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GENERAL:

Requirements contained in tldscumentare based on the amendm@&gtof ICAO Annex
10iAAeronautical Tel &avational Aidsc at i ono Radi

The requirements contained in this document are applicableltters of Aeronautical
Telecommunication Service Providers and Service providers of Aeronautical Aid
Communication Navigation arfsurveillance (CNS) in Sri Lanka.

Aeronautical Telecommunication Service Providers and the Service Providers of Aeron
Communication Navigation and Surveillance (CNS) in Sri Lanka shall strictly comply wit
requirements published in this document.

This document supersedes tmeplementing Standard 038econd Edition, and Revisid@1,
issued by the DGCA. Accordingly Implementing Standard 88dond Edition, Bvision 4
shdl be treated as null and void.

This document may be amended from time to time and the amendments eflebted with
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CHAPTER - 1- DEFINITIONS
Whenthe following temms areusedin this volume, they have te following meanings:

Altitude T The vertical distance of a level, a point or an object consdered as apoint, measured
from mean sealevel (MSL).

Area navigation (RNAV) 1 A method of navigation which permits aircraft opeation on any
desred flight path within the coverage of ground- or space-based navigation aids or within the
limits of the cgpahility of sef-cortained aids,or a cmmbinaion of these.

Note i Area navigatonincludes perfomance-basednavigation as well as otheroperdions that
do not meet the defnition of performancebased navigation.

Effective acceptance bandwidth i Therange of frequencies with respecto theassgned frequency
for which reception is assured whenall receiver tolerances have beentakeninto ac@unt.

Effective adjacent channel rejection Thergedion that is obtained at the appiopriate adacent
channel frequency when all relevant receiver tolerances have beentakeninto acaunt.

Elevation T The vertical distance of a point or a level, on or affixed to the surface of the eath,
meaured from meansealevel.

Essential radio navigation servicei A rado navigation sewice whose disruption hasasignificant
impacton operaionsin the affectedairspaceor aerodrome.

Fan marker beaconi A type of rado beacon, the emissions of which radate in a vertical fan-
shaped pattern.

Height T Thevertical distance of alevel, a pant or an objectconsidered asa point, measured from
a specified datum.

Human Factors principles i Principles which apply to design, certification, training, operdions
andmaintenance and which seek safe interffacebetveen the human and other systemcomponents
by properconsideration to humanperformance.

Mean power (of a radio transmitter) i The aveagepower supplied to the antenna transmisson
line by a tansmitter during an interval of time sufficiently long compared with the lowest
frequency encountaed in the modulation taken under nommal operating conditions.

Note i A time of 1/10 seond during which the mean poweris greatestwill beselected
normally.

Navigation specification T A set of aircraft and flight crew requirements needed to supjort
performancebased navigation operations within a defined airspace. There are two kinds of
navigaion specific ations;
Requir ed navigation perbrmance RNP) specfication: A navigation specification based
on areanavigation that includes the requrement for performance monitoring andalerting,
designated by the prefix RNP,e.g. RNP 4, RNP APCH.

Rev.@ | Second Edition | Date:01.0.2019 |
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Area navigation (RNAV) specificatioA:navigation specification based on amaaigation
that does not include the requirement for performance monitoringlenticig, designated
by the prefix RNAV, e.g. RNAV 5, RNAV1

Note - Performance-based Navigation (PBN) Marual (Doc 9613), Voume II, contains
detail ed guidance on navigation speifications.

Note 27 Theterm RNP,previously deined as fia statement of the navigation performance
necessary for operation within a defned airspaced, has been removedfrom this IS asthe
concept of RNPhasbeen overtakenby the concept of PBN. Theterm RNPIn this IS is now
solely usedin the context of navigation specficationsthat requir e performance monitoring
and alerting, e.g. RNP 4 refers to the aircraft and operating requirements, including a
4 NM lateral performance with on-board performance monitoring and alerting that are
detailed in Doc 9613.

Performance-based navigation (PBNIT Area navigation based on performance requirements for
aircraft operating along an ATS route, on an instrument approach procedure or in a designa
airspace.

Note T Performance requirements are expressed in navigation specifications (RNA)
specification, RNP specification) in terms of accuracy, integrity, continuity,
availability and functionality needed for the proposed operation in the cafitepiarticular
airspace concept.

Pressurealtitude T An atmospheric pressure expressed in terms of altitude which corresponds 1
that pressure in the Standard Atmosphere.

Protected service volumei A part of the facility coverage where thacifity provides a
particular service in accordance with relevant SARPs and within which the facility is afforde
frequency protection.

Radio navigation servicei A service providing guidance information or position data for the
efficient and safe operatn of aircraft supported by one or more radio navigation aids.

Touchdown T The point where the nomina glide path intercepts the runway.

Note T fiTouchdown fias defined above is only a datum and is not necessaily theactual
point at which the aircraft will touch the runway.

Z marker beaconi A type of radio beacon the emissons of which radiate in avertical cone-
shapedpattern.
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CHAPTER -2 GENERAL PROVISIONS FOR RADIO NAVIGATION AIDS
2.1 Standard radio navigation aids

2.1.1 Thestardard radio navigation aids shall be:

(&) The instrument landng system (ILS) conforming to the Starndards contained in
Chapter 3, 31;

(b) The VHF omnidirectional radio range (VOR) conforming to the Standards
contained in Chapter 3, 3.11;

(c) The nondiredional radio beacon(NDB) conforming to the Standards
contained in Chapter 3, 3.7;

(d) The distance measuring equipment (DME) conforming to the Standrds contained
in Chapter 3, 3.3; and

Note 11 Sincevisual reference is essential for thefinal stages of approach and landing,
the installation of a radio navigation aid does not obviate the needfor visual aids to
approach and landing in conditions of low visibility.

Note 2 T Categories of precision approach and landing operations are classiied in Annex
6, Part I, Chaper 1.

Note- Information on operational objectives associated with ILS facility performance

categories is given in Attachment C, 2.1 and 2.14 of Annex 10 Vol. 1.

2.1.2 Differencesin radio navigationaidsin any respecfrom the Standards of Chaper 3 shdl be
publishedin an Aeronautcal Information Publication (AIP).

2.1.3 Wherever thereis installed aradionavigation aid that is netheranILS nor an MLS, butwhich
may be usead in whole or in partwith aircraft equipment designedfor use with the ILS or MLS,
full details of parts that may be so used shdl be published in an Aeronautical Information
Publication (AIP).

Note i This povision is to estblish a requirement for promulgation of relevant
information rather thanto authorize such install ations.

2.1.4 Precision approach radar

2.1.4.1 A precision approach radar (PAR) system, where installed and operted asa radio
navigation aid togeher with equipment for two-way communication with aircraft and
facilities for the efficient coorination of theseelements with air Traffic control, shall
conform to the Standads contaned in Chapter3, 3.2.

Note 17 The precision approach radar (PAR)element of the precision approach radar sysem may be
instaled and operatedwithout the surveillance radar element (SRE),wheniit is detemined that the
SREis not necessary to meet the Requirements of air traffic control for the handling of aircratt.
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Note 27 Although SRE is not considered, in any circumstances, a satisfactory alternative
to the precision approachradar sysem, the SRE may be installedand operaed without the
PARfor the assisaénce of air traffic control in handling Aircraft intending to use a radio
navigation aid, or for sunellanceradar approadches and depatures.

2.1.5 when a radio navigation aid is provided to support precision approach and landing, it
should be supplemerted, as necessary, by source or sources of guidance information
which, when used in conjuncton with appopriate procedures, will provide efective
guidance to, and efficient coupling (manual or automatic)with, the desired reference path.

Note i DME, GNSS,NDB, VOR and aircraft navigation sysems havebeen used for such
purposes.

2.2  Ground and flight testing

2.2.1 Rado navigation aids of the types covered by the specificdions in Chapter3 andavailabe
for use by aircraft engaged in national andnternational air navigation shell be the subjectof
periodic ground and fli ght tests.

2.2.2 Periodicity of Testing

2.2.2.1All Navigational Aids except NDBs shall beght calibratedat aregulartime intervalnot
greater than 365 days. With respect to NDBs, time interval shall not be greater than 73

2.2.2.2 All Navigational Aids shall be ground tested at a regular time interval not greater than
days.

2.2.2.3Any deviation to the conddns stated in 2.2.2.1 & 2.2.2.2 shall be approved by the DGC

0 day

2.3 Provision of information on the operational status of radio navigation services

2.4 Aerodrome control towers and units providing approach control sewice shall be provided
with informaion on the Operational statusof radio navigation services essential for approach,
landing and take-off at the aerodrome(s) with which they are concened, on a timely basis
consistent with the use of the service(s) involved. Power supply for radio navigation aids
andcommunication systems
Radio navigation aids and ground elements of communication sydems of thetypes speifi ed
in Annex 10 shall be provided with suitade power supplies and means to ensue
continuity of sewice consigent with the use of the sevice(s)involved.

2.5 Human Factors considerations

2.5.1 Human Facbrs principles shaild be observed in the desgn and certificaton of radio
navigation aids.

Note T Guidance material on Human Facta's principles canbe found in the HumanFadors
Training Manual (Doc 9683) and Circular 249 (Human Facbrs DigestNo.11d Human
Facbrsin CNS/ATM Systems).
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CHAPTER- 3 SPECIFICATIONSFOR RADIO NAVIGATION AIDS

Note i Spediications concerning the siting and construction of equipment and installations on
operational areas aimed at reducing the hazad to aircraft to a minimum are containedin
Implementing Standard 03Chapter 8.

3.1 Specification for ILS
3.1.1Definitions

Angular displacement senstivity i The ratio of measured DDM to thecorresponding
angular displacement from the approprate reference line.

Antenna port A point where the received signal power is specified. For an active antenna, the
antenna port is a fictitious point between the antenna elements and the anteamglibier. For a
passive antenna, tlatenna port is the output of the antenna itself.

Axial ratio. The ratio, expressed in decibels, between the maximum output power and the mjnimum
output power ofin antenna to an incident linearly polarized wave as the polarization orientation is
variedover all directions perpendicular to the direction of propagation

Back course sector i The course sector which is situated on the opposite side of the localizer
from the runway.

Courseline i Thelocusof pointsnearestto therunway centre line in anyhorizontalplane atwhich
the DDM is zero.

Coursesector i A sectorin a horizontal plare contaningthe course line andlimited by the loci
of paints nearestto the courseline at which the DDM is 0.155.

DDM o Differencein depth of modulation T The percentage modulaion depth of the larger
signal minus the percentage modulation depth of the smaller signal,divided by 100.

Displacanent sensitivity (localizer) T Theratio of measured DDM to the corresponding latera
displacement from the appropriate refererce line.

Facility Performance Category 1 6 ILS T An ILS which provides guidance
information from the coverage limit of the ILS to the point at which the localizer course
line intersectghe ILS glide path at a heght of 60 m (200 ft) or lessabove the horizontal plane
containing thethrestlold.

Note i This defnition is not interded to precludethe useof Facility PerfarmanceCategory
| & ILS below the height of 60 m (200 ft), with visual reference where the quality of the
guidance provided permits, and where satisfactory operational procedures have been
established.

Facility Performance Category Il & ILS T An ILS which provides guidance
information from the coverage limit of the ILS to the point at which the localizercourse line
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interseds the ILS glide path at a height of 15 m (50 ft) or lessalove the horizontal plane containing
the threshald.

Facility Performance Categay Ill & ILS i An ILS which, with the aid of ancillary equpment
where necessary, provides guidanceinformation from the coverage limit of thefacility to, and along,
the surfaceof therunway.

Front course sector i The course sedor which is situated on the same side of the localizer asthe
runway.

Half course sectori The secbr, in a horizontal plane contaning the course line and limited by
the loci of points nearest to the course line at which the DDM is0.0775.

Half ILS glide path sector i The sectorin the vertical plane contaning the ILS glide path and
limited by the loci of points neakest to the glide path at which the DDM is 0.0875.

ILS continuity of service That quality which relatesto the rarity of radiated signal interruptions.
The level of continuity of service of the localizer or the glide pathis expressed in terms of the
probability of not losing the radated guidance signals.

ILS glide path i That locus of points in the vertical plane containing the runway centreline at
which the DDM is zero,which, of al suchloci, is the closestto the horizontal plane.

ILS glide path angle 7 The ange betveen a straight line which representsthe mean of theILS
glide pathand the horizontal.

ILS glide path sector T The sectorin the vertical plane containing the ILS glide pathand limited
by the loci of points neaest to the glide path at which the DDM is0.175.

Note T The ILS glide path sector is located in the vertical plane containing the runway
centre line, and is divided by the radiated glide path in two parts called upper secor and
lower sector, referring respectively to the sctors above and bdow the glide path.

ILS integrity i That quality which relatesto the trustwhich canbe placed in the corredness of the
information supplied by the facility. The level of integrity of the localizer or the glide path is
expresed in terms of the probability of not radating false guidance signals.

ILS Point AAG 7 A point on the ILS glide path measured along the extended runway centreline in
the approach direction adistarce of 7.5km (4 NM) from the threshold.

ILS Point AiBO T A point on the ILS glide path measured along the extended runway centre ine in
the approach direction a distanceof 1 050 m (3 500 ft) from the theshol.

ILS Point i C©® A point through which the downward exterded straight portion of the nominal
ILS glide path pases at a heght of 30 m (100 ft) above the horizontal plane contaning the
threshold.

ILS Point i D ® A point 4 m (12 ft) above the runway centreline and 900 m (3 000 ft) from the
threshad in the direction of the localizer.

ILS Point i E © A point 4 m (12 ft) above the runway centreline and 600 m (2 000ft) from the
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stopend of therunway in thedirection of the threstold.

ILS reference datum (Point i T & A point at a specified heght located above theintersection of
the runway centre line and the hreshdd and through which the downward extended straight
portion of the ILS glide path passes.

Two-frequency glide path system i An ILS glide path in which coverage is achieved by the
use of two independent radiation field patternsspaced on separate carrier frequencies within the
particular glide pathchannel.

Two-frequency localizer system i A localizer system in which coverage is achieved by theuse
of two independent radiation field patternsspaced on separate carrier frequencies within the
particular localizer VHF channel.

3.1.2 Basic requirements

3.1.2.1The ILS shall comprise the following basic components:

(@) VHF localizer equipment,associatedmonitor system,remote control andindicator
equipment;

(b) UHF glide pathequipment, associatedmoritor sysem, remotecontrolandindicator
equipment;

(c) an appropriate means to enable glide path verification checks.

provided by either VHF marker beacons or distance measuring equipment (DME), togeth

3.1.2.1.1Distance to threshold information to enable glide path verificatbacks should b
r with
associated monitor systems and remote control and indicator equipment.

the equipment shall conform to the specifications in 3.1.7. If DME is used in lieu of marker beac

3.1.2.1.2 If one or more VHF marker beacons are used to provide digiahoeshold information,
ns, the
equipment shall conform to the specifications in 3.1.7.6.5.

3.1.2.1.3 Facility Performance Categories I, Il anddll ILS shall provide indications at designated
remote control points of the operational status of all ILS ground system components, as follows:

a) For al Catgory Il and Category |1l ILS, the air traffic sernicesunit involved in
thecontol of aircraft on the final approach shall be ae of the dedgnated
remote contol points and shell receive information on the operational statusof
the ILS, with a delay commensirate with the requrements of the opeaational
environment;

b) For a Cakgory | ILS, if that ILS provides an essential radio navigation
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sewice, the air traffic services unit involved in the control of arcraft on the
final approach shall be one of the designated remote control points and shall
receive information on the

operatonal status of the ILS, with a delay commensurate with the
requirements of the opaational environmert.

Note 17 Theindicationsrequired by this Standard are intended asa tool to support air traffic
management functions, and the applicable timeliness equiremens are sized accordingly
(consigently with 2.8.1).Timeliness requirements applicable to the ILS integity monitoring
functions that protect aircraft from ILS malfunctions are specfied in 3.1.3.103.1 and
3.1.57.3.1.

Note 2 i It is intended that the air traffic sysem is likdy to cll for additional
provisions which may be found essential for the attainment of full operational Category
lll capabiity, e.g. to provide addtional lateral and longitudnal guidance during the
landing roll-out, and taxiing, and to ensure erhancement of the integrity and reliability of
thesysem.

3.1.2.2 ThdLS shall be constructed and adjusted so that, at a specified distance from the threshold,
similar instrumental indications in the aircraft represent similar displacements from the course line or
ILS glide path as appropriate irrespective of the partiqgraund installation in use.

3.1.2.2.1The localizer and glide path components specified irBA. 1) and b) which form part of a
Facility Performance Categorydl ILS shall comply at least with the Standards in 3.1.3 and 3.1.5
respectively, exceptinghose in which application to Facility Performance Categor§ IILS is
prescribed.

3.1.2.2.2 The localizer and glide path components specified ir83.&) and b) which form part of
a Facility Performance Categorydl ILS shall comply with the Staadds applicable
to these components in a Facility Performance CategdryllLS, as supplemented or
amended by the Standards in 3.1.3 and 3.1.5 in which application to Facility Performance
Category 116 ILS is prescribed.

3.1.2.2.3 The localizer and glide path cponents and other ancillary equipment specified in
3.1.2.1.1, which form part of a Facility Performance Catego# IILS, shall otherwise
comply with the Standards applicable to these components in Facility Performance
Categories land B ILS, except as supplemented by the Standards in 3.1.3 and 3.1.5
in which application to Facility Performance CategondIIIILS is prescribed.
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3.1.2.2.4  To ensure an adequate level of safety, the ILS shall be so designediatained that
the probability ofoperdion within the performance requirements specified is of a high
value, consistent with the category of operational performance concerned.

3.1.2.3 At thoselocations where two separate ILS facilities serve opposite ends of a single
runway, an intelock shall ensure that only the localizer serving the approach direction
in use shdl radiate, except where the locaizer in operaional use is Facility
Performance Category | 8 ILS and no operationally harmful interference results.

