteristics given in regulation 39(2).

(2) Air Traffic Services authorities shall establish the procedures
for the allotment of SSR codes in conformity with Regionat Air
Navigation agreements, taking into account other users of the system.

(3) The following Mode A codes shall be reserved for special
purposes-

(a) Code 7700 to provide recognition of an aircraft in an
emergency;

(b) Code 7600 to provide recognition of an aircraft with radio
communication failure; and

(c) Code 7500 to provide recognition of an aircraft which is

being subjected to unlawful interference.

(4) Appropriate provisions shall be made in ground decoding

Modc A Gply codcs
(infomation pulscs).
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equipment to ensure immediate recognition of Mode A codes 7500'

7600 and 7700.

(5) Mode A code 0000 shatl be reserved for allocation subject to

regional agteement, as a general purpose code.

(6) Mode A code 2000 shatl be reserved to provide recognition-of
an airiraft which has not received any instructions from air traffrc

control units to operate the transponder.

28. (l) All Mode S transponders shall conform to one of the

following frve levels-

(a) Level I transponders with capabilities prescribed for-

(i) Modc A identiry and Mode C pressure-altitude reporting;

(ii) intermode and Mode S all-call transactions;

(iiD addressed surveillance altitude and identity transaction;

(iv) lockoutprotocols;

(v) basic data protocols except data link capability reporting; and

(vi) air-air service and squitter transactions.;

(b)Level 2 transponders with capabilities prescribed in paragraph

(a) and also those prescribed for-

(i) standard length communications (Comm-A and Comm-B);

(ii) data link capability reporting; and

(iii) aircraft identification reporting;

Modc S airbome
cquipmmt
cepabiliry.
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(c)Level 3 traosponders with capabilities contained in paragraph

(b) and also those prescribed for ground-to-air extended length message
communications;

(d) Level 4 transponders with capabilities contained in paragraph
(c) and also those prescribed for air-to-ground extended length message
communications; and

(e)Level 5 transponders with capabilities contained in paragraph
(e) and alsothose prescribed for enhanced Comm-B and extended
length message communications.

(2) Extended squitter transponders shall have the capabilities
contained in sub-regulation (l) (b), (c), (d) or (e), the capabilities
prescribed flor extended squitter operation and Airborne Collision
Avoidance System (ACAS) crosslink operation.

(3) Transponders with capabilities in subregulation (2) shall be
designated with a suffrx "e".

(4) Transponders with the abiliry to process S[ codes shall have
the capabilities contained in subregulations (l) (b), (c), (d) or (e) and
those prescribed for Surveillance Identifier code operation.

(5) Transponders with capability in subregulation (4) shall be
designated with a suffix "s".

(6) Surveillance Identifier code capabiliry shall be provided in
accordance with the provisions of subregulation (4) for all Mode S

transponders.

(7) Extended squitter non-transponder devices that are capable of
broadcasting extended squitters that are not part of a Mode S

transponder sha(l conform to all of the 1090 MHz RF signals in space
requirements specified for a Mode S transponder, except for transmit
power levels for the identified equipment class as specified in
regulation 88.

(8) Mode S transponders installed on aircraft with gross mass in
excess of 5 700 kg or a maximum cruising true airspeed capability in
excess of 463 km/h (250 kt) shall operate with antenna diversity as set
out in the First Schedule (3.1.2.10.4) if-

(a) the aircraft individual certificate of airworthiness is
first issued on or after I January 1990; or

(b) Mode S transponder carriage is required on the basis
of regional air navigation agreement in accordance with Regulation.

29. (l) Capabiliry reporting in Mode S acquisition squitters
unsolicited downlink transmissions shall be provided in accordance
with the provisions of the First Schedule (1.8.5.1) for all Mode S

transponders installed on or after I January 1995.

(2) Transponders equipped for extended squitter operation shall
have a means to disable acquisition squitters when extended squiners
are being emitted.

Capabiliry rcponing
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30. Transponders originalty manufactured before I January 1999

shatl be permitted to transmit a burst of l6 Extended Length Message

segment; at a minimum power level ot20 dBWin order to facilitate the

conversion of existing Mode S transponders to include full Mode S

capabiliry.

31. The Secondary Surveitlance Radar Mode S address shall be

one of l6 '177 214 wenty-four-bit aircraft addresses allocated by ICAO
to the State of Registry or colnmon mark registering authority and

assigned as provided in the First Schedule.

32. (t) Human factors principles shall be observed in the design

and certification of surveillance radar and collision avoidance systems'

(2) Transponder controls which are not intended to be operated in

flight shall not be directly accessible to the flight crew.

(3)The operation of transponder controls, intended for use during
flight, shall bi evaluated to ensure they are logical and tolerant to
human error.

(a) The manufacturer shall ensure that unintentional transponder

mode switching is minimized where transponder functions are

integrated with other system controls.

(S)The flight crew shall have access at all times to the

information of the operational state of the transponder.

PART IV_SURVEILLANCE SYSTEMS

33. (l) Surveillance data from primary and secondary radar

equipmeni or other systems used as an aid to air traffic services, shall

be automatically recorded for use in accident and incident
investigations, search and rescue, air traffic control and surveillance

systems evaluation and training.

(2) Automatic recordings shall be retained for a period of at least

thirty days.

(3) When the recordings are pertinent to accident and incident
investigations, they shalt be retained for longer periods until it is

evident that they will no longer be required.

34. (l) The carrier frequency of the interrogation and control
transmissions shall be 1030 MHz.

(2) The frequency tolerance shall be r0'2 MHz-

(3) The carrier frequencies of the control transmission and of
each ol the interrogation pulse transmissions shall not differ from each

other by more than 0.2 Mtlz.

35. (l) The carrier frequency of the repty transmission shall be

1090 MHz.

(2)The frequency tolerance shall be t3 MFIz.
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36. Polarization of the interrogation, control and repty Polrriation'

transmissions shall be predominantly vertical.

37. (l) The interrogation shall consist of hvo transmitted pulses
designated Pt and P3.

(2) A control pulse P2 shall be transmitted following the first
interrogation pulse Pl.

(3) Interrogation Modes A and C shall be as defined in
subregulation (4).

(4) The interval between Pl and P3 shatl determine the mode of
interrogation and shall be as follows-

(a)Mode A 8 t0.2 ps; and

(b)Mode C 2l +0.2sts.

(5) The interval between Pt and P2 shall be 2.0 plus or minus
0.15 microseconds.

(6) The duration of pulses Pl, P2 and P3 shall be 0.8 plus or
minus 0. I microseconds.

(7) The rise time of pulses Pl, P2 and P3 shall be between 0.05
and 0. I microseconds.

(8) The decay time of pulses Pl, P2 and P3 shall be betwecn 0.05
and 0.2 microscconds.

38. (l) The radiated amplitude of P2 at the antenna of the
transponder shall be-

(a) equal to or grester than the radiated amplitude of Pl from
the side-lobe transmissions of the antenna radiating Pl; and

(b) at a level lower than 9 dB below the radiated amplitude of
P l, within the desired arc of interrogation.

(2) Within the desired beam width of the directional
interrogation-main lobe, thc radiated amplinrde of P3 shall be within I
dB of the radiated amplitude of P l.

39. (l) Thc reply function shall employ a signal comprising two
framing pulses spaced 20.3 microseconds as the most elementary code.

(2) Information pulses shall be spaced in increments of 1.45
microseconds from the first framing pulse.

(3) The designation and position ofthese information pulses shall
be as in Table l -l as provided for in the Fint Schedule.

(4) A special position identification pulse shall be transmitt€d but
only as a result of manual-pilot selection in addition to the information
pulses provided in subregulations (2) and (3) and special position
identification pulse, when transmitted, shall be spaced at an interval of
4.35 microseconds following the last framing pulsc of Mode A replies
only.
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(5) All reply pulses shall have a pulse duration of 0.45 plus or
minus 0. I microseconds, a pulse rise time between 0.05 and 0.1

microseconds and a pulse decay time between 0.05 and 0.2
microseconds.

(6) The pulse amplitude variation oIone pulse with respect to any
other pulse in a reply train shall not exceed I dB.

(7) The pulse spacing tolerance for each pulse including the last
framing pulse, with respect to the first framing pulse of the reply group
shall be plus or minus 0. [0 microseconds.

(8) The pulse interval tolerance oI the special position
identification pulse with respect to the last lraming pulse of the reply
group shall be plus or minus 0. l0 microseconds.

(9) The pulse spacing tolerance ol any pulse in the reply group
with respect to any other pulse (except the first framing pulse) shall not
exceed plus or minus 0. l5 microseconds.

(10) The code designation shall consist ofdigits between 0 and 7
inclusive, and shall consist of the sum o[ the subscripts of the Pulse
numbers given in subregulations (2) and (3), as specified in tabte 1-2 in
the Second Schedule.

40. The technical characteristics of transponders with mode A
and mode C capabilities only shall be as specihed in the Third
Schedule.

al. (l) The maximum interrogation repetition frequency of
ground interrogators with mode A and mode C capabilities shall be 450
intertogations per second.

(2) To minimize unnecessary transponder triggering and the

resulting high densiry of mutual interference, all intenogators with of
ground interrogators with mode A and mode C capabilities shall use the

lowest practicable interrogator repetition frequency that is consistent
with the display characteristics, interrogator antenna beam width and

antenna rotation speed employed.

(3) The effective radiated power of intelTogators with mode A
and C capabilities shall be reduced to the lowest value consistent with
the operationally required range of each individual interrogator site in
order to minimize system interference.

(4) The altimeter pressure reference datum shall be taken into
account when Mode C information is to be used from aircraft flying
below transition levels.

a2. (l) The beam width ofl the directional interrogator antenna
radiating P3 shall not be wider than is operationally required.

(2) The side- and back-lobe radiation of the directional antenna
shall be at least 24 dB betow the peak of the main-lobe radiation.
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43. (l) The range and azimuth accuracy of the ground
intenogator shalt be monitored at sufficiently frequent intervals to
ensure system integrity.

(2) tn addition to range and azimuth monitoring, provision shall
be made to monitor continuously the other critical parameters of the
ground interrogator for any degradation ofperformance exceeding the
allowable system tolcrances and to provide an indication of any such
occurrence.

44. (l) Spurious Radiation-Continuous Wavc (CW) radiation
shall not exceed 76 dB below I W for the intcrrogstor and 70 dB below
I W for the transponder.

(2)The response of both airbome and ground equipment to
signals not within the receiver pass band shall be at least 50 dB below
normal sensitivity.

45. All SSR systems having mode S capabilities shall be as
specified in the Fourth Schcdulc.

PART V-ATRBoRNE Cor.LrsroN AvorDANcE SysrEM (ncrs)

46. ACAS I shall perform the following functions-

(a) surveillance of nearby SSR transponder-cquipped aircraft ; and

(b)provide indications to the flight crcw identi$ing the
approximate position of nearby aircraft as an aid to visual
acquisition.

47. The radio frequency characteristics of all ACAS I signals
shall conform to the provisions ofthesc Regulations.

a8. (l) The effcctive radiated power of an ACAS I transmission
at 0 degree elevation rclative to the longitudinal axis of the aircraft
shall not exceed 24 dBW.

(2) When ACAS I is' not transmitting an intenogation, the
effective radiated power in any direction shall not exceed -70 dBm.

(3) Each ACAS I interrogator shall control its interrogation rate
or power or both in all SSR modes to minimize interference effects.

(4) ACAS I shall monitor the rate that own transponder replies to
interrogations to cnsure that the provisions in sub-regulation (7) are

met.

(5) ACAS I shall count the number of ACAS II and ACAS III
interrogators in the vicinity to ensure that the provisions in sub-
regulations (7) or (8) are met.

(6) The count in sub regulation (5) shall be-
(a) obtained by monitoring ACAS broadcasts (UF - 16); and

(b) updated as the number of distinct ACAS aircraft addresses
received within the previous 20 seconds period at a

nominal frequency of at lcast t Hz.
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(7) The interrogator power shall not exceed the limits defined in
the Fifth Schedule.

(8) An ACAS I that uses Mode S interrogations shall not cause

greater interference effects than an ACAS I using Mode A"/C

intenogations only.

49. (l) ACAS shall perform the following functions-

(a) suweillance;

(b) generation of Traffic Advisories;

(c) threat detection;

(d) generation of Resolution Advisories;

(e) coordination; and

(0 communication with ground stations.

(2) The ACAS equipment sbalI execute functions in sub

regulation (l) (b), (c), (d), (e) on each cycle ofoperation'

(3)The duration ofa cycle in sub regulation (2) shall not exceed

1.2 seconds.

50. The surveillance performance requirements relating to ACAS
II or ACAS III shall be as specified the First Schedule.

51. (l) ACAS shall provide Traffic Advisories as to alert the

flight crew to potential threats.

(2) The Traffic Advisories in subregulation (l) shatl be

accompanied by an indication of the approximate relative position of
potential threats to facilitate visual acquisition.

(3) If potential threats are shown on a traffic display, they shatl

be displayed in amber or yellow.

( ) While any Resolution Advisory or Traffic Advisory are

displayed, proximate traffic within I I kilometres (6 nautical miles)
range and, if altitude reporting, *370 metres (1,200 feet) altitude shall

be displayed.

(5) The proximate traffic in subregulation (4) shall be

distinguished either by colour or symbol type from threats and

potential threats, which shatl be more prominently displayed

(6) Visual acquisition ofthe threats or potential threat shall not be

adversely affected by the display of proximate traffic or other data

unrelated to collision avoidance while any Resolution Advisory or
Traflic Advisory are displaYed.

(7) The criteria for Traffic Advisories shall be such that they are

satisfied before those for a Resolution Advisory.

(8) The nominal Traff,rc Advisory warning time for intruders

reporting altitude shall not be 20 seconds greater than the nominal
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waming time for the generation of the resolution advisory.

52. The threat detection characteristics for ACAS shall be as

specified in the Sixth Schedule.

53. (l) For all threats, ACAS shall generate an RA except where
it is not possible to select an Resolution Advisory (RA) that can be
predicted to provide adequate separation either because of uncertainry
in the diagnosis of the intruder's flight path or because there is a high
risk that a manoeuvre by the threat will negate the RA.

(2) If threas are shown on a traffic display, they shatl be

displayed in red.

(3) Once an RA has been generated against a tkeat or threats it
shall be maintained or modified until tests that are less stringent than
those flor threat detection indicate on two consecutive cycles that the

RA may be cancelled, at which time it shall be cancelled.

(4) ACAS shall generate the RA that is predicted to provide
adequate separation from all threats and that has the least effect on the
current flight path of the ACAS aircraft consistent with the other
provisions in these Regulations.

(5) The RA shalt not recommend or continue to recommend a
manoeuvre or manoeuvre restriction that, considering the range of
probable threat trajectories, is more likely to reduce separation than
increase it.

(6) New ACAS installations after the I't January, 2014 shall
monitor own aircraft's vertical rate to verify compliance with the RA
sense. If non-compliance is detected, ACAS shatl stop assuming
compliance, and instead shall assume the obsewed vertical rate

(7) All ACAS shall be comptiant with the requirement in
subregulation (6).

(8) After I January 2017, alt ACAS units shall comply with the

requirement stated in subregulation (6).

(9) The RA generated by ACAS shall bc consistent with the

performance capability of the aircraft.

(10) Descend RAs shall not be generated or maintained when
own aircraft is below 300 metres (1,000 feet) above ground level
(ACL).

(l l) ACAS shall not operate in sensitivity levels 3 to 7 when own
aircraft is below 300 metres (1,000 feet) AGL.

(12) ACAS shall not reverse the sense of an RA from one cycle
to the next, except as permitted in subregulation (13) to ensure

coordination or when the predicted separation at closest approach for
the existing sense is inadequate

(13) Sense reversals against equipped threats. If a Resolution
Advisory Component (RAC) received from an equipped threat is

incompatible with the current RA sense, ACAS shall modify the RA

Thrcal dctcclion.
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sense to conforrn to the received RAC i[ own aircraft address is higher
in value than that ofthe threat.

(14) ACAS shall not modily an RA sense in a way that makes it
incompatible with an RAC received from an equipped threat i[ own
aircraft address is higher in value than that ofthe threat.

(15) Subject to the requirement that a descend RA is not
generated at low altitude an RA shall not be modified if the time to
closest approach is too short to achieve a significant response or if the

threat is diverging in range.

(16) An RA shall not be weakened if it is likely that it would
subsequently need to be strengthened.

(17) The RA shatl be compatible with all the RACs transmitted to
threats. If an RAC is received from a threat before own ACAS
generates an RAC for that threat, the RA generated shalt be compatible
with the RAC received unless such an RA is more likely to reduce

separation than increase it and own aircraft address is lower in value
than that ol the threat.

(18) Encoding of ARA subfield. On each cycle of an RA, the RA
sense, strength and attributes shall be encoded in the active RA (ARA)
subfietd. If the ARA subfield has not been refreshed for an interval o[ 6
s, it shall be set to 0, along with the MTE subfield in the same message.

(19) System response time. The system delay lrom receiPt of the
relevant SSR reply to presentation of an RA sense and strength to the
pilot shall be as short as possible and shalt not exceed 1.5 seconds.

5a. (l) In a multi-aircraft sinration, ACAS shall co-ordinate with
each equipped threat individually.

(2) ACAS shall prevent simultaneous access to stored data by
concurrent processes, in particular, during resolution message
processing.

(3) Each cycle ACAS shall transmit a coordination interrogation
to each equipped threat, unless generation ofan RA is delayed because
it is not possible to select an RA that can be predicted to provide
adequate separation. The resolution message transmitted to a threat
shall include an RAC selected for that threat. If an RAC has been
received from the threat before ACAS selects an RAC for that threat,
the selected RAC shatt be compatible with the received RAC unless no

more than three cycles have elapsed since the RAC was received, the

RAC is altitude-crossing, and own aircraft address is lower in value
than that of the threat in which case ACAS shall select its RA
independently. If an RAC received from an equipped threat is
incompatible with the RAC own ACAS has selected for that threat,
ACAS shalt modily the selected RAC to be compatible with the

received RAC if own aircralt address is higher in value than that of the

threat.

(4) Within the cycle during which an intruder ceases to be a

reason for maintaining the RA, ACAS shall send a resolution message

C@rdination and
comunication.
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to that intruder by means of a coordination interrogation. The resolution
message shall include the cancellation code for the last RAC sent to
that intruder while it was a reason lor maintaining the RA.

(5) ACAS coordination interrogations shall be transmitted until a

co-ordination reply is received from the threat, up to a maximum olnot
less than six and not more than twelve attempts and the successive
interrogations shall be nominally equally spaced over a period of 100
t5 ms and i[the maximum number of attempts is made and no reply is
received, ACAS shall continue its regular processing sequence.

(6) ACAS shall provide parity protection and for all fields in the
coordination interrogation that convey RAC information.

(7) Whenever own ACAS reverses its sense against an equipped
threat, the resolution message that is sent on the current and subsequent
cycles to that threat shall contain both the newly selected RAC and the
cancellation code for the RAC sent before the reversal.

(8) When a vertical RA is selected, the vertical RAC (VRC) that
own ACAS includes in a resolution message to the threat shall be as

follows-
(a) "do not pass above" when the RA is intended to provide

separation above the threat; and

(b) "do not pass below" when the RA is intended to provide
separation below the threat.

(9) Resolution messages shall be processed in the order in which
they are received and with detay limited to that required to prevent
possible concurrent access to stored data and delays due to the
processing ol previously received resolution messages and resolution
messages that are being delayed shall be temporarily queued to Prevent
possible loss of messages and processing a resolutioo message shall
include decoding the message and updating the appropriate data
structures with the information extracted from the message.

(10) An RAC or an RAC cancellation received from another
ACAS shall be rejected if the encoded sense bits indicate the existence
of a parity error or if undefined value(s) are detected in the resolution
message and an RAC or an RAC cancellation received without parity
errors and without undefined resolution message values shall be

considered valid.

( I I ) A valid RAC received from another ACAS shall be stored or
shall be used to update the previously stored RAC corresponding to that
ACAS. A valid RAC cancellation shall cause the previously stored
RAC to be deleted. A stored RAC that has not been updated for an
interval of 6 s shall be deleted.

(12) RAC record update. A valid RAC or RAC cancellation
received from another ACAS shall be used to update the RAC record.
If a bit in the RAC record has not been refreshed for an interval of 6 s
by any threat, that bit shall be set to 0.

(13) lir-initiated downlink of ACAS Rls-When an ACAS RA
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exists, ACAS shatl-
(a) transfer to its Mode S transponder an RA report for

transmission to the ground in a Comm-B reply; and

(b) transmit periodic RA broadcasts.

(14) Sensitivity level control (SLC) command-ACAS shall store
SLC commands lrom Mode S ground stations. An SLC command
received from a Mode S ground station shall remain elfective until
replaced by an SLC command from the same ground station as

indicated by the site number contained in the IIS subfield o[ the

interrogation. If an existing stored command from a Mode S ground
station is not reflreshed within 4 minutes, or i[ the SLC command
received has the value 15, the stored SLC command for that Mode S

ground station shall be set to 0.

55. (l) When an ACAS RA exists, ACAS shall-
(a) transfer to its Mode S transponder an RA report for

transmission to the ground in a Comm-B reply; and

(b) transmit periodic RA broadcasts.

(2)ACAS shall store SLC commands from Mode S ground
stations.

(3) An SLC command received flrom a Mode S ground station
shall remain effective until replaced by an SLC command from the

same ground station as indicated by the site number contained in the

IIS subfield of the interrogation.

(4) Where an existing stored command from a Mode S ground
station is not refreshed within 4 minutes, or if the SLC command
received has the value 15 the stored SLC command for that Mode S

ground station shall be set to 0.

56. (l) For data transfer from ACAS to its Mode S transponder
ACAS shall-

(a) transfer RA information to its Mode S transponder for
transmission in an RA report and in a coordination reply;

(b) transfer cunent sensitivity level to its Mode S transponder
for transmission in a sensitivity level report; and

(c) transfler capability information to its Mode S transponder
for transmission in a data link capability report.

(2) For data transfler from Mode S transponder to its ACAS,
ACAS shall-

(a) receive from its Mode S transponder sensitivity level
control commands transmitted by Mode S ground stations;

(b) receive from its Mode S transponder ACAS broadcast
messages transmitted by other ACAS; and

(c) receive from its Mode S transponder resolution messages
transmitted by other ACAS for air-air coordination
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purposes.

57. (l)Surveillance of mode A/C transponders- ACAS shall use

the Mode C-only all-calI interrogation for surveillance of aircralt
equipped with Mode A/C transponders.

(2) Using a sequence of interrogations with increasing power,
surveillance interrogations shalt be preceded by an SI-pulse to reduce
interference and improve Mode A,/C target detection.

(3) Surveillance of Mocle S Transponders-Detection. ACAS shatt
monitor I 090 MHz lor Mode S acquisition squitters (DF = I l).

(4) ACAS shall detect the presence and determine the address of
Mode S equipped aircraft using their Mode S acquisition squitters (DF
= 1l) or extended squitters (Df = l7).

(5) Surveillance interrogations. On first receipt ofl a 24-bit
aircraft address from an aircraft that is determined to be within the
reliable surveillance range of ACAS based on reception reliability and
that is within an altinrde band 3,050 metres (10,000 feet) above and
below own aircraft, ACAS shall transmit a short air-air interrogation
(UF = 0) for range acquisition. Surveillance interrogations shalt be
transmitted at least once every five cycles when this altin:de condition
is satisflred. Surveillance interrogations shall be transmitted each cycle
if the range of the detected aircraft is less than 5.6 kilometres (3
nautical miles) or the calculated time to closest approach is less than 60
seconds, assuming that both the detected and own aircraft proceed from
their current positions with unaccelerated motion and that the range at
closest approach equals 5.6 kilometres (3 nautical miles). Surveillance
interrogations shalt be suspended for a period offive cycles if-

(a) a reply was successfully received;

(b) own aircraft and intruder aircraft are operating below a

pressure-altirude of 5,490 metres (18,000 feet); and

(c) the range oI the detected aircraft is greater than 5.6
kilometres (3 nautical miles) and the calculated time to
closest approach exceeds 60 seconds, assuming that both
the detected and own aircraft proceed from their current
positions with un accelerated motion and that the range at
closest approach equals 5.6 kilometres (3 nautical miles).

(6) Range acquisition interrogations. ACAS shall use the short
air-air surveillance format (UF = 0) for range acquisition. ACAS shall
set AQ = I and RL = 0 in an acquisition interrogation.

(7) Tracking intenogations. ACAS shall use the short air-air
surveillance format (UF = 0) with RL : 0 and AQ = 0 for tracking
interrogations.

(8) Surveillance replies protocols shall be as described in these
Regulations.

(9) An ACAS broadcast shall be made nominally every 8 to l0 s

at full power from the top antenna. Installations using directional

ACAS p(otocols.
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antennas shall operate such that complete circular coverage is provided
nominally every 8 to l0 seconds.

(10) ACAS shall transmit UF = 16 interrogations, Figure 5-l in

the Fourth Schedule) with AQ = 0 and RL = I when another aircraft
reporting RI = 3 or 4 is declared a threat. The MU field shalt contain

thl resoiution message in the subfields specified in the Fourth Schedule

( l .3.2).

(ll) Coordination reply protocols shall be as described in
regulation 69.

58. (l) RA reports to Mode S ground stations protocols shall be

as described in regulation 70.

(2) RA broadcasts shall be transmifted at ful[ power from the

bottom antenna at jittered, nominally 8 seconds intervals for the period

that the RA is indicated. The RA broadcast shall include the MU field
as specified in Fourth Schedule (1.3.4). The RA broadcast shall

describe the most recent RA that existed duriog the preceding 8

seconds period. Installations using directional antennas shall operate

such thai complete circular coverage is provided nominally every 8

seconds and tire same RA sense and strength is broadcast in each

direction.

(3) Data link capability report Protocols shall be as described in

regulation 70.

59. ACAS shall act upon an SLC command if and only if TMS
has the value 0 and DI is either I or 7 in the same interrogation.

60. (l) The RF characteristics of all ACAS signals shall conform
to the Standards provided for in these Regulations.

(2) The data encoding of all ACAS signals shall conform to these

Regulations.

61. (l) The air-air surveillance and communication formats

which are used by ACAS shall be as in Figure 6-1 in the Fourth

Schedule.

(2) The significance o[the coding of the downlink request,.rep-ly

r.qu.ri and RI (iir-air reply information) fields shall as contained in the

Fourth Schedule.

62. ACAS fields and subfields shall be defined as in the Seventh

Schedule.

63. (l) For interfaces, the following input data shall be provided

to the ACAS as a minimum-

(a) aircraft address code;

(b) air-air and ground-air Mode S transmissions received by
the Mode S transponder flor use by ACAS;

(c) own aircraft's maximum cruising true airspeed capability;
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(d)pressure-altitude; and

(e)radio altitude.

(2) ACAS shall transmit interrogations and receive replies via
two antennas, one mounted on the top of the aircraft and the other on
the bottom of the aircraft.

(3) The top-mounted antenna shall be directional and capable o(
being used for direction finding.

(4) Polarization of ACAS transmissions shall be nominally
vertical.

(5) The radiation pattem in elevation of cach antenna when
installed on an aircraft shall be nominally cquivalent to that o[ a
quarter-wave monopole on a ground plane.

64. (l) ACAS shall be capable of receiving squitters via the top
and boftom a[tennas.

(2) ACAS interrogations shall not bc transmittcd simultaneously
on both antennas.

(3) The altitude data for own aircraft provided to ACAS shall be
obuincd from the source that provides the basis for own Mode C or
Mode S reports and they shall bc provided at the finest quantization
available.

(4) A source providing a resolution finer than 7.62 meten (25
feet) shall be used.

(5) Where a source providing a resolution Ftner than 7.52 metres
(25 feet) is not available, and the only altitude data available for own
aircraft is Cilham encoded, at least turo independent sources shall be
used and comparcd continuously in order to detect eocoding elrors-

(a) indicate to the flight crew that an abnormal condition
exlsts;

prevent any further ACAS interrogations; and

csuse any Mode S transmission containing own aircraft's
resolution.

(6) Two altitude data sources shall be used and compared in order
to detect errors before provisioo to ACAS.

(7) Thc provisions of regulation 65 shall apply when the
comparison of the two altitude data sources indicatcs that one of the
sources is in error.

65. (l) ACAS shall continuously perform a monitoring function
in order to provide a waming if any of the following conditions at least
are satisfied-

(a) thcre is no interrogation power limiting due to interference
control and the maximum radiated powcr is reduced to less
than that necessary to satis$ the surveillancc requircments;

(b)

(c)
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(b)any other failure in the equipment is detected which results in

a reduced capability of providing TAs or RAs; or data from external

sources indispensabte tor ACAS operation are not provided, or the data

provided are not credible.

(2) The ACAS monitoring function shall not adversely affect

other ACAS functions.

(3) when the monitoring function detects a failure, ACAS

shall-
(a) an abnormal condition exists;

(b) prevent any flurther ACAS intenogations; and

(c) cause any Mode S transmission containing own aircraft's

resolution capabitity to indicate that ACAS is not

operating.

66. (l) In addition to the minimum transponder capabilities

defined in' these Regulations, the Mode S transponder used in
conjunction with ACAS shall have the following capabilities-

(a) abitity to handle the following formats-

Format No. Format name

UF = l6 Long air-air surveillance interrogation

DF = 16 Long air-air surveillance reply

(b) ability to receive long Mode S interrogations (UF = 16) and

geneiate long Mode S replies (DF = t6) at a continuous

rate of 16.6 ms (60 Per second);

(c) means for delivering the ACAS data content of all accepted

interrogations addressed to the ACAS equipment;

(d) antenna diversitY;

(e) mutual suppression capability; and

(0 inactive state transPonder output power restriction'

(2). When the Mode S transponder transmitter is in the inactive

tt"t", itt" peak pulse power at t 090 MHz t3 MHz at the terminals of

the Mode S transponder antenna shall not exceed -70 dBm'

67. (l) The Mode S transponder shall receive from its ACAS RA

intormation'for transmission in an RA report and in a coordination

reply.

(2) The Mode S transponder shall receive from its ACAS current

sensitivity level for transmission in a sensitivity level report'

(3) The Mode S transponder shall receive from is ACAS

capabiiiiy information flor transmission in a data link capability report

and for tiansmission in the RI field of air-air downlink formats DF = 0
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and DF = 16.

(a) The Mode S transponder shall receive from its ACAS an
indication that RAs arc enabled or inhibited for ransmission in the RI
field of downlink formats 0 and 15.

68. The Mode S transponder shall transfer to its ACAS-

(a) received sensitivity level control commands transmined by
Mode S stations;

O) received ACAS broadcast messages transmitted by other
ACASs;

(c) received resolution messages transmitted by other ACASs
for air-air coordination purposcs; and

(d) own aircraft's Mode A identity data for transmission in an
RA broadcast.

69. (l) Thc ACAS Mode S transponder shall use the short (DF =
0) or long (DF = 15) surveillance formats for replies to ACAS
surveillance interrogations. The surveillance reply shall include the VS
freld, the RI field and the SL freld as specified in these Regulations.

(2), The ACAS Mode S transponder shall transmit a coordination
reply upon receipt of a coordination interrogation from an equipped
threat subject to the conditioru ofsub-regulation (5).

(3) The coordination reply shall use the long air-air surveitlance
reply format, DF = 16, with the VS field, the RI field, the SL flreld and
the MV field as specified in of these Regulations.

(4) Coordination rcplies shall be transmitted even if the minimum
reply rate limits of the transponder are cxceeded.

(5) The ACAS Mode S transpondcr shall reply with a

coordination reply to a coordination interrogation rcceived from another
ACAS if and only if the transpondcr is able to delivcr the ACAS data
content of the intenogation to its associated ACAS.

70..(l)During the period of an RA and for l8*l s following the
end of the RA, the ACAS Mode S transponder shall indicate that it has

an RA report by setting the appropriate DR field code in replies to a

Mode S sensor. Thc RA report shall include the MB field. The RA
report shall describe the most recent RA that existed during the
preceding 18tl s period,

(2)The presence of an ACAS shalt be indicated by its Mode S

transponder to a ground station in the Mode S data link capability
report.
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71. (l) Indications to the flight crew shall distinguish between lndict.ioNlo
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preventive and corrective RAs.

(2) If ACAS generates an altitude crossing RA, a specific

indication shall be given to the flight crew that it is crossing.
72. (l) The following assumed conditions shall apply to the

performance requirements speciFred in regulations 8l and 82-

(a) range and bearing measurements and an altitude report are

arailable for the intruder each cycle as long as it is within
14 nautical miles, but not when the range exceeds 14

nautical miles;

(b) the errors in the range and bearing measurements conform
to standard range and bearing error models;

(c) the intruder's altitude rePorts, which are its Mode C replies,

are expressed in 100 feet quanta;

(d) an altitude measurement that has not been quantized and is

expressed with a precision of I foot or better is available for
own aircraft;
errors in the altitude measurements for both aircraft are

constant throughout any particular encounter;

the errors in the altin'rde measurements for both aircraft
conform to a standard altimetry error model;

(e)

(g) the pilot resPonses to RAs conform to a standard pilot
model;

thc 0ight crcw
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(h) the aircra[t operate in an airspace in which close encounters,

including those in which ACAS generates an RA, conform
to a standard encounter model;

(i) ACAS-equipped aircraft are not limited in their ability to
perflorm the manoeuvres required by their RAs; and as

specified in regulation 79;

0) the intruder involved in each encounter is not equipped;

(k) the intruder is ACAS-equipped but follows a trajectory
identical to that in the unequipped encounter; or

the intruder is equipped with an ACAS having a collision
avoidance logic identical to that of own ACAS.

(t)

(2) The performance of the collision avoidance logic shall not

degrade abruptly as the statistical distribution of the altitude errors or

thJ statisticai distributions of the various parameters that characterize

the standard encounter model or the response of pilots to the advisories

are varied, when surveillance rePorts are not available on every cycle or
when the quantization of the altitude measurements for the intruder is
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varied or the altitude measurements for own aircraft are quantized.

(3) STANDARD RANGE ERROR MODEL-The errors in the
simulated range measuremcnts shall be taken from a Normal
distribution with mean 0 fect and standard deviation 50 feet.

(4) STANDARD BEARING ERROR MODEL-The errors in the
simulated bearing measurements shall be taken from a Normal
distribution with mean 0.0 degrees and standard deviation 10.0 degrees.

73. Standard altimetry error model shall be defrned as contained
in the Seventh Schedule.

74. The standard pilot model used in the assessment of the
performance of the collision avoidance logic shalt be that-

(a) any RA is complied with by accelerating to the required rate
(ifnecessary) after an appropriate delay;

(b) when thc aircraft's current rate is tbe same as its original
rate and the original rate complies with the RA, the aircraft
continues at its original rate, which is not necessarily
constant due to the possibility ofacceleration in the original
trajectory;

(c) when the aircraft is complying with the RA, its curent rate
is the same as the original rate and the original rate changes
and consequently becomes inconsistent with the RA, the
aircraft continues to comply with the RA;

(d) when an initial RA requires a change in altitude rate, the
aircraft responds with an acceleration of 0.25 g after a delay
of 5 s from the display of the RA;

(e) when an RA is modifted and the original rate complies with
the modified RA, the aircraft returns to its original rate (if
necessary) with the accelcration specified in g) after the
delay specifred in h);

(f) when an RA is modified and the original rate does not
comply with the modified RA, the aircraft rcsponds to
comply with the t(A with the acceleration specified in g)
after the delay specified in h);

(g) the acceleration used when an RA is modified is 0.25 g
unless the modified RA is a rcversed sensc RA or 8n
increased rate RA in which case the acceleration is 0.35 g;

(h) the delay used when an RA is modified is 2.5 s unless this
results in the acceleration starting earlier than 5 s from the
initial RA in which case the acceleration starts 5 s from the
initial RA; and
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(i) when an RA is cancelled, the aircraft returns to its original
rate (if necessary) with an acceleration of 0.25 g after a

delay of2.5 seconds.

75. (l) In order to calculate the effect of ACAS on the risk of
collision and the compatibility of ACAS with air traffic management
(ATM), scts of encounters shall be created for each of-

(a) the two aircraft addrcss ordcrings;

(b) the six altitude layers;

(c) nineteen encounter classes; and

(d) nine or ten vradbins.

(2) The results for these sets shall be combined using the relative
weightings

(3) Each set ofencounters shall contain at least 500 independent,

randomly generated etrcounters.

(a) The two aircraft trajectories in each encounter shall be

constructed with the foltowing randomly selected characteristics-

(a) in the vertical Plane-

(i) a vmdf rom within thc appropriate vmdbia1'

(iD a vertical ratc for each aircraft at the beginning of the

encountcr window, 21, and at the end ofthe encountcr
window, i2;

(iii) a vertical acceleration; and

(iv) a start time for the vertical acceleration; and

(b)and in the horizontal plane-

(i) an hmd,

(iD an approach angle;

(iiD a speed for each aircraft at closest approach;

(iv) a decision for each aircraft whether or not it turns;

(v) the turn extent; the bank angle; and the turn end time;

(vi) a decision for each aircraft whether or not its speed

changes; and
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(vii) the magnitude of the speed change

(5) Two models shall bc uscd for the statistical distribution of
hmd. Fot calculations of the effect of ACAS on the risk of collision,
trndshall bc constrained to be less than 500 ft. For calculations of the
compatibility of ACAS with ATM, frndshall be selected from a larger
range of values.

76. Encountcr classes and weights shall be as contained in the
Seventh Schedule.

77. The characteristics of the aircraft trajectories in the vertical
plane shall be as described in the Seventh Schedule.

78. Characteristics of the aircraft trajectories in the horizontal
plane shall bc as specified in the Seventh Schedule.

79. The perflormancc requircments spccifrcd in regulations 8l and
82 each apply to thrcc distinct situations in which the following
conditions concerning thc intruder's ACAS and trajectory shall apply-

(a) where the intruder involved in each encounter is not
equipped, it follows a trajectory identical to that which it
follows when own aircraft is not equipped;

(b) where the intruder is ACAS-equipped but follows a

trajectory identical to that in thc unequipped encounter-

(D it follows the identical trajectory regardless of
whcthcr or not there is an RA;

(ii) the intruder ACAS gencrates an RA and transmits an
RAC that is receivcd immediately after any RA is first
announced to the pilot of own aircraft;

(iiD the sense of the RAC generated by the intnrder ACAS
and transmitted to own aircraft is opposite to the sense

of the frrst RAC selected and transmitted to the
intrudcr by own aircraft;

(iv) the RAC ransmitted by the intruder is rcceivcd by
own aircraft; and

(v) the requirements apply both when own aircraft has the
lower aircraft addrcss and when the intruder aircraft
has the lowcr aircraft address; and

(c) where the intruder is equipped with an ACAS having a
collision avoidance logic identical to that of own ACAS-
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(i) the conditions relating to the Performance of own
aircraft, ACAS and pilot appty equally to the intruder
aircraft, ACAS and pitot;

(ii) RACs transmitted by one aircraft are received by the

other; and

(iii) The requirements apply both when own aircraft has

the lower aircra[t address and when the intruder
aircraft has the lower aircra[t address.

80. When considering altemative collision avoidance logic
designs, certification authorities shall verify that-

(a) the performances of the alternative design are acceptable in
encounters involving ACAS units that use existing designs;
and

(b) the performances of the existing designs are not degraded
by the use ofthe alternative design.

81. Under the conditions of these Regulations, the collision
avoidance logic shall be such that the expected number o[ collisions is
reduced to the following proportions of the number expected in the

absence of ACAS-

(a) when the intruder is not ACAS equipped - 0. l8;

(b) when the intruder is equipped but does not respond - 0.32;
and;

(c) when the intruder is equipped and responds - 0.04.

82. (l) Under the conditions o[ these Regulations, the collision
avoidance logic shall be such that the proportion o[ RAs which are a

"nuisance" shall not exceed-

.06 when own aircraft's vertical rate at the time the RA is
first issued is less than 400 ft/min; or

.08 when own aircraft's vertical rate at the time the RA is

first issued exceeds 400 fUmin.

(2) An RA shall be considered a "nuisance" for the purposes of
sub-regulation (t) unless, at some point in the encounter in the absence

of ACAS, the horizontal separation and the vertical separation are

simultaneously less than the vatues specified in the Seventh Schedule.

83. Under the conditions of these ReguJations, the collision
avoidance logic shall be such that the proportion ofencounters in which
following the RA results in an altitude separation at closest approach
with the opposite sign to that occurring in the absence of ACAS shall
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not exceed the following values-

(a) when the intruder is not ACAS equipped - 0.08;

(b) when the intruder is equipped but does not respond - 0.08;
and

(c) when the intruder is equipped and responds - 0.12.

84. Under the conditions of these Regulations, the collision
avoidance logic shall be such that the number of RAs resulting in
"deviations" greater than the values indicated shall not exceed the
proportions of the total number of RAs as contained in the Seventh
Schedule.

85. The coltision avoidance togic shall be such as to reduce as

much as practicable the risk of collision and limit as much as practicable
the disruption to ATM.

86. (l) To validate the position of an intruder reported by
extended squitter, ACAS shall determine the relative range and relative
bearing as computed from the position and geographical heading ofown
aircraft and the intruder's position as reported in the extended squitter.
This derived range and relative bearing and the altitude reported in the

squitter shall be compared to the range, relative bearing and altitude
determined by active ACAS interrogation of the aircraft. Diflferences
between the derived and measured range and relative bearing and the

squitter and reply altitude shall be computed and used in tests to
determine whether the extended squitter data is valid. If these tests are

satisficd the passive position shall be considered to be validated and the
track shall be maintained on passive data unless it is a near threat as

described in subregulation (3). Ifany ofthese validation tests fai[, active
surveillance shall be used to track the intruder.

(2) Supplementary active interrogations. In order to ensure that an

intruder's track is updated at least as frequently as required in the

absence of extended squitter data, each time a track is updated using
squitter information the time at which an active interrogation would
next be required shalt be calculated. An active interrogation shatl be

made at that time if a further squitter has not been received before the
interrogation is due.

(3) An intruder shall be tracked under active surveillance if it is a
near threat, as determined by separate tests on the range and altitude of
the aircraft. These tests shatl be such that an intruder is considered a

near threat before it becomes a potential threat, and thus triggers a

traffic advisory as described in regulation 85, These tests shall be
performed once per second. All near threats, potential threats and threats
shall be tracked using active surveillance.

(4) Revalidation and monitoring. If an aircraft is being tracked
using passive surveillance, periodic active interrogations shall be
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performed to validate and monitor the extended squitter data as required
in subregulation ( t).

(5) The def'ault rates olrevalidation shall be once per minute for a

non-threat and once per l0 seconds for a near threat and the tests
required in subregulation (l) shall be performed for each interrogation.

(6) Full active surveillance condition shatl be met for a track being
updated via passive surveillance data as specified in the Seventh
ScheduIe.

(7) All near threats, potential threats and threats shall be tracked
using active surveillance.

(8) A track under active surveillance shall transition to passive
surveillance if it is neither a near, potential threat nor a threat. The tests
used to determine it is no longer a near threat shall be similar to those
used in subregulation (3) but with larger thresholds in order to have

hysteresis which prevents the possibility of frequent transitions between
active and passive surveillance.

87. (l) An ACAS operating with a receiver having a Minimum
Triggering Level (MTL) more sensitive than -74 dBm shall implement
the capabilities specified receiver in the following paragraphs.

(2) Dual minimum triggering levels. The ACAS receiver shall be
capable ofsetting an indication lor each squitter reception as to whether
the reply would have been detected by an ACAS operating with a

conventional MTL (-74 dBm). Squitter receptions received at the
conventional MTL shall be passed to the ACAS surveillance function
for further processing. Squitter receptions that do not meet this
condition shall not be passed to the ACAS surveillance function.

