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Foreword

Civil Aviation Authority of Nepal (CAAN) guidance material is published to keep
pace with the guidelines prescribed by ICAO documents and publications. The
Guidance materials included hemeiis closely associated with the
specifications contained in CiviAviation Requirements for Aerodromes,
CAR 14, Part1 Aerodrome Design and Operations.

The objective of this guidance material is to assist proper design and
installation of visual aidsdr the safety and regularity of civil aviation.

Director General

Civil Aviation Authority of Nepal 2019
Babar Mahal, Kathmandu, Nepal
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1.1

1.2.

Chapter 1

Functional Requiremertsof Visual Ground Aids

INTRODUCTION

The purpose othis chapter is to provide engineeing persomel with a generalappreciation
of the task of the pilot-in-commandin relation to the use of andreliance uponvisual aids
and visual cues in approabing, landng and operathg on the airport surface The
information provided hereinis for illustrativepurposeonly andis not necessarily meantto
imply ICAO approvalor endorsenent ofthe operationapradicesandproceduresdescibed.
For currently appoved detiled operational procedures amaectices, reference shouldbe
madeto pertinentoperationabndtraining docunents.

OPERATIONAL FACTORS

The pilotés problem

1.2.1. Human beingsaretwo-dimengonal animals. Fromthe moment we first startto crawl, we

interpret visual cuesand useour sense of balance to travel over the surface of the earth.
This long and gradwal learning process continuesaswe later take charge ofvarioustypes
of mechancal transport onand or wate, by which time we haveyearsof accunulated
expeienceon which todraw. As soo aswe taketo the air we havea thrd dimenson to
copewith, and this meansthat al our yeas of expeience insolving wo-dimensonal
prodems ae no longr sufficient.

1.2.2. Therearetwo ways of contolling an aircraft in flight - either manudly or by meansof

theautamatic pilot. Thepilot caneffectmanualcontrol either by referenceto theinstrument
panelor by referenceto visual cuesin the outdde world. The latter methodpresupposes
adequée visibility anda clearly definedhorizon, whichmay be the acdual horizon or an
appaent horizonperceivedfrom gradiertsin thetextureor thedetil ontheeathd suirface.

1.2.3. Some of the mostdifficult taskswhenflying an aircraft visually are judging the approach

to a runwayandthe subsequentanding manoeivre. During theapproach, not only must
the speed be carefully contolled, butcontinuous simultaneouscorrectionsin all three
dimensons are necessay in order to follow the correctflight path. For a straigh-in
approachthis may be defineds theintersection of two planes at rigt anglesthe vertical
plane contmingthe exended ceter lineof the runwayandthe othemplane cordining the
approach spe.

1.2.4. Maintaining an acurateapproactsiope sdely by reference to aiew ofthe ousideworld

is often difficult. Thetask difficulty variesfor each aircraft. Propelle-driven aircraft have
analmost instantaneougaction to an increase irpower;thefader airflow overthewings
from the speeed-up propellersprovideanimmediate increasen lift. Thejet ergineis not
only slowerto respondo anadvarce in throttle setting, but also has nodirect effecton the
airflow over the wing. Not until the whole massof the aircraft has been accetrated
following anincreasen thrustwill anincreasen lift result. The conditionswherea visual
approach slpe indcator sysemshdl be provided are listeth CAR-14, Part 1, 5.3.5.1
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1.2.5. 1t is esentia thataircréft crosstherunway threshold with a s&e margin of both heightand
speedIn orderto effecta smooth touchdown boththe speedandthe rate of desent must
be simultaneouslyreduced in the manoeuve known asthelandingflare, sothatthewheds
touchtherunway just prior toor asthe wing salls.

1.2.6. After touchdavn, the pilot hasa continuing requirement for directiona guidarce to keep
theaircraft along or nearthe middle of the runway (atouchdavn speedgeneally within
arangeof 100kt to 160kt or 185 km/h to 296 km/h). The pilot also needsinformation
from whichan asgssment canbe madeof the length of runway remaining and, once the
aircraft has dowedsufficiently,advarcewarningof asuitablerunway exit, its width clearly
delineated where taxivay certre line lighting is not provided.

1.2.7. Onceclear of the runway, the pilot hasto taxi the decidedly unwieldy vehicle alongan
oftencomplicated layout of takvays to thecorrect parking/docking position on an gron
which may well be congesed. The pilot must be given a clearindication of theroute to
follow andbe prevened from crossng anyrunway in use,aswell asbeingprotectedfrom
conflicting taxiing aircraft and \ehicles.

1.2.8. If we examinethecaseof long-bodiedjets, thetaxiing pilot hasto contol oneof thelarges,

heavest and mostinefficiently poweredtricycles evemade.Thepilot is seted at least6
m abovetheground,andthenearespoint aheadvhich canbeseens morethan12m. The
steerablenosewheelis sevea metresbehindthepiloté seaton theflight deck(this brings
its own spedal problems whennegotiatinga curve), while the main wheel bogies are at
least 27 m behind.There is,of coursenofi detct driv eto thesewheels, andhrust from
the jet engines,notoriowsly inefficient atlow forward speedsmust beused.As with many
modernswep-wing jets (irresggctive ofsize), it is oftenimpossble forthe pilot to se the
wing tips from the flightdeck.

1.2.9.The manrer in which all the varied operationalrequrements outlined in the preceling
paragraphsre satisfiedoy visual aidsis describedin deail in Secton 1.4.

The four CS

1.2.10.There are four main elements that comprise the chaacter of the complete airpat
lighting sysem asit has evolved from reseach and devdopment progammes and
practical field expeience over a long period of time. These elements may be
convernently refered to as theil f o ur & Comfiyuration, coloy candéas and
coveage. Both configuradh and colour provide information esential to
dynamic three-dimensonal orierntaton. Corfiguration providesguidarceinformaton,
and colour informs the pilot of the aircraf t 0 ation lwithi the system. Candelasand
coveaage referto light characteristices®ntial to theproper functioningof configuration
andcolour. A compeent pilot will be intimately familiar with sysem configuraion and
colour and will also be aware of candéa changeswhich inaeaseor deceaselight
output. These four ements apply to all arport lighting sysems, in greatly varying
degreesdependhg on suchfactorsasthe size of the airportand thevisibility conditions
in which operationsre envisagd, andare reviewedn the paragraphshich follow.

Configuration

1.2.11.This corncernsthe location of componentsand spadng of lights and markings within
the sysem. Lights are arrangedin both longtudinal andtranserserows with respectto
the runwayaxis, whereagainted runway markings arealigned onlylongitudinally with

10
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the runwayaxis. (Theforeshorteningeffect of viewing transversenarkingsat approach
anglesmakes pinted rangersemarkingsimpracical.)