3.1.24 At locations where ILS facilities sewing opposite ends of the same runway or
different runways at the same airport use the same paired freguencies, an
interlock shall ersure that only one fadlity shall radiate at a time. When switching
from one ILS facility to another,radiation from both shall be suppresed for not less
than 20 seconds.

3.1.3 VHF localizer andassocited monitor

Introduction 1 The specifications in this section coverlLS locdizers providing either
postive guidance informaion over 360 degrees of azimuth, or providing such

guidance only within a specified portion of the front coverage (see3.1.3.74) Where
ILS localizers providing positive guidarce informaton in a lmited sector are
installed, information from some suitably located navigation aid, together with
appropriateprocedures, will generally be required to ensurethat any misleading
guidance information outsde the secor is not opeationaly signifi cant.

3.1.31 Gereral

3.1.3.1.1 The radiation from the localizer antennasystemsheall produce a compgsite field
pattern which is amplitude modulated by a 90 Hz and a 150 Hz tone. Theradiaton
field pattern shall produce a cairse sector with onetone predominating on oneside of
the course and with the other tone predominating on the opposite side.

3.1.3.1.2  When an observer facesthe locdizer from the approach end of a runway, the depth
of modulation of the radio frequency carrier due to the 150 Hz tone shdl predominate
on the observerGs right hand and that due to the 90 Hz tone shdl predominate on
the obsewerd $eft hand.

3.1.3.1.3 All horizontal angles enployed in specifying the locdizer field pattensshalloriginate
from the centre of thelocalizer antennasystemwhich provides the signalsusedin the
front coursesector.
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3.1.3.2 Radio frequercy

3.1.3.2.1 Thelocalizer shall operate in theband 108 MHz to 111975MHz. Where asingle radio
frequency carrier is used, the frequency tolerance shdl not exceed plus or minus
0.005 per cent. Where two radio frequency cariers are used, the frequency
tolerance shall not exceed 0.002 per cent and the nominal band occupied by the
cariers shall be synmetical about the asgined frequency. With all tolerances
appled, the frequency separation between the carriers shall not be lessthan5 kHz
nor more than 14 kHz.

3.1.3.2.2 The emisson from te localizer shl be horizontally polarized. The vertically
polarized component of the radiation on the course line shall not exceed that which
corresponds to a DDM error of 0.016 when an aircraft is positioned on the course
lineand is in aroll attitude of 20 degees from the horizontal.

3.1.3.2.2.1 For Facility Perbrmance Category Il localizers, the vertically polarized component
of the radiation on the course line shall not exceed that which corresponds to a
DDM eror of 0.008 when an aircraft is positioned on the couseline andisin a
roll attitude of 20 degreesfrom the horizontal.

3.1.3.2.2.2 For Fadlity PerformanceCategoy Il | ocalizes, thevertically polatizedcomponentof
the radiaton within a sector bounded by 0.02 DDM either side of the course line shall
not exceed that which corresponds to a DDM error of 0.005whenanaircraftisin a
roll attitude of 20 degreesfrom the horizontal.

3.1.3.2.2.3For Facility Perbrmance @Gtegory Il localizers, signals emanating from thetransmitter
shall contain no compaentswhich resultin an apparent course line fluctuation of more
than 0.005 DDM peak to peakin the frequency band0.01 Hz to10 Hz.

3.1.3.3 Coverage

3.1.3.3.1 The localizer shall provide signals sufficient to allow satisfactory operation of atypical
aircraft installation within the localizer and glide path coverage sectors. Thelocalizer
coverage sectorshall extendfrom the centreof the bcdi zer antennasystem to distances
of:

46.3 km (25 NM) within plusor minus 10 degees from thefront course line;

31.5 km (17 NM) between 10 degreesand 35 degees from the front course line]18.5
km (10 NM) outdde of plus or minus 35 degees if overage is provided Except thg
where topographical features dictate or operatonal requirementgpemit, the limits
may be reduced to 33.3 km (18 NM) within the plus or minus 10- degee sector and
18.5 km (10 NM) within the remainder of the coverage when aternativenavigational
facilitiesprovidesatisfatory coveragge withinthe intermediae approach area
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3.1.3.3.2

3.1.3.3.2.1

3.1.3.3.2.2

3.1.3.3.2.3

3.1.3.3.3

The localizer sighalsshall be receivableat the distances specified at and above a
height of 600 m (2 000 ft) above the elevation of the threshold, or 300 m (1 000 ft)
above the elevation of the highest point within the intermediae and final approach
areas, whichever is the higher. Such signals shall be receivale, to the distances
specified,up to a surface extending outward from the localize antema and inclined at
7 degeesabove the horizontal.

In all partsof the coverage volume speeified in 3.1.33.1, other thanas specfied in
3.1.3.3.2.1, 3.1.3.3.2.2 and31.3.3.2.3, the field strength shdl be notlessthan 40
microvolté per meter (minus114 dBW/md).

Note T This minimum field strength is required to permit satisfctory operational
usageof ILSlocalizer facilities.

For Faclity Performarce Category | localizers, the minimum field strength on the
ILS glide path andwithin thelocalizer coursesector from a distance of 18.5 km (10
NM) to a height of 60 m (200 ft) above the horizontal plane contaning the
threstold shall be not lessthan 90 micro v o Ipdr rdeser (minus 107 dBW/m?).

For Facility PerformanceCategoryll localizers,the minimum field strength on
the ILS glide path and within the localizer course sedor shdl be not lessthan 100
microvoltd sper meer (minus 106 dBW/m?) at a distarce of 18.5 km (1ONM)
increasingto not lessthan 200 microvol t pgrsneter (minus100 dBW/m?) at a heght
of 15 m (50 ft) above the horizontal plane containing the threshold.

For Fadlity Performance Caegory Il localizers,the minimum field strength on the
ILS glide path and within the localizer course sec¢or shdl be not less than 100
microvolts per meter (minus 106 dBW/m? at a distance of 18.5 km (1ONM),
increasing to not lessthan 200 microvolts per meter (minus 100 dBW/m?) at6 m (20
ft) above the horizontal plane contaning the thredhold. From this point to afurther
point 4 m (12 ft) above the runway centre line, and300 m (1 000 ft) from the threshold
in the direction of the locdizer, and thereafter at a height of 4 m (12 ft) aong the
length of therunway in thedirection of thelocalizer, thefield strength shall be not less
than 100 microvolts per meer (minus 106 dBW/m?).

Note i The field strengths given in 3.13.3.2.2 and 3.1.33.2.3 are necessary to
provide the signal-to-noise ratio required for improvedintegrity.

Above 7 degees,the signals should be reducedto as low avaue aspracticable.

Note 17 Therequirementsin 3.1.3.3.1,3.1.3.3.2.1, 3.1.3.3.22 and 3.1.3.3.2.3 are
basedon the assumption that the aircraft is heading directly toward the facility.
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3.1.3.3.4  When coverage is achieved by a localizer using two rado frequency carriers, one
carier providing a radiaton field pattan in the front course sedor and the other
providing a radation field patten outsidethatsecbr, therato of the two carrier signal
strergths in space within the front course sector to the coveragelimits specfied at
3.1.3.3.1 shall not be lessthan 10 dB.
3.1.34 Course structure
3.1.3.4.1  For Faility PerbrmanceCategory | localzers, bends in the course line shall not
have anplitudes which exceedthe following:
Zone Amplitude (DDM) (95%
probability)
Outer limit of covelage to 0.031
ILS Point A 0
ILS Point i At 0.031atILSPdnt A
ILS Panti B 0 decreasingat alinear rateto
0.015atILS Pointii B 0
ILS Point i Bt 0.015
ILS Point AC 0
3.1.3.4.2 For Faility Perfomance Categofes Il and Ill localizers, berds in the course line
shall not have amplitudeswhich exceed the following:
Zone Amplitude (DDM)
(95% probability)
Outer limit of covelge to
ILS PointA A O 0.031
ILS Point i At 0.031atILS Point i A b S Point
nBo decreaing atalinearrateto
0.005 at ILS Point i B 0
ILS Point i B td the
ILS referencedatum 0.005and,for
Categgory 11l only:
ILS referencedatum to 0.005
ILS Pointii D 0
ILS Point i Dt 0.005 at ILS Point i D 0
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3.1.35

3.1.35.1

3.1.3.5.2

3.1.3.5.3

3.1.3.5.3.1

ILS Point i E O

Note 17 The amplitudesreferredto in 3.1.3.4.1and 3.1.3.4.2 are the DDMs due to

increasingat alinear rate to
0.010 atILS Panti E 0

bendsasrealized on the mean course line,when correctly adjuded.

Carrier modulation

The nominal depth of modulation of the radio frequency carrier due to each of the 90

Hz and 150 Hz tonesshdl be 20 per centalongthe course line.

The depth of modulation of the rado frequency carier due to each of the90 Hz and
150 Hz tonesshdl bewithin the limits of 18 and 22 per cent.

The following tolerarces shall be applied to the frequendes of the modulating

tones:

(@) the modulating tones shall be 90 Hz and 150 Hz within plus or minus 2.5 per

cent;

(b) the modulating tones shall be 90 Hz and 150 Hz within plus or minus 1.5 per
centfor Facility Performawe Caegoryll instdlations;

(c) the modulating tonesshall be 90 Hz and 150 Hz within plusor minus1 per cent

for Faclity Perbbrmance Categorylll instalations;

(d) the total harmonic content of the 90 Hz tone shall not exceed 10 per cent;
additionally, for Facility Performance Category Il |ocalizers, the second

harmonic of the 90 Hz tone shdl not exceed 5 per cen;

(e) thetotal harmonic contentof the 150 Hz tone shall not exceed10 per cent.

For Facility Perfamarce Category | 8 ILS, the modulating tonesshoud be 90 Hz

and150 Hz within plus or minus 1.5 per centwhere practicable.
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3.1.3.5.3.2

3.1.3.5.3.3

3.1.3.5.34

For Facility Performance Category 11l | ocdli zers, the depth of amplitude modulation
of the radio frequency carrier at the power syoply frequencyor its hamonics, or by
other unwanted components, shall not exceed 0.5 percentharmonics of the supply
or other unwantd noise components that mayintermodulationwith the 90
Hz and 150 Hz navigation tonesor their harmonics to produce fluctuations in the
course line, shall not exceed 0.05 per cent modulation degh of therado frequency
carrier.

The modulaton tones shall be phaselocked so that within the half course sector,
the demodulated 90 Hz ard 150 Hz wave forms pass through zero in the same
direction within:

a) For Faclity Perbbrmance Categories| and |1 localizers: 20 degrees; and

b) For Facility Performane Category Il locdizers: 10 degress of phase
relatve to the 150 Hz componeat, every haf cycle of the combined 90 Hz
and 150 Hz wave form.

Note 1 The definition of phase relationship in this manneris not intendedto imply
arequirement to measure the phase within the half course secbr.

With two-frequency localizer systems, 3.13.5.3.3 shell apply to each carrier. In
addition, the 90 Hz modulating tone of one carier shall be phase-locked to the 90
Hz modulating tone of the other carier so that the demodulated wave forms pass
throughzero in the samedirecion within:

a) for Categories | andll localizers: 20 degrees; and

b) for Category Il localizers: 10 degrees,

of phase relative to 90 Hz. Similarly, the 150 Hz tones of the two carriers shall be
pha®-locked so that the demodulated waveforms pass through zero in the same
direction within:

(1) for Categories| andll localizers: 20 degrees ;and

(2) for Category Il localizers: 10 degrees,
of phaserelative to 150Hz.

3.1.3.5.3.5 Alternative two-frequency locdizer sysemsthat employ audio phasing different from

the normal in-phase conditions descibed in 3.13.5.3.4 shdl be pernitted. In this
aternative sysem, the 90 Hz to 90 Hz phasing and the 150 Hz t0150 Hz phasng
shell be adjusted to their nomina valuesto within limits equivalentto thosestaed in
3.1.35.34.

Note i This is to emsure correct airborne receiver operation in the region away
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fromthecourselinewhere thetwo carrier sigral strengthsare approximately equal.
3.1.3.5.3.6 The sum of the modulation depths of the rado frequerncy carrier due to the 90 Hz

and150 Hz tones should not exceed 60 per centor belessthan30 percent within the
required coveaage.

3.1.3.5.3.6.1 For equipment first instaled after 1 January 2000, the sum of the modulation

3.1.3.5.3.7

3.1.354

3.1.3.6

3.1.3.6.1

3.1.3.6.2

depths of the radiofrequency carier due to the 90 Hz and 150 Hz tonesshall not
exceed 60 per cent or be less than 30 per cent within the required coverage.

Note 171 If the sum of the modulation depths is greater than 60 per cent for Facility
Performance Category | localizers, the rominal displacement sensitivity may be
adjusted as provided for in 3.1.3.7.1 to achieve the above modulation limit.

Note 27 For two-frequency sysens, the standard for maximum sum of modulation
depths does not apply at or near azimuths where the course and clearance carrier
signal levds are equal in amplitude(i.e. at azmuths where both tranamitting
systems have a significant contribution to the total modulation depth).

When utilizing a localizer for rado telephone communications, the sum of the
modulation depthsof theradiofrequencycarrier dueto the 90 Hz and 150 Hz tonesshall
not exceed65 per centwithin 10 degreesof the course line and shall not exceed78 per
centat any other point around the locali zer.

Undesired frequency and phase modulaion onILSlocalizer radio frequency carmiers
that @n affect the digplayed DDM values inlocalizer receivers should be minimized
to the extent practical.

Course alignment accuracy

The mean course line shall be aljusted and maintained within limits equivalent to the
following displacementsfrom the runway cente line at the ILS reference datum:

a) for Facility Performance Category | localizers: plus or minus 10.5 m (35ft), or
the linear equivalent of 0.015 DDM, whichever is less;

b) for Facility Perfomance Category Il localizers:plus or minus7.5m  (25ft);
c) for Facility PerformanceCategorylll localizas: plusor minus 3m (10ft).

Facility Perfamance Category Il localizers, themean courseline should be adjused and
maintained within limits equivalent to plusor minus 4.5 m (15 ft) displacement from
runway centre line at the ILS refererce datum.

Note 1- It is intendedthat Fadlity Performance Category Il and Il installations be
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3.1.3.7

3.1.3.7.1

3.1.3.7.2

3.1.3.7.3

3.1.3.7.4

adjusted and maintained sothat the limits specified in 3.1.3.61 and 3.1.3.6.2are
reached on very rare occasions. It is further intended that design and operation
of thetotal ILS ground sysem be of sufficient integrity to accomplish this aim.

Note 2 1 It is interded that new Category Il instdlations are to meet the
requirementsof 3.1.36.2.

Displacement sensitivity

The nominal disgacement sersitivity within the half couse sed¢or shell be the
equvaent of 0.00145 DDM/m (0.00044 DDM/ft) at the ILS reference datum
except that for Category | localizers, where the specified nominal displacement
sensiivity cannot be met,the displacement sensitivity shall be aduged as near as
possilbe to that value.

For Facility Performance Caggory | localizerson runway codes 1 and 2, the nominal
displacement sensiivity shall be achiesed at the ILS Point i B @hemaximum course
sectorang e shall not exceed six degrees.

Note i Runway codes1 and 2 are defined in IS 3Q

The kteral disgdacement semitivity shall be adjused andmaintained within the limits
of plus or minus:

a) 17 per cent of the nominal value for Fadlity Perfomance Catgories | and Il

b) 10 per centof the nominal value for Faclity Performance Category Ill.

Facility Performance Caegory Il 8 ILS,displacement sensttivity should be adjused
and maintained within the limits of plusor minus 10 percent where pradicable.

Note & The figures givenin 3.1.3.7.1, 3.1.37.2 and 3.1.3.7.3 are based upon a
nominal sector width of 210 m (700ft) at the appropriate point, i.e.ILSPaintfi B on
runway codesl and 2, andthe ILS reference datum on other runways.

The increase of DDM shall be substantially linear with respect to angular displacement
from the front course line (whee DDM is zeo) up to an angle on either side of
the front course line where the DDM is 0.180. From that angle to plus or minus 10
degrees, the DDM shall not be lessthan0.180. From plus or minus 10 degeesto plus
or minus 35 degees,the DDM shdl not be lessthan 0.155. Where coverageis reguired
outsideof the plus or minus 35 degreessector, the DDM in the area of the coveracg,
exceptin the back course sedor, shall not belessthan 0.155.

Note 17 The linearity of change of DDM with respectto angular displacement is
particularly important in the neighborhood of the course line.
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3.1.3.8

3.1.3.8.1

3.1.3.8.2

3.1.3.8.3

3.1.3.84

3.1.3.9

Note 27 The above DDM in the 10-35 degree sectoristo be consicered a minimum
requirement br the use of ILS as a landing aid. Wherever practicable, a higher
DDM, e.g. 0.180, is advantgeous to assisthigh speed aircraft to execte large
ande intercepts at operationally desirable distances provided that limits
on modulation percentage givenin 3.1.3.5.3.6are met.

Note 31 Wherever practicable, thelocdizer capure level of automatic flight control
sygems is to be set at or below 0.175DDM in order to prevent false localizer
captues.

Identification

Thelocalizer shall provide for thesimultaneous transmission of an identifi cation sgnal,
specific tothe runway and approachdirection on the sameradio frequency carrier
orcarriers asused for the locdizer function. The Transmisson of the
identification signal shall not interfere in anyway with the basiclocalizer funcion.

The identificaion signal shall be produced by Class A2A modulaton of the radio
frequency carrier or carriers usng a modulaion tone of 1 020 Hz within plus or minus
50 Hz. The depth of modulation shall be between the limits of 5 and 15 per cent.The
emissons carrying the identification signal shdl behorizontdly polarized. Where two
cariers are modulated with identification signals, the relative phase of the
modulations shaell be such as to avoid the occurrence of nulls within the coverage
of thelocalizer.

The identification signal shall employ the International Morse Code and consist of two or
three letters. It may be preceded by the International Morse Code signal of thg letter,
followed by a short pause where it is necessary to distinguish the ILS facility from other
navigational facilities in the immediate area.