(3) Duat or re-triggerable reply processor. The ACAS Mode S

reply processing function shall-

(a) use separate reply processors for Mode S reply formats
received at or above the conventional MTL and a separate
reply processor for Mode S reply formats received below
the conventional MTL; or

(b) use a Mode S reply processor that will re-trigger if it detects
a Mode S preamble that is 2 to 3 dB stronger than the reply
that is currently being processed.

PART VI_MODE S EXTENDED SQUITTER

88. (l) Aircraft, surface vehicles and fixed obstacles supporting an
Automatic Dependence Surveillance (ADS)-B capability shall
incorporate the ADS-B outmessage generation function and the ADS-B
message exchange function (transmit) as depicted in Figure 1-l in the

Sixth Schedule.
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(2) ADS-B transmissions from aircraft shall include position,
aircraft identification and type, airborne velocity, and event driven
messagcs including emergency/priority information.

(3) Extended squitter transmitting equipment shall use formats
and protocols ofthe latest version available.

(4) Mode S extended squitter transmitting equipment shall be

classified according to the unit's range capability and the set of
parameters that it is capablc of transmitting consistent with the

following definition of general equipment classes and the specific
equipment classes defined in Tables l-t and l'2 (in the Eighth
Schedule).-

(a) Class A extended squitter airborne systems supPort an
interactive capability incorporating both an extended
squitter transmission capability (i.e. ADS-B OUT) with a

complementary extended squitter reception capability (i.e.
ADS-B IN) in support of onboard ADS-B applications;

(b) Class B extended squitter systems provide a transmission
only (i.e. ADS-B OUT without an extended squitter
reception capabttity) for use on aircraft, surface vehicles, or
fixed obstructions; and;

(c) Class C extended squittcr systems have only a reception
capability and thus have no transmission requirements.

(5) Class A extended squiner airbomc systems shall have
transmitting and rcceiving subsystem characteristics of thc same class
(i.e. A0, Al, A2, or A3) as specified in sub-regulation(l) and regulation
er (2).

89. (l) Protection against reception of comrpted data from the

source providing the position shall be satisficd by enor detection on the

data inputs and the appropriate maintenance of the installation,

(2) If an independent control of the ADS-B OUT function is
provided, then the operational state of the ADS-B OUT function shall
be indicated to the flight crew, at all times.

90. (1) Ground stations supporting a Traffic Information Service-
B (TIS-B) capability shall incorporate the TIS-B message generation

function and the TIS-B message exchange function (transmit).

(2) The extended squitter messages for TIS-B shall be transmined
by an extended squitter ground station when connected to an appropriate
source of survcillance data.

(3) The maximum transmission rates and effcctive radiatcd power
o[ the transmissions shall be controlled to avoid unacceptable levels of
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RF interference to other I 090 MHz systems (i.e. SSR and ACAS).

91. (l) Mode S extended squitter receiving systems shall perform
the message exchange function (receive) and the report assembler
function.

(2) The required functionality and performance characteristics flor

the Mode S extended squitter receiving system will vary depending on
the ADS-B and TIS-B client applications to be supported and the

operational use of the system. Airborne Mode S extended squitter
receivers shall be consistent with the definition of receiving system
classes shown in Table l-3 in the Eighth Schedute.

92. (l) The message exchange flunction shal[ include the I 090
MHz receiving antenna and the radio equipment
(receiver/demodulator/decoder/data buffer) sub-fu nctions.

(2) Message exchange functional characteristics: The airbome
Mode S extended squitter receiving system shall support the reception
and decoding of all extended squitter messages as listed in Table l-3 in
the Sixth Schedule. The ground ADS-B extended squitter receiving
system shall, as a minimum, support the reception and decoding of all
the extended squitter message types that convey inflormation needed to
support the generation of the ADS-B reports of the types required by the
client ATM ground applications.

(3) Required message reception performance. The airborne Mode
S extended squitter receiver/demodulation/ decoder shall employ the
reception techniques and have a receiver minimum trigger threshold
level (MTL) as listed in Table l-3 in the Eighth Schedule, as a function
of the airborne receiver class and the reception technique and MTL for
extended squitter ground receiver shall be selected to provide the
reception performance (i.e. range and update rates) as required by the
client Air Traffic Management (ATM) ground applications.

(4) Enhanced reception techniques. Class Al, A2 and A.3 airbome
rcceiving systems shall include the following features to provide
improved probabiliry of Mode S extended squitter reception in the
presence of multiple overlapping Mode A"/C fruit or in the presence of
an overlapping stronger Mode S fruit, as compared to the performance
ofl the standard reception technique required for Class A0 airborne
receiving systems-
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(a)

(b)

(c)

Improved Mode S extended squitter preamble detection;

enhanced error detection and correction;

enhanced bit and confidence declaration techniques apptied
to the following airborne receiver classes-

(i) Improved Mode S extended squitter preamble
detection; and
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(ii) enhanced error detection and correction;

(d) enhanced bit and confidence declaration techniques applied
to the following airbome receiver classes-

(i) Class Al - Performance equivalent to or better than
the use of the "Centre Amplitude" technique;

Class A2 - Performance equivalent to or better than
the use of the "Multiple Amplitr.rde Samples" baseline
technique, where at least 8 samples are taken for each

Mode S bit position and are used in the decision
process; and

(i i)

(iii) Class .{3 - Performance equivalent to or better than
the use of the "Multiple Amplitude Samples" baseline
technique, where at least l0 samples are taken for
each Mode S bit position and are used in the decision
process.

93. (1) The report assembler function shall include the message
decoding, report assembly, and output interface sub-functions.

(2) When an extended squitter message is received, the message
shall be decoded and the applicable ADS-B reports ofthe types defined
in regulation 94 shall be generated within 0.5 seconds.

94. (l) State vector report: The state vector report shall contain
time of applicability, information about an airborne or vehicle's cuffent
kinematic state (e.g. position, velocity), as well as a measure of the

integrity o[ the navigation data, based on information received in
airborne or ground position, airborne velocity, and identification and
type extended squitter messages. Since separate messages are used for
position and velocity, the time of applicability shall be reported
individually for the position related report parameters and the velocity
related report parameters. Also, the state vector report shall include a

time of applicabiliry for the estimated position and/or estimated velociry
information (i.e. not based on a message with updated position or
velocity information) when such estimated position or velocity
information is included in the state vector report.

(2) Mode status report. The mode status rePort shall contain time
of applicability and current operational information about the

trausmitting participant, including airbome/vehicle address, call sign,
ADS-B version number, airborne/vehicle length and width information,
state vector qualiry information, and other information based on
information received in operational status, airbome identification and

type, airbome velocity and airborne ststus extended squitter messages.

(3) Each time that a mode status report is generated, the report
assembler flunction shall update the report time of applicabitity.
Parameters for which valid data is not available shall either be indicated
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as invalid or omitted flrom the mode status report.

(a) Air relerenced velocity report. Air referenced velocity reports

shalt be'generated when air referenced velocity information is received

in airboire vetocity extended squitter messag€s. The air relerenced

vetocity report shati contain time of applicabiliry, airspeed and heading

information. only certain classes of extended squitter receiving systems,

as defined in regulation 130(l) are required to generate air referenced

velocity reportsl Each time rhat an individuat mode status report is
generaied, ihe report assembly function shall update the report time oI
appticabitity.

(5) Resolution advisory (RA) report. The RA report shall contain

time of applicabitity and the contents of an active AGAS resolution

advisory tiel u. ieceived in a Type=28 and Subtype=2 extended

squitter message.

95. (1) As TIS-B messages are received by airbome receiving

systems, tire information shalt be reported to client applications. Each

time that an individual TIS-B report is generated, the report assembly

function shalt update the report time of applicabiliry to the current time.

(2) TIS-B target report. Atl received information elements, other

than pisition, shall 6e reported directty, including all reserved fields for

the TIS-B fine format messages and the entire message content of any

received TIS-B management message. The reporting format .is-.not
specified in detait, excipt that the information content reported shalt be

the same as the inflormation content received.

(3) When a TIS-B Position message is received, it is compared

with tiacks to determine whether it can be decoded into target position

(i.e. correlated to an existing track). If the message is decoded into

iarget position, a rePort shail be generated within 0'5 seconds' The

rep-ort shatl contain ihe received position information with a time of
appticability, the most recently reieived velocity measurement with a

time otappiicability, the estimated position and velocity applicable to a

common'time of applicability, airborne/vehicte address, and atl other

information in the ieceived message. The estimated values shal[ be

based on the received position information and the track history of the

target.

(4) When a TIS-B velocity message is received, if it is correlated-

to a complete track, a report shall be generated, within 0'5 seconds of
the message reception. The report shall contain the received velocity

informatioi with a time of applicability, the estimated position and

velocity applicable to a common time of appticabitity, airborne/vehicle

address, ona utt other information in the received message' The

estimated values shall be based on the received ground reference

velocity information and the track history of the target'

(5) TIS-B management report. The entire message content oI any

received TISB management message shatt be reported directly to the

TtS-B rcpon
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client applications. The information content reported shall be the same
as the information content received.

(6) The contents ol any received TIS-B management message
shall be reported bit-for-bit to the client applications.

96. (l) The receiving system shall use a local source ofreflerence
time as the basis for reporting the time of applicability, as dehned for
each specific ADS-B and TIS-B report type.

(2) Precision time reference. Receiving systems intended to
generate ADS-B and/or TIS-B reports based on the reception o[ surface
position messages, airbome position messages, and/or TIS-B messages
shall use GNSS UTC measured time for the purpose of generating the
report time applicability lor the following cases of received messages-

(3) UTC measured time data shall have a minimum range of 300
seconds and a resolution oi0.0078125 (l/128) seconds.

97. For receiving systems not intended to generatc ADS-B and/or
TIS-B reports based on reception of ADS-B or TIS-B messages meeting
the NUC or NIC criteria as indicated in regulation 130(2), a non-
precision time source shall be allowed. In such cases, where there is no
appropriate precision time source available, the receiving system shall
establish an appropriate internal clock or counter having a maximum
clock cycle or count time of 20 milliseconds. The established cycle or
clock count shall have a minimum range of 300 seconds and a

resolution of 0.0078125 (l/128) seconds.

98. (l) Reporting requirements for Type I Mode S extended
squitter airbome receiving systems. As a minimum, the report assembler
function associated with Type I Mode S extended squitter receiving
systems, as defined in rcgulation 127(L), shall support that subset of
ADS-B and TIS-B reports and report parameters, that are required by
the specific client applications being served by that receiving system.

(2) Reporting requirements for Type II Mode S extended squitter
airborne receiving systems. The report assembler function associated
with Type I[ receiving systems, as defined in these regulations, shall
generate ADS-B and TIS-B reports according to the class of the
receiving system as shown in Table 2-4 in the Eighth Schedule, when
the prerequisite ADS-B and/or TIS-B messages are being received.

Kenya S ubsidiary Le g is lat ion, 20 I I

(a) version zero (0) ADS-B messages, as defined in these
Regulations, when the navigation uncertainty category
(NUC) is 8 or 9; or version zero (0) ADS-B messages, as

defined in these Regulations, when the navigation integrity
category (NIC) is l0 or I l; and

(b) version zero (0) ADS-B messages, as defined in these
Regulations, when the navigation integrity category NIC) is
l0orll.
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(3) Reporting requirements for Mode S extended squitter ground

receiving systems. As a minimum, the report assembler function

associated with Mode S extended squitter ground receiving systems, as

defrned in these regulations, shall support that subset of ADS-B reports

and report puru*et"r. that are required by the specific client

applications being sewed by that receiving system.

99. (l) The Mode S extended squitter receiving system shall

provide interoperability with both version 0 and version I extended

squitter ADS-B message formats.

(2) The Mode S extended squitter receiving system shall,.uPon

acquiring a new ADS-B target, initially apPly the decoding provisions

appticabie to version 0 (zero) ADS-B messages until or unless an

oplrationat status message is received indicating version t (one)

message format is in use.

(3) The Mode S extended squitter receiving system shall.decode

the version number information conveyed in the operational status

message and shall apply the corresponding decoding rules, version 0

(zero)-or version I (one), for the decoding of the subsequent extended

iquitter ADS-B messages from that specific airbome or vehicle'

(4) The Mode S extended squitter receiving system shall ignore

the contents ofany message subfield defined as reserved.

PART VII-MULTI.LATERATION (MLAT) SYSTEMS

100. (l) Radio frequency characteristics, structure and data

contents of signals used in I 090 MHz Multilateration (MLAT) systems

shalI conform to the provisions ofPart IV ofthese Regulations '

(2) An MLAT system used for air traffic surveillance shall be

capable of determining aircraft position and identity'

(3) Where an MLAT system is equipped to decode additional

position information contained in transmissions, it shatl report such

information separately from the aircraft position calculated based on

Time Difference Of Arrival (TDOA).

tOt. (l) In order to minimize system interferences the effective

radiated power of active interrogators shall be reduced to the lowest

value consistent with the operationatly required range of each individual

interrogator site.

(2) An active MLAT system shall not use active intenogations to

obtain'information that can be obtained by passive recePtion within each

required update period.

(3) An active MLAT system consisting of a set of transmitters

shalt be considered as a single Mode S interrogator.
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(a) The set of transmitters used by all active MLAT systems in
any part of the airspace shall not cause any transponder to be impacted
such that its occupancy, bccausc of the aggrcgatc of all MLAT I 030
MHz interrogations, is grcater than 2 per cent at any timc.

(5) Active MLAT systems shall not use Mode S All-Call
interrogations.

102. The performance characteristics of the MLAT system used
for air traffic surveillance shall be such that the intended operational
services can be satisfactorily supported.

PART VTTT_TEcHNTcIL REQUIREMENTS FOR AIRBoRNE
Sunve n r.xvcE ApPLIcATroNs

103. (l) The system shall support a function to identifr
unambiguously each reference aircraft relevant to the application.

(2) The system shall support a function to monitor the movements
and behavior ofeach reference aircraft rel€vant to the application.

(3) The system shall support a computatiooal function to predict
the future position of a reference aircraft beyond simple extrapolation.

104. (l) The systcm shall display only one track for each distinct
aircraft on a given display.

(2) Where a track generated by ADS-B/TIS-B IN and a track
generated by ACAS have bccn detormined to belong to the same
aircraft, the track generated by ADS-B/TIS-B IN shall be displayed.

(3) Thc display of the tracks shall comply with the requirements
of ACAS traffic display.

PART IX_EXEMPTIoNS

105. (l) A person may apply to the Authority for an exemption
from any provision of these Regulations.

(2) Unless in case of emergency, a penion requiring exemptions
from any of these regulations shall makc an application to the Authority
at least sixty days prior to the proposed effective date, giving the
following information-

(a) name and contact address including electronic mail and fax
if any;

(b) tclephone number;

(c) a citation of the specific rcquirement from which the
applicant seeks exemption;
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(d) justification for the exemption;

(e) a description ofthe type ofoperations to be conducted under
the proposed exemption;

(f) the proposed duration of the exemption;

(g) an explanation of how the exemption would be in the public
interest;

(h) a detailed description of the altemative means by which the

applicant will ensure a level of safety equivalent to that

established by the regulation in question;

(i) A safery risk assessment carried out in respect of the

exemption applied for;

0) if the applicant handles intemational operations and seeks to

operate under the proposed exemption, an indication
whether the exemption would contravene any provision of
the Standards and Recommended Practices of the

International Civil Aviation Organization (ICAO); and

(k) any other inflormation that the Authority may require.

(3) Where the applicant seeks emergency processing of an

application flor exemption, the application shalI contain supporting facs
and reasons for not filing the application within the time specified in sub

regulation (2) and satislactory reason flor deeming the application an

emergency.

( ) The Authority may in writing, refuse an application made

under sub regulation (3), where in the opinion of the Authority, the

reasons given for emergency processing are not satisfactory.

(5) The application for exemption shall be accompanied by fee

prescribed by the Authoriry.

106. (l) The Authority shall review the application for exemption
made under regulation 105 for accuracy and compliance and if the

application is satisfactory, the Authority shall publish a detailed

summary of the application for comments, within a Prescribed time, in
either-

(a) the Kenya Gazette;

(b) aeronautical information circular; or

(c) a daily newspaper with national circulation.

(2) Where application requirements have not been fully complied

Review and
pubtication.
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with, the Authority shall request the applicant in writing, to comply
prior to publication or making a decision under sub regulation (3).

(3) If the request is for emergency relief, the Authoriry shatl
publish the decision as soon as possible after processing the application

107. (l) Where the application requirements have been satisfied,
the Authority shall conduct an evaluation ofthe request to include-

(a) determination of whether an exemption would be in the
public interest;

(b) a determination, after a technical evaluation of whether the
applicant's proposal would provide a level of safety
equivalent to that established by the regulation, although
where the Authoriry decides that a technical evaluation of
the request would impose a signiftcant burden on the
Authority's technical resources, the Authority may deny the
exemption on that basis;

(c) a determination of whether a grant o[ the exemption would
contravene these Regulations; and

(d) a recommendation based on the preceding elements, of
whether the request should be granted or denied, and of any
conditions or limitations that should be part of the
exemption.

(2) The Authority shatl notify the applicant in writing, the
decision to grant or deny the request and pubtish a detailed summary o[
its evaluation and decision.

(3) The summary referred to in sub-regulation (2) shall specify the
duration of the exemption and any conditions or limitations of the
exemption.

(4) If the exemption affects a signiFrcant population of the aviation
community of Kenya the Authority shall publish the summary in
aeronautical information circular.

PART X_MISCELLENOUS PROVISIONS

108. (l) Any person who performs any function prescribed by
these Regulations directly or by contract under the provisions of these
Regulations may be tested for drug or alcohol usage.

(2) A penon who-

(a) refuses to submit to a test to indicate the percentage by
weight of alcohol in the blood;

(b) refuses to submit to a test to indicate the presence of

Evalustion of
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narcotic drugs, marijuana, or dePressant or stimulant drugs

or substances in the bodY, when requested by a law

enforcement officer or the Authority, or re fuses to furnish or

to authorise the release of the test results

Authoriry shall;
requested bY the

(c) be denied any licence, certificate, rating' qualification'. or

authorisation issued under these Regutations flor a period of
up to one year from the date of that refusal; or

(d) have their licence, certificate, rating' qualification'. or

authorisation issued under these Regulations suspended or

revoked.

(3) Any person who is convicted for the violation of any local or

national staruti relating to the growing, processing, manufacture', sale'

il;;;i i;", po.s"srionl tt"nspoiation, or importation of narcotic drugs'

..iiju.nu, oi depressant or stimulant drugs or substances' shall-

(a) be denied any license, certificate, rating' qualification'. or

authorisation issued under these Regulations for a period o[
up to one year after the date ofconviction; or;

(b) have their licence, certiFrcate, 
-rating' 

quatification'. or

authorisation issued under these Regulations suspended or

revoked.

109. (l) An ANSP holder of a certificate issued under these

Regulations may apply to the Authority for-

(a) replacement of the certificate it lost or destroyed;

(b) change of name on the certificate; or

(c) an endorsement on the certificate'

(2) when applying under paragraph (l), the holder of a certificate

shall submit to the Authority-

(a) the original certif,icate or a coPy thereof in case of loss; and

(b) a court order, or other legal document veriffing the name

change.

(3) The Authority shall retum to the holder of a certificate' with

the appropriate changei applied for, if any, the originals-specifred under

f.tojrlpd (2) and, ,r-her. nlc"ss"ry, retain copies thereof'

110.(l) A holder of a CNSP certificate issued under these

n"gufutiont stratt notiry the Authority of the change in the physical and

."fling address within lourteen days oIsuch change'

Changc of
Namc,

Changc of
addrcss.
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(2) A person who does not notiff the Authority of the change in
the physical and mailing address within the time frame specified in sub-
regulation (l) shall not exercise the privileges ofthe certificate.

I I I . A person may apply to the Authority in the prescribed form
for replacement of documents issued under these Regulations if such
documents are lost or destroyed.

I 12. (l) A person shall not-

(a) use any certificate or exemption issued or required by or
under these Regulations which has been [orged, altered,
cancelled, or suspended, or to which he is not entitted;

(b) forge or alter any certificate or exemption issued or required
by or under these Regulations;

(c) lend any certificate or exemption issued or required by or
under these Regulations to any other person;

(d) make any false representation for the purpose of procuring
for himsetf or any other person the grant, issue, renewal or
variation ofany such certificate or exemption; or

(e) mutilate, alter, render illegible or destroy any records, or
any entry made therein, required by or under these
Regulations to be maintained, or knowingly make, or
procure or assist in the making of, any false entry in any
such record, or wilfully omit to make a material entry in
such record.

(2) All records required to be maintained by or under these
Regulations shall be recorded in a permanent and indelible material.

(3) A person shall not issue any certificate or exemption under
these Regulations unless he is authorised to do so by the Authority.

(4) A person shall not issue any certificate referred to in sub-
regulation (3) unless he has satisfied himself that all statements in the
certificate are correct, and that the applicant is qualified to hold that
certiflrcate.

I13. (l) Any person who knows of a violation of the Act or any
Regulations, rules, or orders issued thereunder, shall report it to the
Authority.

(2) The Authority may determine the nature and type of
investigation or enforcement action that need to be taken.

ll4. Any person who fails to comply with any direction given to
him by the Authority or by any authorised person under any provision
of these Regulations shall be deemed for the purposes of these

Rcplaccmcnt of
dcumcnts.

Usc 8nd
rctcntion of
dcumcnls md
rccords.

Rcpotu of
violadon.

Frilurc io
comply with
dircction.
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Regulations to have contravened that provision.

It5. (l) The Authority shall notify in writing the fees to be
charged in connection with the issue, renewal or variation of any
certifrcate, test, inspection or investigation required by, or for the
purpose oI these Regulations any orders, notices or proclamations made
there under.

(2) Upon an application being made in connection with which any
flee is chargeable in accordance with the provisions of sub-regulation
(1), the applicant shall be required, belore the application is accepted, to
pay the fee so chargeable.

(3) tf, after that payment has been made, the application is

withdrawn by the applicant or otherwise ceases to have effect or is

refused, the Authoriry shall not refund the payment made.

116. The Authority may cancel the certificate or exemption of a

person who contravenes any provision ofthese Regulations.

tt7. (l) Any person who contravenes any provision of these

Regutations shall upon conviction be liable to a fine not exceeding one
million shiltings or to imprisonment for a term not more than six months
or to both.

(2) tf it is proved that an act or omission of any person, which
would otherwise have been a contravention by that person of a provision
of these Regulations, orders, notices or proclamations made there under
was due to any cause not avoidable by the exercise of reasonable care

by that person, the act or omission shall be deemed not to be a

contravention by that person olthat provision.

ll8. Where any person is aggrieved by any order made under
these Regulations the person may, within twenry-one days of such order
being made, appeal against the order to the Tribunal.

t19. (l) A license, certificate, approval or any other document
issued to an operator prior to the commencement o[ these Regulations
shall continue in force as if it was issued under these Regulations until it
expires or is cancelled by the Authority.

(2) Norwithstanding any other provision of these Regulations, a

person who at the commencement of these Regulations, is carrying out
any acts, duties or operations affected by these Regulations shall, within
one (l) year from the date of commencement, or within such longer
time that the Cabinet Secretary may, by notice in the Gazette prescribe,
comply with the requirements of these Regulations or cease to carry out
such acts, duties or operations.

Dats lBnsfcr
from ACr\S to
its Mode S

transponder.

Contravcntion
of Rcgulations.

Pcnahics.

Appcal to the
Tribunal

Tnnsition
provisions.
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FIRST SCHEDULE (R.29(l),3l &50)

SURVEILLANCE PERFORMANCE REQUIREMENTS FOR ACAS

S URVEILLANCE PERFORMANCE REQUIREMENTS

l.lGeneral surreillance requirements. ACAS shall interrogate SSR Mode A"/C and Mode
S transponders in othcr aircraft and detect the transponder replies. ACAS shall measure
the range and relative bearing of responding aircraft. Using these mcasurements and
information conveyed by transponder replies, ACAS shall estimate the relative positions
of cach resp6nding aircraft. ACAS shall include provisions for achieving such position
determination in the presence of ground reflections, interference and variations in signal
strength.

I . l. I Track establishment probabilrry. ACAS shall generate an established track, with
at least a 0.90 probability that the track is established 30 s before closest approach, on
aircraft equipped with transponders when all of the following conditions are satisfied:

a) the elevation angles of these aircraft are within +10 degrees relative to the ACAS
air*aft pitch plane;

b) the magnitudes of these aircraft's rates of change of altirude are less than or equal
to 5l m/s (10 000 ft/min);

c) the transponders and antenn.ui of these aircraft meet the Standards of Part IV of
these Regulations

d) the closing speeds and directions of these aircraft, the local density of SSR
transponderequipped aircraft and the number of other ACAS interrogators in the
vicinity (as determined by monitoring ACAS broadcasts) satisfy the conditions
specified in Table l-l; and

e) the minimum slant range is equal to or greater than 300 m (l 000 ft).

TeeLe 1-I :ACAS DeSICN ASSUMPTIONS

C&dnfrB ftr&mrrn

fu&ail

hmd t&l hct lhtui0tettfurty

,intw' etoal!
d ,l#

lhdnnnfu
dt&tAC45
tt tfr56l[

a0x$
PEi lCt
o/sres

.er&uodorif$d

aln dsb olh

?m 500 150 m slm 0.087 0.30 30 03

020 rzm 3s I50 z?fi {30 0,01i 0,m s 0.9

Note.-Table I - l shows the design assumption upon which the development of ACAS was

based. Operational experience and simulation show that ACAS provides adequate

survetllance for collision avoidance even when the maximum number of other ACAS
within 56 lon (30 NM) is somewhat higher than that shown in Table I'1. Future ACAS
designs will take account ofcurrent and expected ACAS densities.
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l.l.l.lACAS shall continue to provide surveillance with no abrupt degradation in track

esrablishment probability as any one of the condition bounds deflrned in I ' t.l is exceeded'

l.l.l.2ACAS shall not track Mode S aircraft that report that they are on the ground.

Note.- A Mode s aircralt may report that it is on the ground by coding in the capability

(CA) fietd in a DF = I I or DF : 17 lransmission) or by coding in the vertical status (VS)

fietd-in a DF = 0 transmission. Alternatively, if the aircraft is under Mode S ground

surveillance, ground status may be determined by monitoring the Jlight starus (FS) field
in downlinkformats DF = 4, 5, 20 or 21.

1././.,]ACAS shall achieve the required tracking performance when the average SSR

Mode A,/c asynchronous reply rate from transponders in the viciniry of the AGAS

aircraft is 240 replies per second and when the peak interrogation rate received by the

individual transponders under surveillance is 500 per second'

Note.- The peak interrogation rate mentioned above includes interrogations from all
sources.

1.1.2 False track probabili4r. The probabitity that an established Mode A./C track does

not correspond in range and altitude, ifreported, to an actual aircraft shalt be less than l0-
2. For anLstablished Mode S track this probability shalt be less than l0-6. These limits

shall not be exceeded in any traffic environment.

I,I.3RANGE AND BEANNG ACCURACY

LI.3.lRange shalt be measured with a resolution of 14.5 m (l/128 NM) orbetter.

Ll.3.2The erors in the relative bearings of the estimated positions of intruders shall not

exceed l0 degrees rms.

Note.- This accuracy in the relative bearing of intruders is practicable and suJficient as

an aid to the visual acquisition of potential threats. In addition, such relative bearing

inforiation has been iound useful in threat detection, where it can indicate that an

iitruder is a threat. However, this accuracy is not sulficient as a basis for horizontal

RAs, nor is it sulJicientlor reliable predictions of horizontal miss distance.

I .2INTERFERENCE CONTROL

l.2.lMaximum radiated RF po|er. The effective radiated Power of an ACAS

transmission at 0 degree elevation relative to the longitudinal axis of the aircraft shall not

exceed 27 dBW.

l.2.l.l Unwantecl radiated power. W\en ACAS is not transmitting an interrogation, the

effective radiated power in any direction shalI not exceed -70 dBm'

l.2.Zlnterference limiting. Each AcAs interrogator operating below a pressure-altitude

of 5 490 m (18 000 ft) shall control its intenogation rate or power or both so as to

conform with specific inequalities (l-2.2.2)'

l.2.2.lDetermination of the number of other lClS. ACAS shall count the number of
other ACAS II and III interrogators in the vicinity to ensure that the interference limits

are met. This count shatl be obtained by monitoring ACAS broadcasts (UF = l6)'. Each

ACAS shalt monitor such broadcast interrogations to determine the number o[ other

ACAS within detection range. \

l.Z.2.ZACAS interference limiting inequalities. ACAS shall adjust its interrogation rate

and interrogation power such that the following three inequalities remain true, except as

provided in 1.2.2.2.1.
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,ti#]", -mininunl# #] (t)

(2)

(3)

{
tIm(4) < o,ot

The variables in these inequalities shall be defined as follows:

ie number of interrogations (Mode A/C and Mode S) transmittcd in a I s interrogation
cycle. This shall include all Mode S interrogations used by the ACAS functions,
including those in addition to UF - 0 and UF - 16 interrogations, except as provided in
t.2.2.1;

Note.- UF = 19 interrogations are included in it as specified in 1.8.9.4.

j: index number for Mode A/C and Mode S interrogations, i= 1,Z,...,it;

o = the minimum of a I calculated as l/4 lnblncl subject to the special conditions given
below and o 2 calculated as Logl0 lnalnb) / Logl0 25, where nbandncare defined as the
number of operating ACAS II and ACAS III equipped aircraft (airbome or on the
ground) within ll.2 km (6 NM) and 5,6 km (3 NM) respcctively, of own ACAS (based
on ACAS surveillance). ACAS aircraft operating on the ground or at or below a radio
altitude of 610 m(2 000 ft) AGL shall include both airborne and on-ground ACAS II and

ACAS III airqaft in the value for nDandzc. Otherwise, ACAS shall include only airbome
ACAS II and ACAS III aircraft in the value for nbandac. The values of c, ol and o2 are
further constrained to a minimum of 0.5 and a maximum of 1.0.

ln addition;

IF [(nas t] OR lnus 4 AND nts 2 A.ND n" > 25)J TI-lEN ar = 1.0,

IF [(4.> Z) AND (nd>2 n"] AND (rl,< 40)l THEN ar = 0.5;
p(i) = peak power radiated from the antenna in all directions of the pulse having the
largest amplitude in the group of pulses comprising a single intenogation during the rth
interrogation in a I s interrogation cycle, W; m(t) = 4ur^rron of the mutual suppression
interval for own transponder associated with the lth interrogation ia a I s interrogation
cycle, s;

I = beam sharpening factor (ratio of 3 dB beam width to beamwidth resulting from
intenogation sidelobe suppression). For ACAS interrogators that employ transmitter side-
lobe suppression (SLS), the appropriate beamwidth shall be the extent in azimuth angle
of the Mode A./C replies from one transponder as limited by SLS, averaged over the

transpondcr population;

( )see Regulation 8l(6)

Pa(k) " k " ki"na

,=l

{ 1+ 4ro}.
' BA 2s0'

*,n,*u^l * .r1
[1+r" J
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lvtode A/C ACAS I interference limits.

Note.- RA and ACAS broadcasts are interrogations.

l.2.2.2.lTransmissions during RAs. All air-to-air coordination interrogations shall be

transmitted at fulI power and these interrogations shall be excluded from the summations

of Mode S interrogations in the left-hand terms of inequalities (l) and (2) in 1.2.2.2 fot
the duration of the RA.

l.2.2.2.2Transmissions lrom ACAS units on the ground. Whenever the ACAS aircraft
indicates that it is on the ground, ACAS interrogations shall be limited by setting the

number of other ACAS ll and tll aircraft (na) count in the interference limiting
inequalities to a value that is three times the value obtained based on ACAS broadcasts

received with a transponder receiver threshotd of -74 dBm. Whenever Mode A/C
interrogation power is reduced because of interference limiting, the Mode A"/C

interrogation power in the forward beam shall be reduced first until the forward sequence

matches the right and lelt sequences. The forward, right and left interrogation powers

shall then sequentially be reduced until they match the rear interrogation power. Further
reduction of Mode A./C power shalt be accomplished by sequentially reducing the

forward, side and rear interrogation powers.

l.2.2.2.3Transmissionsfrom AcAS units above 5 490 m (18 000ft) altitude. Each AcAS
interrogator operating above a pressure-altitude of5 490 m (18 000 ft) shall control its
interrogation rate or power or both such that inequalities ( l) and (3) in 1.2.2.2 remain true

when naand o are equal to I , except as provided in 1.2.2.2.1.

SECOND SCHEDULE

(REcuLArroNS 39 (10))

TABLES AND FIGURES FOR SSR SYSTEM CHARACTERISTICS

l.l Table l.l: Information Pulses

Pulses
Poiltlon

(rntcrcsecr.nds)

L45
2.90
4.35

5.80
7.25
8,70

I0.15
I 1.60
13.05

14.50
15.95
17.40

18.85

C1

Ar
Cr
A:
Cg

A,1

X
llr
Dr
B2

Dz

Ba

D,r
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1.2 Table L2: Code designation

Pulse Crwp

Flrst (nrost stgnlftcant)
Second

ThIrd
Fourth

TABLE 1.3: Pulses shapes-Mode S and intermode interrogation

Dtgtt

A
B
C
D

Pube DwaUoa
Duretlon
tdetane

(Rlse tilne)

filln lv[ar.

(Dffay th@)

Mln. Max.

DDDDtlrt2rt3tts

& (short)

P, (loog)

P6 (short)

& (long)

t

0-l

0.1

0.1

0.1

0.1

0-t

0.05

0.05

0_05

0.05

0.05

0.05

0.8

0.8

1.6

16.25

30.25

0.8

r0.1

r0.1

r0.l
tt.is
Lo.25

t0.1

0.2

0.2

0.2

o.2

0.2

O,Z

0.05

0.05

0.05

0.05

0.05

0.05

Table l-4: Pulse Shapes- Mode S replies

fube duratlon
DunUon
tolerance

(Rlse ttme)

Mln. Mev.

(Deay tlnrc)

Mln. lv[a.r-

0.5

1.0

0.05

0.05

0.1

0.1

0.05

0.05

a.z

0.2
*0.05
+0.05
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TABLE 1.5: Field definitions

I:omDtF'Ield

DFUFDeslgrfirtor FutBtld,

zo.zl

24

4, 5.
20, z1

1l

16

All

0

21

Alt

'11

24

0
,t, 5.
?o, zl
,t, 5.
20, zt

lt
4.5.
20,21

0

t t, 17. 18
4,2{)
19
0.4.5, 16.
20.21,24

4. 5, 20. 21

I t. 17, l8

L 5.

2l

o

All

20,2r

o- 16

20.21

24
I7. 18

16

11,17
0
l8

5.?t
2l

4, 5.
20,21
0

Address announced
Altttude cocle
Appltcauon fleld
Address/parttY

AcqultttJoo
CapablUty
Cross-lrnk capabtlttY
Control fteld
Code label
Downllnk format
Designator ldeotlf lcaUon

Downllnk request
Data sel€ctor
Fltght status

lntertogator corle
Identlty
Control, ELM
Message, Comm-A
Message, Cornrn-B
Message, Cornm-C
Message, Contnr.D
Message extend ed squltter
Message, A,CAS
Message. ACAS

Number of C-segrneot
Nurnbc r of f)-segrrr.'nt
Protocol

t'arl tJll n terroga tor ldenal fler
Probabtllty of rePlY
Rcply cootml
Reply lnformatlon
Reply length
Reply request

Spectal desl8nator

Senslovtty Level (ACAS)
Uptrnk foflnat
Utt[ty rnessage

Vertlcal sta(us

AA
AC
AF
AP

AQ
CA
cc
CF
CL
DF
DI

DR
DS
FS

IC
ID
KE
MA
t"{I3
MC
tdD
ME
MU
l,u{V

NC
ND
PC

PI
PR
RC
RI
RL
RR

SD

SL
UF
UM

VS
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TABLE 1.6: Subfield definitions

Deslgrutor Functloo FIeld

AlUtude code subfleld
Atrcraft tdenttftcauon subfleld
Altltude type subfteld
Comm-B data selector subfleld I
C,omm-B data selector subfleld 2

Identlfler deslgnator subft eld
Interrogator tdentlfler subfteld

Lockoul subfleld
Lockout surveltlance subfleld
Muluslte comm-B subfl eld
Mulustte ELM subfleld
Rate contol subfteld
Repty request subfleld
ReservaUon strtus sub fleld
Surface antenna subfield
Squltter capablhty subfleld
Su.rvellJance ldenUfler capablhty
Sunrelllance lden tlfler subftetd
Segme nt request sub.fleld
Survetllance status subfield
Trans mlsslon acknowledgement
subfteld
Type control subfleld
TacUcal nrcssage subfteld
Transmlsston rate subfleld

ME
MB
tvtB
MB
MB
uvl
SD
UM
SD
SD
SD
SD
SD
SD
SD
SD
MB
fvfB
SD
MC
ME
MD

SD
SD
lv{B

ACS
AIS
ATS
BDS 1

BDS 2
IDS
US

LOS
LSS
MBS
MES
RCS
RRS
RSS
SAS
SCS
SIC
sIs
SRS
sss
TAS

TCS
TMS
TRS
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TABLE I.7: Interrogation reply protocol summary

Table 1-8: Table for Register t0ro

Interrogation
UF

Special Conditions Reply DF

0 RL equals 0

RL equals I

0

l6

4 RR less than l6

RR equal to or greater than l6

4

20

5 RR less than t6

RR equal to or greater than I 6

5

2t

ll Transponder locked out to interrogator code, IC

Stochastic reply test flails

Otherwise

No reply

No reply

It
20 RR less than l5

RR equal to or greater than l6

AP contains broadcast address

4

20

No reply

2t RR less than 16

RR equal to or greater than l6

AP contains broadcast address

5

2l
No reply

24 RC equals 0 or I

RC equals 2 or 3

No reply 24

Subfields of register l0l6 MB bits Comm-B
Bits

Continuation flae 9 4l
Overlay command capability t5 47

ACAS capability l6 and
37-40

48 and 69-72

Mode S sub-network version number t't -23 49-55

Transoonder enhanced Drotocol indicator 24 56

Soecific services caoabiliW 25 57

Uplink ELM capability 26-28 58-60

Downlink ELM capabitity 29-32 6t-64
Aircraft identifi cation capability 33 65

Souiner caoabilirv subfield (SCS) 34 66

Surveillance identifier code capability (StC) 35 67

Common usase GICB capability report 36 68

Status of DTE sub-addresses 0 to [ 5 4t-56 73-88
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Tabte l-9:Sur[ace format broadcast without an automatic means of on-theground
determination

ADS-B Emitter Category set 'A'

Coding Meaning Ground speed Air speed Radio
Altitude

0 No ADS-B emitter category
in[ormation

Always report airbome position

Light (<15 500 lbs or 7031
ke)

Always report airborne position

2 small (15 500 to 75 000 lbs
or7 031 to 34 019 kg)

<t00
knots

and <100
knots

and <50 feet

3 Large (75 000 lbs to 300 000

lbs or 34 019 to 136 078 kg)
<100
knots

and <100
knots

and <50 feet

4 High-vortex aircraft <100
knots

and <100
knots

and <50 feet

5 Heavy (> 300 000 lbs or 136

078 kg)

< t00
knots

and <100
knots

and <50 feet

6 High performance

(>5g acceleration and >400

knots)

<100
knots

and <t00
knots

and <50 feet

7 Rotorcraft Always report airbome position
message

ADS-B Emitter Category Set "8"
Coding Meaning Ground speed Air speed Radio

Altitude

0 No ADS-B emitter category
information

Always report airborne position
message

Glider/sailplane Always report airbome position
message

2 Lighter+han-air Always report airbome position
messaSe

3 ParachutisVskydiver Always report airbome position
message

4 Ultra-
I i gh t/han g g li de r/para g I ide r

Always report airbome position
message

5 Reserved Reserved

6 Unmanned aerial vehicle Always report airborne position
message

7 Space/trans-atmospheric
vehicle

<100
knots

and <100
knots

and <50 feet



ADS-B Emitter Category Set "C"

Coding Meaning

0 No ADS-B emitter category
information

Always report airborne position
message

Surface vehicle - emergency
vehicle

Always report airborne position

message

2 Surface vehicle - seryice
vehicte

Always report airborne position
message

3 Fixed ground or tethered

obstruction
Always report airbome position

message

4-7 Reserved Reserved

ADS-B Emitter Category Set "D

Coding Meaning

0 No ADS-B emitter category
in[ormation

Always report airborne position
message

t-7 Reserved Reserved
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TABLE l-10: Definitions of SSR waveform shapes, intervals and the reference point for
sensitivity and power

funillr}:r- .**_*>
---L

s
!,

.{I
3

1]-.-.-.:.--;

l+t
F.j|

ftr trr

+i

t-
{s
t

I

-'
i

{-tlrl

-.!-- -"---*.
ll
I

t
2J!a

l{-t
Pxt

oi(co.ut;yirr

Dtfinition;

Phue rs;enaL A lSMqgt chaoge il &c $oc of the ndio tl'ptncy curier.

Phrr;c rwrsal dmnon ile timt benvetn 6e l0-drgre and liO'&gec pials ola phlre reremal.

Pube aupliwle )..Ihe peal voltlge anplitudt of ttcpulse m;elop.

htl:t riit; iinr. Itre tiam betn'ecn 0.9I ald 0 I A uo fre sriliqg cdgs qf fie Pulr ettvcloPe"

Pulscdurarar. Tbr time iaterdbemeo0.5Apohr oo lcading ud uailiry dgu of th pul* enttlopr.

hfue tdta..vaL Ite time inrr.d bc!$eu lhe 0.5A piot on rle 161,]i"g edqe of the fuit pulse and fu 0.>A poiot

oa the hlding dgr of th rxond pdre.

Pulse nir rinr. Tte tinr betsteu 0.1;{ and 0.9,t m 6c hading Qe ofthe plse u';elopt.

Tine inivrval:. Tlc iote$sls arc rcfcrcnccd ro:

r) rhc 0.i.{ poiat on tic lcediag rdge of r pult:
b) &c 0.5.{ poiat on 6a sriling &e of a ptk: or

c) &e g0degree poiu ofa pbase rcversal
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TABLE l- t l: Required spectrum limis for interrogator transmitter
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FIGURE I-I3: MODE S TNTERROGATION PULSE SEQUENCE
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FIGURE l -15: MODE S REPLY
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FIGURE Ll7: SUMMARY OF MODE S INTERROGATION OR DOWN LINK
FORMATS
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THIRD SCHEDULE (R.40)

TECHNICAL CHARACTEzuSTICS OF TRANSPONDERS WITH MODE A AND
MODE C CAPABILITIES ONLY

l.lReply. The transponder shalt reply (not less than 90 per cent triggering) when all of
the following conditions have been met:

a) the received amplitude of P3 is in excess of a level I dB below the received

amplirude of Pl but no greater than 3 dB above the received amptitude of Pt;

b) either no pulse is received in the interval 1.3 microseconds to 2.7 microseconds

a[ter Pl , or P I exceeds by more than 9 dB any pulse received in this interval;

c) the received amptitude of a proper interrogation is more than 10 dB above the

received amptitude of random pulses where the latter are not recognized by the

transponder as Pl, P2 or P3.

l.2The transponder shall not reply under the following conditions:

a) to interrogations when the interval between putses Pl and P3 differs from those

specitied in regulation 37 by more than plus or minus 1.0 microseconds;

b) upon receipt of any single pulse which has no amplitude variations approximating a

normal intenogation condition.

c) Dead time. After recognition of a proper interrogation, the transponder shall not

reply to any other interrogation, at least for the duration of the reply pulse train.

This dead time shall end no later than 125 microseconds after the transmission of
the last reply pulse ofthe grouP.

I.3 SUPPRESSION

Note.- This characteristic is used lo prevent replies to interrogations received via the

side lobes of the inrerrogator antenna, and to prevent Mode A/C transponders from
replying to Mode S interrogations.