1.2.12.Light spacing variesprimarily with regardto whethera longitudiral or transvesearray
is invdved. It is appaent that a pilot& perspective of visual aid sydems caues widely
spacedights ina longitudinal row toassumeafi | & effedd On theotherhard, close
spacings arerequired to achieve afiihear effedo with lights in a ransvese row.
Anotherfactor influenéng light spadng is thevisibility underwhich thesydem isto be
used.When operationare condicted inlower visihiliti es, closerspacingsare reqired,
espeially in longtudinal rows, to povide adequete viswal cues within the reduced
visual rarge.

1.2.13.Locatingand installing lights for the runwayedge threstold andrunwayendwasnever
a probbem sirte the very wordsthemséves derote location. Installing thresholdlights
is sanewhat complicated, howeverwhen the threshold is displaced.Devdopment of
semi- flush light fittings makesit possible to locate ruway lighting in a standad
configurdion within runwaypavemen. Spacingof lightsassociatedwith runway edges
haschangedrery little sincerunwayswerefirst lighted. Primary visual guidancein low
visibiliti es comes flom the cente line andouchdown zone ligting sysems.

1.2.14.While develgpmentof runwaylighting is fairly uncomplicated, approacHightresearch
and devlpment hasresulted in major differencesin both location and spaéng for
sydemsin variousStatesn contemplating operationsfor precisionapproachCaegory
Il runways, it wasagreedthat a sendard configurationwasneededfor at leastthe 300
m of the system before thethreshold. A cooperativeprogranme by ICAO States
achieved this obfive in the 1968

Colour

1.2.15.Thefunction of colowed light sigrals is to help identify the different lighting systems
of the agodrome, to conveyinstructions or information and to increase conicuity.
Thus,for exanple, runwayedgelightsare white, andtaxiway edgelights areblue; red

obstale lights aremore readily seen against a background of white lights than are
lights of othercolours, theirred ®lour also indicanhga hazard.

1.2.16.Although many colars can be recgnized whenthe cdouredsurfacesre large enogh
to beseenasan area, only four distinct coloured light sigrels canbe recognized when
the ights areseen doneandss fp® ssour c e

1.2.17.With propersdection of colour specfications, red, white or yellow, green and blue
can gengaly berecognizedWhite andyellow canbe differentiated oy when:

a. thelightsof thetwo coloursareshownsimultaneouby in adjacentpartsof
the same sigral sysem; or

b. the whiteand yelow ae shown as suessve pheses of thesame
signal;or c. thesignal has appaciable $ze so tlat it does not
appears apoint sour@.

Becauseof the limitation of recognizable colours, the colous havemore than one
mearing, andthe location andconfiguration of colowed lightsprovide therequred
differentiation. For exanple, geenis usedfor thresold lights, for taxiway centre
line lights and in traffic contoal lights.

11
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1.2.18.Coloured lights can be obtaned by using an incandescentungsien saurce in
combination withthe appropriate Ight filter. The filter may be dyedglass, or it may
consst of afilm depo#t on a glass subgrate. This filter may be either an additional
componentin a light fitting which would othewise provide a white signal, or an
integral partof theoptical sysem ofthefitting. In either case,the actionof thefilter
consists of the removal of light of unwantedvavelenghs, not theaddition of light of
the desired wavelength. In addition, soe light of the desredwavekngthis removed.
Thus, the intensity of the coloured fitting isless thanit would be if the fitting were
desgned to emit white light. The intersities of coloured signalsarea percentage of
theintensty possble with a whitesignal,i.e. approxmately 40 percent for yellow, 20
percentfor redandgreenand?2 percentfor blue.

1.2.19.Howeva, it should be atedthat since theilluminance thresbld for red ightis about
half theilluminance thresholdfor white light, the effedive visualrangeof aredlight
produced byaddingaredfilter to a white fitting is greaer thanthe percentagegiven
aboveindicates.

Candelas

1.2.20.1t is theillumination at the obseverds eye,produceddy alight, which will deermine
if the Ight will be seenThe illumination producedit a distanceV by alight source
having an irtersity |, measuredin candéas (cd), in an atmosphere having a
transmissivity (transmittance per unit distee) T is given by Allards law:
L
0= 7z
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Whenthe illuminarnce is equalto Ec, the minimum percepble illuminance, the light can
just be seerandV is the visualrangeof the light. Values for the minimum percepible
illuminance for use in déermining the visuatange giverin Annex 3, Atechment C, ae:

llluminationthreshold

lux Kimeters candels
Night 18'% 0.8
Intermediae value 105 10
Normal day 104 100
Bright day (sunlitfog) 103 1000

1.2.21.Therelaion betweentransmissivity T, distanceV, andtheratio of intensityto illu minarnce,
I/E, is shavn in Figure 1-1. Intensties of lights usedin aerodrome lighting rangefrom
about10 cd to 200 000 cd. The transmissivity of the atmosphee varies over an extreme
range, frommore than 0.95 in verylearweaher to lesghan i 50 perkmin derse fog.

1.2.22.As is evidentfrom Figure 1-1, when the atmosphee is clear, a light of relatvely low
intersity canbeseeralongdistance. Conside, for example, night-time condtionsin which
thetransnissivity is 0.90 perkm. Then,for alight havingan intersity of 80 cd, I/E would
be 80/.8 or 100, andthe visual range would beabout7 km. Howeve, in fog, thelaw of
diminishing returns takes effect at relaively short distance. For exanmple, if the
transmittancewas10i 20 perkm (thick fog), alightwith anintensty of 80 cd couldbeseen
atabait 0.17 km, anda light havingan intensity of 80 000 cd could be seenonly at about
0.3 km. Corsequently,it is not possible to obtain sufficient guidaee from runwayedge
lightsin Categoryll and 1l opestions by increasing the intensities of lightswhich were
desgnedfor usein clearerweaher. Changesn configuratbn anddecreasesn spacng are
required.Touchdown zonandclosely spa@d centre line lights areadded to the runway
lighting system inorderto decreasehe distancesat which lights arerequredto be seen,
and hencémprove the cues.
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Imensity (Candelas)

| VE=DT? |

E Dand T mustbe
in consistent undts.

0
Distance (km|

Figure 1-1. The intensity requir ed to produce unitilluminance
as a function of distance for seeral atmospheic transmissivities

1.2.23.Another effect of the atmosphee which must be consdered is the markeddifference the
atmospheic transmittancemakesin the appeaance of lights,e.g.an 80 000 cd light which
couldjust be seenat 0.3 km whenthe transmissivity was10i 20 per km would producean
illuminarce at the obsr v e ey@of onemillion times that requiredto be just visible in
perfectlyclearair. Dimming is thereforerequired. Howeve, evenif thislight weredimmed
to 0.1 per cent of its full intersity, it would still be much more intense than desred.
Consequentlyalthoughdimming of highrintensityandrunwaylights is required,it cannot
completely compensate fothe efeds of changs inatmospheic transmittance.