The identification signal shall be transmitted by dots and dashes at a speed
corresponding toapproximately seven words per minute, and shall be repeated at
approximately equal intervals, not less than six times per minute, at all times during which
the localizer is available for operational use. When the transmissions of the localizer are
not available for operational use, as, for example, after removal of navigation components,
or during maintenance or test transmissions, the identification signal shall be suppressed.
The dots shall have duration of 0.1 second to 0.160 sedtwmddash duration shall be
typically three times the duration of a dot.

Theinterval between dots andor dashes shall be equal to that of onedot plusor minus
10 per cent. Theinterval between letters shallnot be lessthan the duration of three dots.

Siting
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3.1.3.9.1

3.1.3.9.2

For Facility Performance Categoryll and lll, the localizer antennasystm shall be
located on the extension on the centre line of the runway at the stop end, and the
equpment shall be adjusted so that the course lines will be in a vertical plane
contaning the centreline of the runwayserved Theantennaheight and location shdl
be consstent with safe obstruction clearance practices.

For Facility Performance Category |, the localizer antennasystemshell belocated and
adjustedasin centre line of the runway.

3.1.3.9.2.1 The offset localizer sygem shall be located and adjusted in accordance with the

3.1.3.10
3.1.3.10.1

3.1.3.10.2

offset ILS provisions of the Procedures for Air Navgaton Services d Aircraft
Operations (PANS-OPS) (Doc 8168), Volume I, and the locdizer standards shall be
referenced to the associated fictiti ous threshold point.

Monitoring

The autorratic monitor systemshall provide a waning to thedesgnaedcontrol points
and cause one of the following to occur, within the period specified in 3.1.3.10.3.1, if
any of the conditions statedin 3.1.3.10.2 persist:

a) radiation to cease;and

b) removal of the navigation and identification componentsfrom the carier.

The conditions requiring initiation of monitor action shall be thefollowing:

a) for Facility Performance Category | localizers, a shift of the meancourseline
from the runway centre line equivalent to mae than 10.5m (35 ft), or thelinear
equivalent to 0.015 DDM, whichever is less, at the ILS reference datum;

b) for Facility Performance Category Il locdizers, a shift of the mean courseline
from the runway centre line equivalent to more than 7.5 m (25 ft) at thelLS
reference datum;

c) for Facility PerfomanceCategory Il localizers,a shift of the meancoursdine
from the runway centreline equivalent to more than 6 m (20 ft) at the ILS
reference datum;

d) in the caseof locdizers in which the basic funcions are provided by the use
of a single-frequencysystem,a rediction of power output to a level such that
any of the requirements of 3.1.33, 3.1.3.4 or 3.1.3.5 are no longersatisfied,
or to a level that is lessthan 50 per cent of the norma level (whichever
occursfirst);

e) inthe caseof locdizers in which the basic funcions are provided by the use
of a two-frequency system,a reduction of power output for either carrierto
lessthan 80 per cent of normal, except that a greaer reducion to between80
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per cent and 50 per cent of normal may be permitted, provided the
locali zer continuesto meetthe requirements of 3.1.3.3, 3.1.3.4and3.13.5;

Note 7t is important to recagnize that a frequencychange resulting in a lossof
the frequency difference specified in 3.1.3.2.1 may produce a hazardous
condition. This problemis of greater operational significance for Category I
and Il installations. As necessary, this problem can be dealt with through
special monitoring provisions or highly reliable circuitry.

f)  charge of displa@ment sengitivity to a value differing by more than17 per cent
from the nominal valuefor thelocalizer facility.

Note 7 In selecting the power reduction figure to be employed in monitoring
referredto in 3.1.310.2 e), particular attenton is direced to vertical and
horizontal |obe structure (vertical lobking dueto different antenna heghts)of the
combined radiation sysems when two carriers are employed.

Large changes in the power ratio between carriers may resultin low clearance
areas and false courses in the off-course areas to the limits of the vertical
coveage requirements specified in 3.1.3.31.

3.1.3.10.2.1n the case of localizers in which the basicfunctions are provided by the use of

3.1.3.10.3

a two-frequemy system,the conditions requiring initiation of monitor action should
include the casewhenthe DDM in the required coverage beyond plus or minus 10
degrees from the front course line,except in the back coursesedor, decreasesbelow
0.155.

The total period of radation, including period(s) of zero radiaton, outside the
performance limits specified in a), b), c), d), e) and f) of 3.1.3.10.2 shall be asshort
as practiceble, corsistent with the need for awiding interruptions of the navigation
service provided by the locali zer.

3.1.3.10.3.1 The total period referred to under 3.13.10.3 shall not exceed under any

circumstanes:

10 secondsfor Category | localizers;
5 seconds for Catgory Il localizers;
2 seconds for Category Il localizers.

Note 1 7 The total time periods speified are never-to-be-exceeded limits and are
interded to protect aircraft in the final stages of approach against prolonged
or repeated periods of localizer guidance outside the monitor limits. For this
reason, they include not only the initial period of outside tolerance operation but
also thetotal of any or all periods of outsidetolerance radiation including period(s)
of zeo radiation and time required to remove the navigation and identification

Rev.@

| Second Edition | Date:01.0.2019 |




Attachment No. $10-(i)-all -Att

o

3 U

Standard$or the Provision of Aeronautical
Telecommunications- Radio Navigation Aids

IS 34 Chapter- 3 3-16

components from the carrier, which might occur during action to restore service,
for example, in the course of consecutive monitor functioningand consequent
changeove(s) to localizer equipment or elementsthereof.

Note 27 From an operational point of view, the intention is that no guidance
outside the monitor limits be radiated after the time periods given, and that no
further attempts be made to restae savice until a peiiod in the order of 20 seconds
has elapsed.

3.1.3.10.3.2 Where practicable, the total period under3.1.3.10.3.1 should be reduced so as
not to exceed two seconds for Category Il localizerscaredsecond for Category Il
localizers

3.1.3.10.4  Design and operationof themonitor sydem shall be consistentwith the requirement
that navigation guidance and identificaion will be removed and awaming
provided at the desgnated remote control points in the event of failure of the
monitor systemitself.

3.1.3.11 Integrity and continuity of servicerequirements

3.1.3.11.1  The probability of not radiating false guidance signals shdl not be lessthanl i
0.5 x 10°%in anyonelanding for Facility Performance Catkgories Il and |11 localizers.

3.1.3.11.2 The probability of not radiating false guidance signalsshouldnot be lessthan1 i
1.0 x 107 in any onelanding for Facility Performance Category | locdizers.

3.1.3.11.3 Theproballity of not losing the radiated guidance signal shdl be greater than:

(@) 17 2x10°in any period of 15 secads for Facility Paformance Category |l
localizers or locdizers intended to be used for Category Il A opeations
(equivalent to 2 000 hours meantime between outages); and

(b) 17 2x10°in any peiod of 30 secands for Facility Performance Category |11
localizers intendedto be usedfor the full rangeof Category Il operations
(equivalent to 4 000 hours meantime between outages).

3.1.3.11.4 Theprobahlity of notlosing the radated guidance signal should exceed 1 7 4 x 10
® in any period of 15 secads for Facility Performance Category | locdlizers
(equivalentto 1 000 hours meantime between outges).

3.14 Interference immunity performance for ILS localizer receiving sygems
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3.14.1

3.1.4.2

3.1.5

3.1.5.1

The ILS loalizer receiving sysem shall provide adeguate immnunity to interference
from two-signal, third order intermadulation products caused byVHF FM broadcast
signals having levelsin accordance with the following:

2N+ N>, +72=0
for VHF FM sound broadcasting signals in the range 107.7 — 108.0 MHz

and

2N+ Ny +3 | 24-20 log% |<0

for VHF FM sound broadcasting signals below 107.7 MHz.
where the frequendes of the two VHF FM sound broadcasting signals produce,
within the recever, a two-signal, third-order intermodulation product on the desred
ILS localizerfrequency.

N; and N, are the levels (dBm) of the two VHF FM sound broadcasting signals at
the ILS localizer recever input. Neither level shdl exceed the desnsitization criteria
set forth in 3.1.4.2.

of = 108.1 7 f;, where f; is the frequencyof N;, the VHF FM sound broadtasting
signal closer to 108.1 MHz.

The ILS locali zer receiving sygem shall not be desensitized in the presence of VHF
FM broadcastsignals having levels in accordance with the following table:

Frequercy Maximum level of unwanted
(MHz) (dBm) signal at receiwer input

88-102 +15
104 +10

106 +5
1079 110

Note 17 The relationship is linear between adjacent points desgnated by the above
frequencees.

UHF glide path equpment and as®ciated monitor
Note - d is used in this paragraph to denote the nominal glide path angle.

Gereral
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3.1.5.1.1 Theradiationfromthe UHF glide path antennasystemshall produce a composite field

3.1.5.1.2

3.1.5121

3.1.5.1.3

3.1.514

3.1.5.15

3.1.5.1.6

3.1.5.2

pattern which is amplitude modulated by a 90Hz and a 150Hz tone. The pattern shall
be arranged to provide a straight line descent path in the vertical plane contaning the
centreline of he runway, with the 150 Hz tone predominating beow the path and the
90 Hz tone predominating ebove the path to at least an ande equal to 1.75d.

The ILS glide path ange shall be 3 degrees. ILS glide path angles in excess of 3
degrees should not be used except where alternative meanfsaisfying obstruction
clearance requirements are impracticable.

The glide path ange shall be adjustedand mantained within:

(@ 0.075 d from d for Faclity Perbrmance Categoies | and Il & ILS glide
paths;

(b) 0.04 dfrom dfor Facility PerformanceCategorylll & ILS glide paths.

The downward extended straight portion of the ILS glide path shall passthrough te
ILS refaerce datum at a heightensuring sde guidance over
obstructons and alsosafe ard efficient use of the runway sewed.

The height of the ILS refererte datum for Facility Performance Categories|l and Il
0 ILS shall be15 m (50ft). A tolerance of plus 3 m (10 ft) is permitted.

The heght of the ILS reference datumfor Facility Performance Cakegory | 6 ILS
shall be 15 m (50 ft). A tolerance of plus 3 m (10 ft) is permitted.

Note 17 In arriving at the above height values for the ILS reference datum, a
maximum vertical distance of 5.8 m (19 ft) betweenthe path of the aircraft glide path
antenna and the path of the lowest part of the wheels at the threshold was
assumed. For aircraft exceding this criterion, appropriate geps may have to be
takeneither to maintain adequate clearance at threshold or to adjust the permitted
operaing minima.

The height of the ILS refererce datumfor Facility Performance Category | & ILS
used on short precision approach runway codes 1 and2 shouldbe 12 m (40 ft). A
tolerance of plus 6 m (20 ft) is permitted.

Radio frequercy
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3.1.5.2.1 The glide path equipment shall operate in the band 328.6 MHz to 3354 MHz.

3.1.5.2.2

3.1.5.2.3

3.1.5.3

3.1.5.3.1

3.1.5.3.2

3.1.54

3.1.54.1

Where a single radio frequency carrier is used, the frequency tolerance shdl not
exceed0.005 per cent. Wheretwo carrier glide path systemsare used, thefrequency
tolerance shall not exceed 0.002 per cent and the nominal band occupied by the
cariers shall be synmetical about the assined frequency.With all toleranees
appled, the frequency semration between the cariers shall not be lessthan4 kHz
nor more than 32 kHz.

The emission from the glide path equipment shall be horizontally polarized.

For Fadlity PerformanceCategory 111 8 ILS glide path equipment, signalsemanating
from the tanamitter shall contain no @mponents which result in appaent glide
path fluctuations of more than 0.02 DDM peak to peak in thefrequency band
0.01 Hz to 10 Hz.

Coverage

The glide path equpment shall provide sgnals sufficient to allow satisfacory
operation of a typical arcraft indallation in sectors of 8 degrees in azimuth on
each side of the cente line of the ILS glide path, to a distanceof at least 18.5 km (10
NM) up to 1.75 d and down to 0.45 d above the horizontal or to such lower angle,
downto0.30d as requiredto safeguard the promulgated glide path intercept procedure.

In order to provide the coverage for glide path performance specfiedin 3.1.5.3.1,
the minimum field strength within this coverage sedor shall be 400 microvolts per
meter (minus 95 dBW/m?). For Faclity Perfamance Categay | glide paths,this field
strength shall be provided down to a height of 30 m (100 ft) above the haizontal
plane containing the threshold. For Facility Performance Categories Il and Il glide
paths, this field strength shell be provided down to a height of 15 m (50 ft) albove the
horizontal plane contaning the threshold.

Noteli Therequirementsin the foregoing paragraphs are based on the assumption
that the aircraft is heading directly toward the facility.

ILS glide path structure

For Facility Perfamance Category | 8 ILS glide paths, bendsin the glide pathshall
not have anplitudes which exceed the following:

Zone Amplitude (DDM) (95%
probability)
Outer limit of covelsge 0.035t0 ILS
Pointi C 0
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3.1.5.4.2

3.1.55

3.1.55.1

3.1.5.5.2

For Facility PerformanceCategoryll and Ill & ILS glide paths, bends in the glide
path shall not have amplitudes which exceed the following:

Zone Amplitude (DDM) (95% probability)

Outer limit of coverage
to ILS Point i A O 0.035

ILS Point i At 0.035atILS Pointii A0
ILS Point A B O decreasing atalinear rate
to 0.023atILS Point fi B 0

ILS Point ii B tD the 0.023
ILS referencedatum

Note 117 Theamplitudesreferredtoin 3.1.5.4.1and 3.1.5.4.2 are the DDMs due to
bendsasrealized on the mean ILS glide path correctly adjusted.

Note 27 In regonsof the approach where ILS glide path curvature is significant,
bendamplitudes are calculated from themean curved path, and not thedownward
extended straight line.

Carrier modulation

The nominal depth of modulation of the radio frequency carrier due to each of the 90
Hz ard 150 Hz tonesshall be 40 per centaong the ILS glide path. The depgh of
modulation shell not deviate outdde the limits of 37.5 per centto 42.5 per cent.

The following tolerances shall be applied to the frequences of the modulating
tones:

(@) the modulating tones shall be 90 Hz and 150 Hz within 2.5 per cent for
Faclity PerformanceCaegory| 8 ILS;

(b) the modulating tones shall be 90 Hz and 150 Hz within 1.5 per cent for
Faclity PerformanceCaegory Il 6 ILS;

(c) the modulating tones shall be 90 Hz and 150 Hz within 1 per cent for
Faciity PerformanceCaegory Il § ILS;

(d) the tota harmonic content of the 90 Hz tone shall not exceed 10 per cent:
additionally, for Facility Performance Category Il equipment, the seond
harmonic of the 90 Hz tone shdl not exceed 5 per cert;

(e) thetotal harmonic contentof the 150 Hz tone shall not exceed10 per cent.
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3.1.5.5.2.1 For Facility Performarce Categoryl & ILS,themodulating tones shall be 90 Hz an
150 Hz within plus or minus 1.5 per centwhere practicable.

3.1.5.5.2.2 For Fadlity Performance Catgory Ill glide path equipment, the depth of amplitude
modulation of the radio frequency carier at the power supply frequency or harmonics,
or atother noisefrequencies,shall not exceed 1 per cent.

3.1.5.5.3 Themodulation shell be phae-locked sothat within the ILS half glide path sector, the

3.1.55.31

3.1.5.5.3.2

demoduated 90 Hz and 150 Hz wave forms pass through zero in the samedirection
within:

(@) for Facility Perfomance Categories| andll & ILS glide paths:20 degrees;

(b) for Fecility Perfomance Category Il 8 ILS glide paths: 10 degees,of phase
relative to the 150 Hz component, every half cycle of the combined 90 Hz ard
150 Hz wave form.

Note 1 7 The definition of phase relationship in this manner is not interded
to imply a requirement for measurement of phase within the ILS half glide
path sector.

With two-frequercy glide path systems3.1.5.5.3shall apdy to eah carrier. In
addition, the 90 Hz maodulating tone of one carier shall be phase-locked to the 90
Hz modulating tone of the other carier so that the demodulated wave forms pass
throughzero in the samedirecion within:

a) for Categories| andll 8 ILS glide paths: 20 degrees;
b) for Category Ill & ILS glide paths:10 degrees,

of phase relative to 90 Hz. Similarly, the 150 Hz tones of the two carriers shall be
pha®-locked so that the demodulated wave forms passthrough zero in the same
direction, within:

(1) for Categories| andll 8 ILS glide paths: 20 degrees;

(2) for Category Ill 6 ILS glide paths:10 degrees of phaserelative to 150Hz.
Alternative two-frequencyglide pathsysems thatemploy audo phasingdifferent from
the norma in-phase condition described in 3.1.5.5.31 shall be permitted. In these
aternative sydems, the 90 Hz to 90 Hz phasing andthe 150 Hz to 150 Hz phasing
shall be adjusted to their nominal values to within limits equivalent to thosestated
in3.15.53.1.

Note T This is to ensure correct airborne receiver operation within the glide
path sector where the two carrier signal strergths are approximately equal.
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3.1.554

3.1.5.6

3.1.5.6.1

3.1.5.6.2

3.1.5.6.3

3.1.5.6.4

3.1.5.6.5

Undesired frequency and phase modulaion on ILS glide path rado frequency carriers
that canaffectthe displayed DDM values in glide pathreceivers should be minimized
to the extent pracical.

Displacement sensitivity

For Facility Perbbormance Category | 6 ILS glide paths, the nominal angular
displacanent sensiivity shall corespand to a DDM of 0.0875 at angular
displacements above and bdow the glide path between 0.07 dand0.14d .

Note i Theaboveis not intendedto preclude glide path sysems which inherently
haveasymmetrical upper and lower sectors.

For Facility Performance Category o ILS dlide paths, the nominal angular
displacement sensitvity should comespaxd to a DDM of 0.0875 at an angular
displacement below the glide pah of 0.12 d with a tolerance of plus or minus0.02 d.
The upper and lower sedors shoud be as synmetiical aspracticable within the limits
specified in 3.1.56.1.