1.4.1 The transponder shall be suppressed when the received amplirude of P2 is equal

to, or in excess o[, the received amplitude of Pl and spaced 2.0 plus or minus 0.15

microseconds. The detection of P3 is not required as a prerequisite for initiation of
suppression action.

1.4.2 The transponder suppression shall be flor a period of 35 plus or minus l0
microseconds.

I.4.2.lThe suppression shall be capable of being reinitiated for the full duration within 2

microsecondss after the end ofany suppression period.

/.4.J Suppression in presence of,Sl pulse

Note.-The Sl pulse is used in a technique employed by ACAS known as "whisper'

shout" to facilitate ACAS surveillance of Mode A/C aircraft in higher tra,ffic densities.

The whisper-shout technique is explained in rfie Airborne Collision Avoidancesystem
(ACAS) Manual (Doc 9863).

When an ,S1 pulse is detected 2.0 plus or minus 0.15 microseconds before the P/ of a

Mode A or Mode C interrogation

a) with s/ and P/ above MTL, the transponder shall be suppressed as specified in

1.4. t;
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b) with P/ at MTL and S/ at MTL, the transponder shall be suppressed and shall reply
to no more than l0 per cent of Mode A/C interrogations;

c) with P/ at MTL and S.l at MTL -3 dB, the transponder shalt reply to Mode A/C
interrogations at least 70 per cent ofthe time; and;

d) withP/ at MTL and ,S/ at MTL -6 dB, the transponder shall reply to Mode A,/C

interrogations at least 90 per cent ofthe time.

Note l.- The suppression action is because of the detection of Sl and Pl and does not
require detection of a P2 or P3 pulse.

Note 2.- Sl has a lower amplitude than Pl. Certain ACAS use this mechanism to
improve target detection

Note 3.- These requirements also apply to a Mode A/C only capable transponder when

an Sl precedes an intermode inlerrogation

I.5RECEIVER SENSITIVITY AND DYNAMIC RANGE

l.5.l.l.l.lThe minimum triggering level of the transponder shall be such that replies are
generated to at least 90 per cent o[the interrogation signals when:

a) the two pulses Pl and P3 constituting an interrogation are of equal amplitude and
P2 is not dctected; and

b) the amplitude of these signals is nominally 7l dB below I mW, with limits between
69 dB and 77 dB below I mW.

l.5.2The reply and suppression characteristics shall apply over a received amplitude of
Pl between minimum triggering level and 50 dB above that level.

/.J.J The variation of the minimum triggering level between modes shall not exceed I dB
for nominal pulse spacings and pulse widths.

L6 Pulse duration discrimination Signals of received amplitude between minimum
triggering level and 6 dB above this level, and of duration less tban 0.3 microseconds,
shall not cause the transponder to initiate reply or suppression action. With the exception
of single pulses with amplitude variations approximating an interrogation, any single
pulse of duration more than 1.5 microseconds shall not cause the transponder to initiate
reply or suppression action over the signal amplitude range of minimum triggering level
(MTL) to 50 dB above that level.

1,7 Echo suppression and recovery. The transponder shall contain an echo

suppression facility designed to permit normal operation in the presence of echoes of
signals-in-space. The provision of this facility shatl be compatible with the requirements
lor suppression of side lobes given in 1.4.1.

1.7.1 Desensitizatioa. Upon receipt of any pulse more than 0.7 microseconds in
duration, the receiver shall be desensitized by an amount that is within at least 9 dB of the
amplitude of the desensitizing pulse but shall at no time exceed the amplitude of the
desensitizing pulse, with the exception of possible overshoot during the first
microseconds following the desensitizing pulse.

Note.- Single pulses of duration less than 0.7 microseconds are not required to cause
the specified desensitization nor to cause desensitization of duration greater than
permitted by 1.7.1 and 1.7.2.

L7.2 Recovery. Following desensitization, the receiver shall recover sensitivity
(within 3 dB of minimum triggering level) within l5 microseconds afterreception of a
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desensitizing pulse having a signal strength up to 50 dB above minimum triggering level'

Recovery shall be at an average rate not exceeding 4.0 dB per microseconds'

l.SRandom triggering rate. ln the absence of vatid interrogation signals, Mode A/c
transponders ttt"tt not generate more than 30 unwanted Mode A or Mode C replies per

r".ond as integrated ore, 
^n 

interval equivalent to at least 300 random triggers, or 30

seconds, whichever is less. This random triggering rate shall not be exceeded when all

possible interfering equipments instalted in the same aircraft are operating at maximum

interference levels.

1.8. lRandom triggering rate in the presence of low-level in-band continuous wave (Cl4/)

interference. Theiotal iandom trigger rate on all Mode A and/or Mode C replies shall not

be gieater than l0 reply pulse groups or suppressions per second, averaged over a period

of 10 seconds, when operated in the presence o[ non-coherent CW interference at a

frequency of I 030 t0.2 MHz and a signal levet of -60 dBm or less.

I.9REPLY RATE

I.g.t Att transponders shall be capable ofcontinuously generating at least 500 replies

per second for a i5-pulse coded reply. Transponder installations used solely below 4 500

m (15 000 ft), or bilow a lesser altitude established by the appropriate authority or by

regional air navigation agreement, and in aircraft with a maximum cruising true airspeed

not exceeding tiS *t 1lZ+ km/h) shall be capable ofgenerating at least I 000 lS-pulse

coded replies per second flor a duration of t00 milliseconds. Transponder installations

operated abov" + SOO m (15 000 ft) or in aircraft with a maximum cruising true airspeed

in excess of 175 kt (32a km/h), shalt be capable ofgenerating at least I 200 l5-pulse

coded replies per second for a duration of 100 milliseconds.

Note.-A !S-pulse reply includes 2 Jraming pulses, l2 information pulses, and the sPI
pulse.

t.g.2 Reply rate limit control. To protect the system from the ellects of transponder

overinterrogation by preventing response to weaker signals when a predetermined reply

rate has bien reuclied, a sensitivity reduction type repty limit control shall be

incorporated in the equipment. The range ol this control shall permit adjustment, as a

minimum, to any value between 500 and 2 000 replies per second, or to the maximum

reply rate capability i[ tess than 2 000 repties per second, without regard to the number of
pulses in ea"h repty. Sensitiviry reduction in excess of 3 dB shall not take effect until 90

per cent of the selected value is exceeded. Sensitivity reduction shall be at least 30 dB for

rates in excess of I 50 per cent of the selected value.

1.10 Repty detay andiitter. The time delay between the arrival, at the transponder

receiver, of the leading edge of P3 and the transmission of the leading edge of the frrst

pulse of the reply shatt be 3 plus or minus 0.5 microsecondss. The total jitter of the reply

pulse code grolp, with respect to P3, shall not exceed 0.1 microseconds for receiver input

ievels between 3 dB 
"nd 

50 dB above minimum triggering level. Delay variations

between modes on which the transponder is capable of reptying shall not exceed 0.2

microseconds.

I. I I TRANSPONDER PO'YER OUTPUT AND DUTY CYCLE

t .l I . I The peak pulse power available at the antenna end of the transmission line of the

transponder sirall be at least 2l dB and not more than 27 dB above I W, except that for

transponder installations used solely below 4 500 m (15 000 ft), or below a lesser altinrde

established by the appropriate authority or by regional air navigation agreement, a peak
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pulse power available at the antenna end of the transmission line of the transponder of at

least 18.5 dB and not more than 27 dB above I W shall be permitted.

Note.- An extended squitter non-transponder device on an aerodrome surface vehicle
may operate with a lower minimum power output as specified in regulation 88(4).

l.ll.2 The peak pulse power specified in l.ll.l shall be maintained over a range of
replies from code 0000 at a rate of 400 replies per second to a maximum pulse content at
a rate o[ I 200 replies per second or a maximum value below I 200 replies per second of
which the transponder is capable.

I,I2 REPLYCODES

L I 2.1 ldentificatton. The reply to a Mode A interrogation shall consist of the two framing
pulses specified in regulation 39(l) together with the information pulses (Mode A code)
specified in regulation 39(2).

Note.- The Mode A code designation is a sequence of four digits in accordance with
regulation 39(6)l.12.l.l The Mode A code shall be manually selected from the 4 096
codes available.

l.l2.2Pressure-altitude transmission. The repty to Mode C interrogation shall consist of
the two framing pulses specifred in regulation 39(l). When digitized pressure-altitude
information is available, the information pulses specified in regutation 39(2) shall also be
transmitted.

1.12.2./Transponders shall be provided with means to remove the information pulses

but to retain the framing pulses when the provision of 1.12.2.4 below is not complied
with in reply to Mode C interrogation.

l.l2.2.2The information pulses shall be automatically selected by an analog-to-digital
converter connected to a pressure-altitude data source in the aircraft referenced to the
standard pressure setting of I 013.25 hectopascals.

Note.- The pressure setting of I 013.25 hectopascals is equal to 29.92 inches of
mercury.

l.12.2.3Pressure-altitude shall be reported in 100-ft increments by selection ofpulses as

shown in the Appendix l.

I . I 2.2.4The digitizer code selected shall correspond to within plus or minus 3 8. I m ( I 25

ft), on a 95 per cent probabiliry basis, with the pressure-altitude information (referenced
to the standard pressure setting of 1 013.25 hectopascals), used on board the aircraft to
adhere to the assigned flight profite.

1.13 Transmission of the special position identification (SPI) pulse. When required,
this pulse shall be transmitted with Mode A replies, as specified in regulation 39(3), for a

period ofbetween l5 and 30 seconds.

I.14 ANTENNA

l.l4.l The transponder antenna system, when installed on an aircraft, shall have a

radiation pattern which is essentially omnidirectional in the horizontal plane.

1.14.2 The vertical radiation pattern shall be nominally equivalent to that of a quarter-
wave monopole on a ground plane.
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FOURTH ScHEDULE (R.45)

SYSTEMS HAVTNC MODE S CAPESILITICS

Systems having Mode S capabilities

l.l. Interrogation signals-in-space characterislics. The paragraphs herein describe

the signals-in-space as they can be expected to appear at the antenna ofthe transponder.

Note.- Because signals can be corrupted in propagation, certain interrogation pulse

dttration, pulse spacing and pulse amplitude tolerances are more strtngent for
interrogators as described in l. I 1.4.

t. t. l. Inreruogation carrier frequency. The carrier frequency of all interrogations

(uplink transmissions) from ground facilities with Mode S capabilities shall be I 030 plus

or minus 0.01 MHz.

1.1.2. Interrogation spectrum. The spectrum of a Mode S interrogation about the

carrier lrequency shall not exceed the timits specified in Figure l-2 as in the First

Schedule.

Note.- The Mode S interrogation spectrum ts data dependent. The broadest sPectntm is

generated by an interrogation that contains all binary ONEs.

1.1.3. Polarization. Polarization oI the interrogation and control ransmissions shall be

nominally vertical.

1.t..4. Modulation. For Mode S interrogations, the carrier frequency shall be pulse

modulated. In addition, the data putse, P6, shall have intemal phase modulation.

1.1.4.1. Pulse modularion. Intermode and Mode S interrogations shall consist of a

sequence ofpulses as specified in Lt.5 and Tables l-1, l-2, l-3, and l-4 as provided for
in the First Schedule.

Note.- The 0.8 microseconds pulses used in intermode and Mode S interrogations are

identical in shape to those used in Modes A and C as defined in Regulation 39'

1.1.4.2. Phase modulation. The short (16.25-microseconds) and long (30.25-

microseconds) P6 pulses of l.l .4. I shall have internal binary differential phase

modulation consisting of l80-degree phase reversals of the carrier at a 4 megabit per

second rate.

t.1.4.2.1. Phase reversal duration. The duration of the phase reversal shall be

less than 0.08 microsecondss and the phase shall advance (or retard) monotonically
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throughout the transition region. There shall be no amplitude modulation applied during
the phase transition.

Note.- The minimum duration of the phase reversal is not specified. Nonetheless, the
spectrum requirements of l.l .2 must be met.

1.1.4.2.2. Phase relationship. The tolerance on the 0 and l8O-degree phase
relationship between successive chips and on the sync phase reversal (1.1.5.2.2) within
the P6 pulse shall be plus or minus 5 degrees.

Note.- In Mode S a "chip" is the 0.25 microseconds carrier interval between possible
data phase reversals.

1.1.5 Pulse and phase reversal sequences. Specitic sequences of the pulses or phase
reversals described in 1.1.4 shall constttute interrogations.

l. l. 5. l. Intermode interrogation

1.1.5.1.1. Mode A/C/S all-call interrogation. This interrogation shall consist of three
pulses: Pl, P3, and the long P4 as shown in Figure l-3. One or two control pulses (P2
alone, or Pl and P2) shall be transmitted using a separate antenna pattern to suppress
responses from aircraft in the side lobes ofthe intenogator antenna.

Note.- The Mode A/C/S all-call interrogation elicits a lulode A or Mode C reply
(depending on the P lP 3 pulse spacing) from a lulode A/C transponder because it does not
recognize the P4 pulse. A Mode S transponder recognizes the long P4 pulse and responds
with a Mode S reply. This intetogation was originally planned lor use by isolated or
clustered interrogators. Lockoutfor this interrogation was based on the use ofll equals
0. The development of the Mode S subnetwork now dictates the use of a non-zero II code

for communication purposes. For this reason, il equals 0 has been reserved for use in
support of a lorm of Mode S acquisition that uses stochastic/lockout override (1.5.2.1.4
and 1.5.2.1.5). The Mode A/C/S all-call cannot be used withfull Mode S operation since
II equals 0 can only be locked out for short lime periods (1.5.2.1.5.2.1). This
interrogation cannot be used with stochastic/lockout override, since probability of reply
cannot be specified.

l.l.5.l.l.l Mode A/C/S all-cal[ intenogations shall not be used on or after I January
2020.

Note l.- The use of Mode A/C/S all-call interrogations does not allow the use of
stochastic lockout override and therefore might not ensure a good probability of
acquisition in areas of high density of tlights or when other interrogators lockout
transponder on II=0 lor supplementary acquisition.

Note 2.- The replies to Mode A/C/S all-call interrogations will no longer be supported
by equipment certified on or after I January 2020 in order to reduce the RF polltttion
generated by the replies triggered by the false detection of Mode A/C/S all-call
interrogations within other types of interrogation.
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t.t.5.1.2. Mode A/C-only all-call interrogation. This interrogation shall be identical to

that of the Mode A/C/S atl-call interrogation except that the short P4 pulse shall be used.

Note.- The Mode A/C-only all-call interrogation elicits a Mode A or Mode C reply from
a Mode A/C transponder. A Mode S transponder recognizes the short P4 pulse and does

no! reply to lhis interrogation

1.t.5.1.3. Pulse intervals. The pulse intervals between Pl, P2 and P3 shall be as defined

in regulation

39. The pulse interval beweenP3 andP4 shall be 2 plus or minus 0.05 microsecondss.

1.1.5.1.4. Pulse amplitudes. Relative amplitudes between pulses Pl, P2 aad P3 shalt be

in accordance with regutation 38. The amplitude of P4 shall be within I dB of the

amplitude of P3.

1.1.5.2 Mode S interrogation. The Mode S interrogation shalt consist of three pulses: Pl,
P2 and P6 as shown in Figure l-4 as provided in the First Schedule.

Note.-P6 is preceded by a Pl - P2 pair which suppresses replies from Mode A/C
transponders lo avoid synchronous garble due lo random triggering by the Mode S
interrogation. The sync phase reversal within P 6 is the timing mark for demodulation of a

series of time intervals (chips) of 0.25 microseconds duration. This series of chips starts

0.5 microsecondss after the sync phase reversal and ends 0.5 microseconds before the

trailing edge ofP6. A phase reversal may or may not precede each chip to encode its

binary in fo rmation va I ue.

l.l.5.2.l.Mode S side-lobe suppression. The P5 pulse sha[[ be used with the Mode S-only
all-call interrogation (UF = I l, see 1.5.2) to prevent replies from aircraft in the side and

back lobes of the antenna (1.1.5.2.5). When used, P5 shall be transmitted using a separate

antenna pattem.

Note l. The action of P5 is al.tomatic. Its presence, if of suf/icient amplitude at the

receiving location, masl<s the sync phase reversal of P6.

Note 2. The P5 pulse may be used vvith other Mode S interrogations.

t.1.5.2.2. Sync phase reversal. The first phase reversal in the P6 pulse shall be the sync
phase reversat. tt shall be the timing reference for subsequent transponder operations

related to the interrogation.

1.1.5.2.3. Data phase reversals. Each data phase reversal shall occur only at a time
interval (N times 0.25) plus or minus 0.02 microseconds (N equal to, or greater than 2)

aflter the sync phase reversal. The 16.25-microsecondsP6 pulse shall contain at most 56

data phase reversals. The 30.25-microsecondsP6 pulse shalt contain at most tl2 data
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phase reversals. The last chip, that is the O.25-microseconds time interval following the

last data phase reversal position, shalt be followed by a 0.5-microseconds guard interval.

Note.- The 0.5-microseconds guard intervalfollowing the last chip prevents the trailing
edge olP6 from interfering with the demodulation process.

1.1.5.2.4. Intervals. The pulse interval between Pl and P2 shall be 2 plus or minus 0.05

microseconds. The interval between the leading edge ofP2 and the sync phase reversal ofl

P5 shatl be 2.75 plus or minus 0.05 microseconds. The leading edge of P6 shall occur
1.25 plus or minus 0.05 microseconds before the sync phase reversal. P5, iltransmitted,
shall be centred over the sync phase reversal; the leading edge ofP5 shall occur 0.4 plus

or minus 0.05 microseconds before the sync phase reversal.

1.1.5.2.5. Pulse amplitudes. The amplitude of P2 and the amplitude of the first
microseconds of P6 shall be greater than the amplitude of Pl minus 0.25 dB. Exclusive
of the amplinrde transients associated with phase reversals, the amplitude variation of P6
shall be less than I dB and the amplitude variation between successive chips in P6 shall
be less than 0.25 dB. The radiated amplitude of P5 at the antenna o[the transponder shall
be:

a) equal to or greater than the radiated amplirude of P6 from the side-lobe
transmissions of the antenna radiating P6; and

b) at a level lower than 9 dB below the radiated amplitude of P6 within the desired
arc of interrogation.

/.2 REPLY SIGNALS-TN.SPACE CHARACTERISTICS

1.2.1 Reply carrier frequency. The carrier frequency of all replies (downlink
transmissions) from transponders with Mode S capabilities shall be I 090 plus or minus I
MHz.

1.2.2 Reply spectntn. The spectrum of a Mode S reply about the carrier frequency

shall not exceed the limits specified in Figure l-5 in the First Schedule.

1.2.3 Polarization. Polarization of the reply transmissions shall be nominally vertical.

I .2.4 Modulation. The Mode S reply 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 I megabit per second data rate.

1.2.4.1. Pulse shapes. Pulse shapes shall be as defined in Table l-2 in the First Schedule
All values are in microseconds.
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1.2.5. Mode S reply. The Mode S reply shall be as shown in Figure l-6 in the First

Schedute. The daia block in Mode S repties shall consist of either 56 or I l2 information

bits.

t.2.5.1. Pulse intervals. Alt reply pulses shalt start at a defined multiple of 0.5

microseconds from the first transmitted pulse. The tolerance in all cases shalt be plus or

minus 0.05 microseconds

L2.5.1.1 Reply preamble. The preamble shall consist of four pulses, each with a

duration of 0.5 microseconds. The pulse intervals from the first transmitted pulse to the

second, third and fourth transmitted pulses'shall be 1' 3'5 and 4.5 microseconds,

respectivelY.

1.2.5.1.2 Reply data pulses. The reply data block shall begin 8 microseconds

after the leading edge-of the hrst transmitted pulse. Either 56 or ll2 one-microseconds

bit inrervals stratt Ui assigned to each transmission. A O.5-microseconds pulse sha[[ be

transmitted either in the first or in the second half of each interval. When a pulse

transmitted in the second half of one interval is flollowed by another Pulse transmitted in

the first half of the next interval, the two pulses merge and a one-microseconds pulse

shall be transmitted.

L2.5.2. Pulse amplitudes. The pulse amptitude variation between one pulse and any other

pulse in a Mode S reply shall not exceed 2 dB'

/.J. MODE S DATA STRUCTURE

1.3.1 DATA ENCODING

1.3. l. I lnterrogation tlata. The interrogation data block shall consist oI the sequence of
56 or ll2 daraihips positioned after the data phase reversals within P6 (t'1.5.2.3). A
180-degree carrier phaie reversal preceding a chip shall characterize that chip as a binary

ONE. The absence of a preceding phase reversal shalI denote a binary ZERO'

1.3.1.2 Reply data. The repty data block shall consist of 56 or ll2 data bits formed by

binary pulsi position modulation encoding olthe reply data as described in l'2.5.t.2. A

pulse-transmiited in the first half olthe interval shall represent a binary ONE whereas a

pulse transmitted in the second half shall rePresent a binary ZERO.

1.3.1.3 Bit numbering. The bits shall be numbered in the order of their transmission,

beginning with bit L Unless otherwise stated, numerical values encoded by groups

(netas) olbits shall be encoded using positive binary notation and the first bit transmitted

tt"tt b" the most significant bit (MSB). Information shall be coded in fields which

consist ofat least one bit.

Note.- In the description of Mode S formats the decimal equivalent ol the binary code

formed by the bit sequence within a field is used as the designator of the field function or
command.

1.3,2 FOP,MATS OF MODE S INTERROGATIONS AND REPLIES

Note.- A summary of atl Mode S interrogation and reply formats is presented in Figures

I -7 and I -8. A suntmary of all fietds appearing in uplink and downlink formats is given in

Table t - l and a stunnrary of alt subfields is given in Table I -4 in the First Schedule-
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1.3.2.1. Essential fields. Every Mode S transmission shall contain two essential fields.
One is a descriptorwhich shalI uniquely define the format of the transmission. This shall
appear at the beginning of the transmission for all formats. The descriptors are designated
by the UF (uplink format) or DF (downlink format) fields. The second essential field
shall be a24-bit field appearing at the end of each transmission and shall contain parity
information. In alt uptink and in currently defined downlink formats pariry information
shall be overlaid either on the aircraft address (1.4.1.2.3.t) or on the interrogator
identifier according to 1.3.3.2. The designators are AP (address/pariry) or PI
(parity/interrogator identifi er).

Note.- The remaining coding space is used to transmit the mission fields. For spectfic

functions, a speciJic set of mission Jields is prescribed. Mode S mission fields have two-
letter designators. Subfields may appear within mission Jields. Mode S subfields are
labelled with three-letter designators.

1.3.2.1.1 tlF: Uplink format. This uptink format field (5 bits long except in
format 24 where it iy2 bits long) shall serve as the uptink format descriptor in all Mode S

interrogations and shall be coded according to Figure 1-7 in the First Schedule.

1.3.2.1.2 DF: Doyvnlinkformat. This downlink format field (5 bits long except in
format 24 where it is 2 bits long) shalt serve as the downlink fiormat descriptor in all
Mode S replies and shall be coded according to Figure l-8 in the First Schedule.

1.3.2.1.3 AP: Address/parity, Ttris 24-bit (33-56 or 89-112) field shall appear in
alt uplink and currently defined downlink formats except the Mode S-only all-call reply,
DF = ll. The field shall contain parity overlaid on the aircraft address according to
1.3.3.2.

1.3.2.1.4 PI: Parity/interrogator identi.fier. This 24-bit (33-56) or (89-ll2)
downlink field shall have

pariry overlaid on the interrogator's identity code according to 1.3.3.2 and shall appear in
the Mode S all-call reply, DF = I I and in the extended squitter, DF = 17 or DF = 18. tf
the reply is made in response to a Mode A/C/S all-call, a Mode S-only all-call with CL m
field (1.5.2.1.3) and IC field (l .5.2.1.2) equal to 0, or is an acquisition or an extended
squitter (1.8.5, 1.8.6 or 1.8.7), the II and the SI codes shall be 0.

1.3.2.2 Unassignedcodingspace.Unassignedcodingspaceshall containallZEROsas
transmitted by intenogators and transponders.

Note.- Certain coding space indicated as unassigned in this section is reserved for other
applications such as ACAS, data link, etc.

1.3.2.3 Zero and unassigned codes. A zero code assignment in all defined fields shall
indicate that no action is required by the field. In addition, codes not assigned within the
fields shall indicate that no action is required.

Note.- The provbions of 1.3.2.2 and 1.3.2.3 ensure that future assignments of previously
unassigned coding space will not result in ambiguity. That is, Mode S equipment in which
the netv coding has not been implemented will clearly indicate that no information is
being transmitted in newly assigned coding space.

1.3.2.4 Formats reserved for military use. States shall ensure that uplink formats are
only used for selectively addressed interrogations and that transmissions of uplink or
downlink formats do not exceed the RF power, interrogation rate, reply rate and squitter
rate requirements olAnnex 10.
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/.J.2.4./Through investigation and validation, States shalI ensure that military
applications do not unduly affect the existing I 030/l 090 MHz civil aviation operations
environment.

1.3.3 ERROR PROTECTION

l.j.3.lTechnique. Parity check coding shatl be used within Mode S interrogations and
replies to provide protection against the occurrence oferrors.

1.3.3.1.1 Parity check seqltence. A sequence of 24 parity check bits shall be
generated by the rule described in 1.3.3.1.2 and shall be incorporated into the field
formed by the last 24 bits otatl Mode S transmissions. The 24 parity check bits shall be

combined with either the address coding or the intenogator identifier coding as described
in 1.3.3.2. The resulting combination then forms either the AP (address/parity, 1.3.2.1.3)
fietd or the PI (parity/interogator identifirer, 1.3.2. 1.4) fietd.

1.3.3.1.2 Parity check sequence generation. The sequence of 24 parity bits (pr,
pz, ...pzr) shalt be generated from the sequence of information bits (m1, m:......mt)
where k is 32 or 88 for short or long transmissions respectively. This shall be done by
means of a code generated by the polynomial:

C(v) = I +,t' +y'' +,rlz + Jll +.d{ + xli +,tjo

+ .tll + ds + .t'c + .tZo + ,t:l + .C? + ,t'3 +.t'|

When by the apptication of binary potynomiat algebra, X'o[tvt(x)] is divided by G(x)
where the information sequence M(x) is:

tilk + tilk.t.Y+ ntti +... + nlr.t' I

the result is a quotient and a remainder R(x) of degree less than 24. The bit sequence

formed by this remainder represents the parity check sequence. Parity bit pi, for any
ilrom I to 24, is the coefficient of x']n-'in R1x,).

Note. The effect of multiplying M(x) by x2n is to append 24 ZERO bits to the end of the
sequence.

1.3.3.2 AP and PIfeld generation. Different address parity sequences shall be used for
the uplink and downlink.

Note.- The uplink sequence is appropriate for a lransponder decoder implementation.
The downlink sequence lacilitates the use of error correctton in downlink decoding.

The code used in uplink AP field generation shall be formed as specified below from the
aircraftaddress (1.4.1.2.3.t.1), the all-call address (1.4. 1.2.3.1.2) orthe broadcast address
(1.4. 1.2.3.1.3). The code used in downlink AP field generation shall be formed directly
from the sequence of 24 Mode S address bits (al, a2, a24), where aiis tbe i-rh bit
transmitted in the aircraft address (AA) field of an all-call reply (l .5.2.2.2). The code
used in dorvnlink PI field generation shall be formed by a sequence of 24 bits (al, a2,...,
a24), where the first l7 bits are ZEROs, the next three bits are a replica of the code label
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(CL) lield ( 1.5.2. L3) and the last four bits are a replica of the interrogator code (lC) field
( r.s.2. r.2).

Note.- The PI code is not used in uplink transmissions.

A modified sequence (bl, b2,...,b24) shall be used for uplink AP field generation. Blt Di

is the coefficient of /E-'in the polynomial G(x)A(x),where:

nl(,qJ : aprl' + azf? *.., * J24
andG(x) is as defined in 1.3.3.1.2.

In the aircraft address arshall be the i.th bit transmitted in the AA field of an all-call
reply. In the allcall and broadcast addresses a; shall equal I for all values ofi.
1.3.3.2.1. Uplink transmission order. The sequence of bits transmitted ln the uptink AP
fietd is:

It* t. &,2'-. t**zt

where the bits are numbered in order of transmission, starting with ,t + l. In uplink
transmissions:

tk + i= bi@pi

where "(E' prescribes modulo-2 addition: requals I is the frrst bit transmitted in the AP
held.

l.3.3.2.2Downlink transmission order. The sequence of bits transmitted in the downlink
AP and PI field is:

tk+ l, tk+ 2... tk+ 24

where the bits are numbered in order of transmission, starting with f + L In downlink
transmissions:

tk + i= ai@pi

where "(}' prescribes modulo-2 addition: iequals I is the first bit transmitted in thc AP
or PI field.

/.4 GENERAL INTERROGATTON.REPLY PROTOCOL

1.4. l. Transponder transaction cycle. A transponder transaction cycle shall begin when

the SSR Mode S transponder has recognized an interrogation. The transponder shall then

evaluate the interrogation and determine whether it shall be accepted, Ifaccepted, it shall

then process the received interrogation and generate a reply, if appropriate. The
transaction cycle shall end when:

a) any one ofthe necessary conditions for accePtance has not been met, or

b) an interrogation has been accepted and the transponder has either:

completed the processing ofthe accepted interrogation ifno reply is required, or



Ke nya Subsidiary Le gislation, 20 I I 1577

ii. completed the transmission of a reply.

A new transponder traosaction cycle shalI not begin until the previous cycle has ended.

1.4.1.1. Interrogation recognition. SSR Mode S transponders shall be capable oI
recognizing the following distinct types of interrogations:

a) lvlodes A and C;

b) intermode; and

c) Mode S.

Note.- The recognition process is dependent upon the signal input level and the
specified dynamic range (1.10).

1.4.1.1.1. Mode A and Mode C interrogation recognition. A Mode A or Mode C
interrogation shatt be recognized when a Pl - P3 pulse pair meeting the requirements of
regulation 39 has been received, and the leading edge o[ a P4 pulse with an amplin'rde
that is greater than a level 6 dB below the amplirude of P3 is not received within the
interval lrom 1.7 to 2.3 microseconds tbllowing the leading edge of P3. tf a Pl - P2
suppression pair and a Mode A or Mode C interrogation are recognized simultaneously,
the transponder shall be suppressed. An interrogation shall not be recognized as Mode A
or Mode C if the transponder is in suppression (1.4.2). If a Mode A and a Mode C
interrogation are recognized simultaneously the transponder shalI complete the
transaction cycle as iIonly a Mode C interrogation had been recognized.

1.4.1.1.2. Intermode interrogation recognition. An intermode interrogation shall be
recognized when a Pl - P3 - P4 pulse triplet meeting the requirements of l.l.5.l is
received. An interrogation shalI not be recognized as an intermode interrogation ift

a) the received amptitude o[the pulse in the P4 position is smaller than 6 dB below
the amptitude of P3; or

b) the pulse interval berween P3 and P4 is larger than 2.3 microsecondss or shorter
than 1.7 microseconds; or

c) the received amplitude of Pl and P3 is between MTL and -45 dBm and the
pulse duration of Pl or P3 is less than 0.3 microseconds; or

d) the transponder is in suppression ( 1.4.2).

If a Pl - P2 suppression pair and a Mode A or Mode C intermode interrogation are
recognized simultaneously the transponder shall be suppressed.

1.4.1.1.3. Mode S interrogation recognition. A Mode S interrogation shall be recognized
when a P6 pulse is received with a sync phase reversat within the interval from 1.20 to
l.l0 microsecondss following the leading edge o[P6. A Mode S interrogation shall not
be recognized if a sync phase reversal is not received within the interval from 1.05 to
1.45 microseconds flollorving the leading edge of P6.

1.4.1.2. Interrogation acceptance. Recognition according to 1.4.1 shall be a prerequisite
flor acceptance of any interrogation.

l.4.l.2.lMode A and Mode C interrogation acceptance. Mode A and Mode C
interrogations shatt be accepted when recognized (1.4.1.1.1).

1.4.1.2.2 Intermodeinterrogationacceptance

t.4.1.2.2.1 Mode A/C/S alt-.call interrogation acceptance. A Mode A/C/S all-call
interrogation shall be accepted if the trailing edge of P4 is received within 3.45 to 3.75
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microseconds following the leading edge o[P3 and no lockout condition (1.6.9) prevents
acceptance. A Mode A/C/S all-call shall not be accepted if the trailing edge of P4 is
received earlier than 3.3 or later than 4.2 microseconds following the leading edge of P3,

or ifa lockout condition (1.5.9) prevents acceptance.

t.4. 1.2.2.2. Mode A/C-only all-call interrogation acceptance. A Mode A/C-only all-call
interrogation shall not be accepted by a Mode S transponder.

Note.- The technical condition for non-acceptance of a Mode A/C'only all'call is given

in the preceding paragraph by the requirement for rejecting an intermode interrogation
with a P4 pulse having a trailing edgefollowing the leading edge of P3 by less than 3.j
microseconds.

1.4. t.2.3Mode S inlerrogation acceptance. A Mode S interrogation shalI only be accepted

ie

a) the transponder is capable of processing the uplink formitlUq of tne

interrogation ( 1.3.2. l. I );

b) ttre address of the interrogation matches one of the addresses as defrned in
1.4.1.2.3.1 implying that parity is established, as defined in 1.3.3;

c) in the case of an all-call interrogation, no a[[-call lockout condition applies, as

defined in 1.6.9; and

d) the transponder is capable ol processing the uplinked data of a long air'air
surveillance (ACAS) interrogation (UF-16) and presenting it at an output interface as

contained in 1. t0,5.2.2. l.

Note.- A Mode S interrogation may be accepted if the conditions specified in 1.4.1.2.3
a) and b) are met and the transponder is not capable of both processing the uplinked
data of a Comm-A interrogation (UF=20 and 2l) and presenting it at an output interface
as providedfor in 1.10.5.2.2.1.

1.4. l.2.3.lAddresses. Mode S interrogations shall contain either:

a) aircraft address; or

b) the all-call address; or

c) the broadcast address.

1.4.1.2.3.1.t. Aircraft address. If the aircraft's address is identical to the address

extracted from a received interrogation according to the Procedure of 1.3.3.2 and

1.3.3.2.1, the extracted address shall be considered correct for purposes of Mode S

interrogation acceptance.

1.4.1.2.3.1.2. All-call address. A Mode S-only al[-call interrogation (uplink format UF:
I l) shall contain an address, designated the all-call address, consisting of twenry-four
consecutive ONEs. If the alt-call address is extracted from a received interrogation with
format UF = ll according to the procedure of 1.3.3.2 and 1.3.3.2.1, the address shall be

considered correct for Mode S-only all-call interrogation acceptance.

1.4.1.2.3.1.3. Broadcast address. To broadcast a message to all Mode S transponders
within the interrogator beam, a Mode S interrogation uplink format 20 or2l sha[[ be used

and an address of twenty-four consecutive ONEs shall be substituted for the aircraft
address. If the UF code is 20 or 2 I and this broadcast address is extracted from a rece ived
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interrogation according to the procedure of 1.3.3.2 and 1.3.3.2.1, the address shall be

considered correct for Mode S broadcast interrogation acceptance.

Note.- Transponders a.ssociated with airborne collision avoidance systems also accept a

broadcast with UF = 16.

1.4.1.3. Transponder replies. Mode S transponders shall transmit the following reply
lypes:

a) Mode A and Mode C replies; and

b) Mode S replies.

1.4. 1.3.1. Mode A and Mode C replies. A Mode A (Mode C) repty shall be transmitted as

specified in regulation 39( I ) when a Mode A (Mode C) intenogation has been accepted.

l.4.l.3.2Mode S replies. Repties to other than Mode A and Mode C interrogations shall
be Mode S replies.

1.4.1.3.2.1. Replies to intermode interrogations. A Mode S reply with downlink format
ll shall be transmitted in accordance with the provisions of 1.5.2.2 when a Mode A/C/S
all-call interrogation has been accepted.

Note.- Since Mode S transponders do not accept Mode A/C-only all-call interrogations,
no reply is generated.

1.4.1.3.2.2. Replies to Mode S interrogations. The inflormation content of a Mode S reply
shall reflect the conditions existing in the transponder alter completion ofall processing
of the interrogation eliciting that reply. The correspondence between uplink and downlink
formats shatl be as summarized in Table l-5 provided in the First Schedule.

Note. Four categories of Mode S replies may be transmitted in response to Mode S

interrogations:

a) Mode S all-call replies (DF : I l);
b) surveillance and standard-length communications replies (DF = 4,5,20 and 2l);
c) extended length communications replies (DF :24); and

d) air-air surveillance replies (DF = 0 and l6).

1.4.1.!.2.2.1 . Replies to SSR Mode S-only all-call interrogations. The downlink format of
the reply to a Mode S-onty all-calt interrogation (if required) shall be DF = t 1. The reply
content and rules for determining the requirement to reply shatl be as defined in L5.

Note.- A Mode S reply may or may not be transmitted when a Mode S interrogation
with UF : I I has been accepted.

1.4.1.3.2.2.2. Replies to surveillance and standard length communications interrogations.
A Mode S reply shall be transmitted when a Mode S interrogation with UF :4,5,20 or
2l and an aircraft address has been accepted. The contents of these interrogations and
replies shall be as defined in 1.6.

Note.- If a Mode S interrogation with UF = 20 or 2l and a broadcast address is
accepted, no reply is transmitted ( 1.4.1.2.3.1.3).

1.4.1.3.2.2.3. Replies to extended length communications interrogations. A series of
Mode S replies ranging in number from 0 to 16 shall be transmitted when a Mode S

interrogation with UF = 24 has been accepted. The downlink format of the reply (if any)



I 580 Kenya Subsidiary Legislation, 2018

shall be DF = 24. Protocols defining the number and content of the replies shall be as

defined in 1,7.

1.4.1.3.2.2.4. Replies to air-air surveillance interrogations. A Mode S reply shall be

transmitted when a Mode S interrogation with UF = 0 and an aircraft address has been

accepted. The contents ofthese interrogations and replies shall be as defined in 1.8.

1.4.2 SUPPRESSION

1.4.2.1. Eflects oIsuppression. A transponder in suppression (1.4) shall not recognize

Mode A, Mode C or intermode interrogations if either the Pt pulse alone or both the Pl
and P3 pulses of the interrogation are received during the suppression interval'

Suppression shall not affect the recognition of, acceptance of, or replies to Mode S

interrogations.

1.4.2.2. Suppression pairs. The two-pulse Mode A/C suppression pair defined in 1.4. I

shall initiate suppression in a Mode S transponder regardless of the position of the pulse

pair in a group of piulses, provided the transponder is not already suppressed or in a

transaction cycle.

Note.- The P3 - P4 pair of the Mode A/c-onty all-call interrogation both prevents a

reply and initiates suppression.

Likewise, the Pl - P2 preambte of a Mode S interrogation initiates suppression

independently of the waveform that follows it.

l.4.2.3Suppression in presence of S t pulse shall be as defined in 1.4.3

I.5 TNTERMODE AND MODE S ALL.CALL TRANSACTIONS

I.5.I INTERMODETRANSACTIONS

Note. Intermode transactions permit the surveillance of Mode A/C-only aircraft and the

acquisition of Mode S aircraft. The Mode dClS all-call intenogation allows Mode A/C-
only and Mode S transponders to be interrogated by the same transmissions. The Mode

A/C-only all-calt interrogation makes it possible to elicit replies only from Mode A,/C

transponders. tn multisite scenarios, the interrogator must transmit its identifier code in
rhe Mode S only all-calt interrogation. Thus, a pair of Mode S-only and Mode A/C-only
all-call interrogations are used. The intermode interrogations are defined in 1.1.5.1 and

the corresponding interrogation-reply protocols are defined in 1.4.

1.5,2 MODE S-ONLY ALL-CALL TRANSACTIONS

Note. These transactions allow the ground to acquire Mode S aircraft by use of an

interrogation addressed to alt Mode S-equipped aircraft. The reply is via downlink format

I I which returns the aircraft address. The interrogation-reply Protocols are defined in 1.4.

l.5.2.lMode S-only all-call interrogation, uptink format t I

1 6 10 14 17 33

UF PR IC CL AP

5 I 13 16 3? 56



Kenya Subsidiary Legislation, 20 I 8 r58 I

The format oIthis interrogation shall consist oIthese fields:

Field

PR probability of reply

CL code label

AP address/pariry

UF uplink format

IC intenogator code

Spare -t6 bits

Reference

1.5.2. l.l

1.3.2.1.1

l.5.2.l.lPR: Probability of reply. This 4-bit (6-9) uplink field shall contain commands to

the rransponder speci[ying the probability ofreply to that interrogation (1.5.4). Codes are

as follows:

0
I
2

3
4

5.6. 7

8

I

slgnlFtes rcply lvlth probabtltty of I
slgnlfies reply rvlth prohablllty of U2

slgntftes reply rvl[r probabtltty of l/4
slgnlflas reply rvlh probabtltty ol UB
stgntfles repl) wtfi probahlltty of ll16
n0t asslgned
slgnlnes dlsregard lockout. reply rvlth probabtllty of I
slgnlfles dtsreganl lockout. reply lt'lth protlabtllty of 1,'2

slgnlfit}s dtsregard lockout. reply rvlth probablllty o[ 1/4

slgnlfles dtsregard lockout. reply wtth probablllty of 1/8

slgnlfies dtsregard lockout. reply rvtth probablhty of l/16
not asslgned.

l0
il
t2

t3,14,15

1.5.2.t.2|C: Interogator code.'fhis 4-bit (10-13) uplink field shall contain either the 4-
bit intenogator identifier code (1.5.2.1.2.3) or the lower 4 bits of the 6-bit surveillance

identifier code ( 1.5.2. L2.4) depending on the value of the CL fteld ( 1.5.2.1.3).

1.5.2.1.2.1 An interrogator shall operate using a single interrogator code.

1.5.2.1.2.2The use of multiple interrogator codes by one interrogator. An interrogator
shalI not interleave Mode S-only all-call interrogations using different interrogator codes.

Note. An explanation of RF interference issues, sector size and impact on data link
transactions is presented in the Aeronautical Surveillance Manual (ICAO Doc 9924).

1.5.2.1.2.3 II: lnterogator iclentifer. This 4-bit value shall dehne an interrogator
identifier (ll) code. These tl codes shall be assigned to interrogators in the range from 0

to 15. The II code value of 0 shall only be used for supplementary acquisition in
conjunction with acquisition based on lockout override (1.5.2.1.4 and 1.5.2.1.5). When

two II codes are assigned to one interrogator only, one I[ code shall be used for full data

link purposes.
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Note. Limited data link activity including single segment Comm-A, uplink and downlink
broadcast protocols and CICB extraction may be performed by both II codes.

1.5.2.1.2.451: Surteillance identi,fier. This 6-bit value shall define a surveillance identifier
(SI) code. These SI codes shall be assigned to interrogators in the range from I to 63. The
SI code value of0 shall nor be used. The SI codes shall be used with the multisite lockout
protocols (1.6.9.1). The SI codes shall not be used with the multisite communications
protocols (1.6.11.3.2, 1.7.4 or 1.7.7).

1.5.2.1.3CL: Code label. This 3-bit (t4-16) uplink freld shall define the contents of the IC
field.

Cdtng (ln blnary)

000 slg llftes that tfre IC fleld contalns the II code
001 stgnfles that the IC fteld contalns SI codes I to 15

010 stgntftes tha( the IC fleltl contalns Slcodes l6 to 31

0l 1 slgntfles tha( the tC ftetd cortalns SI codes 32 to 47
100 slgntlles that the tC fleld contains SI codes .18 to 63

The other values ofthe CL field shall not be used.

l.5.2.l.3.lSurveillance tdenti,fier (SI) code capability report.Transponders which process

the SI codes (1.5.2.1.2.4) shall report this capability by setting bit 35 to I in the

surveillance identifier capabiliry (SIC) subfield of the MB field of the data link capability
report (1.6.10.2.2).