Coverage

1.2.24.Eally aeronauticalground lights consisted of bare lamps or bare lamps with clear glass
coves. Emitted light had esentially the same intensity in all directions. Asthe needfor
higherintensties devéoped, lights withreflectors, lersesor prisms wereputinto service.
By redirecting light emission from unnecesary directions toward directionswhereneeded,
the intensity in desred drections was increased withoutincreasingpower consumed. In
addition, annoying glare from neaby lights wasreducedby redirectingsome of the light
emittedin directionsfrom which it is viewed only at very shortdistancesto directionsfrom
which it is viewed at greater dstancesat longer visibilities. The narower the beam
producedby theoptical sygem, the higherthe ntensity of thelight within the beamfor a
given power consuaption.

1.2.25.In theoryit is possble to desgn an optical systemfor a light sothat, for any fixed line of
approachand for any givenatmospheic transnissivity, the pesk intensityof thelight beam
is directedat the point at which the light will first be seen.As the distance betweenthe
aircraft and thelight deaeases,the intersity in the direction of the aircrdt deaeases,so
that the brightness of the light is constnt. (Paths which go directly toward the light are
exduded) Thus, it is possble to desgn a beacon so that, for any sdected atmospheic
trangnissivity, the flasheswill have congnt brightnesswhen viewed from an aircraft
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flying towardthe beaconat a fixed heightabove it. Sucha desgn minimizes the amount
of powerrequredto obtain the deiredvisual range.Howeve, aircraft do notfly only one
path in one visibility condition. Hence, it is necessay to desgn the beampaterns of
agonautical groundlightsto cover arange of pths and of atmospheric transsivities.

1.2.26.Theseprinciples havebeenobsevedin the detemination of the beamspreadf thelights
spedfied in CAR-14, Part 1, Appendix .2These were based on simple geametric
corsiderationsusinga homogeneous fog Bicture.

The humanelement in ground visual ad use
1.2.27.Therearenumerousfactorsthat determine how effedively pilots reect to visualaidsd in
sensingunderstandingand ading on elementsof guidarce and information viewedduring
an apprach. While it would not be poskble to review the causeand effect of all of the
probems, thefollowing arethoseassociatedvith sysemdesgn andvisual cueswithin the

environment and the posshility of pilot error arising during the appioach and landing
operation.

Systenstandardization

1.2.28.The pilot alwaysviewsthe appoach andrunwaylighting system in perspedive, neverin plan,
andonly in the better meteorological conditionswill the complete sydembein view. Thepilot,
while proceeling alongthe approactpath, hasto interpretthe guidarce provided bya fimoving
visual segme n bfdights which will continuouslymove down the windshield.The lengh of
this segnentwill vary accading to aircraft height andthe sbnt visual range fom the cockpt.
(See Figurel-2.) The amount of information that can be absdedfrom acomparatvely short
length of the appioach light pattern when viewed at high speedin low visibility is strictly
limited. Since only a few secondf time areavalable toseeand reacto visual aidsin the
lower visibilities, simplicity of pattern, inaddition to stndaxization, is extemely important.

Individual differences
1.2.29.Visual acuity andsensiivity to glarevary from pilot to pilot andareparty detemined by
age,fatigue andadapation to prewiling light levels.Moreover, a given piot sbhilities,

reactionsand responseswill vary from dayto day.Also, thevisual guidancesysem must
be albe to accanmodatevariationsin pilot proficiency.

Mechanicsof seéng

1.2.30.In orderfor guidarce to alwaysbe presentedo the pilot in the bestpossibe manne,
two importantfactorsmustbe considered. First, it is es@ntial thatthe intensitysetting is
carefully matched to ambientconditiors. Second, théntensitiesof thevariousindividual
sectioncomprisingthe wholesydem mustalso be carefully matched,particularlywhere
colouris used. Thesetwo factorsensurethat the pilot neither missesa vital cue,such as
the green hreshold lights, becase te signal is too weak,nor is dazzled becase certain
lights areoo bright forthe prewiling conditions.

1.2.31.There are two reasons why approachand runway lighting sysems are provided
with paternsthatemphaszethe center line. Oneobviousreasons that the ideal landng
position is alongthe certer of the runway. The otheris that the fovea of the eye, the
regionof sharp vison,is mly abaut 1.5degreesn width.

1.2.32.Studieshave shownthat the averagetime requied for a pilot to switch from outside
visual cuesto instruments andbackto outdde cuesis about 2.5 seconds Since high
performance airaft will travel atleast 150 min this time period, it is apparenthatin
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so far as possble the visual aids should provide the utmost in guidance and

information, enabling the pilot to proceedwithout the necesity of cros-checkng the

instuments. Othercrew memba's, orcockpit syntheticvoice alerting systems areusedto

announce critical insrument-derived infomation, a procedre enhancinghe safety of
operations.

Visual workload

1.2.33.The data processingcapability of the pilot is extensive if certan conditions are
met, particularly wherhe situationunfods as expectedand succeedinguesconfirm
whathas gonéefore. In tls cag, the plot can attend toa rapidly ewlving patternof
daf, retain theability to as®ss the situation, and execue a seriesof appropriate
responses finely adjisted in time and degree. The pilotés cgpacity to process
information may breakdown whereinput datado not agreewith expedations andare
ambiguous or transitory. In this stuation, the pilotmay beinduced to comtue the
opeationwhen condionsactualy cdl for amissedapproach.

Pilot's eye position — 13 m above main gear
\ — 28 m ahead of main gear
20°
~

~N

Main b
r

=
/\
/\

30m f@)\ -

Tockpit cut-off Slant visual range\ ~
- 60 m

Glide path angle — 3 degrees

| Obscured by—»}€¢—————— Visual segment 239 m———»|

nose 118 m

Key: 1 Approach lights Threshold

Not to scale

Note.d The threshtml lightsarejust beyond &faege.pi | ot ds vi su
Figure 1-2. Visual segment from a large-bodied jet aircraft

1.2.34 The above consdermtions suggestthat it is extremely important to ensurethat the
visual guidane functionsasa sysem. Componentelements must be in balance with
regard to itersity and spadng, ensuring that the pilot sees a patern which is
recognizableas the expded séndard system, rather than a disorderly collection of
uncoordinated emens. Visualworkloadis best moderaéd by standardization, balance
and irtegrity of elements. A sysem with many missng lights canbreak he pattern
from thepilotd s posiien, restricted as thaposition isby cockpit cut-off anglesand
possibly by patchyfog or other conditionslt is possble, whentransitioring from the
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instrument panel, to become momentrily disaientated in a poorlymaintaned or
visually unbabncedsystem.