For Facility Performace Catgory Il 8 ILS glide paths, the angulardisplacement
sensiivity shall be as symmetrical as practicable. The nominal angular displacement
sensitivity shall correspondto aDDM of 0.0875 atan angular displacement of:

a) 0.12 d below path with atolerance of plus or minus0.02d ;

d) 0.12 d above path with atolerance of plus 0.02d and minus 0.05 d

For Facility Performance Category Ill 6 ILS glide paths, the nominal angular
displacenent sensiivity shall corespand to a DDM of 0.0875 at angular
displacements above andbelow theglidepath of 0.12d  wa tdlelance of plusor minus
0.02d.

The DDM bdow the ILS glide path shdl increasesmoothly for decreasing ande until a
valueof 0.22 DDM is reahed. This value shall be achieved at anangle not less than
0.30 d above the horizontal. However, if it is achieved at an angle above0.45 d,
the DDM value shell not be lessthan 0.22 at least down to 0.45 d or to such lower
argle, down to 0.30 d as reuired to safeguad the promulgated glide path intercept
procedure.
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3.1.5.6.6

3.1.5.6.7

3.1.5.6.8

3.1.5.7

3.1.5.7.1

3.1.5.711

For Facility Performance Catgory | & ILS glide paths, the angular displacement
sensitivity shdl be adusted and maintaired within plus or minus 25 per cent of the
nominal value selected.

For Facility Performace Catgory Il & ILS glide pahs, the angulardisplacement
sensitivity shdl be adusted and maintaired within plus or minus 20 per cent of the
nominal value selected.

For Faciity Perbbrmance Categry Il & ILS glide paths, the angular displacement
sensitivity shdl be adusted and maintaired within plus or minus 15 per cent of the
nominal value selected.

Monitoring

Theautorratic monitor sysem shdl provide a waning to the designatedcontiol points
and cause radiation to cease within the penods speified in

if any of thefollowing condiions persist:

a) Shift of the mean ILS glide path angle equivalent to morethan minus 0.075 d to
plus 0.10 d from d;

b) in thecaseof ILS glide pathsin which the basic functions are provided by the
use of a singlefrequency sydem, a redwction of power outputto lessthan 50
per cent of normd, provided the glide path contirues to meetthe
requirements of 3.1.5.3,3.1.5.4and3.1.5.5;

c) inthe caseof ILS glide pathsin which the basicfunctions are provided by the
use of two-frequency systems,a reduction of power output for either cariier to
lessthan 80 per cent of normal, except that a greaterreduction to betveen 80
per centand 50 per cent of normal may be pemitted, provided the glide path
continues to meetthe requirements of 3.1.5.3,3.1.5.4and 3.15.5;

Notei It is important to reaognize that a frequencychange resulting in a loss
of the frequency difference specifed in 3.1.5.2.1 may produce a hazardous
condition. Thisproblem is of greater operdional significance for Categories
I1 and Il installations. As necessary, this problem can be dealt with through
specialmonitoring provisions or highly reliable circuitry.

d) for Facility Performance Cakgory | 6 ILS glide paths, a change of the
ande between the glide path and the line below the glide path (150
Hz predominating) at which a DDM of 0.0875 is realized by more than the
greaterof:

i.  plusorminus0.0375d pr

ii. an angle equivalent to a change of displacement sersitivity to a vaue
differing by 25 per cent from the nominal value;
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3.1.5.7.2

3.1.5.7.3

for Fecility PerformanceCategoryll andIll 6 ILS glide paths, a changeof
displacement sensitivity to a value differing by more than 25 per cent from
the nomind value;redizedto lessthan 0.7475 d from horizontal;

areduction of DDM to lessthan0.175 within the specified coverage below the
glide path sector.

Note 1 i The value of 0.7475 d from horizontal is intended to ensure
adequate obstacleclearance. This value was derived from other parameters
of the glide path and monitor specificaton. Since the measuring accuracy to
four significant figures is not intended, the value of 0.75 d may beused asa
monitor limit for this purpose.Guidarce on obstade clearance criteria is given
in the Procedures for Air Nawvigation Services- Aircraft Opemtions (PANS
OPS) (Doc 8168).

Note 27 Subpaagraphs f) and g) are not intended to establish a requirement
for a sepaate monitor to protect against deviation of the lower limits of the
half-sectorbdow 0.7475 d from horizontal.

Note 3 i At glide path facilities where the seled¢ed nominal angular
displacement sensiivity corresponds to an angle below the ILS glide path
which is close to or at the maximum limits specifed in 3.1.5.6, it may be
necessaryto adjust the monitor operding limits to protect against sector
deviations below 0.7475 d from horizontal.

Monitoring of the ILS glide path characteristics to smaller tolerances should be
arranged in those caseswhere operatonal penalties would otherwise exist.

The total period of radation, induding period(s) of zero radiation, outside the
perfamance limits specified in 3.1.5.7.1 shall be as short as practicabe, consigent
with the need for avoiding interruptions of the navigation service provided by the ILS
glide path.

3.1.5.7.3.1 Thetotal period referredto under 3.1.57.3 shdl not exceed underany circumstanes:

6 secands for Caegory | 0 ILS glide paths;
2 secomls for Categoriedl and Ill & ILS glide patts.

Note 17 The total time periods speified are never-to-be-exceeded Imits and are
intenrded to protect aircraft in the final stages of approach against prolonged
or repeated periods of ILS glide path giidance outside the monitor limits. For
this reason, they indude not only the initial period of outsde tolerance operation
but also the total of any or all peiods of outside tolerance radiation, including
periods of zero radiation, which might occur during action to restore service,
for example, in thecourse of consecutive monitor functioning and consequent
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change overs to glide pathequipment @&selements thereof.

Note 217 Fromanoperational point of view, theintention is that no guidance outside
the monitor limits be radiated after the time periods given, and that no further
attempts be made to restae sevice until a peniod in the order of 20 seconds has
elapsed.

3.1.5.7.3.2 Wherepracticablethe total periodspecifiedunder3.1.5.7.3.1 for Caegoriesll and
Il & ILS glide pathsshould notexceed 1 second.

3.1.5.7.4 Despn and operation of the monitor sysem shall be consistentwith the requirement
that radation shell cease ard a waming shall be provided at the desgnated remote
control points in the event of failure of the monitor sygem itselff.

3.1.5.8 Integrity and contiruity of service requirements

3.1.5.8.1 The probabilityof not radiaing false guidance signds shdl not be lessthan1 i
0.5 x 10° in any one landing for Facility Performance Catkgories Il and Il glide
paths.

3.1.5.8.2 The probability of not radiating false guidance signals should not be less than 1
1.0 x 10-7 in any one landing for Facility Performance Category | glide paths.

3.1.5.8.3 The probability of not losing the radiated guidance signal shall be gteatedi 2 x
10-6 in any period of 15 seconds for Facility Performance Categories Il and Il glide
paths (equivalent to 2 000 hours mean time between outages).

3.1.5.8.4 The probability of not losing the radiated guidance signal should exceed! Ix 10
6 in any period of 15 seconds for Facility Performance Category I glide paths
(equivalent to 1 000 hours mean time between outages).

3.1.6 Localizer and glide path frequencypairing

3.16.1 The pairing of the runway localizer and glide path tranamitter frequencies of an
instrumentlanding systemshall be taken from the following list in accordance with
the provisions of Vaume V, Chapter 4, 4.2:
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Localizer Glide path Localizer Glide path

(MHz) (MHz) (MH=) (MHz)
108.1 334.7 110.1 3344
108.15 334.55 110.15 33425
108.3 334.1 110.3 335.0
108.35 333.95 110.35 33485
108.5 3299 110.5 329.6
108.55 329.75 110.55 32945
108.7 330.5 110.7 3302
108.75 330.35 110.75 330.05
1089 329.3 110.9 330.8
108.95 329.15 110.95 330.65
109.1 3314 111.1 331.7
109.15 331.25 111.15 331.55
109.3 332.0 111.3 3323
109,35 331.85 111.35 332.15
109.5 332.6 111.5 3329
109.55 332.45 111.55 332.75
109.7 3332 111.7 333,
109.75 333.05 111.75 333.35
109.9 333.8 111.9 331.1
109.95 333.65 111.95 330.95

3.1.6.1.1 In those regons whee the requirementsfor runway locdizer and glide path
transmitterfrequemies of aninstrumentlanding systemdo not justify more 20 pairs,
they shall be selected sequentially, asrequired, from the following list:

Sequence Localizer Glide path
number (MH-) (MH=)
1 110.3 335.0
2 109.9 3338
3 109.5 3326
4 110.1 3344
5 109.7 3332
6 109.3 332.0
7 109.1 3314
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3.1.6.2

3.1.6.3

3.1.7
3.1.7

A

Where existing ILS localizers meeing national requirements are operating on
frequences emding in even tenths of a megalertz, they shall be reassigned
frequences, conforming with 3.1.6.1 or 3.1.6.1.1 as soon as practicable and may
continue operating on their present assignments only until this reassgnment can be
effecte

Existing ILS localizersin the international service operating on frequencies endng in
odd tenthsof a megahertzshall not be assigned new frequenciesendingin odd tenths
plus one twentieth of a megahertz except where, by regionalagreementgeneral

Sequence Localizer Glide path use

number (MHz) (MH=) may be

made

8 s o
9 110.7 330.2
10 110.5 329.6
11 108.1 334.7
12 108.3 334.1
13 108.5 329.9
14 108.7 3305
15 108.9 320.3
16 111.1 331.7
17 111.3 332.3
18 111.5 332.9
19 1117 3335
20 111.9 331.1

channels listed in 3.1.6.1 (seeVolumeV, Chapter 4, 4.2).

VHF marker beaoons
Gereral

a) Thee shdl be two marker beacons in each instdlation exceptwhere, in the
opinion of theDirector General of Civil Aviationa single marker beacon is
considered to bsufficient. A third marker beaconmay be added whenever, in
the opinion of the Director General of Civil Aviationan additiona beaon is
required because of operational proceduresat a particular site.

b) A marker beaca shall conform to therequiremernts prescibed in 3.17. When

the instalation comprises only two maiker beaconsthe requirements appliceble to

the middle marker and to the outer marker shdl be complied with. When the
installation comprises only one marker beacon, the requirements applicable to either
the middle or the outer marker shall be complied with. If marker beacons are replaced
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3.1.7.11

3.1.7.1.2

3.1.7.2
3.1.7.2.1

3.1.7.3
3.1.7.3.1

by DME, the requirements of 3.1.7.6.5 shall apply.

c) The marker beacons shall produce radiation pattens to indicate predetermined
distance from thethrestold alongtheILS glide path.

When amarkerbeacon is usedin conjunction with the back courseof alocalizer, it shall
conform with the markerbeamn chaacteristics specfied in 3.1.7.

Identification signals of marker beacns used in conjuncion with the backcourse of a
localizer shdl beclearly distnguishade from theinner, midde and outer markerbeacon
identifications, asprescribedin 3.1.7.5.1.

Radio frequercy
The marker beaconsshell operate at 75MHz with a frequency tolerance of plusor minus

0.005 per centand shall utilize horizontal polarization.

Coverage

The maker beaon system shall be adusted to provide coveage over the following
distarces, measued onthe ILS glide path and localizer course line:

a) inner marker : 150 m plus or minus 50 m (500ft plus or minus160ft);

b) middle marker: 300 m plus or minus 100 m (1 000 ft plus or minus 325t);
c) outer marker: 600 m plus or minus 200m (2 000 ft plus or minus 650t).

3.1.7.3.2 Thefield strengh at the limits of coverage specfied in 3.1.7.31 shall bel.5 millivolts

per meter (minus 82 dBW/m?). In adlition, thefield strengthwithin the coverage area
shell rise to at least 3.0 millivolts per meter (minus 76 dBW/m?).

Note 1 7 In the design of the ground antenna, it is advisableto ensure that an
adeguate rate of change of field strength is provided at the edges of coverage. It is
also advisable to ensure that aircraft within the localizer course sectorwill receive
visualindication.

Note 2 i Satisfactory operation of a typical airborne marker installation will be
obtainedif the sersitivity is so adjuged that visual indication will be obtainedwhen
thefield strength is 1.5 milli volts per meter (minus 82 dBW/n).

3.1.74 Modulation
3.1.7.4.1 The modulation frequencies shall be asfollows:
a) inner marker (3 000Hz;
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3.1.7.4.2
3.1.7.5

3.1.75.1

3.1.7.6

3.1.7.6.1

3.1.76.1.1

3.1.7.6.1.2

b) middle marker: 1 300 Hz;
c) outer marker: 400Hz.

The frequency tolerance of the above frequencies shdl be plus or minus 2.5
per cent, and the total harmonic content of each of the frequercies shall not
exceed15 per cent.

The depth of modulation of the markersshall be 95 per cent plus or minus 4 percent.
Identification

The arrier energy shdl not beinterupted. The audio frequency modulation shall be
keyedas follows:

a) inner marker : 6 dots per secand continuotsly;

b) middle marker: a continuous series of alternate dots and dashes, the dashes
keyed at the rate of 2 dashes per second, and the dots at the rate of 6 dots per
second;

c) Outer marker: 2 dashesper second continuously.

These keying ratesshall be mantained to within plus or minus 15 per cent.
Siting

The inner marker, , shall be locatedso as to indicate in low visibility conditions the
imminenceof arrival a the runway threshold.

If the radation pattern is vertical, the inner marker, should be located between 75
m (250 ft) and 450 m (1 500 ft) from the threshold and at not more than 30 m (100
ft) from the extended centreline of the runway.

Note i It is intended that the inner marker pattern should intercept the downward
extended straight portion of the nominal ILS glide path at the lowest decision height
applicable in Category Il operations.

Note 2- Care must be exercised in siting the inner marker to avoid interfdretweeen
the inner and middle markers.

If the radiation patten is other thanvertical, the equpment should be located so asto
produce a field within the course sedor andILS glide path sector that is substantially
similar to that produced by an antnnaradiating a vertical pattern and locaied as
presciibed in 3.1.7.6.1.1.
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3.1.7.6.2

3.1.7.6.2.1

3.1.7.6.2.2

3.1.7.6.3

3.1.7.6.3.1

3.1.7.6.4

3.1.7.6.5

3.1.7.6.5.1

3.1.7.6.5.2

3.1.7.6.5.3

The middle marker shall be located so as to indicate the imminerce, in low visibility
conditions, of visualapproach guidance.

If the radiation patten is vertical, the middle marker shall be located 1 050 m (3
500 ft) plusor minus 150 m (500 ft), from thelanding threshald at the approach end
of the runway and at not more than 75 m (250 ft) from the extendedcentre line of
therunway.

If the radiation patten is other thanvertical, theequpment should be located so asto
produce a field within the course sedor andILS glide path sectorthat is substantially
similar to that produced by an antnnaradiating a vertical pattern and locaked as
presciibed in 3.1.7.6.2.1.

The outer maiker shdl be locaed so as to prwide height, distance and equpment
functioning checksto aircraft on intermedate andfinal approach.

the outer marker should be located 7.2 km (3.9NM) from the threshold exacept that,
where for topographical or operationd reasons this distance is not practicale, the
outer marker may be located between 6.5 and 11.1 km (3.5 and 6 NM) from the
threshold.

If the radiation patiern is vertical, the outer marker shoud be not more than 75 m (250
ft) from the extendedcente line of the runway. If the radation patten is other than
vertical, the equpment should be located soasto produce a field within the course
sector and ILS glide path secor that is subsantially similar to that produced by an
anennaradiatng a vertical pattern.

The positions of maiker beacons, or where applicable, the equivalent distance(s)
indicated by the DME when used asan alternative to part or al of the marker beacon
component of the ILS, shdl be published in accadance with theprovisionsof Annex
15.

When so used,the DME shall provide distance information operationally equivalent to
thatfurnished by marker beacon(s).

When used as an alternative for the middle marker, the DME shdl be frequencypaired
with the ILS localizerand sited so as to minimize the error in distance information.

The DME in 3.1.76.5 shdl confam to the specficaton
in 3.5.
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3.1.7.7
3.1.7.7.1

3.1.7.7.2

3.2

3.2.1
3.211
3.2.1.2
3.2.2

3.2.3

3.23.1

3.2311

Monitoring

Suitabe equipment shall provide signalsfor the operaion of anautomatic monitor. The
monitor shall transmita warningto a contol pointif eitherof the following conditions
arise:

a) failure of the modulation or keying;

b) reduction of power output to lessthan 50 per cent of normd.

For each markerbeacon, suitable monitoring equpment shall be provided which will
indicate at the appropriate location adeaeaseof the modulation depth below 50 per
cent.

Specification for Precision Approach Radar System

Note i Slant distances are used throughoutthis specification.

The precision approachradarsystemshall comprisethefollowing elements:
The precision approachradar element (PAR).
The surveillance radar elenment (SRE).

When the PAR only is used, theinstallaton shdl be identified by the term PAR or
precision approach radar andnot by the term fiprecision approachradarsys t € mo .

Note i Provisions for the recording and retenion of radar data are contained
in, IS 025Chapter®6.

The precision approachradar element (PAR)
Coverage

The PAR shall be capalbe of detecting and indicating the postion of anaircraft of 15
m? echoing areaor larger, which is within a space bourded by a 20- degee azmuth
sector and a 7-degree elevaton secbor, to adistance of at leastl6.7 km (9 NM) from its
respective antenna.

Note i For guidance in detemining the significance of the echoing areas of
aircraft, thefollowing table is included:

private flyer (singe-engined): 5to 10 m?

small twin-engined aircraft: from 15 m?
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3.2.3.2

3.23.21

3.2.3.3

medium twin-engired aircraft: from 25 m?

four- enginedaircraft: from 50to 100 m?.

Siting

The PAR shall be sited andadjusted sothat it givescomplete covaage of a sector with
its gpex ata pant 150 m (500 ft) from thetouchdown in the direction of the stop endof
the runway and extending plus or minus 5 degrees aboutthe runway centreline in
azimuth andfrom minus 1 degree to plus 6 degreesin elevation.