1.5.2.1.4 Operation based on lockout override

Note l.- The Mode S-only all-call lockout override provides the basis for acquisition of
Mode S aircraftfor interrogators that have not been assigned a unique IC (ll or SI code)

for full Mode S operation (protected acquisition by ensuring that no other interrogator
on the same IC can lock out the target in the same coverage area).

Note 2.Lockot t override is possible using any interrogator code.

1.5.2.1.4. lMarimum Mode S-only all-call interrogation rate.The maximum rate of Mode
S-only allcall interrogations made by an interrogator using acquisition based on lockout
override shall depend on the reply probability as follows:

a) for a reply probabiliry equal to 1.0: the smaller of 3 interrogations per 3 dB
beam dwell or 30 interrogations per second;

b) for a reply probability equal to 0.5: the smaller of 5 interrogations per 3 dB

beam dwell or 60 interrogations per second; and

c) for a reply probabitity equal to 0.25 or less: the smaller of l0 intenogations per

3 dB bearn dwell or 125 interrogations per second.

Note.- These limits have been defined in order to minimize the RF pollution generated

by sttch a method while keeping a minimum ol replies to allovv acqttisition of aircraft
within a beam dwell.

1.5.2.1.4.2 Passive acquisition without using a[l-cal[ interrogations shall be used in the
place of lockout override.

Note.- Ilre Aeronautical Surveillance Manual (Doc 9924) provides guidance on

di.fferent passive acquisition methods.
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l.5.2.l.4.3Field contentfor a selectively addressed interrogation used by an interrogator
without an assigned interrogator code. An interrogator that has not been assigned with a

unique discrete interrogator code and is authorized totransmit shall use the [I code 0 to
perform the selective interrogations. In this case, selectively addressed interrogations

used inconnection with acquisition using lockout override shall have interrogation field
contents restricted as [ollows:

UF 4, 5,20 or 2l

PC 0

DI 7

IIS 0

LOS = 0 except as specified in 1.5.2.1.5

TMS = 0

t.5.2.t.4.4An interrogator that has not been assigned with a unique discrete interrogator
code and is authorized to transmit using II code 0 shall not attempt to extract air-initiated
Comm-B message announced by DR = I or 3.

Note. These restrictions permit surveillance transaction, GICB transaction and Comm'B
broadcast extraction, but prevent the interrogation from making any changes to
transponder multisite lockout or communications protocol states.

l.5.2.l.4.5Supplementary acqui.rition using II equals 0

Note l.The acquisition technique deJined in 1.5.2.1.4 provides rapid acquisitionfor most

aircra,ft. Due to the probabilistic nature of the process, it may take many interrogations
to acquire the last aircraft ofa large set ofaircraft in the same beam dwell and near the

same range (termed a local garble zone). Acquisition performance is greatly improved

for the acquisition of these aircraft through the use of limited selective lockottt using II
equals 0.

Note 2. Supplementary acquisition consists of locking out acquired aircraft to II=0
followed by acquisition by means of the Mode s-only all-call interrogation with II=0.
Only the aircraft not yet acquired and not yet locked-out will reply resulting in an easier
acquisition.

l. 5. 2. 1. 5. I Lockout'within a beam dwell

1.5.2. l.5.l.l When II equats 0lockout is used to supplement acquisition, all aircraft
within the beam dwell of the aircraft being acquired shall be commanded to lock out to II
equals 0, not just those in the garble zone.

Note. Lockout of alt aircraft in the beam dwell will reduce the amo,.nt of all-call /ruit
replies generated to the II equals 0 all'call interrogations.

I .5.2.l.5.2Duration of lockout

l.5.2.l.5.2.llnterrogators performing supplementary acquisition using II equals 0 shall
perform acquisition by transmitting a lockout command for no more than two consecutive

scans to each of the aircraft already acquired in the beam dwell containing the garble

zone and shall not repeat it before 48 seconds have elapsed.
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Note. Minimizing the lockout time reduces the probability of conflict with the acquisition
activities of a neighbouring interrogator that is also using II equals 0for supplementary
acquisition.

1.5.2. l.5.2.2Mode S only all-call interrogations with II=0 for the purpose o[
supplementary acquisition shall take place within a garble zone over no more than two
consecutive scans or a maximum ol I 8 seconds.

1.5.2.2 All-call reply, downlinkformat I I

6 s 33

DF CA AA pt

583256
The reply to the Mode S-only atl-call or the Mode A/C/S all-catl interrogation shall be
the Mode S altcalt reply, downlink format ll. The format of this repty shall consist of
these fields:

FIeld

DF dolvnfink formar
CA capabtltty
AA address amounced
Pi parlry/tnterrogator ldentlfler

1.5.2.2.1CA: Capability. This 3-bit (6-8) downlink field shall convey information on the
transponder level, the additional information below, and shall be used in formats DF = I I
and DF = 17.

Coding

0- signifies Level I transponder (surveillance only), and no ability to set CA code 7
and either airbome or on the ground

l- reserved

2- reserved

3- reseryed transponder and abiliry to set CA code 7 and airbome

4- signifies Level 2 or above transponder and ability to set CA code 7 and either
airborne or on the ground

5- signifies the DR field is not equal to 0 or the FS field equals 2, 3

6- signif,res Level 2 or above transponder and abitity to set CA code 7 and on the
ground

7- signifies Level 2 or above

4 or 5 and either airborne or on the ground. When the conditions for CA code 7 are not
satisfied, aircraft with Level 2 or above transponders;

a) that do not have automatic means to set the on-the-ground condition shall use

CA code 6;
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b) with automatic on-the-ground determination shall use CA code 4 when on the

ground and 5 when airbome; and

c) with or without automatic on-the-ground determination shall use CA = 4 when
commanded to set and report the on-the-ground status via the TCS subfield (1.6.1.4.1

0).

Data link capabitity reports (1.6.10.2.2) shall be available from aircraft installations that
set CA code 4,5,6 or 7.

Note.- CA codes I to 3 are reserved to maintain backward compatibility.

1.5.2.2.2AA: Address announced. This 24-bit (9-32) downlink field shall contain the
aircraft address which provides unambiguous identificati<in oIthe aircraft.

l.5.3Lockout protocol. The alt-catl lockout protocol defined in 1.6.9 shall be used by the

interrogator with respect to an aircraft once the address of that specific aircraft has been

acquired by an interrogator provided that;

a) the interrogator is using an IC code diflerent from zero; and

b) the aircraflt is located in an area where the interrogator is authorized to use

lockout.

Note l.- Following acquisition, a transponder is interrogated by discretely addressed
interrogations as prescribed in 1.6, 3.1.2.7 and 1.8 and the all-call lockottt protocol is

used to inhibit replies tofurther all-call interrogations.

Note 2.- Regional IC allocation bodies may def.ne rules limiting the use o/ selective
interrogation and lockout protocol (e.g. no lockout in defined limited area, use of
intermittent lockoul in defined areas, and no lockout of aircraft not yet equipped with St
code capability).

1.5.4 Stochastic all-call protocol. The transponder shall execute a random process upon
acceptance of a Mode S-onty a[[-call with a PR code equal to I to 4 or 9 to 12. A decision
to reply shall be made in accordance with the probabiliry specified in the interrogation. A
transponder shall not reply if a PR code equal to 5,6,7, 13, 14 or 15 is received
( 1.s.2.1. r ).

Note.- The random occurrence of replies makes it possible for the interrogator to
acquire closely spaced aircraft, replies from which would otherwise synchronously
garble each other.

1.6 ADDRESSED SURVEILLANCE AND STANDARD LENGTH

COMM UNICATION TRANSACTIONS

Note l.- The interrogations described in this section are addressed to specific aircrafL
There are two basic interrogation and reply types, short and long. The short
interrogations and replies are UF 4 and 5 and DF 4 and 5, while the long interrogations
and replies are UF 20 and 2l and DF 20 and 2 l.

Note 2.- The communications protocols are given in 1.6. ll. These protocols describe
the control of the data exchange.

I.I.I SURVEILLANCE, ALTITUDE RESUEST, UPLINK FORMAT 4
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6 I 14 17 33

UF PC RR DI SO AP

5 I 13 16 32 56

. The format of this interrogation shall consist of these fields:

Fteld

UF upltnk format
PC protocol
RR reply request
D I deslgnator ldentlflcatlon
SD speclal destgnator
AP add.resVparlg

l.l.l.tPCr Protocol. This 3-bit, (6-8) uplink tield shall contain operating commands to
the transponder. The PC field shall be ignored for the processing ol surveiflance or
Comm-A interrogations containing DI = 3 (1.6. 1.4. l).

Coding

0 signifies no action

I signifies non-selective all-call lockout

2 not assigned

3 not assigned

4 signifies close out Comm-B

5 signifies close out uplink

6 signifies close out downlink

7 not assigned

l.l.l.2 RR: Reply request. This 5-bit, (9-13) uplink field shall command the length and
content of a requested reply. The last four bits of the 5-bit RR code, transformed into
their decimal equivalent, shall designate the BDSI code (1.6.11.2 or 1.6.11.3) of the
requested Comm-B message if the most significant bit (MSB) of the RR code is I (RR is
equal to or greater than l6).

Coding

RR = 0-15 shatl be used to request a reply with surveillance format (DF = 4 or 5);

RR = l6-3 I shall be used to request a reply with Comm-B format (DF = 20 or 2l);
RR = 16 shalt be used to request transmission o[ an air-initiated Comm-B message
according to
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1.6.11.3 or to requcst the extraction of a Comm-B broadcast message according to

1.6. t 1.4;

RR = l7 shall be used to request a data link capability report according to l'6.10.2.2; RR

= 18 shall be used to request aircraft identification according to 1.9; 19-31 are not

assigncd in Part III of these Regulations.

Note.- Codes I9-3t are reserved for applications such as data link communicalions,

airborne collision avoidance systems (ACAS), etc.

1.1.1.3D1 Designator identiJication. This 3-bit (14-16) uplink freld shall identiff the

structure o[ the SD ftcld ( 1.6. I. ).

Coding

0 signifies SD not assigned excePt for IIS

I signifies SD contains multisite and communications control information

2 signifies SD contains control data for extended squitter

3 signifies sD contains sI multisite lockout, broadcast and GICB

controlinformation

4 4-6 signifies SD not assigned

5 7 significs SD contains extcnded data readout request, multisite and

comrnunications control information.

I.l.l.4SD: Special designator. This l6-bit (17-32) uplink field shall contain control

codes which depend on the coding in the DI ficld.

Note.- The special designator (SD) fietd b provided to accomplbh the transfer of
multbite, lockiut and com,nunications control idormation from the ground stdtion to the

transpondar.

DI CODE

17

SD FTELD STRUCTURE

21

0

32

17 21 23 26 27

I
22 25 32

11 21 ?4 27 29

23 26 ?8 3?

20

29

2

2820

?o

LOS RSS TMSMBS MESlts

SASTCS RCS
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1t 23 24 z8

3

27 32

17 21 25 lb 27

24 32

I . I . 1.4. I Subfields in SD. The SD field shall contain information as follows:

a) If DI = 0, I or 7: IIS, the 4-bit (17-20) interrogator identifier subdield shall
contain an assigned identifier code of the inteffogator ( 1.5.2. I .2.3).

b) IfDI = 0: bits 2t-32 are not assigned.

c) If DI = l: MBS, the 2-bit (21,22) multisite Comm-B subfield shall have the

following codes:

0 signifies no Comm-B action

I signifies air-initiated Comm-B reservation request (1.6. 11.3.1)

2 signiFres Comm-B closeout ( 1.6. I 1.3.2.3)

3 not assigned.

MES, the 3-bit (23-25) multisite ELM subfield shall contain reservation and closeout
commands tor ELM as follows:

0 signifies no ELM action

I signifies uplink ELM reservation request ( I .7.4. I )

2 signifies uplink ELM closeout (1.7.4.2.8)

3 signifies downlink ELM reservation request (1.7.7.1.1)

4 signifies downlink ELM closeout (1.7 .7.3)

5 signifies uplink ELM reservation request and downlink ELM closeout 5

signifies uplink ELM closeout and downlink ELM reservation request 7 signifies
uplink ELM and downlink ELM closeouts.

RSS, the 2-bit (27,28) reservation status subfield shall request the transponder to report
its reservation status in the UM field. The following codes have been assigned:

0 signifies no request

I signifies report Comm-B reservation status in UM 2 signifies report uplink
ELM reservation status in UM 3 signifies report downlink ELM reservation status in
UM.

??

2820

29

I

LSS RRSSIS

lts RRS LOS TMS
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d) IIDI=lor7:
LOS, the l-bit (25) lockout subtjelcl, ilset to l, shall signity a multisite lockout command

from the interrogator indicated in IIS. LOS set to 0, sha[] be used to signily that no

change in lockout state is commanded.

TMS, the 4-bit (29-32) tactical message subfietd shall contain communications control

information used by the data link avionics.

e) IfDI=7:
RRS, the 4-bit (21-24) reply request subfietd in SD. shall give the BDS2 code of a

requested Comm-B reply.

Bits 25, 27 ar,d 28 are not assigned.

f) rfDr=2:
TCS, the 3-bit (2 l-23) rype control subtietd in SD shatl control the on-the-ground status

reported by the transponder.

The following codes have been assigned:

0 signifies no on-the-ground status command

I signifies set and report the on-the-ground status for the next l5 seconds

2 signifies set and report the on-the-ground status flor the next 60 seconds

3signifies cancel the on-the-ground command 4-7 nol assigned.

The transponder shall be able to accept a new command to set or cancel the on-the'
ground status even though a prior command has not as yet timed out.

Note.- Cancellation of the on-the-ground status command signifies that the

determination of the vertical status reverts to the aircraft technique for this purpose. It
does not signifl a command to change to the vertical statlts.

RCS, the 3-bit (24-26) rate control subfield in SD shall control the squitter rate of the

transponder when it is rcporting the surflace lormat. This subfield shall have no efflect on

the transponder squitter rate when it is reporting the airborne position type. The following
codes have been assigned:

0 signifies no surface position extended squitter rate command

I signifies report high surface position extended squitter rate for 60 seconds

2 signifies report low surface position extended squitter rate for 60 seconds

3 signifies suppress all surface position extended squitters for 60 seconds

4 signifies suppress atl surface position extended squitters for 120 seconds 5-7 not

assigned.

Note l.- The definition of high and low squitter rates is given in 1.8.6.4.3.

Note 2.- As stated in 1.8.5.2 d), acquisition squitters are transmitted when surlace
position extended squitters are suppressed by using RCS=3 or 4.

SAS, the z-bit (27-28) surface antenna subfietd in SD shall control the selection of the

kansponder diversiry antennathat is used tor (l) the extended squitter when the

transponder is reporting the surface format, and (2) the acquisitionsquitter when the

transponder is reporting the on-the-ground status. This subfield shall have no effect on
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thetransponder diversity antenna selection when it is reporting the airborne status. The
lollowing codes have beenassigned:

0 signifies no antenna command

I signifies altemate top and bottom antennas for 120 seconds 2 signifies use

bottom antenna for 120 seconds 3 signifies retum to the default.

Note.- The top antenna is the delault condition ( I .8.6.5).

C) If DI:3:
SIS, the 6-bit (17-22) surveillance identifier subfietd in SD shatl contain an assigned

surveillance identifier code of the intenogator (1.5.2.1.2.4).

LSS, the l-bit (23) lockout surveillance subfietd, if set to l, shall signiff a multisite
lockout command flrom the interrogator indicated in SIS. If set to 0, LSS shall signify that
no change in lockout state is commanded.

RRS, the 4-bit (24-27) reply request subfield in SD shall contain the BDS2 code of a

requested GICB register. Bits 28 to 32 are not assigned.

h) If DI=4, 5 or 6 then the SD field has no meaning and shall not impact other
transaction cycle protocols. These DI codes remain reseryed until future assignment of
the SD freld.

i) If Dt:0,3 or 7:

In addition to the requirements provided above, the "SD" shall contain the [ollowing:

"OVC": The l-bit (bit 28) "overlay control" subfield in "SD" is used by the intenogator
to command that the data parity (*DP" 1.3.2.1.5) be overlaid upon the resulting reply to
the interrogation in accordance with paragraph 1.6. I 1.2.5.

Ll.l.4.2TCS ubfield equal to one (l) in the SDfieldfor extended squitters. When the

TCS subfield in the SD field is set equal to one (l), it shall signiry the following:

a) broadcast ofthe extended squitter surface formats, inctuding the surface position
message (1.8.6.4.3), the identification and category message (1.8.6.4.4), the aircraft
operationa[ status message (1.8.6.4.6) and the aircraft status message (1.8.6.4.6) tor the

next l5 seconds at the appropriate rates on the top antenna for aircraft systems having the

antenna diversity capability, except if otherwise specified by SAS (1.6.1.a.t 0);

b) inhibit repties to Mode A/C, Mode A/C/S all-call and Mode S-only all-call
interrogations for the next 15 seconds;

c) broadcast of acquisition squitters as per 1.8.5 using antenna as specified in
I.8.5.3 a);

d) does not impact the air/ground state reported via the CA, FS and VS fields;

e) discontinue broadcast of the extended squitter airbome message formats; and

Q broadcast of the extended squitter surface formats at the rates according to the

TRS subfield unless commanded to transmit at the rates set by the RCS subfield.

l.l.l.4.3fCS subfield equal to two (2) in the SDfieldfor extended squitters. When the

TCS subfield in the SD field is set equal to two (2), it shalt signify the following:

a) broadcast ofthe extended squitter surfice formats, including the surface position
message (1.8.6.4.3), the identification and category message (1.8.6.4.4), the aircraft
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operational status message (1.8.5.a.6) and the aircraft status message (1.8.6.4.6) for the

next 60 seconds at the appropriate rates on the top antenna for aircraft systems having the

antenna diversity capability, except if otherwise specified by SAS (1.6.1.a.1 0);

b) inhibit replies to Mode A"/C, Mode A/C/S all-calt and Mode S-onty all-call
interrogations for the next 60 seconds;

c) broadcast of acquisition squitters as per 1.8.5 using antenna as specified in

1.8.5.3 a);

d) does not impact the air/ground state rePorted via the CA, FS and VS fields;

e) discontinue broadcast of the extended squitter airbome message formats; and

f) broadcast of the extended squitter surface formats at the rates according to the

TRS subfield unless commanded to transmit at the rates set by the RCS subfield.

l.l.l.5 PC and SDfield processing. When DI = l, PC field Processing shall be complcted

before processing the SD field.

1.1.2 COMM.A ALTITUDE RESUEST, UPLINK FORMAT 20

1 6 I 14 17 33 89

UF PC RR DI SD MA AP

5 I 13 16

Thc format of this interrogation shall consist of these fields:

Field Reference

UF uplink format 1.3.2. t.1

PC protocol 1.6. r. I

RR reply request 1.6. I .2

DI designator
identification

1.5.1 .3

SD special designator 1.5.1.4

MA message, Comm-A t.6.2.1

AP address/parity 1.3.2. t .3

l.l.2.lMA: Message, Comm-A. This 56-bit (33-88) field shall contain a data link mcssage

to the aircraft.

1.1,3 SURT/EILLANCE IDENTITY REQUEST, UPLINK FORMAT 5

32 88 112
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1 6 9 14 17

UF PC RR DI SD AP

8 13 16 32 55

The format of this intenogation shall consist of these fields:

Field Reference

UF uplink format 1.3.2. 1.1

PC protocol 1.6. 1.1

RR reply request 1.6.1.2

DI designator identification 1.6. 1.3

SD special designator 1.6.1.4

AP addresVpariry 1.3.2. 1.3

1. t.4 coMM-A IDENTTTY REQUEST, UPLTNK FORMAT 2 t

6 I 11 17 33

UF PC RR DI SD MA AP

I 13 16 32 B8 112

The format of this interrogation shall consist of thcsc fields:

Field Reference

UF uplink format 1.3.2. I . I

PC protocol 1.6.1.1

RR reply request 1.6.t.2

DI designator
identification

1.6.1.3

SD special designator 1.6.1.4

MA message, Comm-
A

t.6.2.t

AP address/parity 1.3.2.1.3

33

5

89

t. t.5 SURVEILLANCE ALTITUDE REPLY, DO'YNLINK FORMAT 4

691420331

OF FS DR UM AC AP

I 13 19 32 565
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This reply shall be generated in response to an interrogation UF 4 or 20 with an RR field
value less than 16. The format of this repty shall consist of these fields:

Field Reference

DF downlink format t.3.2.1.2

FS flight status r.6.5. t

DR downlink request r.6.5.2

UM utility message 1.6.5.3

AC altirude code 1.6.5.4

Address/parity t.3.2.1.3

l.l.5.l FSj Ftight sntus. This 3-bit (6-8) downlink freld shall contain the following
information:

Coding

0 signiltes no alert and no SPI, aircraft is airbornc

t signifies no alert and no SPI, aircraft is on the ground

2 signifies alert, no SPI, aircraft is airborne

3 signifies alert, no SPI, aircraft is on the ground

4 signifies alert and SPI, aircraft is airbome or on the ground

5 signifies no alert and SPI, aircraft is airborne or on the ground 5 reserved 7

not assigncd

Note.- The conditions which cawe an alert are given in L6. /,0. I . L

l.l.5.2DR: Downlink request. This 5-bit (9-13) downlink field shall contain requests to

downlink information.

Coding

0 signifies no downlir* request

I signihes request to scnd Comm'B message

2 reserved for ACAS 3 reserved for ACAS

4 signifies Comm-B broadcast message I available

5 signifies Comm-B broadcast message 2 available

6 reserved for ACAS

7 reserved for ACAS

E-15 not assigncd

t6-31 see downlink ELM protocol(1.7.7.t)
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Codes I - I 5 shall take precedence over codes I 6-3 L

Note.- Giving precedence to codes l-15 permis the announcement of a Comm-B
message to interrupt the announcement of a downlink ELM. This gives priority to the
announcement of the shorter message.

l.L.5.3UM: Utility message. This 6-bit (t4-19) downlink field shall contain transponder
communications status information as specified in 1.6.1.4.1 and 1.6.5.3.1.

1.1.5.3.1 Subfields in UM for multisite protocols

UM FIELD STRUCTURE

14 18

17 't9

The following subfields shall be inserted by the transponder into the UM field of the
reply if a surveillance or Comm-A interrogation (UF equals 4,5,20,21) contains DI = I
and RSS other than 0:

IIS: The 4-bit (t4-17) interrogator identificr subfield reports the idcntifier of the
interrogator that is reserved for multisite communications.

IDS: The 2-bit ( 18, l9) identifier designator subfield reports the type of reservatioo made
by the intenogator identified in IIS.

Assigned coding is:

0 signifies no information

I signities IIS contains Comm-B [I code

2 signiflres IIS contains Comm-C II code

3 signifies IIS contains Comm-D II code,

l.l.5.3.2Multisite reservation s!a/us. The interrogator identificr of the ground station
currently reserved for multisite Comm-B delivery (1.6. I1.3.1) shall be transmitted in the
IIS subfreld together with code I in the IDS subfield if the UM content is not specitied by
the interrogation (when DI = 0 or 7, or when DI = I and RSS = 0).

The interrogator identifier of the ground station currently reserved for downlink ELM
delivery (1.7.6.1), if any, shall be transmitted in the IIS subfield together with code 3 in
the IDS subfield if the UM content is not specified by the interrogation and there is no
current Comm-B reservation.

l.l .5.4AC: Altitude code. This l3-bit (20-32) frcld shall contain altitude coded as follows:

a) Bit 26 is designated as the M bit, and shatt be 0 ifthe altitude is reported in feet.
M equals t shall be reseryed to indicate that the altitude reporting is in metric units.

b) IfM equals 0, then bit 28 is designated as the Q bit. Q equals 0 shall be used to
indicate that the altitude is reported in -foot increments. Q equals I shalt be used to
indicate that the altitude is reported in 25-foot increments.

c) tf the M bit (bit 26) and the Q bit (bit 28) equal 0, the altitude shall be coded
according to the pattern for Mode C replies of 1.12.2.3. Starting with bit 20 the sequence
shall be Cl, Al, C2, A2,C4, A4, ZERO, Bl, ZERO, B2,D2, 84, D4.

ils rD5
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d) If the M bit equals 0 and the Q bit equals l, the I l-bit fietd represented by bits

20 lo 25,2't and 29 to 32 shalt represent a binary coded fietd with a least significant bit
(LSB) of 25 tt. The binary value olthe positive decimal integer "N" shatt be encoded to

report pressure-altitude in the range t(25 N - t 000) plus or minus 12.5 ft]. The coding of
1.6.5.4 c) shalt be used to report pressure-altitude above 50 187.5 ft.

Note l.- This coding method is only able to provide values benveen miruts I 000ft and
plus 50 175 ft.
Note2.-Themostsignificantbit(MSB)olthisrteMisbit20asrequiredby 1.3.1.3.

a) If the M bit equals l, the l2-bit freld represented by bits 20 ro25 and 27 to 3t
shall be reserved for encoding altirude in metric units;

b) 0 shatt be transmitted in each of the 13 bits of the AC field il altitude
information is not available or if the altinrde has been determined invalid.

1.1.6 COMM-B ALTITUDE REPLY, DOII/NLINK FORtvtAT 20

16914?O3389
DF FS DR UM AC MB AP

o 13 19 3? 88 1125

This reply shall be generated in response to an interrogation UF 4 or 20 with an RR field
value greater than I 5. The format of this reply shall consist of these frelds:

Fietd Reference

DF downlink format t.3.2.1.2

FS flight stanrs 1.6.5.1

DR downlink request t.6.5.2

UM utility message r.6.5.3

AC altitude code 1.6.5.4

MB message, Comm-B 1.6.6.1

Address/parity 1.3.2.1.3

l.l.6.lMB: Message, Comm-g. This 56-bit (33-88) downlink firetd shall be used to

transmit data link messages to the ground.

1.1.7 SURVEILLANCE IDENTITY REPLY, DOWNLINK FORMAT 5

169142033
DF FS DR UIvI ID AP

5813193256

This repty shalt be generated in response to an interrogation UF 5 or 2t with an RR field
value less than 16. The format of this reply shall consist of these fields:
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Field Reference

DF downlink format t.3.2.t.2

FS flight status 1.6.5.1

DR downlink request t .6.5.2

UM utility message 1.6.5.3

ID identity 1.6.7 .l

Address/parity 1.3.2.t.3

l.l .7.llD: ldentity (Mode A code). This l3-bit (20-32) field shall contain aircraft identiry
code, in accordance with the pattern for Mode A replies in regulation 39(l). Starting with
bit 20, the sequence shall be Cl, Al, C2, A2, C4, A4, ZERO, B l, Dl, B2,D2,84, D4.

I.I.8COMM.B IDENTITY REPLY, DOWNLINK FORMAT 2I

169142033 B9

DF FS DR UM to MB AP

5813193288112

This reply shall be generated in response to an interrogation UF 5 or 2t with an RR field
value greater than 15. The format of this reply shall consist oIthese fields:

Field Reference

DF downlink format r.3.2.t.2

FS flight status 1.6.5.1

DR downlink request t.6.5.2

UM utility message 1.6.5.3

ID Identiry t.6.7.1

MB message, Comm-B 1.6.6.1

Address/parity r.3.2.1.3

I. I.qLOCKO UT P ROTOCOLS

l. 1.9. I Multisite all-call lockout

Note.- The multisite lockout protocol prevents transponder acquisition from being
denied one ground station by lockout commands from an adjacent ground station that
has overlapping coverage.

1.1.9. l.lThe multisite lockout command shall be transmitted in the SD field (1.5.1.4. 1).

A lockout command for an I[ code shall be transmitted in an SD with DI = I or DI = 7.
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An tl lockout command shall be indicated by LOS code equals I and the presence ol a

non-zero interrogator identifier in the IIS subfield of SD. A lockout command lor an SI

code shall be transmitted in an SD with DI = 3. SI lockout shatl be indicated by LSS

equals I and the presence of a non-zero interrogator identifier in the SIS subfield of SD.

After a transponder has accepted an interrogation containing a multisite lockout
command, that transponder shatl commence to lock out (i.e. not accept) any Mode S-only
al[-catI interrogation which includes the identiher of the interrogator that commanded the

lockout. The lockout shalt persist for an interval TL ( t.10.3.9) after the last acceptance ol
an interrogation containing the multisite lockout command. Multisite lockout shall not

prevent acceptance ola Mode S-only atl-catt interrogation containing PR codes 8 to 12.

If a lockout command (LOS = l) is received together with IIS = 0, it shall be interpreted

as a non-selective all-call lockout (1.6.9.2).

Note l.- Fifteen interrogators can send independent multisite ll lockout commands. In
addition, 63 interrogators can send independent SI lockout commands. Each of these

locko.tt comntands must be timed separately.

Note 2.- lvlultisite lockoLtt (which only Ltses non-zero II codes) does not affect the

response of the transponder to Mode S-only all-call interrogations containing II equals 0

or to Mode A/C/S all-call inlerrogations.

I. l.9.2Non-selective all-call lockout

Note l.- In cases where the multisite lockout protocolfor II codes is not required (e.g.

there is no overlapping coverage or there is ground station coordination via ground-to-

ground communications) the non-selective lockout protocol may be used.

On acceptance olan interrogation containing code I in the PC field, a transponder shall

commence to lock out (i.e. not accept) two types of alt-call interrogations:

a) the Mode S-only al[-call (UF = I l), with II equals 0; and

b) the Mode A/C/S all-call ot 1.t.5.1.t.

This lockout condition shalt persist for an interval TD (t.10.3.9) alter the last receipt of
the command. Non-selective lockout shall not prevent acceptance oIa Mode S-only all-
call interrogation containing PR codes 8 to 12.

Note 2.- Non-selective lockout does not aJfect the resPonse of the transponder to Mode
S-only all-call interrogations containing Il not equal to 0.

I .6.10 BASIC DATA PROTOCOLS

l.6.l0.lFlight status protocol. Flight status shalI be reported in the FS freld (1.6.5.1).

l.6.t0.l.lAlerl. An alertcondition shall be reported in the FS field ilthe Mode A identity

code transmitted in Mode A replies and in downlink flormats DF equals 5 and DF equals

2 [ are changed by the pilot.

l.6.l0.l.l.lPermanent alert condition. The alert condition shall be maintained if the

Mode-A identity code is changed to 7500, 7600 or 7700.

t.6. l0.l.l.2Tempora,y alert conditioz. The alert condition shatl be temporary and shall
cancel itself afte( TC seconds if the Mode A identity code is changed to a value other
than those tisted in 1.6.10.1.1.1. The ?"C shatt be retriggered and continued fot TC

seconds after any change has been accepted by the transponder function.
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Note l.- This retriggering is performed to ensure that the ground interrogator obtains
the desired Mode A identity code before the alert condition is cleared.

Note 2.- The value of TC is given in 1.10.3.9.

1.6.10.1 .l.3Termination of the permanent alert condition. The permanent alert condition
shall be terminated and replaced by a temporary alert condition when the Mode A
identity code is set to a value other than 7500, 7600 or 7700.

1.6.1 l.l.2Ground report. The on-the-ground status ofthe aircraft shall be reported in the
CA held (1.5.2.2.1), the FS field (1.6.5.1), and the VS field (1.8.2.1). If an automatic
indication oIthe on-the-ground condition (e.g. from a weight on wheels or strut switch) is

available at the transponder data interface, it shatt be used as the basis for the reporting of
on-the-ground status except as specified in 1.6. I 0.3. I and 1.8.6.7. If such indication is not
available at the transponder data interface ( I . I 0.5. I .3), the FS and VS codes shall indicate
that the aircraft is airbome and the CA field shall indicate that the aircraft is either
airborne or on the ground (CA = 6) except as indicated in 1,8.6.7.

l.6.ll.l.3Special position identification (SPI). An equivalent of the SPI pulse shall be
transmitted by Mode S transponders in the FS field and the surveillance status subfield
(SSS) when manually activated. This pulse shall be transmitted flor I/ seconds after
initiation (regulation 39, l.l3 and 1.8.6.3.1.1).

Note.- The value ofTl is given in 1.10.3.9.

l.6.l0.2Capability reporting protocol. The data structure and content of the data link
capability report registers shall be implemented in such a way that interoperability is
ensured.

Note l.- Aircra,ft capability is reported in special Jields as defined tn the following
paragraphs.

Note 2.- The data format of the registers for reporting capability is specified in the
Technical Provisions for Mode S Services and Extended Squitter (ICAO Doc 987 l).
l.6.l0.2.lCapability report. The 3-bit CA fietd, contained in the all-call reply, DF equals

I I , shall report the basic capabillty of the Mode S ransponder as described in I .5.2.2. l.

l.6.l0.2.2Data link capability report. The data link capability report shall provide the

interrogator with a description of the data tink capabiliry of the Mode S installation.

Note.- The data link capability report is contained in register 1016 with a possible
extension in registers I I l6 to I 6l 6 when any continuation will be required.

I . 6. I 0. 2. 2. I Extr ac tio n and subfi e lds in M B fo r data link c apa b i I i ty repo rt
I .6. 10.2.2. I . I Extraction of the data link capability report contained in register l0l 6 .The
report shall be obtained by a ground-initiated Comm-B reply in response to an

interrogation containing RR equals 17 and DI is not equal to 7 or DI equals 7 and RRS
equals 0 (1.6.t 1.2).

l.6.l0.2.2.l.2sources of data link capability. Data link capabitity reports shall contain the

capabilities provided by the transponder, the ADLP and the ACAS unit. If extemal inputs
are lost, the transponder shall zero the corresponding bits in the data link report.

1.6.10.2.2.1.3The data link capability report shall contain information on the following
capabilities as specified in Table l -6 in the First Schedule.
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1.6.10.2.2./.4The Mode S sub-network version number shall contain information to

ensure interoperability with older airbome equipment.

1.6. t 0.2.2. t.4.1The Mode S sub-network version number shall indicate that all

implemented subnetwork functions are in compliance with the requirements o[ the

indicated version number. The Mode S subnetwork version number shall be set to a non-

zero value iIat least one DTE or Mode S specific service is installed.

Note.- The version number does not indicate that all possible functions of that version

are implemented.

t .6.l0.2.2.2Updating of the data link capabiliry report. The transponder shall, at intervals

not exceeding four seconds, compare the current data link capability starus (bits 4 l -88 in

the dara link capabitity report) with that last reported and shall, if a difference is noted,

initiate a revised data tink capability report by Comm-B broadcast (1.6.11.4) for BDSI =
I (33-36) and BDS 2: O (37-40). The transponder shall initiate, generate and announce

the revised capability report even if the aircralt data link capability is degraded or lost.

The transponder shatt ensure that the BDS code is set for the data link capability report in

all cases, inctuding a loss ofthe interface.

Note.-The seiling of the BDS code by the transponder ensures that a broadcast change

of capability report will contain the BDS code for all cases of data ltnk failure (e.g. the

loss ol the transponder data link interface).

l.6.l0.2.2.3Zeroing of bits in the data link capabiliry report

If capability inflormation to the transponder faits to provide an update at a rate of at least

once every 4 seconds, the transponder shall insert ZERO in bits 4t to 56 o[ the data link
capability report (transponder register l0l6).

Note.- Bits I to 8 contain the BDSI and BDS2 codes. Bits 16 and 37 to 40 contain

ACAS capability idormation. Bit 33 indicates the availability of aircra,ft identtfication
data and is set by the transponder when the data comesfrom a seParate interface and not

from the ADLP. Bit 35 is the SI code indication. All of these bits are inserted by the

transponder.

t .6. t 0.2.3 Common usage GICB capability report. Common usage GICB services which

are being actively updated shalt be indicated in transponder register 1716.

t.6.l0.2.4Mode S specific seryices CICB capability reports. CICB services that are

installed shatt be reported in registers l8l6 to tCl6.

1.6.t0.2.5 Mode S specific services MSP capability reports. MSP services that are

installed shall be reported in registers lDl6 to lFl6'
l.6.t0.3Yalidation of on-the-ground status declared by an automatic means

Note.- For aircrafr with an automatic means of determining vertical status, the CA field
reports whether the aircraft is airborne or on the ground. ACAS II acquires aircraft
using the short or extended squitter, both of which contain the CA field. If an aircraft
reports on-the-grolotd status, that ait'craft wtll not be interrogated by ACAS II in order to

reduce unnecessary interrogation activity. tf the aircraft is equipped lo report extended

.rquitter messages, the function that formats these messages may have information

available to validate that an aircraft reporting "on-the-grol.nd" is actually airborne.

t.6.t0.3.tAircraft rvith an automatic means for determining the on-the-ground state on

which transponders have access to at least one of the parameters, ground speed, radio

altitude or airspeed, shall perform the fotlowing validation check:
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lf the automatically determined airlground status is not available or is "airborne", no

validation shall be performed. If the automatically determined airlground status is
available and "on-the-ground" condition is being reported or iI the on-the-ground status

has been commanded via the TCS subfield (1.6.t.4.1 0), the air/ground starus shall be

overridden and changed to "airbome" i[:

Ground Speed > 100 knots OR Airspeed > 100 knots OR Radio Altitude > 50 leet

1.6.1 I. STANDARD LENGTH COMA,IUNICATIONS PROTOCOLS

Note l.- The wo types of standard length communications protocols are Comm'A and
Comm-B; messages using these protocols are transferred under the control of the

interrogator. Comm-A messages are sent directly to the transponder and are completed
within one transaction. A Comm-B message is used to transfer information from air to
ground and can be initiated either by the interrogator or the transponder. ln the case of
ground-initiated Comm-B transfers, the interrogator requests data to be reael out from
the transponder, which delivers the message in the same transaction. In the case of air-
initiated Comm-B transfers, the transponder annol.nces the intention lo transmit a

message; in a subsequent transaction an interrogator will extract the message.

Nole 2.- In a non-selective air-initiated Comm-B protocol all transactions necessary

can be controlled by any interrogator.

Note 3.- ln some areas of overlapping interrogator coverage lhere may be no meansfor
coordinating interrogator activities via ground communications. Air-initiated Comm-B
communications protocols require more than one transaction for completion. Provision
is made to ensure that a Comm-B message is closed out only by the interrogator that
actually transferred the mes.sage. This can be accomplished through the use oJ' the

multistte Comm-B communications protocols or through the use of the enhanced Comm-
B co mmunic a tio ns pro t oco ls.

Note 4.- The multbite and the non-selective communications protocols cannot be used
simultaneously in a region of overlapping interrogator coverage unless lhe interrogators
coordinate their communicatiotts activities via ground communications.

Note 5.- The multisite communications protocol is independent of the multisite lockout
protocol. That is, the nultisite comntunications protocol may be used with the non-
selective lockout protocol and vice versa. The choice of lockout and communications
protocols to be used depends upon the nehvork ntanagement technique being used.

Note 6.- The broadcast Comm-B protocol can be used to make a message available to

a I I ac t ive i nterrogato rs.

t.6.ll.lComm-A.The interrogator shall deliver a Comm-A message in the MA tield of
an interrogation UF = 20 or 2l.
1.6. t I . t . lComm-A technical acknowledgemeltr. Acceptance of a Comm'A interrogation
shatt be automatically technicalty acknowledged by the transponder, by the transmission

of the requested reply ( 1.6.10.5.2.2.1).

Note.- The receipt ofa replyfrom the transponder according to the rules of 1.a.1.2.3 d)

ancl 1.4.1.3.2.2.2 is the acknowledgement to the interrogator that the interrogation has

been accepted by the transponder. If either uplink or downlink fail, this reply will be

mi.ssing and the interrogator will normalllt send the message again. In the case of
downlinklailure, the transponder may receive the message more than once.
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1.6.1 L t.2Contm-,4 broatlcast. If a Comm-A broadcast interrogation is accepted

(1.4.1.2.3.1.3) information transfer shalt be handted according to 1.10.5.2.[.] but other

transponder functions shall not be affected and a reply shall not be transmitted.

Note l.- There is no technical acknowledgement to a Comm-A broadcast message.

Note 2.- Since the transponder does not process the control fields of a Comm'A

broadcast interrogation, the 27 bits fottowing the uF field are also available for user

data.

L 6. 1 l. 2C round-initiated Comm-B

1.6.tL2.lComm-B data selector, BDS. The 8-bit BDS code shall determine the register

whose contents shalt be transferred in the MB fietd of the Comm-B reply. It shatl be

expressed in two groups of 4 bits each, BDSI (most significant 4 bits) and BDS2 (teast

significant 4 bits).

Note.- The transponcler register allocation is specified in ANS Technical Standards,

Part II, Volume il[, Part l, Chapter 5, Table 5-24.

t.6. ll.2.2BDS| code. The BDSI code shalt be as defined in the RR field o[ a

surveillance or CommA interrogation.

l.6.ll.2.3BDS2 code. The BDS2 code shalt be as defined in the RRS subfield of the SD

field (1.6. 1.4. l) when DI:7. If no BDS2 code is specified (i.e. Dt is not equal to 7) it
shall signify that BDS2 = 0.

l.6.tt.2.4Protocol. On receipt olsuch a request, the MB field otthe reply sha[[ contain

the contents of the requested ground-initiated Comm-B register.

1.6.tt.2.4./ If the requested register is not serviced by the aircraft installation, the

transponder shall repty and the MB field oIthe reply shall contain all ZEROs.

t.6.1t.2.5 Overlay control.ltthe "Dl" code of the Comm-B requesting interrogation is 0,

3 or 7, the "SD" contains the overlay control (OVC) field;

a) If the "OVC" is equal to "1," then the reply to the interrogation shall contain the

"DP" (data parity) field; and

b) If the "OVC" is equal to "0," then the reply to the interrogation shall contain the

"AP" field

1.6. I l.3Air-initiated Conm-B

l.6.ll.3.lGeneral protocoL The transponder shall announce the presence of an air-

initiated Comm-B message with the insertion o[code t in the DR field. To extract an air-

initiated Comm-B message, the intenogator shall transmit a request flor a Comm-B

message reply in a subsequent interrogation with RR equal to I 6 and, if DI equals 7, RRS

mustbeequal to0(1.6.11.3.2.1andt.6.11.3.3.1).Receiptofthisrequestcodeshall cause

the transponder to transmit the air-initiated CommB message. If a command to transmit

an air-initiated Comm-B message is received while no message is waiting to be

transmitted, the repty shall contain atl ZEROs in the MB field. The repty that delivers the

message shall continue to contain code I in the DR field. After a Comm-B closeout has

been accomplished, the message shall be cancelled and the DR code belonging to this

message immediatety removed. IIanother air-initiated Comm-B message is lvaiting to be

transmitted, the transponder shall set the DR code to l, so that the reply contains the

announcement oIthis next message.
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Note.- The announcement and cancellation protocol ensures that an air-initiated
message will not be lost due to uplink or downlinkfailures that occur during the delivery
process.

I .6.1 l.i.2 Additional protocol for multisite air-initiated Comm-B

Note.- The announcement of an air-initiated Comm-B message waiting to be delivered
may be accompanied by a multisite reservdtion status report in the UMlield (1.6.5.3.2).

An interrogator shall not attempt to extract a message if it has determined that it is not the
reserved site.

1.6.1l.i.2.lMessage transfer. An intenogator shall request a Comm-B reservation and
extract an airinitiated

Comm-B message by transmitting a surveillance or Comm-A interrogation UF equals 4,

5, 20 or 2l containing:

RR =16
DI =l
IIS = assigncd interrogator identiFrer

MBS = I (Comm-B reseryation request)

Note.- A Comm-B multisite reserttation request is normally accompanied by a Comm'B
reservation statw reques, fRS.t = l). This causes the interrogator identiJier of the
resertted site to be inserted in the UM field of the reply.

l.6.ll.3.2.l.lProtocol procedure in response to this interrogation shall depend upon the

state of the B-timer which indicates if a Comm-B reservation is active. This timer shall
run for 2nR seconds.