1.2.35.Pilots are facedwith complex viswal prodems whenapproacing any runway which
lacks viswal or non-visual guidanceaong the correct apprach slope angle. Some of
these problems are commonly classified as visual ill usions, but the main prodem,
rather han falseor misleadng cues,is the actual abseie or secuity of visualcues upon
which to base heightidtancejudgemens. All runwaysareliable to havethis type of
prodemassaiated withthem tosame extent. Any runwaythatis nomally sevedby a
non-visualaid can preserhese problens during any period of unserveeability ofthat
aid. Similar problems apply to arcraft that are not equipped with nonvisual ad
sydems. In reviewingvisua approachproblems below, an assimption hasbeen made
thatvisual/nonvisual aidsarenot avalable (ornotin use ifavalable) to guide he pilot
along theapproactslopeto the runway.

Terrain-related poblems

1.2.36.By day, height/dstancejudgement problems occur when approachingrunways over
large bodief water, featuless terrain {ncluding snow-coveed terrain) and terrain
that is depresad below the horizontal plane of the runway in the form of deep
valleys, steep slopes, etc. Thisis due tothe absenceor reduction of nomal visual cues
that assist height/dstance judements. For this same reaso, height/distance
judgementsare dificult on dark nights where there is an absewe of sufficient
extrane@uslighting definingagroundplanein and around the approaehea.Howeve,
extraneousighting within deepvalleys, alongsteep sloges, etc., cancomplicae the
decision-making processbecause pilots may think they aretoo high when on the
correct appoach slope to therunway. Campensatoy maneuveing based on
inadequége informaton is likely to place aircraft on anincorrect approach @be ange
to the runway.

1.2.37.Takeoffs over large bodies of water or barrenland during haze corditions, even
during dayight, can prove dangeous for pilots unale to operateaircraft with
referenceto flight instrumens. This probemis acentuaed for suchpilots if visual
cuesarenot visible following takeoff without requiring themto turn their headsover
largeanglesto edablish groundvisual reference. Inclining the head when thaircraft
is turning causes distgentation, known asvertgo, and is often accanpaned by
nauseaFlight instrument digipline is necssary to overcane vertigo; hus, if pilots
arenot instument-quaified, hazadousconsequencesay devéop.

1.2.38. Expeiierced pilots carry an fi i tbeparsgctive image of the runway in their
minds; consequelyt runways slopng upward will tend to cause fits to g@proach
below the nomal approachslopeangle, and runways slopingdownward will tendto
causepilots to approachabove the nommal approactslopeangle.Becausehe aveage
longitudinal slope ofa runway should not exceed 2per cent(1 percent wherethe
code number is 3 or 4), theerror introduced would not nomally create a serious
problem. It canbe seen, however,that conditionscan combine to lessenor inaease
the tda effed. For exanple, anappro@h to anupslope runwayrom overa deep
valley wouldincreasethe tendencyor pilots to approach below the moal approach
slope amle to therunway.
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1.2.39.Pilots unfaniliar with flying techriquesassociatedvith mountanousterran may
initiate lowe-thannormal approactangkes to runwayswhenlandngtowardmourtain
ranges. This is due to the appaent horizon being abovethe true horizon, causng
erroneousjudgment asto the correctéeationship of theaiming point onthe runway
below he true horizon. If approating over unlighted terrain on a dark night, the
dargerof undershootingherunway isincreased.

Approach and runway lighting-related problems

1.2.40.Becausebright lights appear nearer than less bright lights, maintenanceof a
reasonalby balbncedintersity for approachand runwaylighting plays animportant
role in height/éstance judgments during approach.In consdering theproblems
assaiated with Ilusory percepion, this factor is most important when visibility
pemits pilots to view both the aproach and runvay lighting systems during
approab. In low visibility conditions, the various Ighting paterns must be
desgned toprovide continuity in theamountof information avalable tothe pilotas
the appoachand bnding proceeds.

1.2.41.Careshould be taken to ensue that both sides of runway lighting afford a good
baance. One side of a runway can becane dimmer than the other side when
eledrical earth faults occuron one side or when snow ploughing or snow blowing
operations (ocrosswnds) deploysnow along one atherunway edges.

1.2.42.t is desirablethat pilots operateaircrdt to runways having uniform spaéngs
between rows of edge,touchdown zone and center ihe lights and between
individual lights within the sysem.

1.2.43.0Operding into a shellow ground fog can be difficult because the approach and
runway lighting patterrs, which arevisible throughthe fog asthe appraachdescent
is conducted, shorterrapdly or disappearentirely whenthearcraft appoachesand
enters the top of the foglayer. In shallowfog, lighting cuesarelost at low heights
and pilots flying visudly during the rapid transition from visual cuesto loss of
visual cues can recelve a false mpresson of the aircraft climbing rather than
des@nding. Reacting to thempression of acraft climb, initiating an evensteeper
rate of des@nt from alow heightwithout visual cuespr at bestvery limited visual
cueswill causethe aircraft to impactterran or the runway aé highrate of desent.

Runway dimension and contragt-related problems

1.2.44 Runways of varying widths and lengthscan cause pilots to misjudgethe approach
slope angle &cause wide/long runways will appear to be closer than will
narow/short runways. Pilotsof large aircraft normally fly in and out of airports
affording reasonablyuniform perspectivémagesPilots of small aircraft canoperate
into runwayshavinggreetly varying widthsandlenghs; hus, the small aircraft pilot
is nomally the one most often expeiencing an apprach and landng probdem
related to runway configuration and will tend to operate at lower-than-normal
approach slopeangks into large rurways. When applyng visual aids, including
markings to runways with abnomal dimensons, it is important to reain the
nomal spaéng and dimensons spedfied for the aids. Any form of scaling will
inducefalseedimates of range andize.
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1.2.45.0perding aircraft toward the sun on clear days during an approach can involve

extremely difficult visual problemns. Under same condiions, glare interfereswith
vision to the extent thatthe rurway is difficult to locate andwhenlocated, difficult
to obsrve throughait the approachln addiion to the glare problem, runway
contrastis changed(nomally redwed) becase the angleof the sunlight to the
runway results in afi b dighk 0 the texture surrounthg the mvement and also
lowersthe cantrast of runwaymarkings.

1.2.46.Contrat is an important aspectof visual acquistion. For instance, the highest

visual acqisition rateis obtained when theontast betweenthe runway andthe
surrourding terainis large.

Experience-related problems

1.2.47.Changesn experiencedor accustoned visual cues can causeillusory perception

problams. Pilots accusomed to flight over large treescan approachrurways at
lower than normal angks whenflying overii swch b tyeésappeang to be of the
same variety as the larger tees. Pilots who fly over besically flat land can
experience difficulty in judging an approacho a runway located in rolling or
mountainousterrain. Another example would be pilots, experiencedn flight over
heavly built-up areas, operatingaircraft to runways lo@ted inopen aeas cevoid
of either construced or naturalargevertical obgcts.