Note 1 7 Paragraph 3.2.3.2.1 can be met by siting the equipment with a setback
from the touchdown, in the direction of the stop end of the runway, of 915 m (3 000
ft) or more, for an offset of 120 m (400 ft) from the runway cente line, or of 1 200
m (4 000 ft) or more, for an offsetof 185 m (600 ft) when the equipment is aligned
to scanplus or minus 10 degrees about the centre line of the runway.

Alternatvely, if theequipmentis aligned to san 15 degreesto onesideand 5 degees
to the other side of the centre line of the runway, then the minimum setback can be
reduced to685m (2 250 ft) and 915 m (3 000 ft) for offsetsof 120 m (400 ft) and 185
m (600 ft) respectively.

AccuracyT

Azimuthinformationshall be displayedin such a manner that left-right deviation
from the on-course line shall be easily observable.The maximum permissible eror
with respet to the deviaton from the on-course line shall be either 0.6 per cent of the
distance from the PAR antenna plus 10 per cent of the deviaion from the on-course
line or 9 m (30 f), whichever is greatr.

Theequpment shall be so sited that the error at the touchdown shall not exceed9 m (30

ft).

Theequipmentshall be soaligned and adjused that the displayed error at the touchdown

shall be a minimum and shall not exceed 0.3 per cent of the distance from the PAR
antenna or 4.5m (15ft), whicheveris greatr. It shall bepaossible to resdve the positions
of two aircraft which are at 1.2 degeesin azimuth of one andher.
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3.2.3.3.1 Elevationaccuacyi Elevationinformaion shdl be displayedin suich amanner that up-

3.2.3.3.2

3.2.3.4

3.2.3.5

3.24

3.24.1

down deviation from the descent pathfor which the equipment is setshall be easly
observable. Themaximumpermissibleerrorwith respecto thedeviation from theon-
course lineshall be 0.4 per cent of thedistancefrom the PAR anenna plus 10 per cent of
the actual lineardisplacement from the chosen desent path or 6 m (20 ft), whichever
is greater. The equipment shdl be so sited that theerror at the touchdown shall not
exceed6 m (20 ft). The equipment skall be soaligned and adjusted that the displayed
error at the touchdown shell be a minimum and shall not exceed 0.2 per cent of the
distancefrom the PAR antenna or 3 m (10ft), whichewer is greaer. It shall be possible
to resolvethe positionsof two aircraftthat are at 0.6 degeein elevation of oneanother.

Distance acauracy i The eror in indication of the distance from the touchdown shall
not exceed 30 m (100ft) plus 3 per cent of the distance from the touchdown. It shall be
possible to resolve the posiions of two aircraft which are at 120 m (400 ft) of one
anotheron the samne azimuth.

Information shell be made available to permit the position of the controlled aircraft to be
established with regect to otheraircraft and obstructions. Indications shall also pemit
appreciation of ground speed and rate of departure from or appoachto the desired
flight path.

Informaion shdl be comgetely renewed at least once every secand.

The sumveillance radarelement(SRE)

Surveillanceradar usedasthe SRE of a precision approach radar system shall satisfy
at least the following broad pefformance required.

3.2.4.1.1Coverage

3.2.4.1.2The SRE shall be capeble of detecting aircraft of 15m? echoing areaand larger, which are

in line of sight of the anterna within avolumedeseibed as follows:

The rotation through 360 degrees almut the antenna of a vertical plane surface
bounded by a line at an angle of 1.5 degees above the horizontal plare of the
anenna, extending from the artenna to 37 km (20 NM); by a verticd line at 37
km (20 NM) from the intersecion with the 1.5-degree line up to 2 400 m (8 000 ft)
above the level of the antenna; by a horizontal line at 2 400 m (8 000 ft) from
37 km (20 NM) backtowardsthe anennato the intersection with a line from the
antennaat 20 degeesabove thehoarizontal plane of theartenna, andby a 20degee
line from theintersection with the 2 400 m (8 000 ft) line to the antenna.
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3.2.4.1.3 Efforts should be made in development to increase the coverage on an aircraft of 15 m?

3.2.4.2

echoing areato at leastthe volume obtained by amending 3.2.4.2.1 with the following
subsittutions:

0 for 1.5degees, read0.5degee;
o0 for 37 km (20 NM), read46.3 km (25 NM);
o for 2400m (8 000ft), read 3 000 m (10 000 ft);

o0 for 20 degrees, read30 degrees.

Accuracy

3.2.4.2.1 Azimuth accuracy i The indicaion of positon in azimuth shall be within plus or

minus 2 degreesof the true postion. It shall be possble to resolve the postions of
two aircraft which are at 4 degrees of azimuth of oneanother.

3.2.4.2.2 Distanceaccuracy i Theerror in distance indication shall not exceed5 per cent of true

3.24.2.21

3.2.4.3

3.2.4.4

3.3

3.3.1

3.3.1.1

distance or 150 m (500 ft), whichever is the greder. It shall be possbleto resole the
positions of two aircraft that are separatedby adistanceof 1 per centof thetruedistance
from the point of observation or 230 m (750 ft), whichever is the greater.

The error in distance indication should not exceed 3 per centof thetrue distance or 150
m (500 ft), whichever is the greater.

The equipment stall be capable of completdy renewing theinformation concening the
distance and azimuth of any aircraft within the coverage of the equpment atleast once
every 4 seconds.

Eff orts should be made to reduce,as far as possble, the distutbance caused by ground
echoesor echoesfrom clouds and preapitation.

Specification for VHF omnidirectional radio range (VOR)

GeneH

The VOR shall be constructed and adjusted so that similar instrumental
indications in aircraft represent equal clockwise angular deviations (bearings),
degree for degree from magnetic North as measured from the location of the VOR.
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3.3.1.2

3.3.2

3.3.2.1

3.3.2.2

3.3.2.3

3.3.3
3.3.3.1

The VOR shall radiatea rado frequency carrier with which is associated two separate
30 Hz modulations. One of these modulations shell be such that its phaseis
independent of the azmuth of the point of obsewration (reference phase).

The other modulation (variable phase shall be such that its phase at the point of
obsevation differs from that of the referencephaseby anangle equal to the bearing of
the point of obsewation with respectto the VOR.

The reference and variable phase modulatstradl be in phase along the reference
magnetic meridian through the station.

Note T The reference and variable phase modulations are in phase when the
maxi mum value of the sum of the radio frequency carrier andthe side band energy
due to the variable phase modulation occurs at the same time as the highest
instantaneous frequencyof the reference phasemodulation.

Rado frequency

The VOR shall opegate in the band 111.975 MHz to 117.975 MHz except that
frequenciesin the band 108 MHz to 111.975 MHz may be used when, in accordance
with the provisions of Volume V, Chapter4, 4.2.1 and 4.2.3.1, the useof such
frequencies is aacceptble. The hghestassignable frequencyshall bel17.950 MHz. The
chanrel sgparaton shall be in increments of 50 kHz referred to the highest assgnalde
frequercy. In areas whee 100 kHz or 200 kHz channel spacng is in general use,
the frequencytolerance of the radio frequency carrier shall be plus or minus 0.005 per
cent.

The frequency tolerance of the rado frequency carrier of all new instalations
implemented after 23 May 1974 in areas where 50 kHz channel spacing is in use
shallbe plus or minus 0.002per cent.

In areas where new VOR ingtallations are implemented and are assgned frequencies
spaed at 50kHz from existing VORsin thesamearea, priority shall be givento ensuring
that the frequency tolerance of the rado frequency carrier of the existing VORS is
reduced to plusor minus 0.002 per cent.

Pdarization and patternaccuracy

The emission from the VOR shall be horizontally polarized. The vertically polarized
compaent of theradation shallbe assmallaspossible

Note i It is notpossble at present to state quantitatively the maximum permisside
magnitude of the \ertically polarized component of the radiation from the VOR.
(Information is provided in the Manual on Testing of Radio Navigaton Aids
(Doc 8071) asto flight checksthat can be carried out to detemine the effectsof
vertical paarization on the bearing accuracy.)
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3.3.3.2 The ground station contribution to the emor in the beaing information conveyed
by the horizontally polarized radiation from the VOR for all elevation andes
between 0 and 40 degrees, measured from the centre of the VOR anienna sygem, shall
be within plus or minus 2 degees.

3.34 Coverage

3.34.1 The VOR shall provide signals such as to permit satisfadory operaton of a typical
aircraft installation at the levels and distarces required for operational reasons,and
up to anelevation ange of 40 degrees.

3.34.2 The field stremgth or power densty in spae of VOR signals required to permit
satigadory operaton of atypical aircraft installation at the minimum service level at
the maximum specifed service radius should be 90 microvolts per meter or minus
107 dBW/n.

3.35 Modulations of navigation signals

3.35.1 The radio frequencycarrier as obsewed at any point in space shall be amplitude
modulated by two signalsasfoll ows:

a) asubcarier of 9 960 Hz of consant amplitude, frequencymodulated at 30Hz:

1. for the corventional VOR, the 30 Hz component of this FM subcarrier is
fixed without regect to azmuth andis termed the freference phaseo
and shall have adeviation ratio of 16 plusor minus1 (i.e. 15 to 17);

2. for the Doppler VOR, the phaseof the 30 Hz component varies with
azimuth and is termed the fivariable phase @nd shall have a deviation ratio
of16 plusor minus1 (i.e. 15 to 17) when observed at any angle of elevation
up to 5 degees, with a minimum deviation ratio of 11 when observed
at any angle of elevation above 5 degreesandup to 40 degrees;

b) a30Hz amplitude modulation component:

1. for the onventional VOR, this component results from a rotating field
pattem, the phase of which varieswith azimuth, and is termed the fivariable
phase 0 ;

2. for the Doppler VOR, this component, of constant phasewith relaion to
azimuth and constantamplitude, is radated omni directionally and is
termedthe fireference phaseo.
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3.3.5.2

3.3.5.3

3.3.54

3.3.55

3.3.5.6

3.3.5.7

The nominal depthof modulation of the radio frequency carrier due to the 30Hz signal
or the subcarrier of 9 960 Hz shall be within the limits of 28 per cent and 32 per cent.

Note i This requirement applies to the transmitted signal observed in the absence
of multi path.

The depth of modulation of the radio frequencycarrier due to the 30 Hz signal, as
obsrved at any angle of elevation up to 5 degees,shdl be within the limits of 25
to 35 per cent. The depth of modulation of the radio frequency carrier dueto the 9
960 Hz signal, asobserved at any angle of elevation up to 5 degees,shall be within
the limits of 20 to 55 per centon facilities without voice modulaion, andwithin the
limits of 20 to 35 per cent on facilities with voice modulation.

Note i When modulation is measured during flight testng under strong dynamic
multipath conditions, variations in the recived modulation percentagesare to
be expected.

Shot-term vaiations beyand these vhues may be acceptable. The Manual on
Testing of Rado Navigaton Aids (Doc 8071) contains additional information
on the application of airborne modulation tolerances.

The variade and reference phase modulation frequencies shdl be 30 Hz within plus
or minus 1 percent.

The sub carier modulation mid-frequency shdl be9 960 Hz within plus or minus 1 per
cent.

a) For the conventional VOR, the percentage of amplitude modulation of the9
960 Hz subcarier shallnot exceed5 per cent.

b) Forthe Doppler VOR, the perentage of amplitude modulation of the 9 960Hz
subcarrier shall not exceed 40 per cent whenmeasured at a point at least 300m
(12 000ft) from the VOR.

Where 50 kHz VOR channel spacing is implemented, the sideband level of the
hamonics of the 9 960 Hz component in the radiaed signal shdl not exceed the
following levelsreferred to the level of the 9 960Hz sideband:

Subcarrier Level
9960Hz 0dB reference
2nd harmonic i 30dB
3rd harmonic -50dB
4th harmonic and above 160dB
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3.3.6 Voice andidentificaton
3.3.6.1 If the VOR providesa simultaneous communication channel ground-to-air, it shall be on

3.3.6.2

3.3.6.3

3.3.6.4

3.3.6.5

3.3.6.5.1

3.3.6.6

3.3.6.6.1

3.3.6.7

the same radio frequency carrier as used for the navigational functon. The radiation
on this channel shdl be horizontally polarized.

The peak modulationdepth of the carrier on the communicationchannelshall not be
greater than 30 per cent.

The audio frequency characeristics of the speechchannel shdl be within 3 dB relative
to thelevel at 1 000 Hz over the range 300 Hz to 3 000 Hz.

The VORshall providefor the simultaneougansmissiorof a signalof identifi cation
on the same radio frequency carier as thatused for the navigationa function. The
identification signal radiation shall be horizontally polarized.

Theidentification signalshallemploythe InternationaMorse Codeandconsistof two
or threelettas. It shall be sent at a speedcorresponding to appraximately 7 words per
minute. The signal shall be repeated at leastonce every 30 seconds and the modulation
toneshall be 1 020 Hz within plusor minus 50 Hz.

The identificaion signal should be transmitted atleast three times each 30 seconds,
spaced equally within that time period. One of these identification sigrels may take
the form of voice identification.

Note i Where a VOR and DME are associatedin accordance with 3.5.2.5 the
identification provisions of 3.5.36.4 influence the VORIidentification.

The depth to which the radio frequency carrier is madulated by the code identifi cation
signal shall be close to, but not in excess of 10 per cent except that, where a
communication chamel is not provided, it shall be permissible to increase the
modulation by the code identifi cation signal to a value not exceedng 20 per cent.

If the VOR provides a smultaneous communication chamel ground-to-air, the
modulation depthof the code identifi cation signal should be5 plusor minus1 percent
in orderto provide a satifactory voice qudlity.

The transnission of speech shall not inteffere inany way with the basicnavigational
function. When speeh is being radiated, the code identification shall not be
suppressed.
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3.3.6.8

3.3.7

3.3.7.1

3.3.7.2

3.3.8

3.3.8.1

The VOR receiving function shall permit positive identificaion of the wantd signal
under the signal conditions encauntered within the specified coverage limits, andwith
the modulation parameters specified at 3.3.6.5,3.3.6.6 and 3.3.6.7.

Monitoring

Suitable equipment located in theradation field shall provide signalsfor the operaion
of anautomatic monitor. The monitor shall transnit a waning to a control point, and
either remove the identification and navigaion components from the carrier or
cause radiation to ceae if anyone or a combination of the following deviations
from estblished conditions arises

a) a change in excess of 1 degree at the monitor site of the bearing informaton
transmitted by the VOR;

b) a reduction of 15 per centin the modulation components of the rado frequency
signals voltage level at the monitor of either the subcarier, or 30 Hz anplitude
modulation signals, or both.

Failure of the monitor itself shall transmit a warning to a control point and either:
a) remove the identification and navigation components from the carier; or

b) cause radiation to cease

Interference immunity performance for VOR receving sygems

The VOR receiving sydem shall provide adequate immunity to interfererce from two
signal, third-order intermodulation products caused by VHF FM broactast signals
having levelsin accadance with the following:

2N +N+7220
for VHF FM sound broadcasting signals in the range 107.7 - 108.0 MHz
aud

A

2N+ N, +3( 24-20 logéj <0

for VHF FM sound broadcasting signalsbelow 107.7MHz,

where the frequendes of the two VHF FM sound broadcasting signals produce, within
the recever, a two-signal, third-order intermodulation product on the desred VOR
frequency.
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A

N1ana N2 are the levels (dBm) of the two VHF FM sound broadcasting signals atthe VOR
receiver input. Neither level shall exceed the desensitization criteria setforth in 3.3.82.

of =108.171 fi, where f, is the frequencyof N;, the VHF FM sound broacdtasting signal
closer to 108.1 MHz.

3.3.8.2 The VOR receving systemshall not be desersitized in the presence of VHF FM
broadcast signals having levelsin accordance with the foll owing table:
Maximum level of

Frequency unwanted signal at
(MHz) recaver input
(dBm)
88-102 +15
104 +10
106 +5
107.9 10
Note T The relationship is linear between adjacent points desgnaked by the above
frequencies.

3.4  Speification for non-dir ectional radio beacon(NDB)
34.1 Definitions

Average radius of rated coverage i The radius of a circle having the same area as the rated
coverage.

Effective coverage i The areasurrounding an NDB within which bearings canbe obtaned with an
accuracy sufficient for the natue of the opeaation conerned.

Locator i An LF/MF NDB usel as an aid to final approach.

Note i A locator usually has an average radius of rated coveage of between 185 and
46.3 km (10 and 25 NM).

Rated coverage i The area surrounding an NDB within which the strength of the vertica field of
theground wave exceedsheminimum value specified for the geogaphical area in which the radio
beacon is situated.

Note T The above deinition is intended to establish a method of rating radio beacons
on the normal coverageto be expectedin the absenceof sky wave transmission and/or
anomalous propagation from the radio beacon corcerned or interfererce from other LF/MF
facilities, but taking into accountthe atmospheric noisein thegeographical area concerned.

3.4.2 Coverage

3.4.2.1 The minimum value of field strenghin the rated coverage of an NDB shoud be
70°microvolts per meter.
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3.4.2.2

3.4.2.3

3.4.3

3.4.4

3441

Notei The sdection of locations andtimes at which the field strength is measued is
important in order to avoid abnormal results for the locality concerned; locationson
air routes in the areaaround the beaconare operationally most significant.

All notificaions or promulgations of NDBs shall be basd uponthe average radius of
the rated coverage.

Note 11 In classifyng radio beacons in areaswhere substantal variations in rated
coverage may ocaur diurnally and seasonally, such variations should be wken into
account.

Note 27 Beacons having an averageradius of rated coveage of betwesn 46.3 and278
km (25 and 150 NM) may be designaed by the nearest multiple of 46.3 km (25NM) to
the average radius of rated coverage, and beacons of rated coveage over 278 km
(150 NM) to the nearestmultiple of 92.7 km (50NM).

where the rated coverage of an NDB is materially different in various operationally
significant sectors, its classification should be expressed in termsof the avaageradius
of rated coverageand the angular limits of each sector as follows:

Radusof coverageof sectofangular limits of sectorexpressed asmagneic bearing
clockwise from the beacon.