Note I .- The value olTR is given in L 10.3.9.

a) if the B-timer is not running, the transponder shall grant I reservation to the
requesting interrogator

by;

l. storing the IIS of the interrogation as the Comm-B II; and

2. starting the B-timer.

A multisite Comm-B reservation shall not be granted by the transponder unless an air-
initiated CommB message is waiting to be transmitted and the requesting interrogation
contains RR equals 16, D[ equals l, MBS equals I and IIS is not 0.

b) If the B-timer is running and the IIS of the interrogation cquals the Comm-B II,
the transponder shall restart the B-timer;

c) If the B-timer is running and the IIS of the interrogation does not equal the

Comm-B II, then there shall be no change to the Comm-B II or the B-timer.

Note 2.- ln case c) the reservation request has been denied.

1.6. 11.3.2.1.2 In each case the transponder shall reply with the Comm-B message in the

MB field.

1.6. Il.3.2.l.i{n interrogator shall determine if it is the reserved site for this message

through coding in the UM field. If it is the reserved site it shall attempt to close out the
message in a subsequent interrogation. If it is not the reserved site it shall not attempt to
close out the message.
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I .6.1 l.3.2.2tvlultisite-directed Comm-B transmissions. To direct an air-initiated Comm-B

message to a specific interrogator, the multisite Comm-B Protocot shatt be used. When

the B-timer is not running, the interrogator identifier of the desired destination shall be

stored as the

Comm-B II. Simultaneously the B-timer shall be started and the DR code shall be set to

l.

For a multisite-directed Comm-B message, the B-timer shall not automatically time out

but shall continue to run until:

a) the message is read and closed out by the reserved site; or

b) the message is cancelled ( I . 10.5.4) by the data link avionics.

Note.- The protocols of 1.6.5.3 and 1.6.11.3.2.1 will then result in delivery of the

message to the reserved site. The data link avionics may cancel the message ddelivery to

the reserved site cannot be accomplished.

1.6. I t.3.2.3Multisite Comm-B closeout. The interrogator shall close out a multisite air-

initiated CommB by transmitting either a surveillance or a Comm-A interrogation

containing:

eitherDl = l
IIS = assigned interrogator identifier

MBS = 2(Comm-Bcloseout)

orDl = 0,tor7
IIS : assigned interrogator identifier

PC = 4(Comm-Bcloseout)

The transponcler shall compare the tlS otthe interrogation to the Comm-B II and iIthe
interrogator identifiers do not match, the message shall not be cleared and the starus of
the Comm-B II, B-timer, and DR code shall not be changed. lIthe interrogator identifiers

match, the transponder shalt set the CommB [l to 0, reset the B'timer, clear the DR code

for this message and clear the message itself. The transponder shall not close out a

multisite air-initiated Comm-B message unless it has been read out at least once by the

reserved site.

t.6. I l.3.2.4Atttomatic expiration of Comm-B reservation. If the B-timer period expires

before a multisite closeout has been accomplished, the Comm-B II shalt be set to 0 and

the B-timer reset. The Comm-B message and the DR field shall not be cleared by the

transponder.

Note.- This makes it possiblefor another site to read and clear this message'

t.6. t l. 3. 3 Additional protocol for non'selective air-initiated Comm-B

Note.- ln cases where the multisite protocols are not required (i.e. no overlapping

coverage or sensor coordination via ground-to-ground communication), the non'

selective air-initiated Contm-B protocol may be used.

1.6.1l.3.3.lMessage transfer. The intenogator shall extract the message by transmining

either RR equals 16 and DI is not equal to 7, or RR equals 16, DI equals 7 and RRS

equals 0 in a survei[lance or Comm-A interrogation.

I.6.lt.3.3.2Comm-B closeoul. The interrogator shall close out a non-selective air-

initiated Comm-B message by transmitting PC equals 4 (Comm-B closeout). On receipt
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oIthis command, the transpondershalI perflorm closeout, unless the B-timer is running. If
the B-timer is running, indicating that a multisite reseryation is in effect, closeout shall be

accomplished as per 1.6.1 1.3.2.3. The transponder shall not close out a non-selective air-
initiated Comm-B message unless it has been read out at least once by an interrogation
using non-selective protocols.

1.6. I l.3.4Enhanced air-initiated Comm-B protocol

Note.- The enhanced air-initiated Comm-B protocol provides a higher data link
capacity by permitting parallel delivery of air-initiated Comm-B messages by up to
sLrteen interrogators, one for each II code. Operation without the need lor multisite
Comm-B reservations is possible in regions of overlapping coverage for interrogators
equipped Jbr the enhcnced air-initiated Comm-B Protocol. The protocol is fully
conformant to the standard multisite protocol and thtts is compalible with interrogators
that are not equtppedfor the enhanced protocol.

1.6. I 1.3.4. lThe transponder shall be capable ofstoring each of the sixteen II codes;

(l)an air-initiated or multisite-directed Comm-B message and (2) the contents of GICB
registers 2 through 4.

Note.- GICB registers 2 through 4 are usedlor the Comm-B linking protocol defined in
the Mode S sub-network SARPs

1.6. I l.3.4.2Enhanced multisite air-initiated Comm-B protocol

1.6.1l.3.4.2.llnitiation. An air-initiated Comm-B message input into the transponder
shall be stored in the registers assigned to II = 0.

1.6. I l.3,4.2.2{nnouncement and extraction. A waiting air-initiated Comm-B message
shall be announced in the DR field of the replies to all interrogators for which a multisite
directed Comm-B message is not waiting. The UM field of the announcement reply shall
indicate that the message is not reserved for any I[ code, i.e. the ItS subfield shall be set
to 0. When a command to read this message is received flrom a given interrogator, the

reply containing the message shall contain an IIS subfietd content indicating that the
message is reserved for the II code contained in the interrogation from that interrogator.
After readout and until closeout, the message shall continue to be assigned to that II code.

Once a message is assigned to a specific II code, announcement of this message shall be

no longer made in the replies to interrogators with other II codes. If the message is not
closed out by the assigned interrogator for the period o[ the B-timer, the message shall
revert back to multisite air-initiated status and the process shall repeat. Only one multisite
air-initiated Comm-B message shall be in process at a time.

1.6.11.3.4.2.3 Closeout. A closeout for a multisite air-initiated message shall only be

accepted from the interrogator that is currently assigned to transfer the message.

l.6.ll.3.4.2.4Announcement of the next message waiting. The DR field shall indicate a

message waiting in the reply to an interrogation containing a Comm-B closeout if an

unassigned air-initiated message is waiting and has not been assigned to a II code, or if a

multi-sitedirected message is waiting for that II code ( I .6. I I .3.4.3).

1.6. I l.3.4.3Enhanced multisite directed Comm-B protocol

1.6.1l.3.4.3.llnitiation.When a multisite directed message is input into the transponder, it
shall be placed in the Comm-B registers assigned to the II code specified for the message.

If the registers for this II code are already occupied, (i.e. a multisite directed message is
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already in process to this II code) the new message shall be queued until the current

transaction with that II code is closed out.

1.6.1l.3.4.3.2Announcement. Announcement of a Comm-B message waiting transfer

shall be made using the DR field as specified in 1.6.5.2 with the destination interrogator
II code contained in the IIS subfteld as specified in 1.6.5.3.2. The DR field and IIS
subfietd contents shall be set specifically lor the interrogator that is to receive the reply.
A waiting multisite directed message shalt only be announced in the replies to the

intended interrogator. It shall not be announced in the replies to other interrogators.

Note l.- If a multisite-directed message is waitingfor II = 2, the surveillance replies to
that inteffogator will contain DR = I and tlS = 2. If this is the only message in proce.ss,

replies to all other interrogators will indicate that no message is waiting.

Note 2.-- In addition to permitting parallel operation, this form of announcement enables

a greater degree of announcement of downlink ELMs. The announcements for the

downlink ELful and the CommB share the DR field. Only one announcement can take

place at a time due to coding limitations. In case both a Comm-B and a downlink ELfuI

are waiting, anneltncement preference is given to the Comm'9. ln the example above, d
an air-directed Comm-B was watting lor II : 2 and a multisite-directed do',vnlink ELM
was waitingfor II = 6, both interrogators would see their respective announcements on

the first scan since there would be no Comm-B announcemenl to ll = 6 to block the

announcement of the waiting downlink ELM.

1.6. lt.3.4.3.3Closeout. Closeoutsha[[ beaccomplishedasspecifiedin 1.6.11.3.2.3.

1.6.1l.3.4.3.4Annoltncement of the next message waiting. The DR field shalt indicate a

message waiting in the reply to an interrogation containing a Comm-B closeout if another

multisite directed message is waiting for that Il code, or i[ an air-initiated message is

waiting and has not been assigned to a II code.

t.6.1 t.3.4.4Enhanced non-selective Comm-B protocol. The availability of a non-selective

Comm-B message shall be announced to all interrogators. Otherwise, the protocol shall

bc as specified in t.6.11.3.3.

1.6. I l.4Comm-B broadcast

Note l.- A Comm-B message may be broadcast to all active interrogators within range.

lvlessages are alternately numbered I and 2 and are self-cancelling after 18 seconds.

Interrogators have no means to cancel Comm'B broadcast messages.

Note 2.- Use of the Comm-B broadcast is restricted to transmission of information
which cloes not require a subsequent ground'initiated uplink response.

Note 3.- The timer usedfor the Comm-B broadcast cycle is the same as that usedfor the

Conrm- B mu ltis ite pro toco l.

Note 4.- Data formats for Comm-B broadcas! are speci,fied in tie Technical Provisions

for Mode S Services and Extended Squitter ( ICAO Doc 987 l).

1.6. I 1.4. I Initiation.

1.6. I 1.4.1 . /A Comm-B broadcast cycle shalI begin with:

a) the; loading of the broadcast message into the Comm-B buffer;

b) the starting of the B-timer-for the current Comm-B message; and

Note.- lf there is more than one Comm-B message wailtngfor transmission, the timer is

only 5lnrrrO once the message becomes the current Comm'B broadcast.
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a) the selection of DR code 4 or 5, (1.6.5.2) [or insertion into future replies with
DF 4,5,20 or 2l when ACAS information is not available, or DR code 6 or 7 when

ACAS information is available.

1.6.11.4./.2The DR field shalt be changed to the next value each time a new Comm-B
broadcast message is initiated by the transponder.

Note.- The change of the DR value is used by the intenogator to detect that a new

CommB broadcast message is announced and to extract the new Comm-B message.

1.6.1t.4.1.3 AComm-B broadcast cycle shall not be initiated when an air-initiated
Comm-B message is waiting to be transmitted.

1.6.11.4.1.4 A new Comm-B broadcast cycle shall not intemrpt a current Comm-B
broadcast cycle.

1.6.1 l.4.2Extaction. To extract the broadcast message, an interrogator shall transmit RR
equals 16 and DI not equal to 3 or 7 or RR equals 16 and DI equals 3 or 7 with RRS

equals 0 in a subsequent interrogation

1.6.11.4. jExpiration. Wherr the B-timer period expires, the transponder shall clear the

DR code tor this message, discard the present broadcast message and change the

broadcast message number (from I to 2 or 2 to l) in preParation for a subsequent Comm-
B broadcast.

t.6.t I.4.4lnterruption. ln order to prevent a Comm-B broadcast cycle from detaying the

detivery of an air-initiated Comm-B message, provision shall be made for an air-initiated
Comm-B to interrupt a Comm-B broadcast cycle. If a broadcast cycle is intemrpted, the

B-timer shatt be reset, the intemrpted broadcast message shall be retained and the

message number shall not be changed. Delivery of the interrupted broadcast message

shall recommence when no air-initiated Comm-B transaction is in e[t'ect. The message

shall then be broadcast for the full duration of the B-timer.

t.6.1l.4.5Enhanced broadcast Comm-B protocol. A broadcast Comm-B message shall be

announced to all interrogators using II codes. The message shall remain active for the

period of the Btimer for each II code. The provision for intemrption of a broadcast by
non-broadcast Comm-B as specified in 1.6.11.4.4 shall aPPly separately to each II code.

When the B-timer period has been achieved for all II codes, the broadcast message shall

be automatically cleared as specified in I .6. I I .4.3. A new broadcast message shall not be

initiated until the current broadcast has been cleared.

Note.- Due to the fact that broadcast message interruption occurs independently for
each II code, it is possible that the broadcast message timeout will occur at diJferent

times for di/ferent II codes.

1.6.1I.4.6Management of Comm-B messages waitingfor transmission.lf the content of a
waiting Comm-B broadcast message is updated, only the most recent value for each

downlink broadcast identifier shall be retained and broadcast once the current Comm-B
broadcast is finished.

Note.- Downlink broadcast identifiers are defined in the Manual on Technical
Provisions for Mode S Services and Extended Squitter (ICAO Doc 9871).

/. 7 EXTENDED LENGTH COMMUNICATION TRANSACTIONS

Note l.- Long messages. either on the uplink or the downlink, can be transferred by the
extended length message (ELM) protocols through the LSe of Comm-C (UF = 24) and
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Comm-D (DF = 24) formats respectively. The ELM uplink protocol provides for the

transmission on the uplink of up to sixteen 80-bit message segments before requiring a

reply from the transponder. They also ullow a corresponding procedure on the downlink.

Note 2.- ln some areas of overlapping interrogator coverage there may be no means for
coordinating interrogator activities via ground communications. However, the ELM
communicalion protocols require more than one transaction fOr completion;

coordination is thus necessary to ensure that segments lrom different messages are not

interleaved and that transactions are not inadvertently closed out by the wrong

interrogator. This can be accomplished through the use of the multisite communications

protocols or through the use ofthe enhanced ELM protocols.

Note 3.- Downlink e.utended length messages are transmitted only after authorization by

the inlerrogator. The segments to be lransmitted are contained in Comm-D replies. As

with air-iiitiated Comm-B messages, downlink ELlv[s are either announced to all
inlerrogators or directed to a specific interrogator. In the former case an individual

interrogator can use the multisite protocol to reserve for itself the ability to close oltt the

downlink ELM transaction. A transponder can be instructed to identify the interrogator
that has reseryed the transponder for an ELM transaction. Only that interrogator can

close out the ELM transaction and reservation,

Note 4.- The multisite profocol and the non-selective protocol cannot be used

simultaneously in a region ofoverlapping interrogator coverage unless the interrogators

coordinate their communications activities via ground communications.

I.7.ICOMM-C, UPLINK FORMAT 24

13598S
UF RC NC tvtc AP

24888't12

The format of this interrogation shall consist oIthese fields:

Field Reference

UF uplink format 1.3.2.1.1

RC reply control L7. r. t

NC number oI C-segment t.7 .t.2

MC message, Comm-C 1.7. t.3

Address/parity 1.3.2.1.3

l.7.l.lRC: Reply control. This 2-bit (3-4) uplink held shall designate segment

significance and reply decision. Coding

RC = 0 signifies uplink ELM initial segment in

MC = I signifres uplink ELM intermediate segment in

MC = 2 signiflres uplink ELM final segment in

MC = 3 signifies a request for downlink ELM delivery (1.7 .7 -2)
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1.7.L2 NC: Number of C-segment. This 4-bit (5-8) uplink field shall designate the
number of the message segment contained in MC (1.7.4.2.1). NC shall be coded as a
binary number.

L7 .l.3MC: Message, Comm-C. This 80-bit (9-88) uplink field shall contain;

b) one of the segments of a sequence used to transmit an uplink ELM to the
transponder containing the 4-bit (9- I 2) IIS subfield; or

c) control codes for a downlink ELM, the l6-bit (9-24) SRS subfield (1.7.7.2.1)
and the 4-bit (25-28) IIS subfield.

Note.- Message contenl and codes are not included in this chapter exceptfor 1.7.7.2.1.

I.T.2INTERROGATION.REPLY PROTOCOL FOR UF24

Note.- lntenogation-reply coordination for the above format follows the protocol
outlined in Table l7 in the First Schedule (1.4.1.3.2.2).

I.7.3COMM-D, DOWNLINK FORMAT 24

I 5 s

DF KE ND MO AP

?8

The format of this reply shall consist of these f,relds

112

Field Reference

DF downlink format t.3.2.1.2

Spare- I bit

KE control ELM | .7 .3.1

ND number of D-segment 1.7.3.2

MD message, Comm-D t.7.3.3

Address/parity 1.3.2. I .3

l.7.3.lKE: Control, ELM.This l-bit (4) downlink field shall define the content of the ND
and MD fields.

Coding

KE = 0 signifies downlink ELM transmission

I signifies uplink ELM acknowledgement

1.7.3.2ND: Number of D-segment. This 4-bit (5-8) downlink field shall designate the
number of the message segment contained in MD (1.7.7.2). ND shall be coded as a

binary number.

1.7.3.3MD: Message, Comm-D. This 80-bit (9-88) downlink field shall contain:

a) one of the segments of a sequence used to transmit a downlink ELM to the
interrogator; or

b) control codes for an uplink ELM.

891

88
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I.7.4MULTIS ITE U P L I NK ELM P ROTOCOL

l.7.4.lMultisite uplink ELM reservation. An interrogator shall request a reservation for
an uptink ELM by transmitting a surveillance or Comm-A interrogation containing;

DI =l
IIS = assigned interrogator identifier

MES = I or 5 (uplink ELM reservation request)

Note.- A multisite uptink ELM reservation request is normally accompanied by an

uplink ELM reservation status request (RSS = 2). This caltses the interrogator identifier
of the reserved site to be inserted in the UM field of the reply.

1.7.4.l.1Protocol procedure in response to this interrogation shall depend uPon the state

of the Ctimer which indicates it an uptink ELM reservation is active. This timer shall run

flor ?nR seconds.

Note l.- The value o/TR rs given in 1.10.3.9.

a) if the C-timer is not running, the transponder shall grant a reservation to the

requesting intenogator by:

l. storing the IIS of the interogation as the Comm-C II and,

2. starting the C-timer.

b) If the C-timer is running and the ItS otthe interrogation equals the Comm-C II,
the transponder shall restart the C-timer.

c) If the C-timer is running and the ItS of the interrogation does not equal the

Comm-C II, there shatl be no change to the Comm'C II or the C-timer'

Note 2.- ln case c) the reservation request has been denied.

1.7.4. l.2An interrogator shall not start ELM activity unless, during the same scan, having

requested an uplink ELM status report, it has received its own interrogator identifier as

the reserved interrogator for uplink ELM in the UM field.

Nofe.- If ELM activity is not started during the same scan as the reservation, a ne'tv

reservation request may be made during the next scan.

1.7.4. l.3lf uplink ELM delivery is not completed on the current scan, the interrogator
shall ensure that it still has a reseryation before delivering additional segments on a

subsequent scan.

l.7.4.Zlvtuttisite uplink ELM detivery. The minimum length of an uplink ELM shall be 2

segments, the maximum length shall be l6 segments'

l.7.4.2.ltnitial segment lransfer. The interrogator shall begin the ELM uplink delivery

for a segment message (NC values from 0 to n-l) by a Comm-C transmission containing

RC equals 0. The message segment transmifted in the MC fretd shalt be the last segment

of the message and shall carry NC equals n-1. On receipt of an initializing segment (RC =

0) the transponder shall establish a "senrp" defined as;

a) clearing the number and content of previous segment storage registers and the

associated TAS field;

b) assigning storage space lor the number of segments announced in NC of this

interrogation; and

c) storing the MC field of the segment received'
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The transponder shall not reply to this interrogation. Receipt of another initializing
segment shall result in a new serup within the transponder.

l.7.4.2.2Transmission acknowledgement. The transponder shafl use the TAS subfield to
report the segments received so far in an uplink ELM sequence. The information
contained in the TAS subfield shall be continually updated by the transponder as

segments are received.

Note.- Segments lost in uplink transmission are noted by their absence in the TAS report
and are retransmitted by the interrogator which will then send further final segments to
assess the exteil ofmessage completion.

1.7.4.2.2.1TA5, transmission acknowledgement subfield in MD. This l6-bit (l'l-32)
downlink subfield in MD reports the segment numbers received so lar in an uplink ELM
sequence. Starting with bit 17, which denotes segment number 0, each of the following
bits shall be set to ONE if the conesponding segment of the sequence has been received.
TAS shall appear in MD if KE equals I in the same reply.

I.7.4.2.3lntermediate segment transfer. The intenogator shalI transfer intermediate
segments by transmitting Comm-C interrogations with RC equals l. The transponder
shall store the segments and update TAS onty if the setup ol 1.1 .4.2.1 is in effect and if
the received NC is smaller than the value stored at receipt of the initial segment. No reply
shall be generated on receipt of an intermediate segment.

Note.- Intermediate segments may be transmitted in any order.

l.7.4.2.4Final segment transfer. The interrogator shall transfer a final segment by
transmitting a Comm-C interrogation with RC equals 2. The transponder sha[[ store the
content of the MC field and update TAS if the setup ol 1.7.4.2.1 is in effect and if the

received NC is smaller than the value of the initial segment NC. The transponder shall
reply under all circumstances as per L.7 .4.2.5.

Note l.- This final segment transfer interrogation can contain any message segment.

Note 2.- RC equals 2 is transmitted any time that the interrogator wants to receive the
TAS subfield in the reply. Therefore, more than one "final" segment may be tansferred
during the delivery of an uplink ELM.

l.7.4.2.5Acknowledgement reply. On receipt ol a final segment, the transponder shall
transmit a Comm-D repty (DF = 24), with KE equals I and with the TAS subfield in the
MD field. This repty shalt be transmitted at 128 microseconds plus or minus 0.25
microseconds foltowing the sync phase reversal of the interrogation delivering the final
segment.

l.7.4.2.6Completed message. The transponder shall deem the message complete if all
segments announced by NC in the initializing segment have been received. If the

message is complete, the message content shall be delivered to the outside via the ELM
interface of 1.10.5.2. 1.3 and cleared. No later-arriving segments shall be stored. The TAS
content shall remain unchanged until either a new setup is called for (1.7.4.2.1) or until
closeout (1.7.4.2.8).

1.7.4.2.7 C-timer restart. The C-timer shall be restarted each time that a received segment
is stored and the Comm-C II is not 0.

Note.- The requtrement for the Comm-C II to be non-zero prevents the C-timdr from
being restarted during a non-selective uplink ELM transactton.
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l.7.4.2.8fuluttisite uplink ELful closeout The interrogator shall close out a multisite uplink
ELM by transmitting either a surveillance or a Comm-A interrogation containingeither
DI=l
IIS = assigned interrogator identifier

MES = 2, 6 or 7 (uptink ELM closeout) or DI = 0, I or 7

IIS = assigned interrogator identifier

PC = 5 (uplink ELM closeout)

The transponder shall compare the IIS of the interrogation to the Comm-C II and if the

interrogator identifiers do not match, the state of the ELM uplink process shall not be

changed. II the interrogator identifiers match, the transponder shalI set the Comm-C II to
0, reset the C-timer, clear the stored TAS and discard any stored segments of an

incomplete message.

l.7.4.).9ALttomatic multisite uplink ELM closeout. If the C-timer period expires before a

mulrisite closeout has been accomplished the closeout actions described in 1.7.4.2.8 shall

be initiated automatically by the transponder.

1.7. 5NON-SELECTIVE UPLINK ELM

Note.- In cases where the multisife protocols are not required (for example, no

overlapptng coverage or sensor coordination via ground-to-ground communication), the

non-selective uplink ELM protocol may be used.

Non-selective uptink ELM delivery shalt take place as for multisite uplink ELMs

described in 1.1 .4.2. The interrogator shall close out an uplink ELM by transmitting PC

equals 5 (uplink ELM closeout) in a surveiltance or Comm-A interrogation. On receipt of
this command, the transponder shall perform closeout, unless the C-timer is running. If
the C-timer is running, indicating that a multisite reservation is in effect, the closeout

shall be accomplished as per 1.7.4.2.8. An uncompleted message, present when the

closeout is accepted, shall be cancelled.

I.7.'ENHANCED UPLINK ELM PROTOCOL

Note.- The enhanced uplink ELM protocol provides a higher data link capacity by

permitting parallel delivery of uplink ELlv[ messages by up to sixteen interrogators, one

for each II code. Operation without the need for multisite uplink ELlvt reservations is

possible in regions of overlapping coverage for interrogators equipped for the enhanced

ttptink ELM protocol. The protocol is futty conformant to the standard mukisite protocol
and thus is compatible with interrogators that are not equipped for the enhanced

protocol.

1.7.6. I General

l.7.6.l.lThe interrogator shall determine from the data link capabitity rePort whether the

transponder supports the enhanced protocols. Ilthe enhanced protocols are not supported

by both the interrogator and the transponder, the multisite reservation protocols specified

in 1.7.4. I shall be used.

Note.- If the enhanced protocols are supported, uplink ELMs delivered nsing the

multisite protocol may be delivered vvithout a prior reservation.

1.7.6.1.2t1 the transponder and the interrogator are equipped flor thc enhanced protocol,

the intenogator shall use the enhanced uplink protocol.
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l.7.6.l.3The transponder shall be capable ofstoring a sixteen segment message flor each
ofthe sixteen II codes.

l.7.6.2Reservation processing. The transponder shall support reservation processing for
each II code as specified in 1.7.4. I

Note l.- Reservation processing is requiredlor interrogators that do not supPort the
enhanced protocol.

Note 2.- Since the transponder can process simultaneous uplink ELMs for all sLrteen II
codes, a reservation will always be granted.

l.7.6.3Enhanced uplink ELlvt delivery and closeout. The transponder sha[[ process
received segments separately by II code. For each value ofII code, uplink ELM delivery
and closeout shatt be performed as specified in 1.1 .4.2 except that the MD field used to
transmit the technical acknowledgment shall also contain the 4-bit (33-36) IIS subfreld.

Note.- The interrogator may use the II code contained in the technical
acknowledgement in order to verifi that it has received the correct technical
acknowledgement.

I.T.TMULTISITE DOW,ILINK ELM PROTOCOL

1.7.7.1Initialization. The transponder shall announce the presence oI a downlink ELM ol
r segments by making the binary code corresponding to the decimal value 15 r n

available for insertion in the DR field o[a surveillance or Comm-B reply, DF equals 4, 5,

20,21. This announcement shall remain active until the ELM is closed out (1.7.7.3,
1.7.8.1).

l.7.7.l.lMultisite downlink ELM reservation. An interrogator shall request a reservation
for extraction of a downlink ELM by transmitting a surveiltance or Comm-A
interrogation containing:

DI =l
IIS = assigned interrogator identifier

MES = 3 or 6 (downlink ELM reservation request)

Note.- A multisite downlink ELM reservation request is normally accompanied by a
downlink ELM reservation status request /RSS : 3). This causes the interrogator
identiJier of the reserved intetogator to be inserted in the UM /ield of the reply.

1.7.7.1.1.1 Protocol procedure in response to this interrogation shall depend upon the
state of the Dtimer which indicates if a downlink ELM reservation is active. This timer
shall run for IR seconds;

Note I .- The value o/TR rs given tn I . 10.3.9.

a) i[ the D+imer is not running, the transponder shall grant a reservation to the
requesting interrogator

by;

l. storing the IIS of the interrogation as the Comm-D II; and 2) starting the D-
timer.

A multisite downlink ELM reservation shall not be granted by the transponder unless a

downlink ELM is waiting to be transmitted.
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b) iIthe D-timer is running and the IIS otthe interrogation equals the Comm-D II,
the transponder shalI restart the D-timer; and

c) ifthe D-timer is running and rhe IIS of the interrogation does not equal the

Comm-D II, there shall be no change to the Comm-D lI or D-timer.

Note 2.- In case c) the reservation request has been denied.

1.7.7.1.1 .2An interrogator shall determine if it is the reserved site through coding in the

UM field and, iIso, it is authorized to request delivery of the downlink ELM. Otherwise,

ELM activiry shall not be started during this scan.

Note.- If the interrogator is not the reserved site, a new reseryation request may be

made during the next scan.

1.7,7.1.1.3 It downlink ELM activiry is not completed on the current scan, the

interrogator shatl ensure that it still has a reservation before requesting additional
segments on a subsequent scan.

l.'t.7.l.2Muttisite-directed downlink ELM transmissions. To direct a downlink ELM
message to a specitic interrogator, the multisite downlink ELM protocol shatl be used.

When the D-timer is not running, the intenogator identifier of the desired destination

shall be stored as the Comm-D II. Simultaneously, the D-timer shall be started and the

DR code (1.7 .7 .l) shall be set. For a multisite-directed downlink ELM, the D-timer shall

not automatically time out but shall continue to run until;

a) the message is read and closed out by the reserved site; or

b) the message is cancelled (1.10.5.4) by the data link avionics.

Note.- The protocols of 1.7.7.1 will then result in the delivery of the message to the

reserved site. The data link avionics may cancel the message if delivery to the reserved

site cannot be accomplished.

1.1 .7.ZDelivery of downlink ELMs. The interrogator shall extract a downlink ELM by
transmitting a Comm-C interrogation rvith RC equals 3. This interrogation shall carry the

SRS subfield which specifies the segments to be transmitted. On receipt o[ this request,

the transponder shall transfer the requested segments by means of Comm-D replies with
KE equals 0 and ND corresponding to the number of the segment in MD. The first
segment shalt be transmitted 128 microseconds plus or minus 0.25 microseconds

tbtlowing rhe sync phase reversal ofthe interrogation requesting delivery and subsequent

segments shalt be transmitted at a rate of one every 136 microseconds plus or minus I

microsecond. If a request is received to transmit downlink ELVI segments and no

message is waiting, each reply segment shall contain all ZEROs in the MD field.

Note l.- The requested segmeilts may be transmitted in any order-

Note 2.- Segments lost in dovvnlink transmissions will be requested again by the

interrogator on a subsequent interrogation carrying the SRS subfield. This process is

repeated until all segments have been transferred.

1.7.7.2.1SRS, segment request subfield in MC. This l6-bit (9-2a) uplink subfield in MC
shall request the transponder to transler downlink ELM segments. Starting with bit 9,

which denotes segment number 0, each of the following bits shatl be set to ONE if the

transmission of the corresponding segment is requested. SRS shatl appear in MC if RC

equals 3 in the same interrogation.

1.7.7.2.2D-timer restart. The D-timer shall be restarted each time that a request for
Comm-D segments is received if the Comm-D ll is non-zero.
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Note.- The requirement for the Comm-D II to be non-zero prevents the D-timer flrom
being restarted during a non-selective downlink ELM transaction.

l.7.7.2.3Multisite downlink ELM closeout. The interrogator shall close out a multisite
downlink ELM by transmitting either surveillance or a Comm-A interrogation
conlaining: either

DI= I

IIS = assigned interrogator identifier

MES -- 4,5 or 7 (downlink ELM closeout) or

DI = 0, lorT
IIS = assigned interrogator identiher

PC = 5 (downlink ELM closeout).

The transponder shall compare the ItS of the interrogation to the Comm-D II and if the
interrogator identifiers do not match, the state of the downlink process shall not be
changed. [f the interrogator identifiers match, and if a request for transmission has been
complied with at least once, the transponder shall set the Comm-D II to 0, reset the D-
timer, clear the DR code for this message and clear the message itselt If another
downlink ELM is waiting to be transmitted, the transponder shall set the DR code (if no
Comm-B message is waiting to be delivered) so that the reply contains the announcement
ofthe next message.

l,7.7.4Automatic expiration ol downlink ELM reservation. If the D-timer period expires
before a multisite closeout has been accomplished, the Comm-D II shall be set to 0, and
the D-timer reset. The message and DR code shall not be cleared.

Note.- This makes it possiblefor another site to read and clear this message.

1.7.8 NON-SELECTITEDOITNLINKELIUI

Note.- In cases where the multisite protocols are nol required (i.e. no overlapping
coverage or sensor coordination via ground-to-ground communication), the non-
selective downlink ELM protocol may be used.

Non-selective downlink ELM delivery shall take place as described in 1.7 .7.2.

1.7.8.1 Non-selective downlink ELM closeout. The interrogator shall close out a non-
selective downlink ELM by transmitting PC equals 6 (downlink ELM closeout) in a

surveillance or Comm-A interrogation. On receipt of this command, and if a request for
transmission has been complied with at least once, the transponder sha[[ perform closeout
unless the D-timer is running. If the D+imer is running, indicating that a multisite
reservation is in effect, the closeout shall be accomplished as per 1.7.7.3.

1.7.9 ENHANCED DOIYNLINK ELM PROTOCOL

Note.- The enhanced downlink ELM protocol provides a higher data link capacity by
permitting parallel delivery of downlink ELM messages by up to sixteen interrogators,
onefor each II code.

Operation vvithout the need lor mukisite downlink ELM reservations is possible in
regiotrs of overlapping coverage for interrogators equipped for the enhanced dovvnlink
ELM protocol. The protocol is fully conformant to the standard multisite protocol and
thus is compatiblewith interrogators that are not equippedfor the enhanced protocol.
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1.7.9.1General

l.7.9.l.tThe interrogatorshall determine from the data link capabiliry report whether the

transponder supporti the enhanced protocols. Ii the enhanced protocols are not supported

by botir the intlrrogator and the transponder, the multisite reservation protocols speciflred

in t.o. t I shall be used flor multisite and multisite-directed downlink ELMs.

Note.- [ the enhanced protocols are supported, dovvnlink ELfu[s delivered using the

multisite-directed protocol can be delivered vvithout a prior reservation.

l.7.g.l.zlf the transponder and the interrogator are equipped for the enhanced protocol,

the interrogator shall use the enhanced downlink protoco[.

l.7.9.2Enhanced multisite downlink ELM protocol

l.7.9.2.lThe transponder shalt be capable of storing a sixteen segment message for each

ofthe sixteen II codes.

l.7.9.2.2lnitialization. A multisite message input into the transponder shall be stored in

the registers assigned to II = 0.

l.7.9.2.3Announcement and extraction A waiting multisite downlink ELM message shall

be announced in the DR field of the replies to a[[ interrogators for which a multisite

directed downlink ELM message is not waiting. The UM fietd oIthe announcement reply

shall indicate that the message is not reserved for any II code, i.e. the IIS subfield shall be

set to 0. When a command to reserve this message is received from a given interrogator,

the message shalt be reserved lor the tt code contained in the interrogation from that

interrogatol. After readout and until closeout, the message shall continue to be assigned

to that It code. Once a message is assigned to a specific I[ code, announcement of this

message shall no longerbernud. in the replies to interrogators rvith other II codes. IIthe
messa;e is not closed out by the associated interrogator for the period of the D-timer, the

message shall revert back to multisite status and the process sha[[ repeat. Only one

muttisite downlink ELM message shall be in process at a time.

l.7.9.2.4Closeout. A closeottt for a multisite message shall only be accepted from the

interrogator thal was assigned most recently to transfer lhe message'

I.7.9.2.5Announcement of the next message waiting. The DR field shall indicate a

message waiting in the reply to an interrogation containing a downlink ELM closeout iI
an una-ssigned multisite dlwnlink ELM is rvaiting, or if a multisite directed message is

waiting for that tI code (1.1 .9.2).

1.7.9.3 Enhanced multisite directed downlink ELM protocol

l.T.g.3.llnitializationWhen a multisite directed message is input into the transponder, it

shalt be placed in the downlink ELM registers assigned to the II code specified for the

..rrug.. If the registers for this tl code are already in use (i.e' a multisite directed

downlink ELM message is already in process for this tl code), the new message shall be

queued until the current transaction rvith that II code is closed out'

l.7.9.3.ZAnnouncement. Announcement of a downlink ELlv{ message waiting transfer

shau be made using the DR field as specifred ia 1.7.7.1 with the destination interrogator

II code contained in the IIS subfteld as specitiecl in 1.6.5.3.2. The DR fleld and IIS

subfield contents shall be set specifically for the interrogator that is to receive the reply.
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A waiting multisite directed message shall only be announced in the rcplies to the
intended interrogator. It shall not be announced in repties to other interrogators.

l.7.9.3.3Delivery. An interrogator shall determine if it is the reserved site through coding
in the UM field. The delivery shall only be requested if it is the reserved site and shall be
as speciflred in 17.7 .2. The transponder shall transmit the mcssage contained in the buffer
associated with the II code specifred in the IIS subf,reld of the segment request
interrogation.

l.7.9.3.4Closeorr. Closeout shalt be accomplished as specified in 1.7,7.3 except that a

message closeout shall only be accepted from the interrogator with a II code equal to the
one that transferred the message.

l.7.9.3.5Announcement of the next message waiting. The DR field shall indicate a

message waiting in the reply to an intenogation containing a downlink ELM closeout if
another multisite directed message is waiting for that [I code, or if a downlink message is
waiting that has not been assigned a II code (1.7.9.2).

l,.7.9.4Enhanced non-selective downlink ELM protocol. The availability of a non-
selective downlink ELM message shatl be announced to all interrogators. Otherwise, the
protocol shall be as specified in 1.7 .7 .

I.8 AIR-AIR SERVICE AND SQUITTER TRANSACTIONS

Note.- Airborne collision avoidance systen (ACAS) equipment uses the formats UF or
DF equals 0 or I 6 for air-air sumeillance.

I.S.ISHORT AIR-AIR SURYEILLANCE, UPLINK FORMAT O

I 14

UF RL AQ DS AP

22

The format of this interrogation shall consist of these Frelds:

Field Reference

UF uplink format Spare- 3 bits 1.3.2. t. t

RL reply length Spare bits- 4 bits 1.8.1.2

AQ acquisition l.8.t.t
DS data selector Spare- l0 bits 1.8. r .3

AP Address/parity l .3.2. I .3

I.E.l.l AQ: Acquisition. This t-bit (14) uplink field shall contain a code which controls
the content of the Rt field.

1.8.1.2 RL: Reply length. This I-bit (9) uplinklield shall command theformat to be used
for the reply.

3315

565
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Coding

0 signifies a reply with DF = 0

I signifies a reply with DF = 16

Note.- A lransponder that does not suPport DF = 16 (i.e. transponder which does not
support thc ACAS cross-link capability and is not associated with airborne collision
avoidance cquipment) would not reply to a UF=0 intenogation with RL= I .

1.8.t.3 DS: Data selector. This 8-bit (15-22) uplink fietd shall contain the BDS code
(1.6.11.2.1) of the GICB register whose contents shall be returned to the corresponding

reply with DF = 16.

I.8.2SHORT AIR.AtR SURI/EILLANCE. DOWNLINK FORMAT O

9 t{ 33

DF vs cc 5L RI AC AP

5 tl 11 32 5,6

This reply shall be sent in response to an interrogation with UF equals 0 and RL equals 0.

The format of this reply shall consist oIthese fields:

t.8.2.1 YS: Yertical s/a/us.'This l-bit (6) downlink fietd shall indicate the status of the

aircraft (1.6.10.1.2).

Coding

0 signifies that the aircraft is airbome

I signifies that the aircraft is on the ground

1.8.2.2 N: Reply information, air-air. This 4-bit (14-17) downlink field shall rePort the

aircraft's maximum cruising true airspeed capability and type of reply to interrogating
aircraft. The coding shall be as follows:

o 7 ?0

Field Reference

DF downlink format 1.3.2.1.2

VS vertical status r.8.2.1

CC cross-link capability 1.8.2.3

Spare- I bit

SL sensitivity level, ACAS 1.1.5 Spare-2bits

RI reply information Spare bits- 2 bits t.8.2.2

AC altitude code r.6.5.4

AP Address/parity 1 .3.2. 1 .3
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0 signifres a reply to an air-air intenogation UF :0 with AQ = 0, no operating ACAS
l-7 reserved for ACAS

8-15 signifies a reply to an air-air interrogation UF = 0 with AQ = I and that the
maximum airspeed is as follows: 8 no maximum airspeed data available

9 maximum airspeed is .LE. 140 km/h (75 kD

l0 maximum airspeed is.GT. 140 and.LE.280 km/h (75 and 150 kt)

I I maximum airspeed is .GT. 280 and .LE. 560 km/h (150 and 300 kt)

12 maximum airspeed is .GT. 560 and .LE. I I l0 km/h (300 and 600 k0

13 maximum airspeed is.CT. t tlO and .LE.2220 km/h (600 and I 200 kt) 14
maximum airspeed is more than2220 km/h (l 200 k0 l5 not assigned.

Note.- ".L8." means "less than or equal to" and ".GT." means "greater than",

1.8.2.3 CC: Cross-link capability. This 1-bit (7) downlink treld shall indicate the ability
ofthe transponder to support the cross-link capability, i.e. decode the contents ofthe DS
field in an interrogation with UF equals 0 and respond with the contents of the spccified
CICB register in the conesponding reply with DF equals 15.

Coding

0 signifies that the transponder cannot support the cross-link capabiliry t signifies that the
transponder supports the cross-link capability.

I,8.3LONG AIR-AIR SURYEILLANCE, DOWNLINK FORMAT I6
1 6 I l1 20 33 89

OF VS 5L RI AC MV AP

t7 3? 88 11211

This reply shall be sent in response to an interrogation with UF equals 0 and RL cquals I
The format of this reply shall consist of these fields:

1.8.3.1 MV: Message, lCz{.S. This 56-bit (33-88) downlink ficld shall contain GICB
information as requested in the DS fietd ofl the UF 0 interrogation that elicited the reply.

Note.- The MltJield is also used by ACASfor air-air coordination

Field Reference

DF downlink format 1.3.2.1.2

VS vertical sanrs 1.8.2.1

Spare- 2 bits

SL sensitivity level, ACAS Ll.5 Spare-2bits

Rt reply information Spare bits- 2 bits r.8.2.2

AC altitude code 1.6.5.4

MV message, ACAS 1.8.3.1

AP Address/parity 1.3.2.1.3
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1.8. 4A I R-A I R TRA NSACTI O N P ROTOCO L

Note.- Interrogation-reply coordination for the air-air Iormats follows the protocol
outlined in Table l7 in the First Schedule (1.4.1.3.2.2).

The most significant bit (bit l4) of the RI freld olan air-air reply shall repticate the value

of the AQ field (bit l4) received in an interrogation with UF equals 0.

If AQ equals 0 in the interrogation, the RI field oIthe reply shall contain the value 0.

If AQ equats I in the interrogation, the Rt field of the repty shall contain the maximum
cruising tme airspeed capability oIthe aircraft as defined in 1.8.2'2.

In response to a UF = 0 with RL = I and DS + 0, the transponder shall reply with a DF =
l6 reply in which the MV field shall contain the contents otthe GICB register designated

by the DS value. [n response to a UF = 0 with RL = I and DS = 0, the transponder shall

reply with a DF = l6 with an MV field olall zeros. Receipt of a UF = 0 with DS * 0 but

RL = 0 shalt have no associated ACAS cross-link action, and the transponder shall reply
as specifred in 1.8.2.2.

t . 8. s AC Q U rS rTr O N SQU ITTE R

Nore.- SSR Mode S transponders transmit acquisition squitters (unsolicited downlink
transmissions) to permit passive acquisition by interrogators with broad antenna beams,
yvhere active acquisition may be hindered by all-call synchronous garble. Examples of
such interrogators are an airborne collision avoidance system and an airport sttrface
surveillance system.

1.8.5.1 Acquisition squitter format. The lormat used flor acquisition squitter transmissions

shall be the all-call reply, (DF = I l) with tl = 0.

1.8.5.2 Acquisition squitter rate. Acquisition squitter transmissions shalt be emitted at

random intervals that are uniformly distributed over the range from 0.8 to 1.2 seconds

using a time quantization of no greater than l5 mitliseconds relative to the previous

acquisition squitter, with the following excep(ions;

a) the scheduled acquisition squitter shatl be delayed il the transponder is in a

transaction cycle ( 1.4. t);

b) the acquisition squitter shall be delayed ifan extended squitter is in process;

c) the scheduled acquisition squitter shall be delayed if a mutual suppression
interflace is active (see Note I below); or

d) acquisition squitters shatl only be transmitted on the surface if the transponder is

not reporting the surface position type of Mode S extended squitter. An acquisition
squitter shall not be intemrpted by link transactions or mutual suppression activity after
the squitter transmission has begun.