Aircraft -related problems

1.2.48.Pilotswill be ableto make thebest possble useof groundvisual cuesandaidswhen

1.3.

aircraft windshields arecleanand free of precipitation. Rain-sweptwindshields
causeripples aml blurs whichdistort vision. Geometric paterns of ground visual
aids can be destroed, making it difficult, if not impossble, to properly
interpret the desgn functioning of visual aids. Pilots should make thebest useof
rain-removal systems (windshietl wipers, pneumatic rain removal, chemical ran
repdlents) when agroaching tdand incondtions of hevy rain.

OPERATING RE QUIREMENTS

Genegal

1.3.1. The operatingrequrementsfor visual aids vary accading to the type of aircraft

being flovn, the meteorological conditions,the typeof navigation aid usedfor the
approachthe physiel characteristics of therunway andtaxiways, and whetheror
notlanding infomation is ailable throughradio canmunications.

Small airports

1.3.2. Airports dedgnedfor smell sinde-engine and light-twin aircraft below 5 700 kg

areoften notprovided with instrumentapproachaidsor airtraffic contol fadlities.
Thus, atmany snall airports, groundvisual aids must satisfy all of theoperaing
requiranents of pilots. me of these airpats may not be provided with paved
runway surfacesd a stuation which adds to the poem of providing plots with
adequge visual aids.
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1.3.3. The opesting requirenentsare:
a. airport location;
b. airport identffication;
c. landnginformation:
1) wind direction and speed;
2) runway deginaton;
3) runway satusd closedor usable;
4) runway degjnaton;
d. circling guiidance;
e. final appoach guidanceto touchdavn:
1) runway edgend thresiold delineaion;
2) approach sipe guidince;
3) aiming padnt gudance;
4) runway center line deleaion;
Noted Runwaycertre line delineation is not feasiblefor unpavedrunways. Suchrunways
are normally usedonly in condtions of goodvisibility. Thus,certre line delineation is not
as important as it is at airports where operatons in low visibilities are authorizd in
conjurction with aninstrument appoach aid.

f. roll-out gudance:
1) runway centre line deledion (seenote undr e) 4));
2) runway edge dineaton;
3) exit taxiway location;
4) exit taxway edge andentreline ddlineaton;
5) runway end inctation;
g. taxiing gudance:
1) taxiway edye andor centreline delinedion;
2) information signs to grking and sevicing aress;
3) manddory instuctionsigns;
h. depature information;
Noted Theinformation neededis the sameas that listed in c) above;howeve, pilots
normally obtain all such informaion prior to leaving the Operatons Office without
reference tovisual aids.

i. take-off guidance:

1) runway centre line deledion (seenote undr e) 4));

2) runway edge dineatin;

3) runway endndication.
Large airports

1.3.4. Large arports are normally provided with radio navigation aids and air traffic

contol facilities requiing radio comunications. When used in visual
meteoralogical conditions (VMC)without these aids,the requirementsfor ground
visual aids are lte same asthose sited forsmall airports. In addition, lage arports
are provided with guidancesystems to park aircrét on sends, as well as visual
docking guidane g/stems at teminals equipped with passeger gangways
(aerobridgey. Effective apronillumination is needkd to assist in parkingaircraft to
protect passengs moving to and from aicraft and to facilitate aircraft servicing
activities.

20



Guidance Material of Visual Aids

1.3.5. Flights corducted in instrument meteorolajical conditions (IMC) require visual
aids in additionto thoselisted abovefor small airports. Thevisual aids togetherwith
non-visual guidace and contol functions providea canplete approad, landng ad
taxiing system. Similady, ground movements and depatures are supportedby a
combination of visual and nonvisual aids. The following addtional opegting
requirements are relatedto the relevant vishility conditions applied to the four
caegories of instrument runways (CAR-14, Part 1, 1.lrefers). For take-off
operationghere areaddtional consderationsfor runway edgeand ceter line lights
(CAR-14, Part 1, 5.3.9 and 5.3.12 réfein some circumstances,theseprovisions
may be the mostdemanding. For example, if precisionguidarce is notavailable ona
particular runway,the take-off visibility limits may be the determining factorin the
provision of lighting ads

Non-precision approach runway
Final approach guidancéo touchdavn:

0 Centreline dignment gudarce for a dstance of at leat 420 m before
thethreshadd.
d An indication ofdistance 300 m before the threstho

Predsion approach rurwayd Category |

Finalapproach guidancéo touchdavn:

0 Centreline dignment gudarce for a dstance of 900 m before
the tireshold.

0 An indication ofdistance 300 nbefore the threshd.

0 Touchdownzone guidance.

Precision approach runwayd Category Il

Finalapproach guidancéo touchdavn:

0 Centreline dignment gudarce for a dstance of 900 m before
the tireshold.

d Indications of distane 300 mand150 m before
the threbold.

0 Touchdown zone anment gudance for a éstance of 300m before
the tirestold.

d Touchdown zone guidance.

Roll-out gudance:

0 Distance renaining information.

Taxiing guidance:

d Exit taxiway guidance including edge andcenter
line ddineation.

0 Taxiway ceter line delineation with chame-of
direcion ooding.

Precision approach runway 8 Category Il
21



Guidance Material of Visual Aids

Theoperting requrementsfor visual aidsin Categorylll meteorologicalconditions
are, from the sendpoint of configurationfor appioach and landing, the same as
those provided for Category Il meteorological conditions. Phametric
chaacteristics of lights adequate foCategory | and Il operationsneedto be
modified to provide increasedvertical coverage,espedaly for largefi eeyto-wheel
he i gdircrat.

1.3.6 Although pilots opeiting in Categaoy |11 meteorological conditions are provided
with the sane visual aidsusedin Categaoy Il conditions,the time to obtan visua
guidarce from the sysem decreasem proportion to the lower meteorological
conditions encountred duing the appro&h. Visual guidarce in the higher
Caegory 1A visibilities may be edablished with the approach ighting system,
enalbing the piot to judgeflight path with respect to algnmentwith thecentreline.
In CategoryllIB and I1IC corditions, however, visual contact isnot estatished
until the aircraft is over or on the runway. It is not possibleto judge the approach
slope usng visual &s in such low visibities.

1.3.7. When operaing on the surface in lower RVR condtions a major airports,
additionalvisual signals areoften neededTwo examplesof these signalsarestop
bars andrunway guard Ights, ascontaned in CAR-14, Part 1, Chapter. This
requirenentalsoapples to major airportsin beter visibilities, but the requrement
is stated in tts section bcawse the need igreatest whethevisibility is loweg.
Suchsystems are not visual guidancerequirementsbut areaids tothe control of
aircret movementsandhelpto prevent collisionsbetween aircraft operating onthe
surface, with patticular emphass on separation of aircraft movements on the
landing anddke-off runways from other slownoving taxiing aircraft.