Where it is desirable to clasify an NDB in such a manner, the numberof sectors
shouldbe kept to aminimum and preferably shauld not exceedtwo.

Note i The avaage radius of a given sector of the rated coverage is equal to the
radius of the corresponding circle-sedor of the same area. Example:

150/210° i 30°
100/30° T 210°.
Limitations in radiatd power

The power radated from an NDB shall not exceed by more than 2 dB that
neessay to adieve its agreed mted coverage, except that this power may be
increased if coordinated regiondly orif no harmful interferenceto other facilities will
resut.

Rado frequerties

The radio frequencies assgned to NDBs shdl be seleced from those available in
that portion of the spectrumbetwesn 190 kHz and 1 750 kHz.
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3.4.4.2

3.4.4.3

3.4.4.4

3.4.5

3.45.1

3.45.2

3.4521

3.45.3

3.454

3.4.6

The frequercy tolerance applicable to NDBs shall be 0.01 per cent except that, for
NDBs of antenna power above 200 W using frequencies of 1 606.5 kHz andabove,the
tolerance shell be 0.005 per cent.

where two locators are used as supplements to an ILS, the frequency separdion
betwesn the carriers of the two shodd be not lessthan 15 kHz to ensure correct
operation of the radio compass, and preferably not more than 25 kHz in order to
permit a quick tuning shift in caseswhere an aircraft hasonly oneradio compass.

Wherelocatorsassociatedavith ILS facilitiesservingoppositeendsof asingle runway
are assgned acommon frequency,provision shall be made to ensure that the facility not
in operational use cannot radiate.

Note 17 Additiona guidance on the operation of locator beacons on common
frequency channelsis contanedin Volume V, Chapter 3, 3.2.2.

Identificaion

Each NDB shall be individually identified by a wo- orthree-letter International
Morse Code group transmittecharatecorrespondingo appraimately 7 words per
minute.

The complete identification shall be tramsmitted at least once every 30 seconds,
except where the beacon identification is effected by on/off keying of the carrier. In
this latter case, the identification shdl be at approximately 1-minute intervals,
except that ashorter interval may be usedat particular NDB stations wherethisis
found to be operationally desiiable.

except for those caseswhere the beacon identifi cation is effeced by on/off keying
of the cariier, the identfication signal shoud be trangnitted at leastthree times each
30 seconds, spaced equally within that time period.

For NDBs with an average radius of rated coverage of 92.7 km (50 NM) or less that are

primarily approach and holding aids in tieinity of an aerodrome, the identification

shall be transmitted at least three times each 30 seconds, spaced equally within that

time period.

The frequency of the modulating tone used for identificaion shdl be 1 020 Hz plus
or minus 50 Hz or 400 Hz plus or minus 25 Hz.

Chaacgristics of emissions

Note i The following specifications are not intended to preclude employmenof
modulationsor types of modulationsthat may be utilized in NDBs in addition
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3.4.6.1

3.46.1.1

3.4.6.2

3.4.6.3

to those specified for identificaton,

includng simultaneous identification and voice modulation, provided that these
additional modulations do notmaterially affecttheoperdional performance of the
NDBsin conjunction with currently used airbornedirection finders, and provided
their use does not cause harmful interference to other NDB sewvices.

Except as provided in 3.4.6.11, all NDBs shall idiate an uninterrupted carrier
and be identified by on/off keying of an amplitude maulating tone
(NON/A2A).

NDBs other thanthosewhally or partly serving asholding, approach and landing aids,
or those having an average radus of rated coverage of lessthan 92.7 km (50 NM),
may be identified by onoff keying of the unmodulated carrier (NON/A1A) if they
are in areas of high beacon density andbr where the required rated coverageis not
practicable of achevementbecause of:

a) radio interference from radio statons;
b) high atmospheric noise;
c) local condtions.

Note 1 In selecting the types of emission, the possibility of confusion, arising
froman aircraft tuning from a NON/A2Afacility to a NON/A1A facility without
changing theradio compassfrom AiMC Wdo AC Wdperaton, will needto be kept
in mind.

For each NDB identified by on/off keying of an audio modulating tone, the degth of
modudation shdl be mantained asnear to 95 percentas practicable.

For each NDB identified by on/off keying of an audio modulating tone, the
chaacteristics of emission during identification shellbe suchasto ensure
satisfactoryidentification at thelimit of its ratedcoverage.

Note 17 Theforegoing requrement necessitatesas high a percentage modulation
as practicable, bgether with maintenance of an adequate radiatedcarrier power
during idertification.

Note 21 With a direction-finder passband of plus or minus3 kHz about the carrier,
a signal to noise ratio of 6 dB at the limit of rated coverage will, in general, meet
theforegoing requirement.
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3.4.6.4 The carier power of an NDB with NON/A2A emissions should not fall when the
identity signal is being radiated except that, inthe case of an NDB having an average
radius of rated coveaage exceedng 92.7 km (50 NM), afall of not more than 1.5 dB
may be accepied.

3.4.6.5 Unwanted audio frequercy modulations shdl total less than5 per cent of theamplitude
of the carrier.

Note i Reiable peformance of airborne automatic direction-finding equipment
(ADF) may be seriously prejudiced if the beacon emission contains modulation by
an audio frequency equal or close to the loop switching frequency orits second
harmonic. The loop switching frequencies in currently used equipment lie
betveen30 Hz and 120 Hz.

3.4.6.6 The bardwidth of emissions andthe level of spurious emissions shdl bekept at the
lowest value that the stateof technique and the nature of the service pemit.

Note i Article S3of thelTU Radio Regulations contins the general provisions with
respect to techncal characterstics of equpment and emisgons. The Radio
Regulations contain specific provisions relating to necessary bandwvidth, frequency
tolerance; spuiousemissionsand classificationof emissions.

3.4.7 Siting of locators

3.4.7.1 where locators are used as a supplement to the ILS, they should be located at the sites of
the outerand middle marker beacons. Where only one locator is used as a supplement to
the ILS, preference should be given to location at the site of the outer marker beacon.
Where locators are employed as an aid to final approach in the absence of an ILS,
equivalem locations to those applyinghen an ILS is instaled should be selected,
taking into account the relevant obstaclecleaance provisions of the PANS OPS(Doc
8168).

3.4.7.2 where locatorsareinstalled at both the midde and outermarker pasitions, they should
belocated,where practicéble, on the same side of the extended centre lineof the runway
in order to provide a track between the locators which will be more nearly paralel to
the centre line of the runway.

3.4.8 Monitoring

3.4.8.1 For eachNDB, suitable means shall be provided to erable detection of any of the
following corditions at an appropriate location:

a. a deaease in radiated carrier power of more than 50 per cent below that
required for therated coveage;
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b. failure to transmit the identification signal,

C. malfuncioning or failure of the meansof monitoring itself.

3.4.8.2 when an NDB is operated from a power source having a frequencywhich is dose to
airborne ADF equipment switching frequendes, and where the desgn of the NDB is
suchthat the power supply frequencyis likely to appear as amodulation product on the
emission, the meansof monitoring shaild be capdle of detecting such power supply
modulation onthe carrier in excessof 5 per cent.

3.4.8.3 During the hours of sewice of a locator, the means of monitoring shdl provide
for a coninuous deck on the functioning of the locator as prescrbed in 3.4.8.1a),
b) and c).

3.48.4 During the hours of service of anNDB otherthan alocator, the means of monitoring
shall provide for a continuous check on thefunctioning of the NDB aspresaibed
in 3.4.8.1a),b) and c).

3.5 Specification for UHF distance measuring equipment (DME)

Note T In the following section provisionis made for two types of DME facility:
DME/N for general application and DME/P as outfinedin 3.11.3.

35.1 Definitions

Control motion noise (CMN) i That porton of the guidance signal eror which cau®s control
surface, wheel and column motion and cauld affect aircraft attitude ande during coupled flight,
but does not cawse aircraft displacement from the desied course and/or glide path.(See3.11)

DME dead time 1 A peiiod immediately is following the deading of avalid interrogation during
which areceived interrogation will not cause areply to be geneated.

Note T Dead time is intended to prewent the transponder from replying to echoes resuting from
multipath effects.

DME/N i Distance measuring equipment, primarily sewving operational needs of en- routeor TMA
navigation, wherethei N siands for narow spectrum chaactristics.

DME/P i The distance measrring element of the MLS, where the fi P &ands for precise
distancemeasuement. The spectrum chaacteristicsare thoseof DME/N.

Equivalent isotropically radiated power (EIRP) 7 The product of the powersuppled to the
antemna and the antenna gain in a given direction relative to anisotropic antenna (absolute or
isotropic gain).

Final approach (FA) mode i The condtion of DME/P operation which supports fli ght
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operations in the final approach and runway regons.

Initial approach (IA) mode i The condition of DME/P operaton which supportsthose fli ght
operations outdde the final approach region and which is interoperable with DME/N.

Key downtime i Thetime during which a dotor dash of a Morsechaader is being transmitted.
MLS approach reference datum i A point on the minimum glide path at aspecfied height
above thethreshad. (See 3.11.)

MLS datum point i The point ontherunway centre line closestto the phase centre of theappoach
elevation anema. (See3.11.)

Mode W, X, Y, Z 7 A method of codng the DME transmissions bytime spacing pulsesof a
pulse pair, sothat each frequency canbe used more than once.

Partial risetime i Thetime asmeasured between the 5 and 30 per cent amplitude points on the
leading edge of the pulse envelope, i.e. between points h and i on Figures 3-1 and 3-2.

Path following error (PFE) 1 That portion of the guidancesignal error which could causeaircraft
displacerrent from the desied course andor glide path. (See3.11.)

Pulse amplitude i The maximum voltageof the pulse envelope, i.e. A in Figure 3-1.

Pulse decay time 1 The time as measued between the 90 and 10 per cent amplitude points
on the trailing edge of the pulse envelope, i.e. between points eandg on Figure 3-1.

Pulse code.i The metod of differentiaing betweenW, X, Y and Z modes and betwesn FA
and IA modes.

Pulse duration T The time intewval between the 50 per cent amplitude point on leading and
trailing edges of the pulse envelope, i.e. between points b and f onFigure 3-1.

Pulserisetimei Thetime asmeasued between the 10 and 90 per cent amplitude points on the
leading edge of the pulse envelope, i.e. between points a and ¢ on Figure 3-1.

Replyefficiency 1 The ratio of replies transmittedby the transpnder to the total of recaved valid
interrogations.

Search. T The condition which exists when the DME interrogator is attemping to acquire and
lock onto the responseto its own interrogationsfrom the selected transponder.

System efficiency i Theratio of valid replies processed by the interrogator to thetotal of itsown
interrogations.

Track 7 The condition which exists when the DME interrogator has locked onto replies in
response to its own interogations, and is continuously providing adistance measurement.
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Transmission rate T The average number of pulse pars transmitted from the transponder per

second.

Virtual origin T The paint at which the straight line through the 30 per cent and 5 per cent

amplitude poants on the pulse leadng edge intersects the O per centamplitude axis (see

Figure 3 -2).

35.2 Gened

3.5.2.1 The DME systemshall provide for continuaus and accurateindicationin the cockpit of
the slantrangedistance of anequipped aircraft from an equippedground reference point.

3.5.2.2 The systemshall comprisetwo basic components, one fitted in the aircraft, the other
instaled on the ground. The aircraft component shall bereferred to as the interrogator
and the ground componentasthe transponder.

3.5.2.3 In operation, interrogators shall interrogate transponders which shall, in turn, transmit
to the interrogator replies synchronized with the interrogatiorns, thusproviding

means for accurate measuement of distance.
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3.5.24 When a DME is associated with an ILS, or VOR for the purpose of constituting

a singlefadlity, theyshall:

a. be operated on a standard frequency pairing in accordance with 3.5.3.34;
b. be collocakd within the limits presaibed for associated facilitiesin 3.5.2.6;and
c. comply with theidentifi cation provisions of .5.3.6.4.
3.5.25 Collocation limits for aDME fadlity assocated with anILS, or VOR facili ty
3.5.2.5.1 Associaed VOR and DME facilities shall be collocated in accordance with the
following:

a. forthosefacilities usedin terminal areasfor approach purposesor other procedures
wherethe highestposition fixing accuracyof systemcapaklity is required, the
sepaation of the VOR and DME antemas doesnhot exceed 80 m (260 ft);

b. for purposes other than those indicated in a), the separation of the VOR and
DME anennasdoesnot exceed 600 m (2 000ft).

3.5.2.5.2 Association of DME with ILS

3.5.3 Systemchaacteristics

3.5.31 Performance

3.5.3.1.1 Range. Thesystemshdl provide a mean®f measurement of slantrangedistance from
an arcraft to a seleted transponder to the limit of coverage prescibed by the
operatonal requirementsfor the seleded trangponder.

3.5.3.1.2 Coverage

3.5.3.1.2.1 When associated with a VOR, DME/N coverage shall be at leastthat of the VOR to
the extent practicable.

3.5.3.1.2.2 When asscriated with either an ILS, DME/N coverage shall be at least that of the
respective ILS.

3.5.3.1.3 Acaracy

3.5.3.1.3.1 Systemaccuracy Theaccuracystandadsspecifiedin 3.5.4.5and3.5.5.4shall
be met on a 95 per cent probahility basis.
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Radio frequencies and polarization 1
3.5.3.2 The systemshall operate with vertical pdarization in the frequency band 960 MHz

3.5.3.3

3.5.3.3.1

3.5.3.3.2

3.5.3.3.3

3.5.3.4

3.5.34.1

3.5.3.4.2

3.5.3.4.3

3.5.344

to 1 215 MHz. The interrogation and reply frequenciesshall be assgned with 1IMHz
spacing between chamels.

Channeling

DME operating channels shdl beformed by pairing interrogation and reply frequencies
andby pulse coding on the paired frequencies.

DME operating channels shall be chosen from Table A (located at the end of this
chapter), of 352 chamels in which the channel numbers, frequencies, and pulse
codesareassigred.

Channel pairing i When a DME transponder is intended to operate in associaion
with a single VHF navigation facility in the 108 MHz to 117.95 MHz frequency
band, the DME operating chamel shall be paired with the VHF chamel as given in
Table A.

Note T There may be instances whena DME chanrel will be paired with both the
ILS frequencyand an MLS channel (seeVolume V, Chapter 4, 4.3).

Interrogation pulse repetition frequerncy
Note 7 If the interrogator operates on more than one chanrel in one second, the

following specifications apply to the sum of interr ogations on all chanrels

DME/N T The interrogaor average pulse repetiton frequency (PRF) shall not exceed
30 pairs of pulsesper secand, based on the assumption that at least 95 per cent of the
time is ocaupied for tracking.

DME/NT If itisdesired to decreasethe time of seard), the PRFmaybeincreased during
search but shallnot exceed 150 pairs of pulses perse®nd

DME/NT After 15 000 pairsof pulseshave been transmitted without acquiring indicaion
of distance, the PRFshould not exceed 60 pars of pulses per seoond thereater, untl a
charge in operating chanrel is made or successful search is completed.

DME/NT When, after atime period of 30 seconds, tracking has not been established, the
pulsepair repeition frequencyshall notexceed 30 pulse pairs per second thereafter.

Note 17 A pulse repetition frequency (PRF) of 5 pulse pairs per second for aircraft
on the ground may be exceeded if the aircraft requiresaccurate range information.

Note 27 It isintendedthat all PRF charges be achieved by automatic means.
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3.5.34 Aircraft handling capaciy of the sygem

3.5.3.5.1 The arcrdt hardling capacty of trarsponders in an area shall beadequate for the
peak traffic of the areaor 100 aircraft, whicheveris thelesser.

3.5.3.5.2 where the peak traffic in an area exceeds 100 aircraft, the transpnder should be
capale of handling that peaktraffic.

3.5.3.6 Transpondr identification

3.5.3.6.1 All transponders shall transmit an identification signal in one of the following
formsasrequired by 3.5.3.65:

a) an findepend e niteatification consisting of coded (International MorseCode)
identity pulseswhich can be used with all transpondes;

b) an associaked 0 signal which @n be used for transpnders specifically
asociated with a VHF navigationfacility whichitselftransmt an identification
signd.

3.5.3.6.2 Both sydems of identificaion shall usesignds, which shell consistof the transmisson
for an appropriate period of a seies of paired pulses transmitted at a repetition rate of

1 350 pulse pars per second, and shall temporarily replace all reply pulses that

would normally occur at that time except asin 3.5.3.6.2.2. These pulsesshall have

similar charateristics to the otherpulsesof thereply signals.

3.5.3.6.2.1 DME/N T Reply pulsesshall be trangnitted between key downtimes.

3.5.3.6.2.2 DME/N TIf it is desired to preseve a constant duty cycle, an equalizing par of
pulses, having the sane charaderistics as the identifi cation pulse pairs, shaild be
transmitted 100 micraseconds plusor minus 10 microseconds after eachidentity pair.

3.5.3.6.3 The chaacteristicsof the findepencen tidentificationsignal shall be as fdlows:

a) the idertity signal shall consist of the transmission of the beacon code in the
form of dotsand dashes(International MorseCode) of identity pulses atleastonce
every 40 seconds, at arate of at least6 words perminute; and

b) the identification code chaacteristic and letter rate for the DME
transponder shall conform to the following to ensure that the maximum total
key down time doesnot exceed5 seconds per identfication code group.

The dots shdl be a time duration of 0.1 seond to 0.160 secord. The dashesshall be

typicdly 3 times theduration of the dots. The duraton between dots and/or dashes

shell be equal to that of one dot plus or minus 10 per cent. The time duration
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between letters or numerals shdl not be lessthan three dots. The total period for
transmisson of an identficaion code group shdl not exceedlO seconds.