Note l.- A mutual suppression system may be used to connect onboard equipment

operating in the same frequency band in order to Prevent mutual interference.

Acquisition squitter action resumes as soon as practical after a mutual suppression

interval.

Note 2.- The surface report type nay be selected automaticallT' by the aircraft or by

commands from a squitter ground station (1.8.6.7).

1.8.5.3 Acquisition squitter antenna selection. Transponders operating with antenna

diversity ( 1.10.4) shall transmit acquisition squitters as follows;
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a) when airbome (1.8.6.7), the transponder shall transmit acquisition squitters
altemately from the two antennas; and

b) when on the surface ( 1.8.6.7), the transponder shall transmit acquisition squifters
under control of SAS (1.6. 1.4. I Q). In the absence of any SAS commands, use olthe top
antenna only shall be the default.

Note.- Acquisition squitters are not emitted on the surface if the transponder is

reporting the surface type ofextended squitter (1.8.6.4.3).

I . 8. 6 EXT E N D E D S Q U ITT E R, D O I'tlN L I N K F O RM AT I 7

1693389
DF CA AA ME PI

583288112
Note.- SSR Mode S transponders transmit extended squitters to support the broadcast of
aircra,ftderived position for surveillance purposes. The broadcast of this type oJ
information is a form of automatic dependent surveillance (ADS) knovn as ADS-
broadcast (ADS-B).

1.8.6.1 Extended squitterformat. The format used flor the extended squitter shall be a

I l2-bit downlink format

(DF = l7) containing the following fields:

Field Reference

DF downlink format 1.3.2.1.2

CA capabiliry 1.5.2.2.1

AA address, announced 1.5.2.2.2

ME message, extended squitter 1.8.6.2

PI parity/interrogatoridentifier 1.3.2.1.4

1.8.6.2 lvlE: Message, extended squitter. This 56-bit (33-88) downlink field in DF = l7
shall be used to transmit broadcast messages. Extended squitter shatl be supported by
registers 05,06,07,08,09,0A {HEX} and 6l-6F (HEX} and shall conform to either
version 0 or version I message formats as described below;

a) Version 0 ES message formats and related requirements are suitable flor early
implementation of extended squitter applications. Surveillance quality is reported by
navigation uncertainty category (NUC), which can be an indication of either the accuracy
or integriry of the navigation data used by ADSB. However, there is no indication as to
which of these, integrity or accuracy, the NUC value is providing an indication of.

b) Version I ES message formats and related requirements apply to more advanced
ADS-B applications. Surveillance accuracy and integriry are reported separately as

navigation accuracy category NAC), navigation integriry category (NIC) and

surveillance integriry level (SIL). Version I ES formats also include provisions for
enhanced reporting of status inlormation.

Note l.- The lormats and update rates of each register are specified in rie Technical
Provisions for Mode S Services and Extended Squitter (ICAO Doc 987 l).

Note 2.- The formats for the bvo versions are tnteroperable. An extended squitter
receiver can recognize and decode both version 0 and version I messageJbrmats.
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Note 3.- Gttidance material on lransponder register formats and data sources is

included i1 rle Technical Provisions for Mode S Services and Extended Squitter ( ICAO

Doc 9871).

1.8.6.3 Extended squitter types

1.8.6.3.1 Airborne position squitter. The airborne position extended squitter type shall

use format DF = l7 with the contents of GICB register 05 {HEX} inserted in the ME

held.

Note.- A CICB reqtast (t.6. ll.2) containing RR equals l6 and DI equals 7 and RRS

equals 5 will cause the resulting reply to contain the airborne position report in its MB

field.
1.8.6.3.1.1S.tS, surveillance status subfield in ME. The transponder shall report the

surveillance status of the transponder in this 2-bit (38, 39) subfield o[ ME when ME

contains an airbome position squitter report.

Coding

0 signifies no status information

I signifies transponder reporting permanent alert condition

2 signifies transponder reporting a temporary alert condition

3 signifies transponder reporting SPI condition Codes t and 2 shall take

precedence over code 3.

1.8.6.3.t.2 ACS, altitude code subfietd in ME. Under control of ATS (1.8.6.3.1.3), the

transponder shall report either navigation-derived altitude, or the barometric altitude code

in this 12-bit (4 l-52) subfield of ME when ME contains an airbome Position report.

When barometric alritude is reported, the contents of the ACS shall be as specified for the

l3-bit AC field ( 1.6.5.4) except that the M-bit (bit 26) shall be omitted.

1.8.6.3.1.3 Control of ACS reporting. Transponder reporting olaltitude data in ACS shatl

depend on the altitude type subfield (ATS) as specihed in 1.8.6.8.2. Transponder

iniertion oIbarometric attitude data in the ACS subfteld shall take place when the ATS

subfield has rhe value of ZERO. Transponder insertion of barometric altitude data in ACS

shalt be inhibited when ATS has the value ['

t.5.6.3.2 Surface position squitter. The surface position extended squitter type shall use

format DF = l7 with rhe contents otGICB register 06 {HEX} inserted in the ME tield.

Note.- A GICB reqltest containing RR equals l6 and DI equals 7 and RRS equals 6 will
cause the resttlting reply to contain the surface positton report in its MB field.

1.8.6.3. j Aircraft identification squitter. The aircraft identification extended squitter type

shall use format DF = 17 with the contents of GICB register 08 {HEX} inserted in the

ME field.

Note.- A GICB reqtest containing RR equals l6 and DI equals 7 and RRS equals 8 will
cairse the resulting reply to contain the aircraft identi,fication report in its MB field.

t.8.6.3.4 Airborne velocity squitter. The airborne velocity extended squitter type shall use

format DF = l7 with the contents of GICB register 09 {HEX} inserted in the ME field.

Note.-AG\CBrequestcontainingRRequals t6andDtequalsTandRRSequals9tvill
cat,se the resttlting reply to contain the airborne velocity rePort in its MB field.

1.8.6.3.5 Periodic status and event-driven squitters
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1.8.6.3.5.1 Periodic status squitter. The periodic status extended squitter types shall use

lormat DF = 17 to convey aircraft status and other surveillance data. The aircralt
operational status extended squitter type shall use the contents of GICB register 65

{HEX} inserted in the ME field. The target state and status extended squitter rype shall
use the contents of GICB register 62 {HEX} inserted in the ME fietd.

Note l.- A GICB request (1.6. 11.2) containing RR equals 22 and DI equals 3 or 7 and
RRS equals 5 will cause the resulting reply to contain the aircra,ft operational status
message in its MB field.
Note 2.- A GICB request (1.6. ll.2) containing RR equals 22 and DI equals 3 or 7 and
RRS equals 2 wtll cause the resulting reply to contain the target state and status
information in its MBfield.

1.8.6.3.5.2 Event-driven squitter. The event-driven extended squitter rype sha[1 use

format DF = l7 with the contents of GICB register 0A {HEX} inserted in the ME field.

Note.- A GICB request (1.6.11.2) containing RR equals 16 and DI equals 3 or 7 and
RRS equals l0 will cause the resulting reply to contain the event-driven message in its
MB Jield.

1.8.6.4 Extended squitter rate

1.8.6.4.1 Inittalization. At power up initialization, the transponder shall commence
operation in a mode in which it broadcasts only acquisition squitters (1.8.5). The
transponder shall initiate the broadcast ofextended squitters flor airbome position, surface
position, airborne velocity and aircra[t identification when data are inserted into
transponder registers 05,06, 09 and 08 {HEX}, respectively. This determination shall be

made individually for each squitter type. When extended squitters are broadcast,
transmission rates shall be as indicated in the following paragraphs. Acquisition squitters
shall be reported in addition to extended squitters unless the acquisition squitter is

inhibited. Acquisition squitters shall always be reported if position or velocity extended
squitters are not reported.

Note l.- This suppresses the transmission of e.rtended squitters from aircraft that are
unable to report position, velocity or identity. If input to the register for a squitter type
stops for 60 seconds, broadcast of that extended squitter type will be discontinuecl until
dala insertion is resumed.

Note 2.- A,fter timeout (l.8.6.6), this squitter type may contain an MEfield of all zeroes.

1.8.6.4.2 Airborne position squitter rare. Airborne position squitter transmissions shall be

emitted when the aircraft is airborne (1.8.6.7) at random intervals that are uniformly
distributed over the range from 0.4 to 0.6 seconds using a time quantization ofno greater
than l5 milliseconds relative to the previous airbome position squitter, with the
exceptions as specified in t.8.6.4.7.

1.8.6.4.3 Surface position squitter rare. Surface position squitter transmissions shall be

emitted when the aircraft is on the surface (1.8.6.7) using one of two rates depending
upon whether the high or low squitter rate has been selected (1.8.6.9). When the high
squitter rate has been selected, surface position squitters shall be emitted at random
intervals that are uniformly distributed over the range from 0.4 to 0.6 seconds using a

time quantization of no greater than l5 milliseconds relative to the previous surface
position squitter (termed the high rate). When the low squitter rate has been selected,
surface position squitters shalt be emitted at random intervals that are uniformly
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distributed over the range o[ 4.8 to 5.2 seconds using a time quantization of no greater

than t5 mitliseconds relative to the previous surface position squitter (termed the low

rate). Exceptions to these transmission rates are specified in 1.8.6.4.7.

t.8.6.4.4 Aircraft identirtcailon squitter rate. A.rcraft identification squitter transmissions

shall be emitted at random intervals that are uniformly distributed over the range of 4.8 to

5.2 seconds using a time quantization of no greater than l5 milliseconds relative to the

previous identification squiner when the aircraft is reporting the airborne position squitter

rype, or when the aircraft is reporting the surface position squitter type and the high

surface squitter rate has been selected. lVhen the surface position squitter type is being

reported at the low surface rate, the aircraft identification squitter shatt be emitted at

random intervals that are uniformty distributed over the range of 9.8 to 10.2 seconds

using a time quantization of no greater than l5 milliseconds relative to the previous

identification squitter. Exceptions to these transmission rates are specif,ted in 1.8.6.4.7'

t.8.6.4.5 Airborne velocity squitter rate. Airborne velocity squitter transmissions shall be

emitted when the aircraft is airborne (1.8.6.7) at random intervals that are unilormly
distributed over the range from 0.4 to 0.6 seconds using a time quantization o[ no greater

than l5 milliseconds relative to the previous airborne velociry squitter, with the

exceptions as specified in 1.8.6.4.7.

1.8.6.4.6 Periodic status and event-driven squitter rates

1.8.6.4.6. I Periodic status squitter rates. The periodic status squitter types supported by a

Mode S extended squiuer transmitting system class, as specified in regulation 88(a), shall

be periodically emitted at defined intervals depending on the on-the-ground status and

whether their content has changed.

Note.- The aircraft operational status extended squitter type and the larget state and

stattts extended squitter type rates are specified in the Technical Provisions for Mode S

Services and Extended Squitter (Doc 9871).

1.8.6.4.6.2 Event-driven squitter rate. The event-driven squitter shall be transmitted once,

each time that CICB register 0A {HEX} is loaded, white observing the delay conditions

specified in 1.8.6.4.7. The maximum transmission rate lor the event-driven squitter shall

be timited by the transponder to twice per second. If a message is inserted in the event-

driven register and cannot be transmitted due to rate limiting, it shall be held and

transmitted rvhen the rate limiting condition has cleared. I[ a new message is received

before transmission is permitted, it shall overwrite the earlier message.

Note.- The squitter transmission rate and the duration of squitter transmissions is

applicationdependent. Choices made for each application must take inlo account

interference considerations as shown in the Aeronautical Surveillance lv[anual (Doc

e924).

l.8.6.4.7Delayed transmission. Extended squitter transmission shall be delayed in the

[ollowing circumstances:

a) if the transponder is in a transaction cycle ( t '4. I );

b) iIan acquisition or another rype ofextended squitter is in process; or

c) iIa mutual suppression interf,ace is active.

The detayed squitter shall be transmitted as soon as the transponder becomes available.

l.S.6.5Extended.squitter antenna selection. Transponders operating with antenna

diversity (1.10.4) shalI transmit extended squitters as follows:
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a) when airbome (1.8.6.7), the transponder shall transmit each type of extended
squitter alternately from the wo antennas; and

b) when on the surface (1.8.6.7), the transponder shall transmit extended squitters
undercontrol otSAS (t.6.1.4.1 f
In the absence of any SAS commands, use of the top antenna only shall be the default
condition.

1.8.6.6 Register time-out. The transponder shall clear all 56-bits of the airborne position,
surface position, squitter status and airborne velocity information transponder registers
05, 06, 07 and 09 {HEX} if these registers are not updated within two seconds o[ the
previous update. This time-out shall be determined separately for each ofthese registers.

Note l.- Termination of extended squitter broadcast is specitied in tlre Technical
Provisions for Mode S Services and Extended Squitter (Doc 987t).

Note 2.-These registers are cleared to prevent the reporting of outdated position,
velocity and squitter rate information.

1.8.6,7 Airborne/surface state determination. Aircraft with an automatic means of
determining on-theground conditions shatl use this input to select whether to report the

airbome or surflace message types. Aircraft without such means shall report the airborne
type messages, except as specified in Table l-9 in the First Schedule. Use of this table
shall only be applicable to aircraft that are equipped to provide data for radio altitude
AND, as a minimum, airspeed OR ground speed. Otherwise, aircraft in the specified
categories that are only equipped to provide data for airspeed and ground speed shall
broadcast the surface format if;

airspeed< 50 knots AND ground speed < 50 knots

Aircraft with or without such automatic on-the-ground determination shall set and report
the on-theground status (and therelore broadcast the surface type format) as commanded
by control codes in TCS ( 1.6. I .4. I 0). After time-out of the TCS commands, control of
airborne/surface determination shal[ revert to the means described above.

Note.- Extended squitter ground stations determine aircra/t airborne or on-the-ground
statl,s by monitoring aircraft position, altitude and ground speed. Aircraft determined to
be on the ground that are not reporting the on-lhe-ground status tvill be commanded to
set and report the on-the-ground status via TCS (1.6.1.4.1 fl). The normal return to
aircra,ft control of the vertical status is via a ground command to cancel the on-the'
ground status. To guard against loss of communications after take-oJf, commands to set
and report the on-the-ground status automatically time-out.

I .8.6.8 Squitter status reporting. A GICB request ( 1 .6. I I .2) containing RR equals l6 and
DI equals 7 and RRS equals 7 shall cause the resulting reply to contain the squitter starus

report in its MB field.

1.8.6.8.1 TRS, transmission rate subfield in MB. The transponder shall report the
capability of the aircraft to automatically determine its surface squitter rate and its current
squitter rate in this 2-bit (33, 34) subfield of MB.

Coding

0 signihes no capability to automatically determine surface squiner rate

I signifies that the high surface squiner rate has been selected

2 signifies that the low surface squitter rate has been selected
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3 unassigned

Note l.- High and low squitter rate is determined on board the aircraft'

Note 2.- The low rate is used when the aircrafl is stationary and the high rate is used

when the aircraft is moving. For details of how "moving" is determined, see the data

format of regisier 07 l6 in the Technical Provisions for Mode S Services andExtended

Squitter (Doc 987 l).

1.8.6.8.t ATS, altitude type subfield in MB. The transponder shall report the type of
altitude being provided in the airborne position extended squitter in this l-bit (35)

subfietd of MB when the reply contains the contents of transPonder register 07 {HEX}.

Coding

0 signifies that barometric altitude shatl be reported in the ACS (1.8.6.3.1.2) of
transponder register 05 {t-lEX}.

I signifies that navigation-derived altitude shall be reported in the

ACS( 1.8.6.3.1 .2) of transponder register 05 {HEX} '

Note.- Details of the contents of transponder registers 05 {HEX} and 07 {HEX} are

shown in tie Technical Provisions for Mocle S Services and Extended Squitter (1ClO

Doc 987 l).

1.8.6.9 Surface squitter rate control. Surface squitter rate shall be determined as

[olIows:

a) once per second the contents of the TRS shatl be read. If the value of TRS is 0

or l, the transionder shall transmit surface squitters at the high rate. Ilthe value otTRS
is 2, the transponder shall transmit surlace squitters at the low rate;

b) the squitter rate determined via TRS shalt be subject to being ovenidden by

commands received via RCS (1.6. 1.4.1 0). RCS code I shatl cause the transponder to

squitter at the high rate for 60 seconds. RCS code 2 shall cause the transponder to squitter

aithe low rate for 60 seconds. These commands shalt be able to be relreshed fior a new 60

second period before time-out of the prior period; and

c) after time-out and in the absence of RCS codes I and 2, control shall retum to

TRS.

1.8.6.10 Latitude/longitude coding using compact Position reporting (CPR).Mode S

extended squitter shall use compact position reporting (CPR) to encode latitude and

longitude efficlently into messages.

Note.- The method rtsed to encode/decode CPR is specifed in tie Technical Provisions

for Mode S Services and Extended Squitter (ICAO Doc 987 l)'

t.8.6.t1 Data insertion.When the transponder determines that it is time to emit an

airborne position squitter, it shall insert the current value of the barometric altitude

(unless inhibited by the ATS subfreld, 1.8.6.8.2) and survei[lance status into the

appropriate fietds of register 05 {HEX}. The contents of this register shall then be

inserted into the ME field of DF = l7 and transmitted.

Note.- Insertion in this manner ensures that (t) the squitter contains the latest altitude

and sttrveillance status, and (2) ground read-ottt of register 05 {HEX} will yield e'tactly

rhe same inlormation as the AC field of a Mode S surveillance reply'

t.8.7 EXTENDED SQUITTENSUPPLEMENTARY' DOWNLINK FORIV(AT I I
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Note l.- This formal supports the broadcast of extended squitter ADS-B messages by
non-transponder devices, i.e. they are not incorporated into a Mode S transponder. A
separate format is used to clearly identifi this non-transponder case to prevent ACAS II
or extended squitter ground stations from attempting lo interrogate these devices.

Note 2.- This format is also used for ground broadcast of ADS-B related services such
as tra.ffic information broadcast (TIS-B).

Note 3.- Theformat of the DF = l8 transmission is defined by the value of the CFfield.

1.8.7: I ES supplementary format. The format used for ES supplementary shall be a I l2-
bit downlink format (DF = l8) containing the fotlowing Erelds:

Field Reference

DF downlink format t.1.2.t.2

CF control field t.8.7.2

PI parity/interrogator identi fier t.3.2.t.4

1.8.7.2 Controlrted.This 3-bit (6-8) downlink field in DF = l8 shall be used to define
the format of the ll2-bit transmission as follows.

Code 0 = ADS-B ES/NT devices that report the ICAO 24-bit address in the AA field
( r .8.7)

Code I = Reserved for ADS-B for ESA.IT devices that use other addressing techniques
in the AA freld (1.8.7.3)

Code 2 = Fine format TIS-B message

Code 3 = Coarse format TIS-B message

Code 4 : Reserved for TIS-B management messages

Code 5 = TIS-B messages that relay ADS-B messages that use other addressing
techniques in the AA tield

Code 6 : ADS-B rebroadcast using the same type codes and message formats as defined
for DF : 17 ADS-B messages

Code 7 = Reserved

Note l.- Administations may wish to make addre.ss assignments for ESNT devices in
addition to the 24-bit addresses allocated by ICAO (Annex 10, Volume III, Part I,
Chapter 9) in order to increase the available number ol 24-bit addresses.

Note 2.- These non-[CAO 24-bit addresses are not intendedlor international use.

1.8.7.3 ADS-B for extended squitter/non-transponder (ESNT) devices
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1.8.7.3.1E9/NTformat. The flormat used for ESAIT shatl be a ll2-bit downlink format
(DF = l8) containing the following f,relds:

Field Reference

DF downlink format t.3.2.1.2

CF control field=O 1.8.7.2

AA address, announced t.5.2.2.2

ME message, extended squitter 1.8.6.2

PI parity/intenogator identifi er t.3.2.1.4

1.8.7.3 .2 ES/NT squitter types

1.8.7.3.2.1 Airborne position squitter. The airborne position type ES/NT shall use

format DF = l8 with the format for register 05 {HEX} as defined in 1.8.6.2 inserted in
the ME field.

1.8.7.3.2.2 Surface position squitter. The surface position rype ESA.{T shall use format
DF = l8 with the format for register 06 {HEX} as defined in 1.8.6.2 inserted in the ME
field.

1.8.7.3.2.3 Aircra[t identification squitter. The aircraft identification type ESAIT shall use

format DF = l8 with the format for register 08 {HEX} as detlned in 1.8.6.2 inserted in
the ME fietd.

1.8.7.3.2.4 Airborne velocity squitter. The airborne velociry type ES/NT shall use format
DF = l8 with the format for register 09 {HEX} as defined in 1.8.6.2 inserted in the ME
freld.

1.8.7.3.2.5 Periodic status and event-driven squitters

1.8.7.3.2.5.1 Periodic statl.s squitters. The periodic status extended squitter rypes shall
use format DF = 18 to convey aircraft starus and other surveillance data. The aircraft
operational status extended squitter type shall use the format of GICB register 65 {HEX}
as defined in 1.8.6.4.6. I inserted in the ME fietd. The target state and status extended
squitter rype shalt use the format of GICB register 62 {HEX} as defined in 1.8.6.4.6.1

inserted in the ME tield.

1.8.7.3.2..5.2 Event-driven squitter. The event-driven type ESAIT shall use format DF =
l8 with the format for register0A {HEX} as defined in 1.8.6.2 inserted in the ME field.

1.8.7.3.3 ESNT squitter rate

1.8.7.3.3.1 Initialization. At power up initialization, the non-transponder device shall
commence operation in a mode in which it does not broadcast any squitters. The non-
transponder device shalI initiate the broadcast of ESAIT squitters for airbome position,
surface position, airborne velocity and aircralt identification when data are available for
inclusion in the ME field of these squitter types. This determination shall be made
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individually for each squitter type. When ESNT squitters are broadcast, transmission

rates shall be as indicated in 1.8.6.4.2 to 1.8.6.4.6.

Note l.- This suppresses the transmission of extended squitters from aircra,ft that are

unable to report position, velocity or identity. Il input to the register for squitter types

stops for 60 seconds, broadcast for this extended squitter type will cease until data

insertion resumes, exceptfor an ES/NT device operating on the surface (as speci/iedfor
extended squitter Version I formats in the Technical Provisions for Mode S Services and

Extended Squitter (Doc 987 I ).
Note 2.- Afier timeout (1.8.7.6) this squitter type may contain an ME field of all zeros.

1.8.7.3.3.2 Delayed transmission. ESAIT squitter transmission shall be delayed if the

non-transponder device is busy broadcasting one ofthe other squitter types.

1.8.7.3.3.2.1 The delayed squitter shall be transmitted as soon as the non-transponder

device becomes available.

1.8.7.3.3.3 ESft,lT antenna selection. Non-transponder devices operating with antenna

diversity (1.10.4) shall transmit ES/NT squitters as follows;

a) when airborne (1.8.6.7), the non-transPonder device shall transmit each rype o[
ES/NT squitter altemately flrom the two antennas; and

b) when on the surface (1.8.5.7), the non-transponder device shall transmit ES|NT
squitters using the top antenna.

1.8.7.3.3.4 Register timeout. The non-transponder device shall clear all 56-bits of the

airborne position, surface position 4nd velocity registers used for these messages if these

registers are not updated wirhin two seconds of the previous update. This timeout shall be

determined separately for each of these registers.

Note l.- The termination of an extended squitter broadcast is speci/ied in tie Technical
Provisions for Mode S Services and Extended Squitter ( ICAO Doc 987 l).

Note 2.- These registers are cleared to prevent the reporting ofoutdated position and

velocity information.

1.8.7.3.3.5 Airborne/surface state determination Aircraflt with an automatic means of
determining the on-the-ground state shall use this input to select whether to report the

airborne or surface message types excePt as sPecified in 1.6.10.3.1 and 1.8.6.7. Aircraft
without such means shalt report the airbome tyPe message, except as specified in 1.8.6.7

1.8.7.3.3.6 Surface squitter rate conffol. Aircraft motion shatl be determined once per

second. The surface squitter rate shall be set according to the results of this

determination.

Note.- The algorithm to determtne aircraft motion is specified in the definition of
register 0716 in r&e Technical Provisions for Mode S Services and Extended Squitter
(ICAO Doc 9871).

1.8.7 .4 Use of ES by other surveillance systems.

I .8.7.4. I Surface system control

When a surface surveillance system uses DF=I8 as part o[ a surveillance flunction, it
should not use the formats that have been allocated for the purpose of surveillance of
aircraft , vehicles and/or obstacles.
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Note l.- The formats allocated for the purpose of surveillance of aircraft, vehicles

and/or obstacles are specified in the Technical Provisions for Mode S Services and

Extended Squitter ICAO Doc 987 l).

Note 2.- The transmission of any message format Ltsed for conveying position, velocity,

identification, state itormalion, etc., may result in the initiation and maintenance of
false rracks in other l090ES receivers. The use of these messages for lhis pttrpose may be

prohibited in the future.

1.8.7.4.2 Surface system status-The surface system status message type (Type Code=24)

should be the only message used to provide the status or synchronization of surlace

surveillance systems.

Note.- The surface system status message is specifiecl in the Technical Provisions for
Mode S Services and Extended Squiner (|CAO Doc 987 l). This message will be used

onty by the surface surveillance system that generated it and will be ignored by other

surface systems

1.8.8 EXTENDED SQUITTER MILITARY APPLICATION, DO\4/NLINK FORLVAT l9

10011 AF:3

Note.- This format sltpports the broadcast of extended squitter ADS-B messages in

support of military applications. A separate format is used to distinguish these extended

squittersfrom the standard ADS'B message set braadcast using DF = l7 or 18.

1.8.8.1 Militaryformat. The format used for DF = l9 shatl be a I l2-bit downlink format

containing the fottowing fields: Field Reference

DF downlink tbrmat 1.3.2.1 .2

AF Controfietd 1.8.8.2

t.8.8.2 Application feld. This 3-bit (6-8) downlink field in DF = 19 shall be used to

define the format of the I l2-bit transmission.

Code0toT=Reserved

1,8,9 EXTENDED SQUITTER MAXIIVIUM TRANSMISSrcN RATE

1.8.9.1 The maximum total number of extended squitters (DF : 17, l8 and l9) emitted by

any extended squitter installation shall not exceed 6.2 per second, excePt as specified in

1.8.9.2.

1.8.9.2 For instaltations capable of emitting DF = l9 squitters and in accordance with
1.8.8, transmission rates for lowerpower DF = 19 squitters shall be limited to a peak of
forty DF = t9 squitters per second, and thirty DF = l9 squitters per second averaged over

l0 seconds, provided that the maximum total squitter power-rate product for the sum of
full power DF: l7 squitters, full power DF = t8 squitters, full power DF = l9 squitters,

and lower power DF: 19 squitters, is maintained at or below a level equivalent to the

power sum of6.2 full power squitters per second averaged over l0 seconds.

1.8.9.3 States shall ensure that the use of low power and higher rate DF = l9 oPeration

(as per t.8.9.2) is compliant with the following requirements:;

a) it is limited to formation or element lead aircraft engaged in formation flight,
directing the messages toward wing and other lead aircraft through a directional antenna

with a beam-width of no more than 90 degrees; and
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b) the type o[inflormation contained in the DF = l9 message is limited to the same

type of information in the DF = l7 message, that is, information for the sole purpose ol
safety-ot-fl ight.

Note.- This low-power, higher squitter rate capability is intended for limited use by
State aircralt in coordination with appropriate regulatory bodies.

1.8.9.4 All UF = l9 airborne interrogations shall be included in the interference control
provisions of 1.2.2.2.

I.9 ATRCRAFT IDENTIFICATION PROTOCOL

1.9.1 Aircra,ft identification reporting. A ground-initiated Comm-B request (1.6.11.2)
containing RR equals 18 and either D[ does not equal 7 or DI equals 7 and RRS equals 0

shall cause the resulting reply to contain the aircraft identification in its MB field.

l.9.l.l AlS, aircraft identification subfield in MB. The transponder shal[ report the

aircraft identification in the 48-bit (4 l-88) AIS subfield of MB. The aircraft identification
transmitted shall be that employed in the flight plan. When no flight plan is available, the

registration marking ofthe aircraft shall be inserted in this subfield.

Note.- When the registration marking of the aircraft is used, it is classifed as "faed
direct data". lllhen anolher type of aircraft identification is used, it is classified as

" variable direct data ".

1.9.1.2 Coding of the AIS subfeld. The AIS subFreld shall be coded as follows:

33 41 17 53 59 65 71 7l 83

80s Char- 1 Char. 2 Char. 3 Char. 4 Char.5 Chor. 6 Cnef.7 Char. I
,to 46 52 .58 64 70 ?6

Note.- Aircraft identification coding provides up to eight characters

a2 88

The BDS code for the aircraflt identification message shall be BDSI equals 2 (33-36) and

BDS2 equals 0 (37-40). Each character shall be coded as a 6-bit subset of the

lnternational Alphabet Number 5 (IA-5) as il[ustrated in Table 3-8. The character code

shall be transmitted with the high order unit (b6) ftrst and the reported aircraft
identification shal[ be transmitted with its left-most character first. Characters shall be

coded consecutively without intewening SPACE code. Any unused character spaces at

the end ofthe subfield shall contain a SPACE character code.

L9.1.3 Aircraft identification capability report. Transponders which respond to a

ground-initiated request flor aircraflt identification shall report this capability in the data

link capabitity report (.6. 10.2.2.2)by setting bit 33 of the MB subfield to t.

1.9.1 4 Change of aircraft identification. If the aircraft identification reported in the AIS
subfield is changed in flight, the transponder shall report the new identification to the

ground by use of the CommB broadcast message protocol of 1.6.I 1.4 for BDS I = 2 (33 '
36) and BDS2 = 0 (37 - 40). The transponder shall initiate, generate and announce the

revised aircraft identification even if the interface providing flight identification is lost.

The transponder shall ensure that the BDS code is set for the aircraft identification report
in all cases, including a loss o[the interface. In this latter case, bits 4l - 88 shall contain
all ZEROs.
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Note.- The setting of the BDS code by the transponder ensures that a broadcast change

of aircraft itlenti"fication ,,vill contain the BDS code for all cases of /light identi.fication

failure (e.g. the loss of the interface Providingflight identification).

I.IO ESSENTIAL SYSTEM CHARACTERISTTCS OF THE SSR MODE S

TRANSPONDER

l.l0.l Transponder sensirivity and dynamic range. Transponder sensitivity shall be

defined in terms of a given interrogation signal input level and a given percentage o[
corresponding repties. Only correct replies containing the required bit pattern for the

interrogation received shall be counted. Given an interrogation that requires a reply

according to 1.4, the minimum triggering level, MTL, shalt be defined as the minimum

input power leveI for 90 per cent reply-to-interrogation ratio. The MTL shatl be -74 dBm
+3 dB. The reply-to-interrogation ratio of a Mode S transponder shatl be;

a) at least 99 per cent for signal input levels between 3 dB above MTL and -2 t
dBm; and

b) no more than l0 per cent at signal input levels betow -8 I dBm'

Note.- Transponcler sensitivity and output power are described in this section in terms

of signal level at the terminals of the antenna. This gives the designerfreedom to arrange

the installation, optimizing cable length and receiver'transmitter design, and does not

exclttde receiver and/or transmitter components from becoming an integral part of the

antenna subassembly.

l.l0.l I Reply ratio in the presence ofinterference

Note.- The lollowing paragraphs present measures of the performance of the Mode S

transponcler in the presence of interfering Mode A/C interrogation pulses and low'level
in-band CIY interlerence.

1.t0. l.l.l Reply ratio in the presence of an interfering pulse. Given a Mode S

interrogation which requires a reply(t.4), the reply ratio ofla transPonder shall be at least

95 percent in the presence of an interfering Mode A/C intenogation putse if the level of
the interflering pulse is 6 dB or more below the signal level flor Mode S input signal levels

between -68 dBm and -2 I dBm and the interfering pulse overlaps the P6 pulse o[ the

Mode S interrogation anywhere after the sync phase reversal. Under the same conditions,
the reply ratio shall be at least 50 per cent if the interference pulse level is 3 dEl or more

below the signal level.

1.10.1.1.2 Reply ratio in the presence of pulse pair interference. Given an interrogation

which requires a reply (1.4), the reply ratio o[a transponder shall be at least 90 per cent

in the presence of an interfering Pl - P2 pulse pair if the level of the interfering pulse

pair is 9 dB or more below signal level for input signal levels between -68 dBm and -2 I
dBm and the Pl pulse of the interfering pair occurs no earlier than the Pl pulse of the

Mode S signat.

Ll0.l.l.3 Reply ratio in the presence of low level asynchronous interfereace. For all
received signats between -65 dBm and -2 I dBm and given a Mode S interrogation that

requires a reply according to 1.4 and if no lockout condition is in effect, the transponder

shall repty correctly rvith at least 95 per cent reply ratio in the presence of asynchronous

interferince. Asynchronous interference shall be taken to be a single Mode A/C
interrogation pulse occurring at atl rePetition rates up to l0 000 tlzala level l2 dB or

more below the level of the Mode S signal.
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Note.- Such pulses may combine with the P I and P2 pulses ol the Mode S interrogation
to form a valid Mode A/C-only all-call interrogation. The Mode S tansponder does not
respond to Mode A/C-only allcall intenogations. A preceding pulse may also combine
with the P 2 of the Mode S interrogation to form a valid Mode A or Mode C interrogation.
However, the Pl -P2 pair of the Mode S preamble takes precedence. The Mode S

decoding process is independent of the Mode A/Mode C decoding process and the Mode
S interrogation is accepted.

1.10.1.1.4 Reply ratio in the presence oJ low-level in-band Cll/ interference. In the
presence of noncoherent CW interference at a frequency of I 030 +0.2 MHz at signal
levels of 20 dB or more below the desired Mode A/C or Mode S interrogation signal
level, the transponder shall reply correctly to at least 90 per cent of the interrogations.

1. 10. l. 1.5 Spurious response

l. I 0. I . I .5. I The response to signals not within the receiver pass band shall be at least 60
dB below normal sensitivity.

1.10. 1.1.5.2 For equipment certified after I January 2011, the spurious Mode A./C reply
ratio generated by low level Mode S interrogations shall be no more than::

a) an average of I per cent in the input interrogation signal range between -8 I
dBm and the Mode S

MTL; and

b) a maximum of 3 per cent at any given level in the input intenogation signal
range between -8 I dBm

and the Mode S MTL.

Note l.- Failure to detect a low level Mode S interrogation can also result in the
transponder decoding a three-pulse Mode A/C/S all-call interrogation. This would result
in the transponder responcling with a Mode S all-call (Dp = I l) reply. The above
requirement will also control these DF = I I replies since it places a limit on the
probability offailing to coffectly detect the Mode S inteffogation.

Note 2.- More information about ksutng a type certiJicate lor aircraft and separate
design approval can belound in the Airworthiness Manual (Doc 9760).

1.10.2 Transponder peak pulse power. The peak power ofeach pulse ofa reply shall;

a) not be less than 18.5 dBW for aircraft not capable of operating at altitudes
exceeding 4 570 m (15 000 ft);

b) not be less than 21.0 dBW for aircraft capable ofoperating above 4 570 m (15

000 ft);

c) not be less than 21.0 dBW for aircraft with maximum cruising speed exceeding
324 km/h (175 kt); and

d) not exceed 27.0 dBW.

L10.2.1 Inactive state transponder output power, When the transponder is in the inactive
state the peak pulse power at I 090 MHz plus or minus 3 MHz shall not exceed -50 dBm.
The inactive statc is defined to inc]ude the entire period between transmissions less l0-
microseconds transition periods preceding the first pulse and following the last pulse of
the transmission.
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Note.- Inactive state transponder power is constained in this way to ensltre that an

aircraft, when located as near as 185 m (0.1 Nlvl) to a Mode A/C or Mode S interrogator,

does not cause interference to that installation. In certain applications of lVtode S'

airborne collision avoidance for example, where a I 090 Mttz transmitter and receiver

are in the same aircraft, it may be necessary to Jilrther constrain the inactive state

transponder power.

l. I 0.2.2 Spurious emission radiation

CW radiation shall not exceed 70 dB below I watt.

I. I O. 3 S PECIAL C HA RA CTERISr/CS

1.10.3. I Mode S side-lobe suppression

Note.- Side-lobe suppression for Mode S formats occurs when ct P5 pulse overlays the

location ofthe sync piase reversal ofP6, causing the transponder tofail to recognize the

interrogation.

Given a Mode S interrogation that requires a reply, the transponder shall;

a) at all signal levels between MTL +] dB and -21 dBm, have a reply ratio of less

than l0 per centllthe received amplirude of P5 exceeds the received amplirude of P6 by

3 dB or more;

b) at att signal levels between MTL +3 dB and -21 dBm, have a reply ratio of at

least 99 per centlf the received amplitude of P6 exceeds the received amplitude of P5 by

l2 dB or more.

1.10.3.2 Mode S dead time. Dead time shatl be deftned as the time interval beginning at

the end of a reply transmission and ending when the transponder has regained sensitivity

to within 3 dB of MTL.

Mode S transponders shalt not have more than 125 microseconds' dead time.

1.10.3.3 Mode S receiver desensitization. The transponder's receiver shall be desensitized

according to

1.7.1 of the Sixth Schedule on receipt of any pulse of more than 0.7 microseconds

duration.

1.10.3.3.t Recovery from desensitization. Recovery from desensitization shatl begin at

the trailing edge of each pulse of a received signal and shall occur at the rate prescribed

1.7.2 of the Sixth Schedule, provided that no reply ordata transfer is made in response to

the received signal.

1.10.3.4 Recovery afer Mode S interrogations that do not elicit replies

1.10.3.4.1 Recovery after a single lvlode S interrogation

1.10.3.4.1.1 The transponder shall recover sensitiviry to rvithin 3 dB of MTL no later than

128 microseconds after receipt o[ the sync phase reversal following a Mode S

interrogation that is not accepted or that is accePted but requires no reply.

1.10.3.4. 1.2 The transponder shall recover sensitivity to ',vithin 3 dB of MTL no later than

45 microseconds after receipt of the sync phase reversal following a Mode S

interrogation that is not accepted or that is accepted but requires no reply'

1.10.3.4. l.3All Mode S transponders installed on or after I January 1999 shalt recover

sensitivity to within 3 dB of MTL no later than 45 microseconds after receiPt of the sync
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phase reversal following a Mode S interrogation that is not accepted or that is accepted
but requires no reply.

1.10.3.4.2 Recovery after a Mode S Comm-C interrogation. A Mode S transponder with
Comm-C capability shall recover sensitiviry to within 3 dB of MTL no later than 45
microsecondss after receipt of the sync phase reversal following acceptance of a Comm-
C intenogation for which no reply is required.

1.10.3.5 Unwanted Mode S replies. Mode S transponders shall not generate unwanted
Mode S replies more often than once in l0 seconds. Installation in the aircraft shall be
made in such a manner that this standard shalt be achieved when all possible interfering
equipments installed in the same aircraft are operating at maximum interference levels.

1.10.3.5.1 Unwanted Mode S replies in the presence of low-level in-band CII
interference. In the presence of non-coherent CW interference at a frequency of I 030
t0.2MHz and at signal levels of 60 dBm or less, and in the absence of valid interrogation
signals, Mode S transponders shall not generate unwanted Mode S replies more often
than once per l0 seconds.

1.10.3.6 Reply rate limiting

Note.- Reply rate limiting is prescribed separatelyfor Modes A and C andlor Mode S.

I . 10.3.6. I Mode S reply rate limiting. Reply rate timiting is not required for the Mode S

flormats of a transponder. If such limiting is incorporated for circuit protection, it shall
permit the minimum reply rates required in 1.10.3.7.2 and t.10.3.7.3.

l.l0.3.6.2Modes A and C reply rate limittng. Reply rate limiting for Modes A and C shall
be effected according to t.9.tin the Sixth Schedule. The prescribed sensitivity reduction
shall not affect the Mode S performancc of the ransponder.

1.10.3.7 Mininum reply rate capability, Modes A, C and S

1.10.3.7.1 All reply rates specified in 1.10.3.7 shalt be in addition to any squitter
transmissions that the transponder is required to make.

1.10.3.7.2 Minimum reply rate capability, Modes A and C. The minimum reply rate
capability for Modes A and C shall be in accordance with 1.9 in the Sixth Schedule.

1.10.3.7.3 Minimum reply rate capability, Mode S. A transponder capable of transmitting
only short Mode S replies shall be able to generate replies at the following rates;

50 Mode S replies in any l-second interval

l8 Modc S replies in a 1OO-millisecond interval

8 Mode S replies in a 25-mitlisecond interval

4 Mode S replies in a t.6-mittisecond interval

In addition to any downlink ELM transmissions, a level 2, 3 or 4 transponder shall be
able to generate as long replies at least;

16 f 50 Mode S replies in any l-second interval

6of l8 Mode S replies in a 100-millisecond interval

4of 8 Mode S replies in a 25-miltisecond interval

2 of 4 Mode S replies in a 1.6-millisecond interval
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Transponders used in conjunction with ACAS shall be able to generate as long replies at

least;

60 Mode S replies in any 1-second interval

6 of l8 Mode S replies in a 100-millisecond interval

4 of 8 Mode S replies in a 25-millisecond interval

2 of 4 Mode S replies in a t.6-mittisecond interval

In addition to downlink ELIvI transmissions, a level 5 transponder shall be able to

generate as long replies at least;

24 of 50 Mode S replies in any l-second interval

9 of l8 Mode S replies in a 1O0-miltisecond interval

6 ot8 Mode S replies in a 25-millisecond interval

2 of 4 Mode S replies in a 1.6-mitlisecond interval

1.10.3.7.4 Minimum Mode S ELM peak reply rate

Note l.- ?l/hen a downlink ELM is initialized,, the Mode s transponder announces the

length (in segments) of the waiting message. The transponder must be able to transmit
this number of segments, plus an additional margin to make up for missed replies, during
the beam dwell ofthe ground interrogator.

At least once every second a Mode S transponder equipped for ELM downlink oPeration

shall be capable of transmitting in a 25-millisecond intervat, at least 25 per cent more

segments than have been announced in the initialization The minimum length downtink
ELM capabiliry for level 4 and 5 transponders shall be as sPecified in 1.10.5.2.2.2.

Note 2.- A transponder capable of processing the marimum length downlink ELM (16

segments) is therefore required to be able to transmit 20 long replies under the above

conditions. Level 4 transponders may be buill which process less than the ma.rimum

message length. These transponders cannot initialize a message length that exceeds their
transmitter capability. For example, a transponder that can transmit al most l0 long
replies under the above conditions can never announce a message Of more than 8

segments.

1.10.3.8 Reply delay and jitter

Nore.- After an interrogation has been accepted and if a reply is required, this reply

transmission begins after afi-red delay needed to carry out the protocols. Dffirent values

for this delay are assigned for Modes A and C, for Mode S and for Modes A/C/S all-call
replies.

t.10.3.8.1ReplydelayandjinerforModesAandC.ThereplydelayandjitterforModes
A and C transactions shall be as provided in l.t0 in the Sixth Schedule.

1.10.3.8.2 Reply delay and jitter for Mode S. For all input signal levels between MTL and

-2 I dBm, the leading edge of the first preambte pulse of the reply shall occur 128 plus or

minus 0.25 microseconds after the sync phase reversal of the received P6. The jitter of
the reply delay shall not exceed 0.08 microseconds, peak (99.9 percentile).

1.10.3.8.3 Repty detay and jitter for tulodes A/C/S all call. For all input signal levels

between MTL +3 dB and -2 I dBm the leading edge of the first Preamble pulse of the
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reply shall occur 128 plus or minus 0.5 microsecondss after the leading edge of the P4
pulse of the interrogation.Jitter shall not exceed 0. I microseconds, peak (99.9 percentile).