1.4. HOW VISUAL AIDSAND VISUAL CUES ERVE PILOTS

Gengal

1.4.1. Establishing and maintaining dynamic three dimensgonal orientation with the
runway during approactand landing areomplex, difficult piloting tasks, particularly
during conditionsof limitedvisibility (IMC). Onceon the ground,pilotstaxiing aircraft
in all conditionsrequirevisual aidsup to andincluding the point of docking.Secton
1.3 lists operating requingent. This sectiordescibes te interreldionship betveen a
pilot, the aicraft, and thevisual and non-visual aids, paricularly emphaszing how
groundvisual aidgrovide infformation and guidnce.

1.4.2. Frame of reference.Insight into the importanceof this pilot/mactinerelaionship relative
to visual fli ght canbe gainedby obseaving a pilot seded at the contols of the aircraft;
the verticalseatadjustmentis usedby the pilot to achievean eyepositionthatprovidesa
good view of the botom edgeof the windshield and the horizon, i.e. the frame of
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referencefor visual flight. This eyeposiionis anaid in judging the angleof the aircraft
with visual aids while appoacting the runway, the most important angle being the
intersecton of the flight path of the aircraft with the grourdd the aiming point. The
pilotd £hasen eyeposition is influened by the over-the-nosevision angé, which is
commonly cdled the cockpit cu- off angle. The botom of the windshieldis usedto
edablishand maintain visual level flight andto assst in judging the angleof bankwith
the horizon or transerse componeits of visual ad sygems when the horizon is
obscued. Thusjt canbe seenthatthe windshield of the aircaft playsan important role
as a pilotaid in visualflight.

1.4.3. Aircraft are equipped with alignment deviceswhich assistpilots in pasitioning their eye
height so that the forward down-vision (cockpit ct-off) will coincide with the design
eye posion for the aircrdt being flown. Use of these alignment devicesis epedally
important when operatingaircraft in low visibility conditions.An eye position that is
belowthe datumdesgn will increase the downward cut-off, thereby reducing the
pilotés view of theavalablevisualcues.

Visual aids for visual meteorological conditions (VMC)

1.4.4. The dynamics of the visual world as seenby pilots are important in the desgn of
visual aids. Ordinarly in spe&king of percéved motion, refeenceis madeto the
fimovement of ano b j e c deding with m pilotés useof visual aids, however,
what is invdv e d i movetnenteof theé obsev e mwidich is accanpanied by a
perceived expansion ofthe visua sceneasthe pilot directsthe aircraft toward the
runway. The point towards which the flight pah is directed is the center of
expansiord theone pointwhere visualcuesaremotionless. Thepercived speed
of visual cue movement increasesoutward from the center,being greatesin the
areabetweenthecenter of expasion andtheposiion oftheoberver.

1.4.5. Airport visual acquisiion. Pilots determine airport location by seveal methods
depending upon is sizeand the nature of ailable visual ad na-visual aids. By
day, large runways arevisible in good weaher for long digances, be distance
varying with arcraft height, direction of sun, contast betweenrunway and
surroundng terrain, et. Locaion of small airports, particularly those having
unpavedrunways, is often more difficult. Non-visual aids and/omap reading are
basc aidsduring bath dayandnight, the arportbeacorbeing an etemely vauable
aid at nght for arports rot served bynon-visualaids.

1.4.6. Airport identification. Identifying airportsis often aproblemfor thelessexperienced
pilot, particularlywhenairports areclose bgether. Same small airpots display the
airport name on ataxiway or a hangr roof, andothes display anidentifier code
instead of the airport name. Few airports illuminate displayednames or codes so
thatthey arelegible for identification purposeat night. Identification beaconare
rarely usal. An alternating green/whitebeaconderotes a land airport, and an
alternatingyellow/ white beacordenots awaterairport. In same Staes,theairport
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beaconsat civil and military airpotts arecoded so a$o dstinguish bewveenthese
two classes ofirports.

1.4.7. The following visua aids, where provided and whereradio communication is not
available, areviewedby thepilot usualy fromaposiionclosein andataheightwell
above the traffic patern altitude so as to avoid other aicraft operating in the
patern. (The colour of these aidsshaild provide maximum contrast with the
surrounding terrain.) The pilot then proceeds to join the @ppriate trafic pattern
in preparatiorfor landng.

Landing informatio n

1.4.8.Wind diredion indicaors (wind sods) are importantvisual aidsfor all runway ends.
Large winddirection indicators areparticularly importantat airpats where landing
information isnot available through radiocommunications. On the other hand,
landng direction indcators are sddom used due to the necesgy and,
consequetly, responsibiliy, of changng their direction aswind direction shifts.
Visual ground sigrals for runway and taxway servicedility are contained in
Annex2. (Seealso Chapter3 of this Guidancematerial.) CAR-14, Part 1 contins
spedfications for runway designatiomarkings.

1.4.9. A fabric wind coneis geneally the type prefered by pilots becase it providesa
general indcation of wind speedConesthat extendfully at wind gpeeds of about
15kt aremost useful mcethis is themaximum crosswindlanding canporent for
small aircratft.

Circling guidance

1.4.10.In VM C, mostlandingtraffic patterngequre initial entry ata 45-degreeanglewith
the downwind leg (Figure 1-3). Pilots position their aircraft on the dowrwind leg by
judgment ofdistancefrom therunwayandangleof the runwaybelow the horizon.
Tracking the dowmvind leg is nomally not a problem sirce the crosswind
component is usually quite low. Aircraft height during the downwind leg is
contolled with refeence to the aircraft altimeter and the horizon ahead dhe
aircraft.

1.4.11.The runway threstold is usedas a reference paint for edablishing the baseleg.
Pilots of small aircraft may start theturn to baseleg astheaircraft passedeyond the
threshold, whereailots of large aircraft extend the downwind leg to estabish a
longerfinal approach legPilots watch the runway angledeaeasewith respect to the
aircraft sothatthey canturn toward and iterceptthe final appro@h course aghe
runway raates toa point perpendidar to the horizon.The pilots of all theseaircraft
havethe same requremens:. the needto fix their pasition relativeto the threshold,
andguidanceto pick up andhold the exendedrunway cetter lineon final approach.
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45-degree entry

Downwind leg

4 2

Bas leg
Crosswind leg

\ Final approach

Runway

> |

Upwind leg
Not to scale

Figure 1-3. Standard traffic pattern for VMC
Final approach, flare and landing

1.4.12.This phase of piloting an aircraft is quite difficult and involves complex
estimates of distance, height, dft and angleof flight with respecto the runway.