Note i The tone identfication signal is transmitted at a repetiton rate of 1 350
pps. This frequency may be used directly in the airborne equipment as an aural
output for the pilot, or other frequenciesmay be generated at the option of the
interrogator desgner (see 3.5.3.6.2).

3.5.3.6.4 The chaacteristics of the fiassociatedo signal shall be as follows:

3.5.3.6.5

3.5.3.6.5.1

3.54

3.54.1

3.54.11

3.5.4.1.2

3.5.4.1.3

a. when associated with a VHF facility, the identificaton shall be
transmitted in the form of dots and dashes (Internatonal Morse Code) as
in 3.53.6.3 andshell be syrchronized with the VHF facility identifi cation
codk;

b. each 40-second interva shall be dividedinto four or more equal peliods,
with the trarsponder identification transmitted during one perod only ard

the asociated VHF facility identification, where these are provided,
transmitted during the remaining periods;

Identification implementation

When voice communications are being radated on an assocated VHF navigational
facility, an  Boeiated Gsignal from the transponder shall not be suppessed.

Detaied techntal charactristics of trangponder and associated monitor

Transmitter

Frequency of operationi The transpnder shall transmiton the reply frequency
appropriate to the assgned DME channel (see 3.5.3.33).

Frequencystability i The radio frequency of operaton shdl not vary more thanplus
or minus0.002 percentfrom the assgned frequency.

Pulse shape and spedrum i The following shall apply to al radiated pulses:
a) Pulse risetime.

1) DME/N T Pulse rise time shdl not exceed3 microseconds.
b) Pulseduraton shdl be 3.5 microseconds plus or minus 0.5 microseconds.

c) Pulsedecay time shell nomindly be 2.5 microseconds but shall not exceed3.5
microseconds.

d) Theingantneaus amplitude of the pulse shdl not,at anyinstantbetwveen the point

Rev.@

| Second Edition | Date:01.0.2019 |




.
é

Standard$or the Provision of Aeronautical Attachment No. $-10-(i)-all -Att

Telecommunications- Radio Navigation Aids
IS 34 Chapter- 3 3-53

of the leading edge which is 95 per centof maximum anplitude and the point of
the trailing edge which is 95 per centof the maximum amplitude, fall bdow a
value which is 95 per centof the maximum voltage amplitude of the pulse.

For DME/N: the spectrum of the pulse modulated signal shdl be such thatduring
the pulse the EIRP contaned in a Q5 MHz band cented on frequencies 0.8
MHz above and 0.8 MHz below the nominal channel frequency in each case
shall not exceed200 mW, and the EIRP contained in a0.5MHz band centred on
frequencies 2 MHz above and 2 MHz bdow the nominal chanrel frequency in
each case shall not exceed2 mW. The EIRP contained within any0.5 MHz band
shall decreasemonotonically as te band centre frequency moves awayfrom the
nominal channel frequency.

Note i Guidance material relating to the pulse spectum measuremen is
provided in Document EUROCAE ED-57 (including Amendment No. 1).

To ensue proper operation of the thresholding tedniques, the instantaneous
magnitude of any pulse turn-on transients which occur in time prior to the virtual
origin shall belessthan onepercentof the pulse peak amplitude. Initiation of the
turn-on processshallnotcommence soonerthan 1 microsecond prior to thevirtual
origin.

Note 1 T The time Aduring the p u | sreanpasses the total interval
from thebegnning of pulse transmission to its end. For practical reasons,
this interval may be measired betweenthe 5 percent points on the leading
andtrailing edyesof the pulseenvdope

Note 21 Thepower contained in the frequency bands specified in 3.5.41.3 e)
is the average powe during the pulse. Avarage power in a given frequency
band is the enegy contained in this frequency band divided by the time of
pulse transmission according to Note 1.

3.5.4.1.4 Pulse spaing
3.5.4.1.4.1 The spacing of the constitient pulses of transmitted pulse pairs shdl be as given in the
table in 3.5.4.4.1.

3.5.4.1.4.2 DME/N T The tolerance onthe pulse spacing shall be plusor minus 0.25 micro secoml.

3.5.4.1.4.3 DME/N - The tolerarce on the DME/N pulse spacing should be plus or minus0.10
micro second.

3.5.4.1.4.4 The pulse spacing shall be measued between the half voltage points on the leading
edyes of the pulses.

3.5.4.1.4 Peak power output

Rev.@

Second Edition | Date:01.0.2019 |




3 U

Standard$or the Provision of Aeronautical Attachment No. $-10-(i)-all -Att

Telecommunications- Radio Navigation Aids
IS 34 Chapter- 3 3-54

3.54.151

3.5.4.15.2

3.54.1.53

3.54.154

3.5.4.1.6

DME/N 1T The peak EIRP should not be less thanthat required to ensure a peak
pulse power dersity of apgoximately minus 83 dBW/m? at the maximum speified
service range and level.

DME/N T The peak equivalent isotropically radiated power shdl not belessthan that
required to ensue a peak pulse power density of minus 89 dBW/m? under all
opeational weather conditions at any point within coverage specified in 3.5.3.1.2.

Note T Although the Standrd in 3.54.1.5.2 implies an improved interrogator
recaver sensitivity, it is intendedthat the power density specified in 3.5.4.1.5.1 be
available at the maximum specified sewice range and level.The peak power of the
constituent pulsesof any pair of pulsesshall not differ by mare than 1 dB.

The reply capability of the transmitter shouldbesuch that thetranspond eishould
becapableof continuous opeation ata transmisgon rate of 2 700 plus or
minus 90 pulse pairs per second (if 100 aircraft are to be served).

Thetrarsmitter shdl operateata transmission rate, including randomly distributed pulse
pairs and distance reply pulse pairs, of not less than 700 pulse pars per second
exceptduring identity. The minimum transmission rateshdl beas close as pradicabde
to 700 pulse pairspersecad.

Note i Operating DME transponderswith quiescent transmission ratesclose to 700
pulsepairs per second will minimizethe effects of pulseinterference particularly to
other aviation servicessuch as GNSS.

Spuriousradiation.

During intervalsbetween transmission of individual pulses the spurious power receved
and measued in arecever having the same chaacteristics as a transponder receiver
but tuned to any DME interrogation or reply frequency, shell be morethan 50 dB
below the peak pulse power received and meaured in the sane recaver tunedto the
reply frequencyin use during thetransmisson of the required pulses.

This provision refers to al spurious transmissias, including modulator and
electrical interference.
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3.54.16.1

3.5.4.16.2

3.5.4.1.6.3

3.5.4.2

3.54.21

3.5.4.2.2

3.54.2.3

3.54.231

3.5.4.2.3.2

3.5.4.2.3.3

DME/N T The spurious power level specified in 3.54.1.6 shall be more than 80 dB
below the peakpulse power level.

Out-of-band spurious radiation 7 At all frequenciesfrom 10 to 1 800MHz, but
excluding the band of frequencies from 960 to 1 215MHz, the spurious output of the
DME transponder transmitter shall not exceed minus 40 dBm in any one kHz of
recaver bandwidth.

Theequivalentisotropically radiatedpower of any CW hamonic of thecarrier frequency
on any DME operating channel shall not exceedminus10 dBm.

Receiver

Frequency of operation i The receiver centre frequency shall be the interrogation
frequency appropriate¢o the assgned DME operating channel (see 3.5.3.33).

Frequency stability T The cente frequency of the receiver shall not vary morethan
plus or minus0.002 percent from the assigned frequency.

Transponder sensitivity

In the alsence of all interrogation pulse pars, with the exceptionof thoseneessay to
perform the sensitivity measurement, interrogation pulse pairs with the correctspacing
andnominalfrequencyshalltriggerthe transpondeif the peakpowerdensity at the
transponder antenna is at least:

a. minus 103 dBW/m? for DME/N with coveage range greaer than 56 km (30
NM);

b. minus 93 dBW/m? for DME/N with coverage range not greaer than 56 km (30
NM);

The minimum power densities specified in 3.5.4.2.3.1 dhall cause the transponder to
reply with an efficiency of at least:

a) 70 percent for DME/N;

DME/N dynamic range i The performance of the trarnsporder shall bemaintained when
the power density of the interrogation signal at the transponder anenna has any
value between the minimum speified in 3.5.4.2.31L up to amaximum of minus
22 dBW/m? when instdled with ILS and minus 35 dBW/m? when installed for other
applications.
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3.54.234

3.5.4.2.35

35424

354241

3.54.25

3.5.4.2.6

3.54.26.1

3.5.4.2.6.2

3.5.4.2.6.3

The trangponder sensitivity level shall not vary by more than 1 dB for transponder
loadings between 0 and 90 per cent of its maximum transmission rate.

DME/NT Whenthe spacing of an interrogator pulse pair variesfrom the nomind value
by up to plus or minus 1 microsecond, the receiver sensitivity shall not be reduced
by more thanl1 dB.

Load limiting

DME/N 1when transpander loading exceeds90 per centof the maximum trarsmission
rate, the recever sensitivity shoud be autanatically reduced in order to limit the
trarsponder refies, so as to ensire thatthe maximum permissible transmission rate is
not exceeckd. (The available range of sensiivity reduction should be atleast50 dB.)

Noise.

When the receiver is interrogaed at the power densties specified in 3.5.4.23.1 to
produce atransnission rateequal to 90 per cent of the maximum, the noise geneated
pulse pairs shall not exceed 5 per cent of the maximum transmissionrate.

Bandwidth i

The minimum permisside bandwidth of the recaver shall be such that the
transponder sersitivity level shall not detaiorate by more than 3 dB when the total
receiver drift is added to an incoming interrogaionfrequencydrift of plus or minus
100kHz.

DME/N T Thereceiver bandwidth shall be sufficient to allow compliancewith 3.53.1.3
whentheinput signalsare those specified in 3.5.5.1.3.

Signalsgreaterthan 900 kHz removed from the deired chamel nominal frequencyand
having power densities up to the vauesspeified in 3.5.4.2.3.3 for DME/N shall not
trigger the transponder. Signals arrving at theintermediate frequency shall be
suppressedht least 80 dB. All other spurious resporse or signals within the 960 MHz to
1 215 MHz band and image frequencies shall be suppressedat least75 dB.
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3.5.4.2.6.Recovery time i Within 8 microseconds of the reception of a signal betwesn 0 dB

3.5.4.2.7

3.5.4.2.8

3.5.4.2.9

3.5.4.3

3.5.4.3.1

3.5.4.3.2

3.5.4.3.3

and 60 dB above minimum sensitvity level, the minimum sensitivity level of the
transpnder to adesired signal shall be within 3 dB of the value obtained in the absence
of signals. This requirement shall be met with echo suppressoncircuits, if any,rendered
inoperative. The 8microsecondsare to bemeasuedbetween the hdf voltage points on
the leading edges of the two signals, both of which conform in shape, with the
specificatonsin 3.5.5.1.3.

Spuiousradiationsi Radiation from any part of the receiver or allied circuits shall
meet the requirements statedin 3.5.41.6.

CW and echo suppresson

CW andecho suppresson should be adequate for the sitesat which thetransponérs
will beused.

NoteT In this connection, eclves meanundesiredsignalscausedby multipath
transmission (reflections, etc.).

Protecton against interference

Protedion against interference outsde the DME frequency bandshould be adequate
for the sitesat which the transpanderswill be used.

Decaoding

The tramnsponder shall include a desoding circuit such that the transponder can be
triggered only by pairs of received pulses having pulse duration and pulse spachg 6 s
appropriate to interrogator signals as descibedin 3.5.5.1.3and 3

The decoding circuit performance shall not be affected by dgnals arriving befare,
between, or after, the constituentpulsesof a pair of the correct spaéng.

DME/N 6 Decoder regjedion i An interogation pulse par with a spacing of plus or
minus 2 microseconds, or more, from the nominal value and with any signal level up
to the value specified in 35.4.2.3.3 shdll be rgected such that thetransmisgon
rate does not exceed the value obtaned when interrogations are absent.
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3.5.4.3 Time dday
3.5.4.4.1 WhenaDME isasscciated only with aVHF facility, thetime delayshallbetheinterval
from the half voltage point on the leadng edge of the second constituent pulseof the
interrogation pair and thehalf voltage point ontheleading edge of thesecond constituent
pulse of the reply transmission. This delay shall be consisent with the following
table, when it is desred that aircraft interrogatars are to indicate distance from the
trangonder site.
ruise paimr
spacing (us) Time delav (us)
Channel Ist pulse  2nd pulse
suffix - Operating mode Interrogation  Reph timing timing
X DMEN 12 12 50 50
DMET IAM 12 12 50 =
DMEPFAM 18 12 56 -
;'3 DMEN 36 30 56 50
DMEPIAM 36 30 56 -
DMEPFAM 42 30 62 -
W DMEN - - - -
DMEPIAM 24 24 50 -
DMEP FAM 30 24 56 -
7 DMEN _ _ _ _
DMEPIAM 21 15 56 ~
DME'PFAM 27 15 62 -
Note 1.-W and X are multiplexed on the same frequency.
Note 2.-Z and Y aremultiplexed on the same frequency.
3.5.4.4.2 For the DME/N the transponder time dday should be capable of beng setto an
appropriate value between the nominal value of thetime dday minus15 microseconds
and the nominal value of the time delay, to pemit aircraft interrogators to indicae
zero distance at a specific point remote from the transponder site.
Note i Modes not allowing or the full 15 microsecondsrange of adjustmentin
transponder time delay may only be adjustable to the limits given by the transponder
circuit dday and recovery time.
3.5.4.4.2.1 DME/NT Thetime delayshell be theinterval from the half voltage point onthe leading

edye of thefirst constituent pulse of theinterrogation pair and the half voltage point on
the leading edge of the first constituent pulse of the reply transmissian.
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3.5443

3.545

3.5451

354511

3.5451.2

3.5.45.2

3.5.4.6

3.546.1

DME/N i Transpondea's should be sited as nearto the point atwhich zero indication is
required asis pracicale.

Note 17 It is desrable that the radius of the sphere at the surface of which zero
indication is given be kept as small as possble in order to keep the zone of
ambiguity to a minimum.

Accuracy

DME/NT Thetransmnder shall not contribute more than plus or minus1 microsecond
(150 m (500 ft)) to the overall systemerror.

DME/N T The contribution to the total sysem error due to the combination of the
transpnder errors, transmnder location coardinate errors, propagation effects and
random pulse interference effects should benot greaterthan plusor minus 340 m (0.183
NM) plus 1.25 per cent of distance meaure.

Note T This error contribution limt includes errors from all causes except
the airborne equipment, and assumes that the airborne equipment measures time
delaybasedon the first constituentpulse of a pulse pair.

DME/N 1 The combination of the transponder errors, transpnder location
coordinate errors, propagation effects and radom pulse interfererce effects shall
not contribute more than plus or minus185 m (0.1 NM) to the overall system error.

Note T This error contributon limt includes errors from all causes except
the air borne equipment, and assumes that the airborne equipment measurestime
delay basedon the first constituentpulse of a pulse pair.

DME/N T A transponder associated with alanding aid shall not contribute more than
plus or minus 0.5 micro second (75 m (250 ft)) to the overall systemerror.

Efficiency

The transponder reply efficiency shall be at least 70 per cent for DME/N atall values
of transnder loading up to the loadng corresponding to 3.5.3.5 and atthe minimum
sensitivity level specifed in 35.4.2.3.1and 3.5.4.2.3.5.

Note T When considering the transponder reply efficiency value, account is to
be taken of the DME dead time and of the loading introduced by the
monitoring function.
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3.5.4.6.2

3.5.4.7

35471

3.5.4.7.2

3.54.721

3.5.4.7.2.2

3.5.4.7.2.3

3.54.7.2.4

Transporder dead time T The transponder shall be rendered inoperative for a peiod
normally not to exceed60 microsecondsafter a valid interrogationdecale has
occurred In extreme cases when the geographical ste of thetransponder is
such as to produce undesrable reflection problems, the dead timemay be increased
but only by the minimum amount necessaryto alow the suppesson of echoesfor
DME/N.

Monitoring and control

Means shall be provided at each transponder site for the automatic monitoring
and control of thetrangonder in use.

DME/N monitoring action

In the event that any of the conditions spedfied in 3.5.4.7.2.2 occur, the monitor shall
cause the following actionto take place:

a) asuitable indication shall be givenatacontrol point;

b) the operating trarsporder shall be automatically switchedoff; and

c) thestandby transponder, if provided, shall be autamaticdly placed in operation.
The monitor shdl cause the actions specifiedin 3.5.4.7.2.1 if:

a) thetrangoonder delay differs from the assgned value by 1 microsecond (150
m (500 ft)) or more;

b) in the case of a DME/N associated with a landing aid, the trangponder delay
differs from the assgned value by 0.5 microsecond (75 m (2501ft)) or mote.

The monitor shauld causethe actions specified in3.5.4.7.2.1if the spacing betweenthe
first and second pulse of the trangponder pulsepar differs from the nomnal value
specified in the table following 3.5.4.4.1 byl microsecond or more.

Themonitorshouldalsocausea suitableindicaion to be given at a control
point if any of the foll owing conditions arise:

a) afal of 3dB or more in transpondertransnitted power output;
b) a fal of 6 dB or more in the minimum transponder receiver

sensitivity(provided that this is not due to the action of the receiver
automatic gain reducion circuits);
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c) the spacing between the first and second pulse of the transponder
reply pulse pair differs from the normal value specified in
354.1.4 by 1 microsecond or more;

d) variation of the transponder receiver and transmitter freqercies
beyond the control range of the reference circuits (if the operating
frequendes are notdirectly crystal controlled).

3.5.4.7.2.5 Means shall be provided so that any of the conditions and malfunctioning enunerated
in 3.5.47.2.2, 3.54.7.2.3 and 3.54.7.2.4 which are monitored can persist for a
certain period before the monitor takes action. This period shell be as low as
practicable, but shall not exceed 10 seconds, consistent with the need for avoiding
interuption, due to transent eff ects, of theservice provided by the transponder.

3.5.4.7.2.6The transponder shall not be triggered more than 120 times per second for either
monitoring or automatic frequency contol purposesor both.