Note.- A peak jitter of 0.1 microsecond.s is consistent with the jitter prescribed in l.l0 in
the Skth Schedule.

1.10.3.9 Timers. Duration and lealures of timers shall be as shown in Table 3-9. All
timers shall be capable of being restarted. On receipt of any start command, they shall run
lor their specified times. This shall occur regardless of whether they are in the running or
the non-running state at the time that the start command is received. A command to reset

a timer shall cause the timer to stop running and to return to its initial state in preparation
for a subsequent start command.

1.10.3.10 Inhibition of replies. Replies to Mode A/C/S all-call and Mode S-only all-call
interrogations shal[ always be inhibited when the aircraflt declares the on-the-ground
state. It shall not be possible to inhibit replies to discretely addressed Mode S

interrogations regardless of whether the aircraft is airborne or on the ground.

1.10.3.10.1 Aircraft shall provide means to determine the on-the-ground state
automatically and provide that information to the transponder.

1.10.3.10. Mode A/C replies shall be inhibited when the aircraft is on the ground to
prevent interference when in close proximity to an interrogator or other aircraft.

Note.- Mode S discretely addressed interrogations do not give rise to such interference
and may be required for data link comnunications with aircraft on the airport surface.
Acquisition squitter transmissions may be used for passive surtteillance of aircraft on the

airport sttrface.

1.10.4 Transponder antenna system and diversity operation. Mode S transponders
equipped for diversity operation shall have two RF ports for operation with two antennas,

one antenna on the top and the other on the bottom of the aircraft's fuselage. The
received signal from one of the antennas shall be selected for acceptance and the reply
shall be transmitted from the selected antenna only.

1.10.4.1 Radiation pattern. The radiation pattem of Mode S antennas when installed on

an aircraft shall be nominally equivalent to that of a quarter-wave monopole on a ground
plane.

Note.- Transponder antennas designed to increase gain at the expense of vertical
beamwidth are undesirable because oftheir poor performance during turns.

1.10.4.2 Antenna location. The top and bottom antennas shall be mounted as near as

possible to ,recentre line of the fuselage. Antennas shall be located so as to minimize
obstruction to their fields in the horizontal plane.

1.10.4.2.1 The horizontal distance between the top and bottom antennas shall not be
greater than 7.6 m (25 ft).

Note.- This recommendation is intended to support the operation of any diversity
transponder (including cables) with any diversity anlenna installation and still satisly the
requirement of l. I 0.4. 5.

1.10.4.3 Antenna selection. Mode S transponders equipped for diversity operation shall
have the capability to evaluate a pulse sequence simultaneously received on both antenna

channels to determine individually for each channel if the Pl pulse and the P2 pulse of a
Mode S interrogation preamble meet the requirements for a Mode S interrogation as
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detlnecl in 1.0 olthe First Schedulel and ilthe Pl pulse and the P3 pulse o[a Mode A,
Mode C or intermode interrogation meet the requirements for Mode A and Mode C

interrogations as defined in Part IV ofthese regulations.

Note.- Transponders equipped for diversity operation may optionally have the

capability to evaltnte additional characteristics of the received pulses of the

interrogations in making a diversity channel seleclion. The transponder may as an option
evaluate a complete lutode S interrogation simultaneously received on bolh channels to
determine individually for each channel d the interrogation meets the requirements for
Mode S interrogation acceptance as deJined in 1.4.1.2.3.

1.10.4.3.1 If the two channels simultaneously receive at least a Pl - P2 pulse pair that

meets the requirements flor a Mode S interrogation, or a Pl - P3 pulse pair that meets the

requirements flor a Mode A or Mode C interrogation, or if the two channels

simultaneously accept a complete intenogation, the antenna at which the signal strength

is greater shall be selected lor the reception of the remainder (it any) of the interrogation
and for the transmission of the reply.

1.10.4.3.2 If only one channel receives a pulse pair that meets the requirements for an

interrogation, or ifonly one channeI accepts an interrogation, the antenna associated with
that channel shall be selected regardless of received signal strength.

1.10.4.3.3 Selection threshotd. Ifantenna selection is based on signal [eve[, it shall be

carried out at all signal levels between MTL and -2 I dBm.

Note.- Either antenna may be selected if the difference in signal level is less than 3 d8.

1.10.4.3.4 Received signal delay tolerance. [[an interrogation is received at one antenna

0.125 microseconds or less in advance of reception at the other antenna, the

interrogations shalt be considered to be simultaneous interrogations, and the above

antenna selection criteria applied. If an accepted interrogation is received at either
antenna 0.375 microseconds or more in advance of reception at the other antenna, the

antenna selected lor the reply shall be that which received the earlier interrogation. If the

relative time of receipt is between 0.125 and 0.J75 microseconds, the transponder shall
select the antenna lor reply either on the basis of the simultaneous interrogation criteria or
on the basis of the earlier time olarrival.

1.10.4.4 Diversity transmission channel isolation. The peak RF power transmitted from
the selected antenna shall exceed the power transmitted lrom the non-selected antenna by
at least 20 dB.

L10.4.5 Reply delay of diversity transponders. The total two-way transmission diJlerence

in mean reply delay between the two antenna channels (including the differential delay

caused by transponder-toanrenna cables and the horizontal distance along the aircraft
centre line between the two antennas) shall not exceed 0. l3 microseconds for
interrogations o[ equal amplitude. This requirement shall hold for interrogation signal
strengths between MTL +3 dB and -21 dBm. The jitter requirements on each individual
channel shall remain as specified for non-diversity transponders.

Note.- This requirement limits apparent jitter caused by antenna switching and by cable
delay di/ferences.

I.IO.5 DATA PROCESSING AND INTER.FACES

1.10.5.1 Direct data. Direct data shall be those which are required for the surveillance
protocol olthe Mode S system.
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1.10.5.1.1 Fixed direct data. Fixed direct data are data from the aircraft which do

not change in flight and shall be:

a) the aircraft address;

b) the maximum airspeed ; and

c) the registration marking ilused for flight identification .

l. I 0. 5. l. 2 Interfaces for fxed direct data

Interfaces from the transponder to the aircraft shall be designed such that the values of
the fixed direct data become a function of the aircraft installation rather than o[ the

transponder configuration.

Note.- The intent of this recommendation is to encourage an interface technique which

permits transponder exchange without manipulatton of the transponder itself for setting
the fi.red direct data.

1.10.5.1.2 Variable direct data. Variable direct data are data from the aircraft
which can change in flight and shall be:

a) the Mode C altitude oode;

b) the Mode A identity code ;

c) the on-the-ground condition ;

d) the aircraft identification if different from the registration marking ; and

e) the SPI condition.

l. 5. 1 .4 Interfaces for variable direct data.

1.10.5.1.4. I A means shalt be provided, while on the ground or during flight, for the SPI

condition to be inserted by the pilot, without the entry or modification of other flight data.

1.10.5.1.4.2 A means shall be provided, while on the ground or during flight, for the

Mode A identity code to be displayed to the pilot and modified without the entry or

modification of other flight data.

1.10.5.1.4.3 For transponders ofLevel 2 and above, a means shatl be provided, while on

the ground or during flight, for the aircraft identifrcation to be displayed to the pilot, and,

when containing variable data (1.10.5.1.3 d)), to be modified without the entry or
modification of other flight data.

Note.- Implementation of the pilot actionfor entry of data wtll be as simple and elficient
as possible in order to minimize the time required and reduce the possibility of errors in
the data entry.

l.10.5.1.4.4 Interfaces shall be included to accept the pressure-altitude and on-the-ground
coding.

Note.- A specific interface design for the variable direct data is not prescribed-

1.10.5.2 Indirectdata

Note.- Indirect data are those which pass through the transponder in either direction
but whtch do not a/fect the surveillancefunction.

If origins and/or destinations ol indirect data are not within the transponder's enclosure,

interfaces shall be used for the necessary connections.

l. I 0. 5.2. I The function of interfaces
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Note.- Indirect data interfaces lor standard transactions serve interrogations which
require a reply and the broadcast function. Indirect data interfaces for ELfut serve that
system and require bulfering and protocol circuitry within the transponder.

Interface ports can be separate for each direction and for each service or can be

combined in any manner.

1.10.5.2.t.1 Upltnk standard length transaction interface. The uplink standard length
transaction interface shalI transler atl bits oI accepted interrogations, (with the possible

exception of the AP fietd), except flor UF = 0, I I or t6.

Note.- AP can also be transferred to aid in integrity implementation.

1.10.5.2.1.2 Downlink standard length transaction interface. A transponder which
transmits information originating in a peripheral device shall be able to receive bits or bit
pattems for insertion at appropriate tocations within the transmission. These locations
shall not include those into which bit patterns generated internally by the transponder are

inserted, nor the AP fietd of the reply. A transponder rvhich transmits information using
the Comm-B format shall have immediate access to requested data in the sense that the

transpondershalI respond to an interrogation rvith data requested by that interrogation.

Note.- This requirement may be met in two ways;

. the transponder may have provtsions for internal data and protocol btt/fering;

. the transponder may employ a "real tirne" interface which operates sttch that
uplink data leave the transponder before the corresponding reply is generated and
downlink data enter the transponder in time to be incorporated in the reply.

l. I 0.5.2. 1.3 Extended length message interJdce

Note.- The ELM interface extracts from, and enters into, the transponder the data

exchanged behveen air and ground by means oJ'the ELM protocol.

l. I 0.5.2.2 Indirect data transaction rates

1.10.5.2.2.1 Standard length tansactions. A transponder equipped for inlormation
transfer to and from external devices shall be capable ofprocessing the data ofat least as

many replies as prescribed for minimum reply rates in t.10.3.7.2 and uplink data flrom

interrogations being delivered at a rate oI at least;

50 long interrogations in any l-second interval

l8 tong interrogations in a 100-mitlisecond interval

8 long interrogations in a 25-mitlisecond interval 4 long interrogations in a 1.6-

millisecond interval.

Note l.- A transponder capable of reply rates higher than the minimttm of 1.10.3.7.2
need not accept long interrogations a,fter reaching the uplink data processing lintits
above.

Note 2.- The fulode S reply is the sole means of acknowledging receipt of the data
content of a lvtode S interrogation. Thus, if the transponder is capable of replying to an

interrogation, the Mocle S installation must be capable of accepting the data contained in
that interrogation regardless of the timing behveen it and other accepted interrogations.
Overlapping Mode S beams from several interrogators could lead to the reErirement for
considerable data processing and buffering. The minimttm described here reduces data
processing to a realistic level and the non-acceptance provision provides for noti,lication

to the interrogator that data will temporarily not be accepted.
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1.t0.5.2.2.2 Extended length transactions. Level 3 and level 4) transponders shall be able

to transfer data from at least four complete sixteen segment uplink ELMs in any four
second interval. A tevet 5 transponder shall be able to transfer the data from at least four
complete sixteen segment uplink ELMs in any one second interval and shall be capable

of accepting at least two complete sixteen segment uplink ELMs with the same II code in
a 250 millisecond interval. A level 4 transponder shall be able to transmit at least one

[our-segment downlink ELM in any one second interval. A level 5 transponder shalt be

able to transmit at least one sixteen segment downlink ELM in any one second interval.

1.10.5.2.2.2.1 Level 3 and level 4 transponders shatl be able to accept at least two
complete sixteen segment uplink ELMs in a 250 millisecond interval.

1.10.5.2.3 Data formats for standard length transactions and required downlink aircraft
parameters (DAPs)

LI0.5.2.3.I Atl levet 2 and above transponders shall support the following registers;

- the capability reports ;

- the aircraft identification protocol register 20 {HEX}; and

- for ACAS-equipped aircratt, the active resolution advisory register 30 {HEX} '

t.10.5.2.3.2 Where required, DAPs shall be supported by the registers listed in Tabte 3-

12. The formats and minimum update rates of transponder registers shall be implemented

consistently to ensure interoperability.

1.10.5.2.3.3 The downlink standard length transaction interlace shall deliver downlink
aircraft parameters (DAPs) to the transponder which makes them available to the ground.

Each DAP shatl be packed into the Comm-B format ('MB' field) and can be extracted

using either the ground-initiated comm-B (GICB) protocol, or using MSP downlink
channel 3 via the dataflash application.

Note.- The formats and update rates of each register and the dataJlash application are

specified in rie Technical Provisions for Mode S Services and Extended Squitter (/ClO
Doc 9871).

1.10.5.3 Integrity of data content transfer. A transponder which employs data interfaces

shatl include sufficient protection to ensure error rates of less than one error in 103

messages and less than one undetected error in 107 ll2-bit transmissions in both

directions between the antenna and each interface port.

1.10.5.4 Message cancellation. The downlink standard length transaction interface and

the extended length message interface shall include the capability to cancel a message

sent to the transponder for delivery to the ground, but whose delivery cycle has not been

completed (i.e. a closeout has not been accomplished by a ground interrogator).

Note.- One example of the needfor this capability is to cancel a message if delivery is

attempted when the aircraft is not wtthin coverage of a Mode S ground station. The

message must then be cancelled to prevent it from being read and interPreted as a
current message when the atrcraft re-enters Mode S airspace'

1.t0.5.5 Air-directed messages. The transfer of this type of message requires atl of the

actions indicated in 1.10.5.4 plus the transfer to the transponder of the intenogator
identifier of the site that is to receive the message.

I.I I ESSENTIAL SYSTEM CHARACTERISTICS OF THE GROUND
INTERROGATOR
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Note.- To ensttre that Mode S interrogator action is not detrimental to tvtode A/C
interrogators, performance limits existlor fulode S interrogators.

l.l l.l Interrogation repetition rates. Mode S interrogators shall use the lowest

practicable interrogation repetition rates for all interrogation modes.

Note.- Accurate azimuth data at low interrogation rates can be oblained with
monopulse techniques.

l.l l.l.l Alt-call interrogation rePetition rate.

l.l l. l.l.l The interrogation repetition rate for the Mode A/C/S alt-catl, used for
acquisition, shall be less than 250 per second. This rate shall also apply to the paired

Mode S-onty and Mode A/C-onty allcall interrogations used for acquisition in the

multisite mode.

t.l t.l.t.2 Marimum number of lvtode S all-call replies lriggered by an interrogator. Fot
aircraft that are not locked out, a Mode S interrogator shall not trigger, on average, more

than 6 Mode S all-calt replies per period o[ 200 ms and no more than 26 Mode S atl-call
replies counted over a period of I 8 seconds.

l. I l. l. I Interrogation repetition rate to a single aircraft

l. I l. l. l. I Interrogations requiring a reply. Mode S interrogations requiring a reply shalt

not be transmitted to a single aircraft at intervals shorter than 400 microseconds.

1.11.1.2.2 Uplink ELfut intenogations. The minimum time between the beginning of
successive CommC interrogations shatt be 50 microseconds.

l.l l.l.i Transmission rate Ior selective interrogations

l.l 1.1.3. I For all Mode S interrogators, the transmission rate flor selective

interrogations shall be;

a) less than 2 400 per second averaged over a 40-millisecond intewal; and

b) less than 480 into any 3-degree sector averaged over a l-second interval.

l.l1.1.3.2 Additionatty, flora Mode S interrogator that has overlapping coverage with the

side lobes of any other Mode S interrogator, the transmission rate for selective
interrogations shatl be;

a) less than I 200 per second averaged over a 4-second interval; and

b) less than I 800 per second averaged over a l-second interval.

Note.- Typtcctl ninimum distance to ensltre side lobe separation between interrogators
is 35 km.

I. I 1.2 INTERROGATOR-EFFECTIT/E RADIATED POIyER

The effective radiated power of all interrogation pulses shall be minimized as described

in Regulation 41.

l.l L3 Inactive-state interrogator olttput power. When the interrogator transmitter is not

transmitting an interrogation, its output shall not exceed -5 dBm eflfective radiated power
at any frequency between 960 MHz and I 2 t5 MHz.

Note.- This constraint ensltes that aircraftJlying near the interrogator (as close as 1.8i
km (l NM)) will not receive interference that would prevent themfrom being tracked by
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another interrogator. In certain instances even smaller interrogalor-to-aircraft distances
are of significance,for example if lutode S surveillance on lhe airport surface is used. In
such cases a further restraint on inactive state interrogator outp,tt power may be

necessary.

l. l 1. 3. 1 Spurious emission radiation

CW radiation shall not exceed 76 dB below I watt.

l.l 1.4 Tolerances on transmitted signals. ln order that the signal-in-space be received
by the transponderas described in LI, the tolerances on the transmitted signal shall be as

summarized in Table 3- I L l.l 1.5 SPURIOUS RESPO//SE

The response to signals not within the pass band shall be at least 60 dB below nolrnal
sensitivity.

t.l 1.6 Lockout coordination A Mode S interrogator shall not be operated using all-catt
lockout until coordination has been achieved with all other operating Mode S

interrogators having any overlapping coverage volume in order to ensure that no
interrogator can be denied the acquisition of Mode Sequipped aircraft.

Note.- This coordination may be via grotrnd network or by the allocation ol'interrogator
identifier (ll) codes and will involve regional agreements where coverage overlaps
international boundaries.

I. I 1.7 MOBILE INTERROGATORS

Mobile intenogators shall acquire, whenever possible, Mode S aircraft through the
reception of squitters.

Note.- Passive squitter acquisition reduces channel loading and can be accomplished
without the needfor coordination.

TABLES FOR FOURTH SCHEDULE

TABLE 3-I PULSE SHAPES. MODES S AND INTERMODE TNTERROGATIONS

h!l* Durallof,
Durailon
tollnnce llh lvhx. i.ltn.

ilnN)

;UtLr..

n. Pz. Pr. P,

I,i (shorl)

Pr (lon$

/'c Ghon)

Pr (<tt{lJ

s,

0.05

0.05

0.05

0.05

0.05

0.05

:0.t

=0. 
I

*0.1

*0.25

t().25

l0.t

0.8

0.8

t.6

16.25

30.25

0.8

0.1

0.1

0,t

0.t

0.1

0.t

0.2

o.2

0.2

0.2

0.2

0.2

0.05

(,.05

0.05

0.05

0.05

0.05

Table 3-2. Pulse shapes - Mode S replies

fulse duratlan
Duratloa
tolerance

(Rtse tlne)

t{ln. lvfatt.

(Dreay ttne)

*lln. A,la-r.

0.5

t.0
10.05

t0.05
0.2

0.?
0.05

0.05

0.1

0.1

0.05

0.05
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TABLE 3-3. FIELD DEFTNTTIONS

FormatFteld
DFUFDeslgDetor FUIEUd,

II
4,5,
20,2t

o

It.

l6

o
4,5,
20.2
4.5,
2A,2

All

o

All

24

24

20. zt

4. 5.
20.2t

l1
21

ll.17. l8
4.20
l9
0,4,5. 16.
zo,zt,?4

4.5,20,21

11, 17. l8

Alr

24

o

16

20,ZL

o,lG

It. l7
o
t8

4,5,
2(D,21

5,2r
24

24
17- 18

4. 5.
20.21
0

AA
AC
AF
AP

AQ
cA.
CC
CF
CL
DF
DI

DR
DS
tTi

IC
ID
KE
MA
MB
MC
MD
ME
MU
IVIV

NC
ND
PC:

PI
PR
RC
RI
RL
RR

SD

vs

SL
UF
UM

r\ddress announced
.A,lttnrde code
Appllcauon fleld
Acldrss/parlty

Acqulsltlon
CapabtIry
Cross-llnk capabtlrry
Control Oetd
Code label
Downllnk format
Desgnetor ldeo(flcaUon

Donnllnk request
Data selector
Flrght status

.lnterroga(or code
Idenuty
Control, ELM
.Message, Comm-A
'Message. Comm-B
lvlessage, Comrn-C
Message. Comrn-D
Messa ge, extended squllter
lvlessage. ACAS
lvtessage,.ACAS

Number of C-segnrcnt
Nunrber of D-segment
Protocol

Padql/l nterrogator ldenU ft er
Probabtllry of replY

Specld deslgnator

SerrlUvtty Level (ACI\S)
Upllnk fortnat
Udltty messeSe

verucal status

Reply
Reply
Reply
Reply

control
lnformatlon
leng*t
fequest
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TABLE 3.4. SUBFIELD DEFINITIoNS

,>uut tc:lu

Deslgmtor Furctlon Ftetd

ACS
AIS
ATS
BDS I
BDS Z

IDS
IS

LOS
LSS
MBS
MES
RCS
RRS
RSS
SAS
SCS
SIC
SIS
SRS
SSS

TAS

TCS
Tt\,ls
TRS

Altttude code subfteld
Alrcraft I d entlflc a tton subfteld
Alutude type subfteld
Com.m-B data selector subfleld 1

Comrn-B data selector subfteld 2

ldenuft er deslgnator subfleld
Lnterrogator ldentlfler subftetd

Lockout subfteld
Lockout surveillance subfleld
Mulustte Comm-B subfleld
Muluslte Ellvl subfteld
R.ate control subfteld
Rep l_y request subfteld
Reserva Llon slatus subfteld
Surface antenna subfleld
Squl tter capablltty subfl eld
Survelllance identtfier capabl I lty
Survelllance Idenufler subfteld
Segment request subfteld
Survel.il ance stalus subfleld
Transmlss lon acknowledgement
subfteld
Type control subfteld
Tactlcal nrcssage subfteld
Transmtsslon rate subfle Id

IvlE
tutB

MB
MB
lvtB

Ulvl
SD
Ulvl
SD
SD
SD
SD
SD
SD
SD
SD
MB
lvtB
SD
MC
tvlE
hlD

SD
SD
MB



Intenogation

UF

Speed conditions Repty DF

0 RL equals 0 0

RL equals I l5

4 RR less than 16 4

RR equal to or greater than 15 20

5 RR less than 16 5

RR equal to or greater than l6 2l

ll Transponder locked
interrogator code,

out to No reply

Stochastic reply test fails ( No reply

Otherwise ll
20 RR less than 16 4

RR equal to or greater than l6 20

AP contains broadcast address No reply

2t RR less than t6 5

RR equal to or greater than l6 2l

AP contains broadcast address No reply

24 RC equals 0 or I

RC equals 2 or 3

No reply 24
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Table 3-5. Intenogation - reply protocol summary

TABLE 3.6. TABLE FOR RECISTER IOIO

Subfields of register 1016 MB bits Comm-B bits

Continuation flag 9 4t

Overlay comrnand capability t5 47

ACAS capability I 6 and 37-40 48 and 69-72

Mode S subnetwork version number t7 -23 49-55

Transponder enhanced protocol indicator 24 s6

Speci fi c services capability 25 57

Uplink ELM capability 26-28 s8-60

Downlink ELM capabitity 29-32 6t-64

Aircraft identift cation capabiliry 33 6s

Squitter capabitity subtield (SCS) 34 66

Surveillance identifier code capabiliry (SIC) 35 67
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Common usage GICB capability report 36 68

Starus of DTE sub-addresses 0 to l5 4t-56 73 -88

TABLE 3-7. SURFACE FORMAT BROADCAST WTTHOUT AN AUTOMATIC
MEANS OF ON-THE.GROUND DETERMTNATION

ADS-B Enitter Category set "A"

Coding Meaning Ground specd Airspeed Radio Altirudc

0 No ADS-B cmittcr
category information

Always report airbome position
message

Light (<15 500 lbs or 7
0l I ks)

Always report airbome position
mcssagc

2 Small
lbs or

(
7

15 500 to 75 000
031 to3a019kg)

< 100 knots and < 100 knots and <50 fcet

3 Large (75 000 lbs to 300
000 lbs or 14 019 to 136
078 kg

< 100 knots and < 100 knots and <50 feet

4 High-voncx aircraft < l0O knots and < 100 knots and <50 fcet

5 Hcavy (> 300 000 lbs or
I 36 07E kg) <

< [00 knots and < I00 knos and <50 [eet

6 High performancc

(r5g accelcration and
>400 knots)

< 100 knots and < 100 knots and <50 fcet

7 Rotorcraft Always report airborne position
message

ADS-B Emilter Category set "8"

Coding Mcaning Ground spced Airspced Radio A[(itude

0 No ADS-B c

catcgory information

Always report airbome position
message

Glidcrisailplanc Always repoft airbomc position
message

) Lighter+han-air Always rcport airbome position
messagc

l Pamchutisy'skydiver Always report airbome position
mcssage

4 Ultra-
I ight/hangglider/paraglidcr

Always report airbomc position
mcssagc

5 Resevcrd Rcscrved

6 Unmanned cerial vehiclc Always report airbome position
message

1 Spacdtrans-atmospheric
vehiclc

<l 00 knots and < I 00 knots and <50 ft

ADS-B Eniuer Calegory set "C"

Coding Mcaning Cround speed Aispeed Rodio Altirudc



0 No ADS-B C

category information

Always repon airbomc position
m6sage

Surfacc vchiclc
emcrgency vchiclc

Always rcport rirbomc position
me3sa8c

2 Surfacc vchiclc - scrvicc
vchicte

Always Gport airbornc position
melsagc

l Fixed ground or tcthcrcd
obstuction

report airbome position
messaSe

4-7 Rcsewcd Rescrvcd

ADS-B Emilter Catcgory sct "D"

Coding lvlcaning Gound speed Ainpced Radio Altiode

0 No ADS-B

catcgory information

Always r€port airbomc position
mcsSage

l-7 Rcsevcd Rescrved
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TABLE 3-8: CHARACTER CODING FOR TRANSMISSION OF AIRCRAFT
IDENTIFTCATION BY DATA LINK

lq 0 0 I I

bs 0 1 0 I

}+ h bz 6r

P

a

SP 0

IA

0 0 0 0

0 0 0 I

0 0 I 0 R

s

T

U

v

2

J

4

J

6

B

6

D

E

F

0 0 I I

0 I 0 0

0 t 0 t

0 t I 0

0 1 t I w
x
Y

z

7

I
9

o
E

T

I
K

L

M

N

o

I

I

I

I

I

I

I

I

I

I 0 0 0

I 0 0 I

I 0 I 0

I 0 I I

I I 0 0

I I 0 I

I I I 0

I I I I



r 648 Kenya Subsidiary Legislation, 20 I 8

TABLE 3.9: TTMER CHARACTERISTICS

*As required

TABLE 3.10 : REGTSTER l016

Timer Duration Tolerance

Name Number Symbol s s Resettable

Non-selective
lockout

To l8 rl no

Temporary alert I Ts l8 +l no

SPI I Ti l8 *l no

Reservations B,
C,D

3r Ts l8 +l yes

Multisite lockout 78 Tu l8 *l yes

Subfields ofregki* l0,o rtrfE arrs
Comm-B

bitr

Csntieratiou fl.re I 4t

Oyeflay q6rmran d capabilit1 l5 4'7

.\CAS capabilitl' 16 and
3740

48 aud
69-',?2

Nfode S subtrehrork version Brnnber I 7-ll 49-5i

Tralspouder +uhanced protocol ildicrtor 14 i6
Specilic serlices capabili\ 25 5'7

Uptin! ELh't capabilit)' 26-28 58-60

Donnliali El.lrf capability ?9-]l 61,64

Airc ra* identificarion c apabilitl )) 65

Squitter capabilitf subfield (SCS) t+ 66

Sun'eillauce identifier code cepability (SIC) jj 67

Cou.mou usage GICB capabfity report 36 68

Sr.rtru of DTE srab-addresses 0 to Ii 41-56 7l-88
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TASLC 3-I I: TRANSMITTED SIGNAL TOLERANCES

Ftmciloa Iolerancc

h.dse duratiou Pv P* P* P+. Pt
hrlsc duration P6

hrlse dr.rratiou Pr- Pt
h.rlse dtuatiou Pr - P:

hrkc duration Pt- P+

hrlrc duration Pt- Pt
Hrlsc dtrratiou P: - 

s1tc phosc ranersal
Pulsc druatiou P6 - 

s)ac phaso ro'ersal
Puts€ duxatiou P1 

-slnc 
phasle rc|t'entd

Pulse auplittrdc Pl

hrlse arylitu&P1

Pulsc arylitudc P6

Pulse risc timec

Arlsc decay tinres

+0.09 microcccood
*O.20 mierosccond

*O.18 microcccood
*O.10 microsecoud

+O.Ol oicrosecood

+O.Sl uictosccord
+0.0.1 microeccood
l=0.04 microcecsod
rO.OJ microsecood

Pr:0-J dB

P, =0., dB

Equ.al to or gnabr thm Pr - 0.25 ffi

0.05 uicro,recaai minimmo
0- 1 micros*cood rnacimun

0-05 uricrosccoud miuintm,
Q.f uricrosccord uraximtn
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TABLE 3- I2. DAPS REGISTERS

Rqlster Nane Data content Blts

40 {rrEX} Selected vertlcal
tntentlon

MCPffCU selected
altltude

t-13

Flvl S selected altttude t4-26

Barometrlc pressure

settlng mlnus 800 nrb

27-39

MCP/FCU mode bts 48-51

Target altttude source blts 54-56

so {HEx} Track and tlm report Rollangle l- l r

True uack angle 12-23

Ground speed 24-34

Track angle rate 35-,15

True alrspced 46-56

60 {t-rEx} tleadtng and speed
repoft

Magnettc headlng I I 2

lndtcated a-trspeed I 3-23

L.lach 2.t-3.1

Barometrtc altttude rate 35-,15

lnertlal vertlcal veloclN 46-56
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FIGURES FOR FOURTH SCHEDULE
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Figure 3-1. Definitions of secondary surveillance radar waveform shapes, intervals and

the reference point for sensitivity and power
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NOTES:

t. XX:M denotes a f,reld designated "XX" which is assigned M bits.

z. N denotes unassigned coding space with N available bits. These shall be coded

as ZEROs for transmission.

g. For uplink formaS (UF) 0 to 23 the format number corresponds to the binary
code in the first hve bits o[the interrogation. Format number 24 is defined as the format

beginning with "l t" in the first two bit positions while the following three bits vary with
the intenogation content.

4, All formats are shown for completeness, although a number of them are unused.

Those formats for which no application is presently defined remain undefined in length.

Depending on future assignment they may be short (56 bits) or long (l12 bits) formats.

Specific formats associatcd with Mode S capability levcls are described in later
paragraphs, 5. The PC, RR, DI and SD fields do not aPply to a Comm-A broadcast

interrogation.
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undefined ln length. Depending on future assignment they may be short (56 bits) or long
(ll2 bits) formats. Specific formats associated with Mode S capability levels are

described in later paragraphs.

5. The Data parity (DP) is used if it has been commanded by the OVC in accordance with
paragraph 1.6. I 1.2.5.

Figure 3-8, Summary of Mode S reply or downlink formats

FIFTH SCTIEDULE

(REcuLAfloN 48(7))
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Where;

na: number of operating ACAS II and ACAS III equipped aircraft near own (based

on ACAS broadcasts received with a transponder receiver threshold of -7a dBm); { } =
average value ofthe expression within the brackets over last 8 interrogation cycles;

Pa(k) = peak power radiated lrom the antenna in all directions of the pulse having the
largest amplitude in the group of pulses comprising a single interrogation during the kth
Mode A/C interrogation in a I s interrogation cycle, W;

& = index number for Mode A/C intenogations, k = 1,2,...,kt; &e number of Mode A/C
interrogations transmitted in a I s interrogation cyclel' fi- Mode A/C reply rate of own
transponder. ( and

1.8.7 Table 2-l: ACAS design assumptions)

ftcddtr ?tfrwat

qe6

fon'od Ji& Jd lkirtntStdeniq,

,!illE' ad,&
bl!' llf

lllifc,rulrt
olodt*.lClS

yirlwtJtbt

d0:80

P,rMiliil

{:ucet

l&c,inacwre ad

[;f [rb Ntb

160 irx) t:0 100 9i 130 0.0$i 0.J0 t0 0.$

6t0 um t90 7i0 )t0 tio 0.017 0 06 i0 0.90

1.8.8. ACAS interference limiting inequalities- ACAS shall adjust its interrogation rate
and interrogation power such that the following three inequalities remain true, except as

provided in regutation 84(6).

r$i4l"r . *irin u*1, 280 ll I"EiL250l ' i_l+n, a'l
(l)

(2)

(3)
P'(k)t * n,n,nr*rl t-.rf25A' f 1+n, I

rf,r;I

.t

{l nt141 < o.ol

The variables in these inequalities shall be defined as follows;

ir= number of interrogations (Mode A/C and Mode S) transmitted in a I s interrogation
cycle. This shall include all Mode S intenogations used by the ACAS functions,
including those in addition to UF = 0 and UF = t6 interrogations, except as provided
regulation 84(6);



{

i= index number lor Mode A.iC and Mode S interrogations, i: 1,Z,."'it;

o = the minimum of o I calculated as l/4 lnblncl subject to the special conditions given

below and o 2 catculated as

Logls[.,/ni / Logro 25, where nbandncarc defined as the number of operating ACAS II
.nJ eces itt equippea aircraft (airborne or on the ground) within I 1.2 km (6 NM) and

5.6 km (3 NMi riipectively, of own ACAS (based on ACAS surveillance). ACAS

aircraft operating on the ground or at or betow a radio altitude of 610 m(2 000 ft) AGL

shalt include both airbome and on-ground ACAS

II and ACAS III aircraft in the value for nbandnc. Otherwise, ACAS shall include only

airborne ACAS II and ACAS III aircraft in the value for nbandnc. The values of o, Gl

and o2 are further constrained to a minimum of 0.5 and a maximum of I '0'

In addition;

tF [(nr< l) OR (n6< 4 AND rl.': 2 AND n,> ?-5)J THEN nr = l'0'

IF [(n"> 2) AND ($rZ n,) .AIJD (n,< 40)] THEN ar = 0.5:

p(i) = peak power radiated from the antenna in all directions ol the pulse having the

iargest amptiiude in the group of pulses comprising a single intenogation during the ith

intJrrogation in a I s interrogation cycle, W; m(i) = dutation o[ the mutual suppression

interval flor own transponder associated with the ith interrogation in a I s interrogation

cycle, s;

I = beam sharpening factor (ratio of 3 dB beam width to beamwidth resulting from

inrerrogation sidelobe suppression). For ACAS interrogators that employ transmitter side-

lobe suppression (SLS),-the appropriate beamwidth shall be the extent in azimuth angle

of the ir,iode A/C' replies from one transponder as limited by SLS, averaged over the

transponder population;

t)
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l.S.9Sensitiviry Levels-

Sensitiviry /evels. ACAS shall be capable of operating at any ola number of sensitivity

levels. These shalI include:

a) S = l, a "standby" mode in which the interrogation of other aircraft and all

advisories are inhibited;

b) S = 2, a "TA only" mode in which RAs are inhibited; and

c) .l = 3-7, further levels that enable the issue of RAs that provide the warning

times indicated in Table 4-2 as well as TAs.

Table 4-2:

P,(k)
k
la
IIa
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z. N denotes unassigned coding space with N available bits. These shall be coded
as ZEROs for transmission.

l. For uplink formats (UF) 0 to 23 the format number corresponds to the binary
code in the first five bits o[the interrogation. Format number24 is defined as the flormat

beginning with "l t" in the first two bit positions wbite the following three bits vary with
the interrogation content.

c. All formats are shown for completeness, although a number of them are unused.

Those formats for which no application is presently defined remain undefined in length.
Depending on future assignment they may be short (56 bits) or long (ll2 bits) flormats.

Specific formats associated with Mode S capability levels are described in later
paragraphs.

s. The PC, RR, DI and SD flrelds do not apply to a Comm'A broadcast

interrogation.

1.8.1 lSurveiltance and Communication Formats used by ACAS

6.1 The air-air surveillance and communication formats which are used by ACAS shall be

as in Figure 6-1.

Figure 6- l : Sumeillance and Communication formats used by ACAS

{nk:
UF=8 .-..!1.-..1 AP5. I

UF"li

m000

10c00 1 t8

wDlink:

,? ,t)

0F'16 _r_...-l *,,. l----1

6.2DR (downtink request). The significance oI the coding of the downlink request field
shall be as flollows:

Coding

2 See regulations, 47(17),

3 ACAS message available

4 Comm-B message available and ACAS message availabte

4-5 See regulation 47(t7)

6 Comm-B broadcast message I available and ACAS message available

7 Comm-B broadcast message 2 available and ACAS message available

8-3 I See Regulation 47(17)

6.3 RI (air-air reply information). The significance of the coding in the RI field shall be

as follows:

Coding

0 No operating ACAS

I Not assigned

2 eCnS with resolution capabitity inhibited

iltl56 te24

00c00 vs.r c&r AP24AC:t3

t0c00 VS:1 AC:i 3 Llv:56 r,?21
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3

4

5-7

8-ls

ACAS with vertical-only resolution capability

ACAS with vertical and horizontal resolution capability

Not assigned

See regulation 60(7)

Bit 14 of the reply format containing this freld shall replicate the AQ bit ol the

interrogation. The RI field shall report "no operating ACAS" (RI = 0) if the ACAS unit
has failed or is in standby. The RI field shall report "ACAS with resolution capability
inhibited" (RI = 2) if sensitivity level is 2 or TA only mode has been selected.

Note.- Codes 0-7 in the N Jield indicate that the reply is a tracking reply and also give
the ACAS capability olthe interrogated aircraft. Codes 8-15 indicate that the reply is an

acquisition reply and also give the maximum true airspeed capability of the interrogated
aircraft.

6.4RR (reply request). The significance ofthe coding in the reply request field shall be as

follows:

Coding

0-18 See regulation 47(3

19 Transmit a resolution advisory report

20-31 See regulation 47(3)

SIXTH SCHEDULE (R.52)

I. THREAT DETECTION IN ACAS

l.l.Declaration of threat. ACAS shall evaluate appropriate characteristics of each

intruder to determine whether or not it is a threat.

l.l.llntruder characteristics. As a minimum, the characteristics of an intruder that are

used to identiff a threat shall include;

a) tracked altitude;

b) tracked rate ofchange ofaltitude;

c) tracked slant range;

d) tracked rate ofchange oflslant range; and

e) sensitivity level of intruder's.ACAS, .Si.

For an intruder not equipped with ACAS II or ACAS III, Si shall be set to l.

1.1.2 Own aircraft characteristics. As a minimum, the characteristics of own aircraft
that are used to identify a threat shall include:

a) altitude;

b) rate ofchange ofaltitude; and

c) sensitivity level of own ACAS (1.1.5).

l.2.Sensitivity /evelr. ACAS shatl be capable of operating at any of a number of
sensitivity levels. These shall include;

a) S = l, a "standby" mode in which the interrogation of other aircraft and all
advisories are inhibited;
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b) S = 2, a "TA only" mode in which RAs are inhibited; and

c) .t : 3-7, further levels that enabte the issue of RAs that provide the waming
times indicated in Table l-l as well as TAs.

l.3.Selection of own sensitivity tevel (S). The setection of own ACAS sensitivity level

shall be determined by sensitivity level control (SLC) commands which shall be accepted

from a number olsources as [o[lows:

a) SLC command generated automatically by ACAS based on altitude band or

other external factors;

b) SLC command from pilot inPut; and

c) SLC command from Mode S ground stations.

l.l.l Permitte(l SLC command codes. As a minimum, the acceptablc SLC command

codes shall include:

Coding for SLC based on altitude band 2-1 for SLC from pilot input 0,1,2 flor SLC from

Mode S ground statons0,2-6

l.l.2Altitude-band sLC command. where ACAS selects an SLC command based on

attitude, hysteresis shall be applied to the nominat altitude thresholds at which SLC

command value changes are required as follows: lor a climbing ACAS aircraf,t the SLC

command shall be increased at the appropriate altirude threshold plus the hysteresis

value; for a descending ACAS aircraft the SLC command shatl be decreased at the

appropriate altitude threshold minus the hysteresis value.

l.l.3Pilot SLC command For the SLC command set by the pilot the value 0 shall

indicate the

selection of the "automatic" mode for which the sensitivity level selection shall be based

on the other commands.

Table l-l

Sengttvttv level

Nomlnalrvamlng Ume

2

no Ri\s

3 1 J 6 /

tSs 20s 25s 30s 35s

l.I.4Mode S ground station SLC command. For SLC commands transmitted via Mode S

ground stations(t.2.1.1 in the Fourth Schedule), the value 0 shall indicate that the station

concerned is not issuing an SLC command and that sensitivity level selection shall be

based on the other commands, including non-Q commands from other Mode S ground

stations. ACAS shalt not process an uplinked SLC value of l.

I .l.4.IATS setection of SLC command code. ATS authorities shall ensure that procedures

are in place to inform pilots of any ATS selected SLC command code other than 0.

l.l.SSelection ntle. Own ACAS sensitivity level shall be set to the smallest non-0 SLC

command received from any of the sources listed in 1.3.

l.Zselection of parameter values for RA generation When the sensitivity level of own

ACAS is 3 or greater, the parameter values used for RA generation that depend on
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sensitivity level shall be based on the greater olthe sensitiviry level olown ACAS,.So,
and the sensitivity level of the intruder's ACAS, .Si.

l.SSelection of parameter values for TA generation. The parameter values used for TA
generation that depend on sensitivity level shall be selected on the same basis as those flor

RAs (l.a) except when an SLC command with a value of 2 ("TA only" mode) has been
received from either the pilot or a Mode S ground station. In this case, the parameter
values lor TA generation shall retain the values they would have had in the absence of the

SLC command from the pilot or Mode S ground station.

SEVENTH SCHEDULE

(REGULATTONS 62, 73, 76,77,78,82(2),84 & 86(6)

ACAS FIELDS AND SUBFIELDS (REGULATION 62)

I.ACAS FIELDS AND SUBFIELDS

l.2Subfield in MA

1.2.1 ADS (A-definition subfield). This 8-bit (33-40) subfield shall define the remainder
of MA.

Note.- For convenience of coding, ADS ts anpressed in two groups of four bits each,

ADSI and ADS2.

l.2.2When ADSI = 0 and ADS2 = 5, thefollowing subfield shall be contained in MA:

l.2.3SLC (ACAS sensitivity level control (SLC) commardl. This 4-bit (41-44) sub[reld
shall denote a sensitivity level command flor own ACAS.

Codtng
0 No command lssuLt
I Not asslgncd
2 Set ACAS sensluvtty level to 2

3 Set r\CAS sensltlvlty [evel to 3
,l Set I\CAS sensltlvtt). level to .l

5 Set I\CAS senslrlvlty level to 5

6 Set ACAS serElttvlty level to G

7-14 Not asslgnc<l

l5 Cance[ prevlous S[-C command Fronr thls ground statlon

Note.- Structure of MA for a sensitivity level control command:

33 37 4l 45

ADSI = 0 ADSZ .5 sLC l-----u -.--
36 40 {4 88

l.3Subfields in MB

l.3.lSubfields in MB for an RA reporr. When BDSI=3 and BDS2=0, the subfields
indicated below shall be contained in MB.