1.4.13. When aircrdt are operted in VM C, the weatherminima usually assurethe pilot a
horizon refeencefor piloting the aircraft using outdde viswal cues. The horizon may
be the real horizon or it may be an appaent horizon d an obseved or imagirary
horizontal plane refence Ine presated by visal ground cues, clougatterning, or
sky/ground lighting demarcation in the absenceof a clear view of the true horizon.
Whenthe landng runway isviewedin good visibility, aircraft location with respect
to therurway environment (udike IMC) is rot a pioblem. Thefinal approach phases
divided nto a sequence dfvo parts:first, approabing the threshold, and second,
afterthe runwaythresholdhas been crossed, tledng.

1.4.14. On final approach,the path which the pilot desiresto follow may be regarded
as the intersection of twoplanes & one,theinclined planeof the optimum approach
slope, and the ther, the vetical plane pasing through therunway center line.

1.4.15. To achievehis aim, the plot mustcontinuowly know six vaiables:
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a. dispacement relative to each refenace gare;

b. rate of cbsure with eachreference fane,i.e.rate information; and

c. rate of changeof rate of closure relative to each referenceplarg, i.e.
rate/rate information.

1.4.16.Pilots are continually matching disgacament and rate indications so asto achieve

zeao disgacement andzeo rateof change of displecementasend conditions;or put
arother way, they must know:

a. wheretheyare at themoment;

b. wheretheyare going atthatmoment;and

c. wheretheywill bein a fewmomensdtime.

Thevisualindicationsassog¢ated with thesetwo planes differ greatlyandare
congderedin 1.4.17 and 1.4.18.

Azimuth gudance

1.4.17 Zero dispacement relative to the vertical plane (lateral disgacement) is indicated
by the perspectivamageof the runwayandof theapproachlights, whereprovided,
being perpendidar to the horizon. Since the runway by itsdf has considerale
lengh, the visual cueto dispbcement (variable 1.4.15) above)is insntanews.
The rackheadng andthe rde of change of trackheadng (vaiables 1.4.15 b)andc)
above)are not instantaneous, buerrorscan be correced in a mannerresulting in
minor deviationsfrom the desiredtrack asthe pilot proceedsinbound during final
apprad. Thus,the runway,or the runwayedge Ights,canbe consderedasvisual
cuesenabling pilots to align aircraft quickly and maintain alignment wih small
deviations fromthe exendedcenteline oftherunway.

Approach slope informabn

1.4.18.Visual appoachslopeindicator sysems provide approachslopeguidarce, but other
visual aidsassocigedwith therurway canonly provide basc cuesto approactsiope
angle being achieved. When pilots fly visual approach slope indicator systems,
they arerelievedof a consderableworkloadin judging the correctapproachslope
angle. The procedire to be used when glide slopeuglance is not avéable is
descrbed kelow.

1.4.19.As the aircraft approacheshe landng runway prior to initiating desent for final
appoach, thepilot observesthe visual cues associated with the runway moving
dowrward within the arcraft windshield. When the point alongthe runway at
which the aircréft will be aimed duing descent the aming point) is depresed
below thehorizonat theappaent desired approaclangle, the pilot initiatesdesent
by aiming the aircraft at the skectedaiming poirt. Theaiming point sdectedvaries
with aircraft size and runwaylength availeble for landng. Small aircrdt are
nomally aimed ator just beyond therunway deggnaton marking; large aircraft
are nomally aimed at or in the nearvicinity of the aiming point marking that is
located accardingto the landing distace available.

1.4.20.Displacenent aboveor below the ideal appoach slope angleresults in a vertical
extension andompresson of theperspectivernageof the runway,acconpanied by
changesof runway edgeangkes with the runway thresold and with the horizon
(Figure 14). Experencedpilots cantell whetter they arenear this desiredapproach
angle by comparing the atial runway imagewi t h t he & imdgeealied r unw
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in their minds, an image mpressedhere by training and practice.As the aircraft
descends, the runway edgesappear torotate towards the horizontal. As aircraft
heightincreases, therunway edgesappearto ratate towards the vertal.

1.4.21. Asthe aircraft desends throuch heighs of approxmately 45 m to 20 m above the

runway (depending m approach slop ange ard speel), the pilot becomes
increasirgly awae of the expanding runway scere as visud cues are observed to
move rapidly outwad fromthe ceter of exparsion. This is due to the speel of the
fi f | o w uahfigldoinéreasing fia rate inversey proportiona to the distane of
thepilot. It is at thee reldively low heights tha the pilot becmmesfully awae of the
predse diredion of the aircraft flight path sersing the point of zero motion and if
required making final adjugmentto the flight path to ensire a afe landing within
the touchdwn zone of theunway.

Flare and landing

1.4.22 Aircraft flare is a manoeuvrein which the aircrét flight path is changedfrom

the final approachangle to a path subsantialy parlle to the runway surface
prior to landing. The flaramay be initiated well aheadof the threshold forlarge
aircraft andover the threshold for small aircraft.

1.4.23.Thevisua aidsusedin flareandlandng arethosethatmark the threstold, outline the

edges of fultstrength pavementand delnedae the tachdownzoneand the ruway
certer line. By day the edgesare nomally seen due tothe contrast of runway
pavement with surroundng terain, while runway edge lights are neededat night.
Runway thresholdand ceter line markingsareusedduring bothdayandnight. The
visua aids provide alignment guidace. Textue of the pavement surfaceis the
primary sourceof height appreiation for bothdayandnight (aircraft landng lights
beingused at night) unless, of course,touchdown zondights are available andused
for VMC operaions. Rurway lighting and, in particular, runway ceter line and
touchdown zonéighting acentuate ratecuesand height appration.

Aircraft is 1 degree low, 21 m and

X

1

Aircraft on approach slope angle of
2.86 degrees, 60 m above aiming point
located 300 m beyond threshold. _I_

/ aimed 122 m short of threshold.

<—— Aircraft is 1 degree high, 21 m and
aimed 732 m beyond threshold.

P

«
T Cockpit cut-off

Plane through pilot’s viewpoint parallel to
-« vertical plane of symmetry of aircraft. If there

is no crosswind, this is the ground track.
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Figure 1-4. Height and aiming err ors as they appear when only the runway is visible and there
is nohorizon

NOTES:

1) The convegence of the runwagdges beomesgreater whenheight isreduced.

2) Thedistance X, of the imageabovethecockpitcut-off lineprovidespilots with arough
ideaof thar approach spe ande when thehorizon is not vsible.

3) Distancefrom aiming pointis 1 200 m. Visual rangeis 3 350 m, and2 438 m of the
runway ae visible.

Roll-out guidance
1.4.24.Roll-out commencesimmediately following contact of the main landing gearwhedls
with therunway surfaceRunwaycenterline markingsor lights provide primary viswl
alignment guidarce during roll-out. Runway edge lighting is used at night to

sumplement thecenter line particlarly where runway cetter line lighting is not
available.