3.55 Technical characteristicsof interrogaor

Note T The following suoparagraphs specify only those interrogator parameters
which mustbe deinedto ensure that the interrogatr:

a) doesnotjeopardize the effective operation of the DME sysem, e.g. by increasng
transponder loading abnormally; and

b) is capable of giving accuate distance readings.

3551 Transmitter

3.5.5.1.1 Frequency of operation i The interrogatorshall transmit on the interrogation frequercy
appopriate to the assgned DME channel (see 3.5.33.3).

Note i This specifi cation doesnot preclude the use of airborne interrogators having
lessthan the total number of operating channels.

3.5.5.1.2 Frequencystability 1 The radio frequency of operaton shdl not vary more thanplus or
minus 100 kHz from the assigned value.

3.5.5.1.3 Pulse shape and spedrum i The following shall apply to al radiated pulses:
a) Puserisetime.

DME/N T Pulse rise time shall not exceed 3 microseconds.

b) Pulseduraton shdl be 3.5 microseconds plusor minus 0.5 microseconds.
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c)

d)

Pulse decay time shdl nomindly be 2.5 microseconds, but shall not exceed
3.5 microseconds.

Theingantneaus amplitude of the pulse shdl not, at anyinstantbetween the point
of the leading edge which is 95 per centof maximum amplitude and the point of
the trailing edge which is 95 per cent of the maximum amplitude, fall bdow a
value which is 95 per centof the maximum voltage amplitude of the pulse.

The spectrum of the pulse modulated signal shall be such that at least90 per cent
of the enegy in each pulse shdl be within 0.5 MHz in a band cented on the
nominal channel frequengy.

Toensure proper operaton of the threshading techniques, the instantaneous
magnitude of any pulse turn-on transients which occur in timeprior to thevirtual
origin shall be lessthanone per cent of the puke peak amplitude. Initiation of the
turn-on processshall not commerce sooner than 1 microsecond prior to the virtual
origin.

Note 1 7 The lower limit of pulse rise time (see 3.5.51.3 a)) and decay time
(see3.5.5.1.3 c)) are governed by the spectum requrementsin 3.5.51.3 e).

Note 2 T While 3.5.51.3 e) cdls for a pracically attainable spectrum, it is
desirable to strive for thefollowing spectrumcontrol characteistics: the spectrum
of the pulse modulated signal is such that the power contained in a 0.5 MHz band
centred on frequencies 0.8 MHz aboveand 0.8 MHz bdow the nominal channel
frequencyis, in eachcase,at least 23 dB below the power contained in a 0.5 MHz
band centred on thenominal channel frequency. The power contaned ina 0.5MHz
band centred on frequencies 2 MHz above and 2 MHz below the nominal channel
frequency is, in eachcase, at least 38 dB below the powelbcontained in a 0.5
MHz band centred on the nominal channel frequeng. Any additional lobe ofthe
spectrumis of lessamplitude than the adjacent lobe nearer the nominal channel
frequency.

3.5.5.1.4 Pulse spaing

3.5.5.1.4.1 The spacing of the constitient pulses of transmitted pulse pairs shdl be as given inthe

tablein3.5.4.4.1.

3.5.5.1.4.2 DME/NT Thetolerance on the pulse spacing shall be plusor minus0.5micro secorl.

3.5.5.1.4.3 DME/N T The tolerancen the pulse spacing shoud be plus or minus  0.25 micro

second.
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3.5.5.1.4.4 The pulse spacing shall be measued between the half voltage points on the leading
edges of the pulses.

3.5.5.1.5 Pulse repetiton frequency
3.5.5.1.5.1 The pulse repetition frequency shall be asspecifiedin 3.5.3.4.

3.5.5.1.5.2 The variation in time between sucessve pairs of interrogaton pulses shall be
sufficient to prevent false lock-on.

3.5.5.1.6 Spuriousdiation. During intervals between transmission of individual pulses, the spurious
pulse power received and measured in a receiver having the same characteristics of a DME transponde
receiver, but tuned to any DME interrogation or reply frequency, bhathore than 50 dB below the

peak pulse power received and measured in the same receiver tuned to the interrogation frequency in
use during the transmission of the required pulses. This provision shall apply to all spurious pulse
transmissions. The spurielCW power radiated from the interrogator on any DME interrogation or
reply frequency shall not exceed 20 microwatts (minus 47 dBW).

Note i Althowgh spurious CW radiation between pulsesis limited to levels not
excealing minus 47 dBW, Sates are cauioned that where DME interrogators and
seconday surveillance radar transpondersare employed in the same aircraft, it may
be necessary to provide protecton to airborne SSRin the band 1 015 MHz to 1
045MHz. This protection may be provided by limiting conducted and radiated CW
to alevel of the order of minus77 dBW. Where thislevelcannotbe acheved, the
required degree of protecion may be provided in planning therelative location of the
SSRand DME aircraft antennas It is to be noted that only a few of these
frequences are utilized in the VHF/DME pairing plan.

3.5.5.1.7 The spurious pulse power received and measured under the conditions stated in
3.5.5.1.6 should be 80dB below the peak pulse power received.

Note i Reference 3.5.5.1.6and 3.5.5.1.78 although limitation of spuious CW
radiation betveen pulses to levels not exceeding 80 dB below the peak pulse power
recaved is remommended, Sates are cautioned that where use's employ airborne
secondary survellance radar transponders in the same aircraft, it may be necessary
to limit direct and radiated CW to not more than 0.02 microwatt in the frequency
band1 015 MHz to 1 045 MHz. It is to be noted that only a few of these frequencies
are utilized in the VHF/DME pairing plan.

3.5.5.2 Time dday

3.5.5.2.1 Thetime dday shdl be consistentwith the tablein 3.5.4.4.1.
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3.5.5.2.2

3.5.5.2.3

3.5.5.3

3.5.53.1

3.5.5.3.2

3.5.5.3.21

3.5.5.3.2.2

3.5.5.3.3

3.5.5.33.1

3.5.5.34

3.5534.1

DME/N. Thetime delayshall bethe interval between thetime of the half voltage point
on the leading edge of the second constituent interrogation pulse and the time at
which the distance circuits reach the condition comesponding to zero distance
indicaton.

DME/ N. Thetime delayshall bethe interval betweenthetime of the half voltage point
on the leading edge of thefirst constituent interrogaion pulseand thetime at which
the distance circuits reach the condition corresponding to zero distance indicaion.

Receiver

Frequency of operation. The receiver centre frequency shall be the transponder
frequercy appropriateto the assgned DME operating channel (see 3.5.3.33).

Receiver sensitivity

DME/N i The airborne eguipment sensitivity shall be sufficient to acquire and
provide distanceinformation to the accuracy specified in 3.5.5.4for the signal power
density specifiedin 3.5.4.15.2.

Note i Although the Sandard in 3.5.53.2.1 is for DME/N interrogators, thereceiver
sensiivity is better than that necessaryin order to operate with the power density of
DME/N transponders given in 3.5.4.1.51 in order to asaure interoperability with
the IA mode of DME/P transponabrs.

DME/ N. The performarce of the interrogator shall be maintained when the power
density of the transponder signal at the interrogator antema is betweenthe minimum
valuesgivenin 3.5.4.1.5and a maximum of minus18 dBW/m?.

Bandwidth

DME/N. The recdver bandwidth shall be sufficient to allow compliance with
3.53.1.3, whentheinput signals are thosespecfied in 3.5.4.13.

Interference rejection

When there is aratio of desired to undesired co-channel DME signals of at least 8
dB at the input teminals of the airborne receiver, the interogator shdl display
distanceinformaion and povide unambiguous identification from the stronger
signal.

Note i Co-channel refers to those reply signals that utilize the same frequencyand
the same pulse pair spacing.
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3.5.5.3.4.2

3.5.5.3.5

3.5.5.35.1

3.5.5.3.5.2

3.5.54

3.5.54.1

3.6

3.6.1

3.6.1.1

3.6.1.2

3.6.1.2.1

3.6.1.2.2

DME/ N7 DME signals greater than 900 kHz removed from the desired chamel
nominal frequency and having amplitudesup to 42dB above the threshold sensiivity
shall bergjected.

Decoding

The interrogaor shal include a decoding circuit such that the receiver canbe

A

triggered only by pairs of received pulses having pulse duration and pulse spachg 0 s

appropriate to transponder signals as descibedin 3.5.41.4.

DME/N & Decoder rejecton 1 A reply pulse pair with a spacing of plusor minus 2
microseconds, or more, from the nominal value andwith anysignal level upto 42 dB
above therecever sensitivity shall be rejeded.

Accuracy

DME/N T The interrogator shall not contiibute more than plus or minus 315 m (plus
or minus 0.17 NM) or 0.25 per cent of indicated range, whichever is greater, to the
overall sysem error.

Specification for en-route VHF marker beacons (75 MHZz)
Equipment

Frequencies. The emissions of an enroute VHF marker beacon shdl have a radio
frequency of 75 MHz plus or minus 0.005 per cent.

Chaacteristics of emissons

Radio marker beaons shall radate an uninterrupted carrier modulated to a depth of
not lessthan 95 per cent or more than 100 per cent. The total hamonic conent of the
modulation shall not exceed 15 per cent.

The frequency of the moduating tone shal be 3 000 Hz plus or minus 75Hz.
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3.6.1.2.3

3.6.1.2.4

3.6.1.2.5

3.6.1.2.6

3.6.1.2.7

3.6.1.3

The radiation shall be harizontally polarized.

Identification T If a coded identificaion is requied at a radio maikerbeaon,
the modulating tone shdl be keyed so asto transnit dots or dasles or both in an
appropriate sequence. The mode of keying shall be such as to provide a dot- and
dash duration togetherwith spacng intervals corresponding to transmisson ata rate
equivalent to appoximately six to ten words per minute. The carier shall not be
interrupted during identificaton.

Coverageand radiation pattern

Note i The coverage and radiation patern of marker beaconswill ordinarily be
established by Drector General of Civil Aviationon the basis of operatonal
requirements, taking into account recommendations of regional meetings. The most
desirable radiation patternwould be one that:

a) in the caseof fan marker beaons, results in lamp opeaation only when the aircraft
is within a rectargular parallelepiped, symmetrical about the verticd line through
the marker beacon and with the major and minor axesadjusted in accordance with
theflight pathserved,

b) in the caseof a Zmarker beacon, results in lamp operation only when the aircraft
iswithin a gylinder,theaxisof which is theverticd line through the markerbeacons.
In practice, the production of such patems is impracticae and a mwmpromise
radation pattean is necessary.

In Attachment C of Annex 10 Vol.1antnnasysems currently in use and which
have proved gererally satsfactory aredesaibed for guidance. Such designsand
anynewdesigngrovidinga close approximation to the most desirable radiaton
pattern outlined above will normally meet operatonal requrements.

Determination of coverage 7 The limits of covaage of maiker beacons shall be
detemined onthebasis of the field strength specified in 3.1.7.3.2.

Radiation pattern. Theradiation patten of a marker beaon normally shoud be such
thatthe polar axis is vertical, and thefield strength in the pattern is symmetrical about
the pdar axis in the plane or planes containing the flight pathsfor which the marker
beacon is intended.

Note i Difficulty in siting certain marker beacons may make it necessary to accept a
poar axisthat is not vertical.

Monitoring TFor each marker beacon, suitable montoring equipment shoud be
providedwhich will show at an appropriate location:
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a) adecreasein radiated carrier power bdow 50 per cent of normal;
b) a decreaseof modulation depthbelow 70 per cent;
c) afailure of keying.
3.7 Requirements for the Global Navigation Satellite System (GNSS)
3.7.1 Definitions

Aircraft - based augmentation system (ABAS) An augmentation system that augments and/or
Integrates the information obtained from the other GNSS elements with information available on board
the aircraft.

Alert - An indication provided to other aircraft systems or annunciation to the pilot tofydiati an
operating parameter of a navigation system is out of tolerance.

Alert limit- For a given parameter measurement, the error tolerance not to be exceeded without issuing
an alert.

Channel of standard accuracy (CSA} The specified level of positiong, velocity andiming
accuracy that is available to any GLONASS user on a continuous, worldwide basis.

Core satellite constellation(s} The core satellite constellations are GPS and GLONASS.

Global navigation satellite system (GNSS) A worldwide position and time determination system
that includes one or more satellite constellations, aircraft receivers and system integrity monitoring,
augmented as necessary to support the required navigation performance for the intended operation.

Global navigation satellite system (GLONASS} The satellite navigation system operated by the
Russian Federation.

Global positioning system (GPS) The satellite navigation system operated by the United States.

GNSS position error- The difference betweethe true position and the position determined by the
GNSS receiver.

Groundbased augmentation system (GBABn augmentation system in which the user receives
augmentation information directly from a groubdsed transmitter.

Ground-based regionalhugmentation system (GRAS) An augmentation system in which the user
receives augmentation information directly from one of a group of grbasdd transmitters
covering a region.

Integrity - A measure of the trust that can be placed in the correcthdssioformation supplied by
the total system .Integrity includes the ability of a system to provide timely and valid warnings to the
user (alerts).

Pseudoerange- The difference between the time of transmission by a satellite and reception by a
GNSS recwer multiplied by the speed of light in a vacuum, including bias due to the difference

Rev.@ | Second Edition | Date:01.0.2019 |




< : L Standard$or the Provision of Aeronautical Attachment No. $-10-(7)-all -Att

Telecommunications- Radio Navigation Aids
IS 34 Chapter- 3 3-68

A

between a GNSS receiver and satellite time reference .

Satellite-based augmentation system (SBASA wide coverage augmentation system in which
the userreceives augmentation information from a satelhidésed transmitter.

Standard positioning service (SPS) The specified level of positioning, velocity and timing

accuracy that is available to any global positioning system (GPS) user on a continuodswjdeorl
basis.

Time-to-alert - The maximum allowable time elapsed from the onset of the navigation system being
out of tolerance until the equipment enunciates the alert.

3.7.2. General

3.7.2.1 Functions

3.7.2.1.1 The GNSS shall provide position and time data to the aircratft.

Note - These data are derived from psewdnge measurements between an aircraft
equipped with a GNSS receiver and various signal sources on satellites or on the ground.

3.7.2.2 GNSS elements

3.7.2.2.1 The GNSS navigation service shall be provided using variooications of the
following elements installed on the ground, on satellites and/or on board the aircraft:

a) Global Positioning System (GPS) that provides the Standard Positioning Service
(SPS) as defined in 3.7.3.1;

b) Global Navigation Satellite SystefGLONASS) that provides the Channel of
Standard Accuracy (CSA) navigation signal as defined in 3.7.3.2;

c) aircraftbased augmentation system (ABAS) as defined in 3.7.3.3;

d) satellitebased augmentation system (SBAS) as defined in 3.7.3.4;

e) groundbasel augmentation system (GBAS) as defined in 3.7.3.5;

f) groundbased regional augmentation system (GRAS) as defined in 3.7.3.5; and

g) aircraft GNSS receiver as defined in 3.7.3.6.

3.7.2.3 Space and time reference
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3.7.2.3.1 Space reference: The position information providgdhe GNSS to the user shall be
expressed in terms of the World Geodetic Systerh984 (WGS84) geodetic reference
datum.

Note 10 SARPs for WGS34 are contained in IS 031Chapter 2, Chapter 2 IS 026, IS
030 Volumes | and Il Chapter 2 and IS 028, Chapter

Note & If GNSS elements using other than W8& coordinates are employed,
appropriate conversion parameters are to be applied.

3.7.2.3.2 Time reference. The time data provided by the GNSS to the user shall be expressed in a
time scale that takes the Univdr§ane Coordinated (UTC) as reference.

3.7.2.4  Signatin-space performance

3.7.2.4.1 The combination of GNSS elements and a f&relt GNSS user receiver shall meet the
signatin-space requirements defined in Table 3.72(fbcated at the end of section 3.7
of annex 10volume 1).

Noted The concept of a fauftee user receiver is applied only as a means of defining
the performance of combinations of different GNSS elements. Thé&déauleceiver is
assumed to be a receiver with nominal accuracy and-toradert performance. Such a
receiver is assumed to have no failures that affect the integrity, availability and
continuity performance.

3.7.3 GNSS elements specifications
3.73.1 GPS Standard Positioning Service (SPS) (L1)

3.7.3.1.1 Space and control segment accuracy

Note The folloving accuracy standards do not include atmospheric or receiver errors
as described in Attachment D, 4.1.2 of Annex 10 Volume 1.

3.7.3.1.1.1 Positioningaccuracy. The GPS SPS position errors shall not exceed the following limits:

Global average
95% of the time

Horizontal position error 13 m (43 ft) 36 m (118 ft)

Vertical position error 22 m (72 ft) 77 m (253 ft)
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3.7.3.1.1.2

3.7.3.1.1.3

3.8

3.8.1

3.8.1.1

Time transfer accuracy: The GPS SPS time transfer errors shall not exceed 40
nanoseconds 95 per cent of the time.

Range domain accuracy. The range domain error shall not exceed the following limits:

a) range erroof any satellited the larger of:
0 30 m (100 ft); or

0 4.42 times the broadcast user range accuracy (URA), not to excEs@m
(490 ft);

System characteristics of airborne ADF receiving systems
Accuracy of bearing indication

The bearing given by the ADF system shall not be in error by more than plus or minus
5 degrees with a radio signal from any direcion having a field strength of 70
microvolts per meter or more radiated from an LF/MF NDB or locaor operating
within the tolerances permitted by this Annex and in the presence aso of an
unwanted signal from a direction 90 degreesfrom the wanted signal and:

a) onthesane frequency and 15 dB wedker; or

b) plusor minus 2 kHz awayand 4 dB weaker; o

c) plus or minus 6 kHz or more away and 55 dB stranger. Internaional Alphabet
No. 5(IA5) using bitsbl to b5 with bltramsmitted first. Alphanumeric data

charactersin other datawords shall be encaled in aacordance with

Note i The above bearing error is exdusive of aircraft magnetic compasserror.
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