L.3.l.IARA (active RAs). This l4-bit (41-54) subfreld shatl indicate the characteristics of
the RA, if any, generated by the ACAS associated with the transponder transmitting the

subfield. The bits in ARA shall have meanings determined by the value of the MTE
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subfield and, for vcrtical RAs, the value of bit 4l of ARA. The meaning of bit 4l of ARA
shalt be as follows:

Coding

0 Thcrc is more than one threat and thc RA is intended to provide separation

below some threat(s) and above some other threat(s) or no RA has been generated (when

MTE = 0)

I Either there is only onc threat or the RA is intended to provide separation in the

same direction for all threats Whcn ARA bit +t = I and MTE = 0 or l, bis 42-47 shall

have the following mcanings:

lVhen ARA btt 4l = t and MTE = 0 or l. blts 4?-,17 shall lnve ttre followtnS nEaldnSs:

Btt
42

.t3

{4

{5

.t6

4l

48-5{

Cadtry
0
I

0
I

0

I
0
I

0

I
0

I

Codttg
0

I
0
I
0

I
0
I

0
l
0

I

lVhen ARr\ btt { | = 0 urd t\'lTE = 1, blts ,12-47 strall have the follorvlrg meanltgs:

43

{4

{5

{6

47

{8-5{

Note.- lYhen ARA bit 4l = 0 and MTE = 0, no vertical RA has been generated.

l.3.l.LRAC (RACs record). This 4-bit (55-58) subfield shall indicate all the currently
active RACS, if any, received from other ACAS aircraft. The bits in RAC shall havc the

following moanings:

Btt
42

R{ ls prcwflttvc
llA ls conccdve
Upward sense RA tns been geocrated
Dorvnward seose RA has been gmerated
RA ls no( lncreased rate

R ls lncreased rate
RA ls oo( ! serse mversal
RA ls a serue reversd
RA 15 no( altttude cm*stng
ttA ts d0hde croosloS
RA ls vertlcal sp6ed Umlt
tu\ ls Fcluve
Resen'ed for ACAS lll

Rr\ does nol requlre a cofiecUon tn the upwud seme

R4 requlres a conectloo ln the up*ard sense

RA does not requlre a pocttlve cltmb
Frl requtres a posltlve ctlrnb
RA does not retlulr" a coffecuon ln the do*'nward sense

RA requlrer a comcuofi ln the downtqrd sense

RA doe$ no{ rcqulrE e pclttve descend

RA requlre$ r poslth'edsccnd
RA does nol r€qulrE a cros$lng
fu\ requlres a crcsln8
RA ls not a scnse reversal

fu\ ls a sense reversal
Resened for ACAS IIt
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BIt Resolutlon advtsorl- Lomplemefil
55 Do not pass belorv
56 Do not pass above
57 Do not turn Ieft
58 Do not tum rlght

A bit set to I shall indicate that the associated RAC is active. A bit set to 0 shall indicate
that the associated RAC is inactive.

l.3.l.3RAT (RA terminated indicator). This t-bit (59) subtreld shall indicate when an RA
previously generated by ACAS has ceased being generated.

Coding

0 ACAS is currently generating the RA indicated in the ARA subfietd

I The RA indicated by the ARA subfield has been terminated

Note l.- A,fter an RA has been termindted by ACAS, it is still required to be reported by
the Mode S transponderfor ISLl s

(. The RA terminated indicator may be used, for uample, to permit timely removal of an
RA indicationfrom an air tratfic controller's display, orfor assessments olRA duration
within a particular airspace.

Note 2.- RAs may terminate for a number of reasons: normally, when the conflict has

been resolved and the threat is diverging in range; or when the threat's Mode S
transponder for some rectaon ceases to report altitude during the conflict. The RA

terminated indicator is used to show that the RA has been removed in each oflhese cases.

1.3.1 .4MTE (multiple threat encounter). This t-bit (60) subfreld shall indicate whether
two or more simultaneous threats are curently being processed by the ACAS threat
resolution logic.

Cadtry
0 One threat u betrg processed by the resolutlon loglc (when ARA bll ,l I = l): or no threat ls

betng processed by tlu resolutlon lqglc (whor ARA btl 4l = 0)

I Trvo or more slmllaaneou threa6 are belng processed by tlr resolutlon loglc

l.3.l.5TTI (threat type indicator subfield). This 2-bit subfield (61-62) shall define the
type olidentity data contained in the TID subfield.

Codtng
0 No ldenUty data ln TII)
I TID contatns a Mode S ransponder address

2 TID contalnr altltude. rangc and bearlng data
3 Not asslgned

l.3.l.6TID (threat identiry data subfield). This 26-bit subfield (63-88) shall contain the

Mode S address of the threat or the altitude, range, and bearing if the threat is not Mode S

equipped. [f two or more threats are simultaneously processcd by the ACAS resolution
logic, TID shall contain the identity or position data for the most recently declared threat.
If TTI = l, TID shall contain in bits 63-86 the aircraft address of the threat, and bits 87
and 88 shall bc set to 0. ItTfl = 2, TtD shall contain the following three subfields.
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1.3.1.6.1 TIDA (threat identiry data akitude subJield). This l3-bit subfield (63-75) shall

contain the most recently reported Mode C altirude code of the threat'

Codlrg
Brt
lv{ode C code blt

75
Dr

'12 73
82 D?

03 6.t 65 66 67 68 69 '10

CrArC!A2C{A{0Br
7t
D1

7l
B{

l.3.t.6.2TIDR (threat identity data range subfeld). This 7-bit subfield (76-82) shall

contain the most recent threat range estimated by ACAS.

Codtng (n)
n Estlmated range (Nlvt)

0 No range estlmate avallable
I Less than 0.05

2-126 (n-t)/10 +0.05
127 Creater than 12.55

l.3.l.6.3TIDB (threat identity data bearing subJield). This 6-bit subfield (83-88) shall

contain th6 most rccent estimated bearing of the threat aircraft, relative to the ACAS
aircraft heading,

Codtng (n)

n
0

l-60
61-63

Estlma ted bearl ng (degrea)
No bearlng ertlmate avallable
Benveen 6(n-1) and 6n
Not asslgrcd

36

37

a0

{l

51

55

Note.- Sttucture of MB for an RA report:

33 3t 4l 55 59 6t 63

58

6033

60

61

62

5e 63 ,6

30 10 5'l 58 59 60 62 ?5 82 88

l.3.ZSub/ields in MB for the data link capability report. When BDS I = I and BDS2 = 0,

the following bit patterns shall be provided to thc transponder for its data link capability
rcPort:

Bil ' Coding

48 0 ACAS failed or on standby

I ACAS operating

69 0 Hybrid surveillance not operational

I Hybrid surveillance fitted and operational

70 0 ACAS generating TAs only

NAT IITE TTl.! TIOBOS1 .3 BtlS2.0 ARA RAC

IIDR TIOBR'r t{IE ITI .2 TIDABDSI .3 8052.0 ARA RAC
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I ACAS generating TAs and RAs

.,!ICAS vereion
RTCTATDO- I S5 (pr+'ACAS)
RTC.LTDO-1854
RTC.{/DO-185B & EITROCAE ED l+i
Pe-cen'ed for frrhue rer:ions (see }bie -D

Note i.- Future versions ol ACAS will be identified using part numbers and software
version nunbers specified in registers E5 te and E6re.

1.4 MU field. This 56-bit (33-88) field of long air-air surveillance interrogations
(Figure 4-l) shall be used to transmit resolution messages, ACAS broadcasts and RA
broadcasts.

1.4.1 UDS (U-definition subfield). This 8-bit (33-40) subfield shall define the
remainder of MU.

Note.- For convenience in coding, UDS is expressed in nvo groups olfour bits each,
UDSI andUDS2.

1.4.2 Subfields in MU for a resolution message. When UDSI = 3 and UDS2 = 0 the
flollowing subfields shall be contained in MU:

1.4.2.1 .MTB (multiple threat 6itl. This t-bit (42) subfield shall indicate the presence or
absence of multiple threats.

Codtrg
0 Interrogatlng ACAS has one threat
1 Inlerrogatlng ACAS has nrore than one t.hreat

1.4.2.2 YRC (vertical RICI. This 2-bit (45-46) subfield shall denote a vertical RAC
relating to the addressed aircraft.

No vertlcal I{AC sent
Do not pass beloiv
Do not pass above
Not asslgned

1.4.2.3 CVC (cancel vertical R{C/. This z-bit (43-44) subfield shall denote the
cancellation of a vertical RAC previously sent to the addressed aircraft. This subfield
shall be set to 0 for a new threat.

it ll
0
I
0
I

BBit 72

0
0
I
t

Codtrtg
0
I
2
3
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No cancellauon
Cancel prevtously sent "Do not pass below'
Cancel prevlously sent "Do not pass above"
Not asslgned

1.4.2.4 HRC (horizontat R4C). This 3-bit (50-52) subfield shall denote a horizontal
RAC relating to the addressed air*aft.

No horlzontal RAC or no horlzontalrsolutlon capablfiry
Other ACAS sense ls tum left: do not tum left
Other ACAS seme ts turn left do not tutn rlght
Not asstgned

Not asslgnetl

Other AC.AS sense ls tum rtght: do not turn left
Other ACAS sefise ls turn rlght do not rurn rlght
Not asslgned

L.4.2.5 CHC (cancel horizontal rt{Q. This 3-bit (4749) subfield shall dcnote thc

cancellation of a horizontat RAC previousty sent to the addressed aircraft. This subfield
shalt be set to 0 for a new threat.

Codtrg
0
I
2

3

Codlrg
0
I
2
3
4

5
G

7

Cadtry
0

I
z

3-7

No cencellaUon or no horlzontal resoluilon capablltty

Cancel prevlously sent'Do not turn left"
Cancel prevtously sent "l)o not tum rlght'
Not asslgned

1.4.2.6 YS? (vertical sense bits subfield). This 4-bit (61-64) subfield shalt be used to
protect the rdata in the CVC and VRC subfields. For each of the l6 possible combinations
of bits 43-46 the following VSB code shalt be transmitted:
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C\,I(] VRC
,{4 45

0

I
2

3

4

5

G

7
B

I
l0
1l
t?
l3
1,1

15

Note.- The rule used to generate the VSB subJield bit setting is a distance 3 Hamming
code augmented with a parity bit, producing the ability to detect up to three errors in the

eight transmitted bits.

1.4.2.7 HSB (horizontal sense bits subfield). This 5-bit (56-60) subfield shall be used to
protect the data in the CHC and HRC subtields. Foreach of the 64 possible combinations

of bits 47-52 the following HSB code shalt be transmitted:

Codtng .13

0

0

0

0

0

0

0

0

I
I

I

I
I

I
I
I

64
0

0

I
t
1

I
0

0

I
I
0
0
0
0

I
I

tlVS
63
0

I
I

0

I
0
0

I

0
I

I
0

I
0

0

I

6Z
0

I
1

0

0
I
I
0
t
0

0
I
I
0
0
t

6l
0
I
0
I
t
0
I

0
I
0
I
0
0
1

0
I

46
0

I
0

I
0
I
0

I
0

1

0

I
0

I
0
I

0

0

I
I

0
0
I
I
0

0

I
I
0

0
1

I

0

0
0
0

I
I
I
I
0
0

0
0
1

t
I
I
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59 60
00
ll
ll
00
00
1l
tl
00
0l
l0
l0
0l
0t
l0
l0
0l
0l
l0
t0
0l
0t
t0
l0
0l
00
It

}ISB
58
0

0
0
0
I
I
I
I
I
I
I
I
0
0
0
0
I
I
I

I
0

0
0
0

0
0

57

0

I
0

I

I
0

I
0
I
0
I
0

0
I
0
I
0
t
0
I

I
0
I
0

I
0

TtRCCHC
56

0

0
I

I

I
I
0
0
0
0
I
1

I
I
0
0
I

I
0
0
0
0
I
t
I
I

Codtng 47 .t8 49 50 51 5?

0000000
1000001
2a000t0
3000011
4000100
5000101
6000110
7000lll
8001000
900100t
l00ot0l0
ll 0 0 I 0 I I

l?001100
1300ll0l
ld00ltl0
1500ltll
16 0 r 0 0 0 0

tTol000l
18010010
rgdtootl
zo0r0l00
2t0l0l0l
22010110
z3ql0lll
240t1000
?sdtlool



FISB
56 57 58 s9 60

0l0ll
00000
00100
0lttl
r0lrl
tlt00
tr00l
10010
0r0r0
00001
0010t
01110
l0ll0
tll0l
10100
lltll
00llt
0r100
0r000
00011
tl0ll
10000
01100
00111
lllll
t0100
r0000
11011
000t1
01000
00001
010r0
100r0
rr00r
tll0l
tolt0
0trr0
00101
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I.IRCC}tC
52

0

I
0
I
0
I
0

I
0

I
0

I
0

t

0

I
0

I
0

I
0
I

0
I
0

I
0

I
0

I
0

I
0

I
0

I
0

I

5t
I

I
0

0

I
I

0

0
I
I
0
0
I
I
0

0

I
I
0

0
I
I
0
0
I
I
0

0

I

I
0

0

I
I
0
0

I
I

50
0

0

I
I
t
I
0
0
0
0
t
t
I
I
0
0

0
0
I

I

I
I

0
0
0

0
I
I
I
I
0
0
0
0
I
I
t
I

49
I
I
I
1

I
I
0

0
0
0
0
0
0

0
I
I
I
I
I
I
I
I
0
0
0

0
0
0

0

0
I
I

t
I
I
I
I
I

48
I
I
I
I
I

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

I

I
I

1

I
I
I
1

I
1

I
I
I
1

I
I

47

0

0
0

0

0

0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
t
I
t
I
I
I
I
I

Codtng
26

27

28
29
30
3t
32

33
34
35

36
37
38

39
40
4t
42
43
44

45
46
47

48
4g
50

5t
52

53

5.1

55

56

57

58

59

60
6t
a2

63
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Note.- The rule used to.generate the f{SB subfield bit setting is a distance 3 Hamming
code altgmented with a parity bit, producing the ability to detect up to three errors in the
e leve n trans m i t ted bi ts.

1.4.2.8 MID (Aircraft address). This 24-bit (65-88) subfield shall contain the 24-bit
aircraft address of the interrogating ACAS aircraft.

Note.- Structure of MU for a resolution message:

33 37 11 42

,10 .11

{3 {5 11 50 53 56 61 65

36 42 .14 ,16 4A 52 55 60 rt{ B8

1.4.3 Subfield in MUfor an ACAS broadcast. When UDSI = 3 and UDS2 = 2, the

following subfield shall be contained in MU:

1.4.3.1 lvllD (Aircraft address). This 24-bit (65-88) subFreld shall contain the 24-bit
aircraft address oIthe interrogating ACAS aircraft.

Note.- Structure of MUlor an ACAS broadcast:

33 37 41 65

UDS1 = 3 UDS2 = 2 2,t-- MID

36 40 64 88

1.4.4 Subfields in MU lor an RA broadcarr. When UDSI = 3 and UDS2 = l, the

following subfields shall be contained in MU:

1.4.4.1 ARA (active RAs). This l4-bit (41-54) subtield shall be coded as defined in
1.2.1. L

1.4.4.2 RAC (RACs record). This 4-bit (55-58) subfield shall be coded as defined in
t.2.t.2.

1.4.4.3 RAT (RA terminated indicator). This l-bit (59) subfield shall be coded as

de fined in I .2. I .3.

1.4.4.4 MTE (multiple threat encounter). This l-bit (60) subfteld shall be coded as

deflrned in 1.2. L4.

1.4.4.5 AID (Mode A identiry code). This l3-bit (63-75) subfield shall denote the Mode
A identiry code ofthe reporting aircraft.

Cadtryg

BII
iHode r\ code btt

1.4.4.6 CAC (Mode C altitude code). This l3-bit (76-88) subfield shall denote the Mode
C altitude code ofthe reporting aircraft.

Codlng
Bt(
\tode C code btt

Note.- Strl.cture of M U for an RA broadcast:

03 64 65 66 67 68 69
.\r Ar Ar B{ B: I}r 0

86 87 88
D2 Bt D,

82 83
OB,

't6 77 78 79 80

Cr Ar Cz .A: Cr

70 7t 7? 73 74 75

Cr C: Cr Dr D3 Dr

3l 84

f)r
85

B2

MtoUDSI , l UDS2 - 0 .1 MTB cvc VRC cHc Hrc .3- HSA VSB
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33 3l 41 55 59 60 61 63 76

UDS1 = 3 uDsz - 1 ARA RAC RAT MTE 2- AID CAC

40 54 58 5S 60 62 75 88

1.5 MV lield. This 56-bit (33-88) field ol long air-air surveillance replies (Figure 4-
l) shall be used to transmit air-air coordination reply messages.

I .5. I YDS (Y-deJinition subJield). This 8-bit (33-40) subfield shall deflrne the
remainder of MV.
Note.- For convenience in coding, l/DS is arpressed in two groups of four bits each,
VDSI and ltDS2.

1.5.2 Subfields in MYlor a coordination reply. When VDSI = 3 and VDS2 = 0, the
following subfields shall be contained in MV:

1.5.2.1 ARA (active RAs). This l4-bit (41-54) subfield shall be coded as defrned in
1.2.t.1.

1.5.2.2 RAC (RACs record). This 4-bit (55-58) subfield shall be coded as defined in
t.2.1.2.

1.5.2.3 RAT (RA terminated indicator). This l-bit (59) subfield shall be coded as

defined in 1.2. t.3.

1.5.2.4 MTE (multtple threat encounter). This l-bit (60) subfield shall be coded as

defined in 1.2.1.4.

Note.- Structure olMVfor a coordination reply:

33 37 41 55 59 60 61

VDS1 ' 3 VDS2 = 0 AR.A RAC RAT MTE -28-

36

36

40 54 58 59 60 88

1.6 SL (sensitivity level report). This 3-bit (9-l l) downlink field shall be included in
both short and long air-air reply formats (DF = 0 and 16). This field shall denote the
sensitivity level at which ACAS is currently operating.

Codtr6
0 ACAS tnoperatlve
I ACAS ls operattrng at senslilvlty level I
2 ACAS ls operatlng et sensltlvlty level 2

3 .\CAS ls operatlng at senstUvlty level3
4 ACAS ts operatlng et sensltlvtty level4
5 ACAS ls operatlng at senslttylty level 5

6 .A,CI\S ls operatlng at sensluvlty level 6
7 ACAS ls operatl.ng at sensltlytty level 7

1.7 CC: Cross-linkcapability. This l-bit (7) downlink field shall indicate the ability
of the transponder to support the cross-link capability, i.e. decode the contents ofthe DS
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field in an interrogation with UF equals 0 and respond with the contents of the spccifred

CICB register in the corresponding reply with DF equals l6'

Coding

(c) signities that the transponder cannot suPPort thc cross-link capability'

(d) signifies that the transponder suPports the cross'link capability.

2, Standard altimetry error model

2,1 The errors in the simulated altitude measurements shall be assumed to be distributed

as a Laplacian distribution with zero mean having probabiliry density

aret - Iexrf -H jr\-, e^---rt X )

2,2The parameter I required for the defrnition of the statistical distribution of altimeter

error foi cach aircraft shall have one of two values, lt and tr2, which depend on the

altitude layor of the encounter as follows:

ILzyu t 3 5 6

).1

Ir

frnfrn
58 22 T2 28

87 30 tot 30

nftt,rftnn
l0 35 ll 38 13 .13

18 60 18 60 2t 69

n
t7

26

ft
9.1

t0i

2.3 For an alrcraft equipped with ACAS the value of I shall be Ll'
2.4For airtraft not equipped with ACAS, the value of I shall be selected randomly using

the following probabilities:

Larcr 2 3 4 5 6

prob0a)

prob()-,

0.391

0.609

o,320

0.f*0
0.345

0.655

0.6t0

0.390

0.6 t0

0.390

0.610

0.390

J.ENCOUNTER CLASSES AND WEICHTS

3.t Aircraft address. Each aircraft shatl be equalty likety to have the higher aircraft

address.

3,ZAttitude hyers.The relarive weights of the altitude layen shall be as follows:

Layar ? 3 4 5 6

prob(layer) 0.13 0.25 0.32 A.22 0.07 0.01

3.3Encounter classes

3.3.lThe encounters shall be classified according to whether the aircraft are level (L) or

transitioning (T) at the beginning (before lca) and end (after tca) of the encounter

window and whether or not the encounter is crossing, as follows:
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Alrcralr No. I
AeForL'tca afterlca

Alrcralr No. ?
fuforetca aflslca.(7ass

I

2

3
.l

5

o

7

I
I
t0
lt
t?
r3
l{
I5
l0
t7
t8
tg

3 ,3.2 The relative weights of the encounter classes shall depend on layer as follows:

far calculattng rtsk ratlo lorATlv{ canpaubtltty

1"

T
L
T
T
l-'r
t..

L
L
T
T
L
T
T
L
1'
l-
t-

T
t-
'r
T
T
T
L
T
T
L
T
L
't'

T,r

T
L
T
T

L
t.
L
T
T
T
T
T
L
L
L
L,

L
T
'r
T
'r
T
1..

L
L
L
T
L
T
L
t-
'r
t.
L
L
L
T
L
T
L
L
'r

yes

yes
yes

Ye5

Yes

Yes
yes

yes

),es
no
no
no
no

Ito
no
no

no
no
no

I

2

3

4

f

6
7

8

I
10

ll
t2
l3
l,l
15

16

t7
18

1S

0.00502
0.00030

0.00049
0.00355
0.00059
0.0007{
0.00002
0.00006
0.00006
0.36846
0.26939
0.06476
0.07 t27
0.t3219
0.02750
0.03578
0.00296
0.00503
0.01183

0.00319
0.00018
0.00009
0.0027

0.00022
0.00018
0.00003
0.00003

0.00003
0. I 0693
0.{ t 990
0.02217
0.22038
0.08476
0.02869
0.06781
0.00098
0.00522
0.036.11

0.06789
0.00{08
0.006&t
0.04798
0.0079 I

0.00995
0.00026
0.00077
a.affi77
0.3r801
0.23252
0.05590
0.06151
0. il",109

0.02374
0.03088
0.00255
0.00.t34
0.0t02 t

0.07802
0,004{0
0.00220
0.06503
0.00549
0.004{0
0.00082
0.00082
0.00082
0.0901r
0.35386

0.01868
0.r8571
0.07 r{3
0.02.1t8
0,05711
0.00082
0.00.1{0
0.03077

3.4vmd,bins
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3.4.lThe wndof each encounter shall be takcn from one o[ ten vrzabins for the non-

crossing encounter classes, and from one of nine or ten vrnabins for the crossing
encounter classes. Each vzabin shall have an extent of 100 ft for calculating risk ratio, or
an extent of 200 ft for calculating compatibility with ATM. The maximum vmdshall be t
000 ft for calculating risk ratio, and 2 000 ft otherwise.

3.4.2For non-crossing encountcr classes, the relative weights of thc vzrabins shall be as

follows:

vmd lrln

vmd bIf

for calculattrg
rlsk rauo

for ATM
@nPailbillty

0.128
0-135
0.209
0.17I
0.r60
0.092
0.043
0.025
0_014

0.009

fu AT!$

0.064
0.144
0.224
0.183
0.171
0.098
0.046
0,0?7
0,015
0,010

I
2
3
4

5

6
7
I
I
t0

0.013
0.026
0.035
0.065
0.100
0.161
0.1l3
0,091
0.10,{
0.09 r

lor alculattng
rlsk ratlo

0
0.026
0.038
0.066
0.102
0.t64
0.r15
0.093
0.106
0.093

Note.- The weigh* for the vmd,bins do not sum to 1.0. The weights specified are based
on an analysis oJencounters cdptured in ATC ground radar data, The mbsing proportion
re/lects tha fact that the encounters captured included some with vmd*ceeding lhe
maximum vmdin the model.

3.4.3For the crossing classes, the relative weights of the vnalbins shall be as follows:

I
2
3
4
5
6
7
B

I
l0

Note.- For the crossing class*, vmdrnus, *ceed 100 ft so that the encounter qualilies
as a crossing encounten Thus, for the calctlation of risk rutio there b no vmdbin I, and

for calculattons of the compatibility with ATM vmdbin I ts limited to Il00ft, 200fi].

4. CHARACTERISTICS OF THE AIRCRAFT TRAJEC{ORIES tN THE VERTICAL PLANE
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4.lvmd. Thevzrdfor each encountcr shall be selected randomly from a distribution that is
uniform in the interval covered by the appropriate vrzdbin.

4,2Yertical rate

4.2. lFor each aircraft in each encounter, either the vertical rate shal[ be constant (i) or the

vertical trajectory shalt be constructed so that the vertical rate at tca - 35 s is 2t and the
vertical ftte at tca+ 5 s is i2. Each vertical rate, i, ilor i2, shall be determined by first
selecting randomly an interval within which it lies and then selecting the precise value
from a distribution that is uniform over the interval selected.

4.2.2The intervals within which the vertical rates lie shall depend on whether the aircraft
is level or transitioning and shall be as follows:

L T

[240 ft/nrtn, 400 ft/nrlnJ

[80 ftlrnln, 2{0 fUurln]

[-80 fUmln.80 fUnttnJ

[-240 ft/nrln, 80 ft/mlnJ

[-400 fUnrln, 2"t0 ft/rnlnl

[3200 fu'mln. 6000 ftinrtnl
[a00 ft/mln. 3200 ft/rrrlnl

[-400 ft/mln, 400 ft/nrtnl
[-3 200 fUmln.400 fUmlnl

[-0 000 fUmln,3200 fUmtn]

0.0382
0.0989
0.70{0
0.r r98
0.0391

4 h'lefl,al

[2,t0 fdmrn. {00 ft,tmlnl

lE0 ftlmln. 2{o fdrlllnl

[-m fumh.80 fr,mlnl

[-2.10 fvmh. -80 funrhl

l-100 ffiiln. -2r0 fdmlnl

and

-6 000 n/'mln -3 200 tumln -,100 {00 32m

-. for aircraft with Rate+o-Level trajectories in layers 4 to 6,

4.2.3For aircraft that are level over thc entire encounter window, the vertical rate i shall
be constant. The probabilities for the intervals within which i lies shatl be as follows:

: (fdnh) prob\)

[240 ft/nrtn, 4ft0 filnun]
[80 ft/mtn, 240 fc/nilnl
[80 ft/nun, 80 ft/mln]

[-240 fUnrln. 80 ft/mtn]

[-400 ft/ruln. 240 fUnilnl

4.2.4 For aircraft that are not level over the sntire encounter window, the intervals for
il and i2 shall be determined jointly by random selection using joint probabilities that
depend on altitude layer and on whether the aircraft is transitioning at the beginning of
the encounter window (Ratc-toLevel), at the end of the encounter window (Level-to-
Rate) or at both the beginning and the end (Rate-to-Rate). The joint probabilities for the
verticat rate intervals shall be as follows;

- for aircraft with Rate-to-Level trajectories in layers I to 3,

0.0t3t 0.r 55,1 0.ut000.m19 0.0169

0.00fi) 0.0187 0.0019 0.1086 0.0000
o.{t0!tJ 0 I rz.t 0 0{r?50.0037 0.l0E.l

0.1{61 0.000.t 0.02{3 0.00370.0037

0.mm n.li12 0.fi)9.1 0.fi)91 0.0019
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:! lttlN tel
12.10 ltirntrr, 100 ninllnl

[80 fr,rnln. 2{0 frr'rtrtnJ

l...tA fdrnh.80 fdnunl

[-2,10 funun. .80 funrhl

{ .100 fliruln. -2{0 fiiorlol
..6 000 fr/orrn -3 200 .. {00

eor aircraft with Level-to-Rate trajectories in layers I to 3,

!: lnlu'titl

[3 200 fdnrlo.6 000 fr.,'ntl,rl

[400 ft/rnln. 3 200 fUrrrlnl

I-,t00 f/nun. ,100 tl'orlnl

[-3 200 fr/ono. .,100 finrrnl

[-(i 000 funrh, *3 2t)0 fthrtn]
-{f}0 fr,iilln .2,10

dtttl tilert':t I

ft/nrkr 3 200 6 000 rl

:! ln?rvel
13 2ffi i/nrtn. Gfiio fdnrtnl

l{00 frlmln. 32110 fr/nrJnl

{...100 fuflrtn. .100 fdounl

l -3 200 ttlrntu. -100 fiirntfll

| 6 0oofvnrrn. -3 2o0f/mr0l

-.100 -2,10 ninrtn -80 fLhrllt 80

-for aircraft with Level-to-Rate trajectories in layers 4 to 6,

anr!

of atxl I tlttYvat

2'10 fr/hlln .100 ft/rntn :r

2{0 {00 lunrln :tlVnrln 80

for aircralt with Rate-to-Rate trajectories in layers I to 3,

:t lntena!

[] 200 fL.tilrn. E 000 ft,' nrrnl

1400 funrln. 3 200 ft'nrtnJ

l-400 f/mtn. 4ff) ft/'mlnl

[ .3 200 tvmrn. -.100 fdmtnl

[.6 000 fumrn. -3 ?00 ft,irnrn]

and:z tnlerval

.6 000 fr.hrrrr .-3 200 ,100 ft/urln 3 200

-for aircralt with Rate-to-Rate trajectories in layers 4 to 6,

:: lnleftal

[3 200 f/nrrn. 6 000 fd rrrrnl

[100 lvrlun.3 200 fiiortnl

[-{00 ftrrnln. 400 li/mtul

l-3 200 fbinrn. -{00 fdmlnl

[-6 000 fr,irun. -3 200 frinrlnl

of and lotemal

-6 000 fdnrln -3 200 -40{) ftlnrtn 3 200 6 000

4.2.5For a Rate-to-Rate track, if line 122 - ztl < 566 fUmin then the track shall be

constructed with a constant rate equal to i I .

4. J Vertical acceleration

6 000 ftliln :r

-l

0.0105 0.0035 0.ft)00 0 t0r0 0.0 r05

0.0035 0.0.1 l8 0.0035 0.1776 0.027!)

0.0?79 0.1 2 19 0.0000 0.2{03 0.0139

0-0035 0.0i67 0.0000 0.0.t88 0.0 t05

0.0 t 05 0.0{ 53 0.0m5 0.0171 0.fino

0 00000.0000 0.tx)00 0.00000.0000
0. r5380 0273 0.06.15 0.07200.007.1

0.0000 0.00000.0000 0.0000 0.m00
0.o273 0.0050.207s 0.208.1 0.t365

0.0000 0.0000 0.00000.0m0 0.0000

0.0000 0.0m0 0.0000 0.0000 0.0r 92

0.0t)00 0.0000 0.0962 0.057 7 0. I l5,l

0.0000 0.0000 0.0000 0.0000 0_m00

0. t 346 0.2692 0.2308 0.0577 0.0 t92

0.0000 0.ffrx) 0.ffno 0.0000 0.0000

0.flxx) 0.0m0 0.0m7 0.0095 0.(xll8

0.00ff) 0.0018 0.02{9 0.2882 0.0066

0.0000 0.0000 0.0m0 0.0fxn 0.0000

0.00.18 0.5970 0.0600 0.002$ 0.00t r

0.0000 0.0007 0.0m0 0.0000 0.0000

0.00690.0000 0.0028 0.01 l00.001{
0.,r889 0.05230.0028 0.0028 0.017s

0.0000 0.0000 00.0000 0.0000
0.00280.3029 0.0?0? 0.01520.0317

00.0220 0.001{ 0.00000 0il0
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4.3.lFor aircraft that are not level over the entire encounter window, the rate shall be

constant and equal to jl over at least the interval [tca - 40 s, ,ca- 35 s] at the beginning
of the encounter window, and shall be constant and equal to 22 over at least the interval

Itca+ 5 s, ,ca+ l0 s] at the end of the encounter window. The vertical acceleration shall
be constant in the intervening period.

4.3.2The vertical acceleration ( z) snatt be modelled as follows:;

?= (,4ja - z'1) + e

where the parameter I is casedependent as follows;

Afs"')

Case Larers l-3 Laren 4-6

Rate-to-l,evel

Level-to-Rate

Rate-to-Rare

0.071

0.089

0.083

0.059

0.075

0.072

and the error e is selected randomly using the following probability density;

p(e):+,-r[-+J

Il/here

F = 0.3 ft s'2.

Note.- The sign of the acceleration zis determined by iL and 22 . An error e that reverses
this sign must be rejected and the error reselected.

4.4Acceleration start time. The acceleration start time shall be distributed uniflormly in
the time interval ftca- 35 s, tca- 5 s] and shall be such that i2 is achieved no later than
tca+ 5 s.

5. CHARACTERISTICS OF THE AIRCRAFT TRAJECTORIES IN THE HORIZONTAL PLANE

5.1 Horizontal miss dis tance

S.l.lFor calculations of the effect of ACAS on the risk of collision, hmd shall be

uniformly distributed in the range [0, 500 ft].

5.l.2For calculations concerning the compatibility of ACAS with ATM, ftmdshall be

distributed so that the values of izdhave the following cumulative probabilities:
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hnd
amulewe pobabltlty

t-3 4-6 httrd (ft)
cunulaarc pr&aillll.y

l-3 4-6

0

r?1.5
2130
36.16

4860
0076
792t
8506
972?
10937
12152
r33C7

1.t582
15798

0.000
0.1 52
0.306
0.482
0.631
0.7${
0.859
0.919
0.95{
0.972
0.9E2
0.993
0.998
0.999

0.000
0.1 ?5
0,105
0.260
0.322
0.398
0..169

0.558
0.624
0.692
0.753
0.80 t

0.821
0.8{8

170r3
18228
r 94{3
20659

?t814
230&)
2130,r
25520
26735
27950
29165
30381

31s96

0.999
1.000

0.8$
0.897
0.916
0.927
0.939
0.9{6
0.952
0.905
0.983
0.993
0.990
0.999
r.0m

5,ZApproach angle. The cumulative distribution for tbe horizontal approach angle shall
be as follovn:

approach cumulative probabtlity approach cumulative probability angle (deg.) Layers l'
3 Layers 4-6 angle (deg.) Layers I-3 Layers 4-6

apprarh cunutaave gob*tlty approad cunulaave ptda*ltty
I-3 1-6 t-3 1-6

0.38
0.43
0.19
0.55
0.62
0.71

0
l0
20

30
{0
50

60
i0
80
90

0.00
0. 1{
0.t7
0.t8
0.19
0.2t

0.00
0.05
0.06
0.08
0.08
0.10

100
lt0
tza
130

t.l0
t50

0.28
0.3I
0.35
0.,t3
0.50
0.59

cwnuhuve probabtltty
Layen l -3 La-yus 4-6

apprcadt runulatwept*aHttty
l-J Lalers 4-O

0.66

0.79
t.00

o.?3
0.2s
0.28
0.32

0. l3
0.t4
0. t9
o.22

160

t70
t80

0.79
0.88
1.00

S,3Aircraft speed. The cumulative distribution for each aircraft's horizontal ground speed

al closest approach shall be as follows.'
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(kt)(k0sped
grand

.t5

50
t5
100

125
150
l15
200
225
?50
275
300

0.000

0.005
0.02{
0.1 39

0.31.r
0.,r86
0.6t6
0.i00
0,758
0.82 r

0.895
0.9.19

0.000
0.005
0.03{
0.064
0.1t6
0.171
0.2tI
0.294
0.36 t

0.427

0.977
0.988
0.997
0.998
0.999
t.000

0.528
0.602
0.602
0.8 t3
0.89!
0.9.t0
0.972
0.987
0.903
0.998
0.999
1.000

cwnulattve probilllly*
I.ayers I -it layers ,t-6

;1rowd cunrulatlve prdablilty
l-3 1-t;

325
350
375
.t00

125
{50
475
500
525
550
575
600

5.4Horizontalmanoeuvre probabilities. For each aircraft in each encounter, the

probability ofa turn, the probability ofa speed change given a turn, and the probability of
a speed change given no turn shall be as follows:

Lapr Prob(lurn)
Prob(sped clange)

{Jlven a turn
Probgped clnnge)

glven na turn

I

Z

3
4,5,6

0.3t
o.29
0.22
0.16

0.20
0.20
0.10
0.05

0,5
0.25
0.r5
0.10

5.4. t Civen a speed change, the probability ofl a speed increase shall be 0.5 and the
probabiliry ofa speed decrease shalt be 0.5.

5.5 Turn extent.The cumulative distribution for the extent of any turn shalt be as follows:

cuttwlatlw probabiltty
Tw n ertwt (deg.) La_yas l -3 La_yers 4-6

15 0.00
0.43
0_75

0.88
0.95
0.98
0.99
1.00

0.00
0.58
0.90
0.97
0.99
l _00

30
60
90
tz0
150
180
zt0

5.5. lThe direction of the turn shall be random, with the probability o[a left turn being 0.5
and the probability of a right turn being 0.5.
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5.6Bank angle. An aircraft's bank angle during a tum shall not be less than l5 degrees.

The probabiliry that it equals l5 degrees shall be 0.79 in layers l-3 and 0.54 in layers 4-5.
The cumulative distribution for larger bank angles shall be as follows:

Ban*. angle (deg.)
c u tnul att rc p robab t I tt_t'

lay'erc l-3 l.a_yers 4-6

l5
25

35

50

0.79
0.96
0.99
1.00

0.54
0.82
0.98
1.00

5.7Turn end time. The cumulative distribution for each aircralt's turn end time shall be as

follows:

Turn end ttnte
(semnds b{are lca)

c u m ul a tl t'e p rab ah t I I ry*

Iavers l -3 lavers l-G

0 0.42 0.28

5 0.64 0.65
t0 0.77 0.76
15 0.86 0.85

z0 0.92 0,91
?5 0.98 0.99

30 1.00 1.00

5.\Speed change. A constant acceleration or deceleration shall be randomly selected lor
each aircraft performing a speed change in a given encounter, and shall be applied for the

duration of the encounter. Accelerations shall be uniformly distributed between 2 kt/s and

6 kt/s. Decelerations shall be unilormly distributed between I kt/s and 3 kt/s.

6. Coupauarurry WrrH AtR Taerrtc MnNtGEMENT (Artu|

An RA shatl be considered a "nuisance" for the purposes ofsub-regulation (l) unless, at

some point in the encounter in the absence of ACAS, the horizontal separation and the

vertical separation are simultaneously less than the following values ;

Itotlzontal verucal
sepratlan separatlon

abow FLl00
tulol FLl00

2.0 Nf\,'l

1.2 Ntvt

750 ft
750 fi

6.DEVIATIoNS CAUSED BY ACAS

The coltision avoidance logic shall be such that the number of RAs resulting in
"deviations" greater than the values indicated shalt not exceed the following proportions
ol the total number of RAs:.
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n'htll otn alrcraft s vgtlcal rete
at tlp une lhe R1 ls llrsl lssrd

ls ltss than lMlimlu erceeth,lMft/nln

then lhe lntruder ts ilot ,lclls equlpped.

tor &vtatlons\l)0 ft
for &vhaonsze$1 ft
br &vtauonszl 0@ n

wlwt the tnlruler ts etlutpperl but daes not raprl.
for &vtatlonszfr| ft
for &vlatlonsztOl ft
for *nailonszl 0N ft

whur the tntruder ls curyed afil reqods.
for &vtatlons>=J00 ft
br devtatlors>@0 ll
fot fuvtailonsl 0U fi

0.15

0.0,t

0,01

0.23

0.13

0.07

0.23
0.00

0.02

0.35

0.10

0.07

0.23

0.12

006

0.1 I

0.02

0.0 t

8.ACAS UsE OF EXTENDED SQUITTER

Full active surveillance. tf the followingcondition is met lor a tack being updated via
passive surveillance data

a) fa[s 10 000 lt and bothr

b) faf s 3 000 ft or [a * 3 000 fq / lal .r 60 s: and

c) /'< 3 Niv{ or (r- 3 Nlv$ / [rl s 60 sl

lyhefe; lntruder altltude.separauon ln ft
aldtude rate estlnrate ln [Us

lntruder slant range ln Nr\.{

range rate estlmale tn Nlvt/s

The aircraft shall be declared an active track and shatl be updated on active range
measurements once per second for as long as the above condition is met.

EIGHTH SCHEDULE

fl=
A=
f=
f=
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(REGULATIONS 88, 9 t, 92, 98)

ADS-B

l. I.FIGUREI-l : ADS-B/TIS-B SYSTEM FUNCTIONAL MODE
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I .9 TABLE I .I : ADS-B CLASS A EQUIPMENT CHARACTERISTICS

tryrnxcl,;j

.tfrau
wn
?ea

lc*tm
toli$ti

Ysbw
r6rit
POBV

iiagrw
fi@el/ Ji+omtnftt

!,llaiw ar*d :{tiac nc:agt
cqtnlAnq\id

t;r:,ioc 2j

,{t}
()daiEcrl

ltj d81V

(K.\ira 0
!?dBs

.Ilboa!r

.&b@rror:ri6

.l:!srl i.lai&r;n Ed ot.tq)'

.f$QrdEii.r
,tisr6<lsriol rurr
Errdd'{pEtiroiffi

SEfrr

Sqfo. Doird{
Aimi SEElulo ad(rrtu)'
$ItrAqodlrllcE,
Emdrdqis ilrgltruor

.{l
(B$k) 1l daw tldEs

Atbmr

.fi6oepddm

.{irr! ihi!.do $d curpr,"
fibGrr{dty
.$r6tq6[elrEor
Et!r!&d isiil&rrt.ro

WI

llELrpoddoo
.$rqriild&ri6 dctr|orf
.$Ellq{driodru
l.:cdrdqdsrriut sas

.1:
(tus.dt :tGw :?dB$

-ttb@.

.1$e.po{idm
$rnn iru!.r36 tal(rrloc
t:rbG. rdodtY
.lxrr!<p6dclrEE
EsEddqr$d ntrlis
flrF1t![$draE

Srfrr
kforForitio
.liuri lladislc od ca{u1'
.lxn! cfGriod rEEr
EEdd:qtrsucrtiln

.$
rEffid.d)

]}d3il lidBs

.litmr

lst(r.Fl:Iifi
lisr! irEri.C(rio l,l crtlro!,
.{irtoorrdooS'
,tiltrr! ogotrat rts
LEddqnErtt(r{tEilr
i[!s,,&rlirr!!

Sufxr

g.Ekr ioritoo
,li,ad ihri&nic dcrrto.I
&unqGEGlruEr
Eandrd4rr$o!tuu

Note I .- See I .10.2 of the Third Schedule for restrictions on the we of this category of
Mode S transponder.

Note 2.- The extended squitter m$sages applicable to Class A equipment are defned in
,he Technical Provisions for Mode S Services and Extended Squitter (ICAO Doc
e87 t).
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l.l0 Table l-2: ADS-B Class B equipment characteristics-

Note l.- See t.t0.2 of the Third Schedulefor restrictions on the use o/this category of
Mode S tansponder.

Note 2.- The appropriate ATS authority is expected to get the ma.rimum power level
permitted.

Note 3.- Fixed obstacles use the airborne ADS-B message formats since knowledge of
their location is of primary interest to airborne aircraft

l.ll TABLE l-3:RECEPTIONPERFORMANCE FOR AIRBORNE RECEIVING
SYSTEMS
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Note l.-Specific MTL is referenced to the signal level at the output terminal oJ the

antenna, assuming a passive antenna. If electronic amplilcation is integrated into the

antenna assembly, then the MTL k referenced at the inPut to the ampliJier. For Class A3

receivers, a second performance level is defined at a received signal level of-87 dBn
where 15 per cent of the messages are to be successlully received. MTL values refer to
reception under non interference conditions.

Note 2.-The extended squitter receiver reception techniques are defrned in regulation
92. "standard" reception techniques refer to the baseline techniques, as required for
ACAS t 090 MHz receivers that are intended to handle single overlapping Mode ,UC

fruit. "Enhanced" receplion techniques refer to techniques intended to provide improved
reception performance in the presence of multiPle overlaPPing Mode A/C fruil and

improved decoder retriggering in the presence ofoverlapping stronger Mode Sfruit. The

requiremens for the enhanced reception techniques that are applicable to the sPeciJic

airborne receiver classes are defined in regulation 92.
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l.tz TABLE 2-4: MODE S EXTENDED SQUITTER AIRBORNE RECEIVING

SYST E M REP O RTING RE 8U I RE M ENTS

Made on lEth Iune, 2018

JAMES MACHARIA,
C ab ine t S ec re tary fo r T r ans po r t, I nlr as truc tu r e,

Housing and Urban DeveloPment.

rntwreo euo ptiaLFHED BY THE covERNMEt{T PRINTER' NAtRoBl

frrtinimum ADS-B

feporting requirements

Minimum TIS

feguirements

Ctass

ItlS-B report and rls-

fnanaeement 

renort
(basic VFR)

B state vector report and

status report and ADS-B air
I @asic IFR)

v)

-B report and TIS
report

velocity report

(Enharced IFR) report and
report

-B statc vector report and
status report and ARV report

target state rePort

report and TIS
report

state vcctor report and
status report and ARV rcPort

targct state rcPort