1.4.25.Whereprovided,the colour coding of the runway centreline lighting assists the pilot
in juddng the aircraftés position when deckerating during the roll-out. The coding
corsists of alterrating red/whte lights within the zone900 m to 300 m aheadof the
runway end andall-red lghts within the zone 300 m on up to the runway end.
Touchdownzonemarkings areusefulin judging position duing the roll-out. Thefixed
distancemarkings indcate a position 300 m flom therunwayend.Rurnway end lights
mark thelimit of the runway available faoll-out.

Runway et guidance

1.4.26.As the pilot decéeratesthe arcraft to exit speed,prompt exiting of the runway is
important, espeially at busy airpats. Where high-speedexit taxiwaysare provided,
prompt egress can be realized. Pilots require prior notice of the exit point; if this is
lacking, all too often theyare compeled to roll along seaching for an exit which
frequenly is seentoo late for use.Taxiway centreline lighting extendingout to the
runway centre line, as provided for in CAR 14 Part | for otherthan rapid exit
taxiways,is a ustul aid at night.

Taxiing guidance
1.4.27 Generally,taxiing gudance inbound to the teinal or outboundto the runway for
depature is nota major prodem for pilots whoare familiar with the airport and
operating in VMC. Pilots of large aircraft must carefully negotiate taxiway

intersections, particularly atnight. The guidarce systems discussedin Chapter 10 are
providedto overcome prodems withtaxiing guidarce.

Take-off guidance
1.4.28.Fromavisua guidancestandpoint,thetakeoff phases notaprodem. Thepilot taxis
into take-off position, using runwvay edgeor centreline lights at night to centre the
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aircraft on therunway. Aligrment guidarce is provided by the runway certre line
markingsand/or Ighting. The runway centre line Ight coding, whereprovided, and
therurway endlights areof primary usewhen apilot abortsthe take-off run during
night-time or low visibility conditions.

Visual aidsfor instru ment meteorological conditions(IM C)

1.4.29.Paragraphd.4.4 through 1.4.28 discussflight in VMC and andyse the desgn of
ground viswal aids for assistingilots. These same andysesapply tothis partwhen, in
conduding aninstrumentapproacha pilot, from a predegermined point, completesthe
approachflare and énding solely by referenceto outsidevisualcues.

1.4.30.0nly experiencedpilots, qualfied in instrument flying andin the useof radio, are
permitted tooperateaircraft in IMC. However, approabes, landngs andtake-offs
madein IMC, particularly invisibilities below 800 m, necesitatethe use of more
powerfulandmore sophistieted visual aids thathose neededn VMC.

Airport acquisition

1.4.31.Detamination of airport locationin IMC is dependentprimarily upon use of non-
visual aié. Where non-precison approach preedures areestalished, ground
visual aids assst in locating arports,particularly at night. Approachlights, runway
edge and circling guidame lights, and the airport beacon arell used dependhg
uponthe operationbeing conduted.

Airport identification
1.4.32 Airport identification is a problem only when using a non-precision aid. Airport
identificationis assumned by the pilot when a runwayenvironmentis sighted athe
appropriatecomputedflight time from thefinal approachfix. Wheretwo airports
arein close prximity, it is quite posdile for plots to land atthe wrong aport
when using no- precisioningrumentapproacheaids if the runways areoriented in
apprximately thesame diection. Undertheseconditions, an idertifi cation beaon
could proveto bea mostusetil visual aid.

Landing information
1.4.33.In order to prevent time-wastng and unnecesary missed approachs it is
essentiathat plotsobtain all pertinent landng information (ceiling andvisibility,
wind direction and speedunway-in-use, etc.) prior to intiating an instrument
approachprocedure. Those visal aids which proiwde bBnding information in
VMC seve no useful purpose IMC.

The nonpredsion approach rurway

1.4.34.A straightin, nonpredsion appioach procedire should not require a final
approach heaihg changeto the landing runway in excessof 30 degres (Figure
1-5). No precisionapproachprocedures ormally authorizecircling manoeuves
to otherrunways(if any) in additionto the runway within 30 degrees of tfinal
apprach couse.The pioting task is les complicaed, andthus safer,wherethe
final appro&h is aligned withthe landing runway The degreeof difficulty canbe
consideredo be indirect propation to themagnitude of heading lange of the
final approach course with theunway.

1.4.35.Non-precison approachproceduresre developed sothatthe aircraft can
desend to the minimum altitudeestablishedfor theprocedure (Figure 1-6).
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Azimuthguidarceis provided bytheappioachlighting sysem(ALS)where
available. If an ALSis not provided,higher vishility minima must be
applied to dbw the pilot timeto interceptthe extended rurway certer line, using
runwaycontast with the suroundingterrainor runwayedgelights for visual

guidance.
Maximum angle
at any point
- - - | — - S o - |
2 1 S |
R0
A. Typical final approach course, off-airport facility
_ /_/—’/I-,/_’/__/O_ |
_,...-—-—P""'""s- L S I
B. Typical final approach course, on-airport facility
Not to scale

Noted In both A andB above the desred intersedion point with the extendedunwaycentre line
is atleast900 m fromtherunway threshold.

Figure 1-5. Examples of staight-in landings, non-precision aids
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Cockpit cut-off

e

Figure 1-6. A 150 m visual ground segment aseen by gpilot flying
at a hdaght of 15 mabove the approachlighting sysem

Circling guidance

1.4.36.Circling to land following a non-precision approachwhenthe meteorological corditions
are at or near the minima egablished for the procedire is a piloting task requiring
consderableskill. Pilots mustegablish visual referencewith the runwaywhile flying their
aircraft as low as90 m above obstates. The visual cuesare similar to thoserequiredfor
VMC underl.4.10and1.4.11;however pilots makegreater useof aircraft instrumentsto
assst in maintaining alignment and height. Apparentsize of known objects, apprent
motion of objects, eclpsing of oneobject by anotherand gradientsof natual texture are
importantcuesto heighfdistancejudgmentsduringdaylight. Omnidirectionalrunwayedge
lighting can be a eful aid for thistype of opertion.

Final approach, flare and landing
1.4.37.As the aircraft is aligned with the runway following a straigh-in or circling apprach,
ground visual aids are usedin ways quite similar to those set forth abovefor VMC
operationswith afew exceptions. Sincethehorizonis notvisible, theapproachslopeangle
(wherevisual apprach slopeindicator sygems arenotavailable) is obtainedby the height
of the runway aiming point above the lower edge of the windshield, but this is not a
congstentand reliade cuedue to aircraft attitude changesAs runway edgesbecome
sufficienty visible, they assst the pilot in judging the apprach slopeangleto the aiming
point. Alignmentguidarce may not beinstantmeousbecause a large mart of the rurway is
obscued during final approach.
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1.4.38.Visual approach slope indicator systems are most important visual aids. Pilots are
seveely handcapped atmany locations in conductng approaches withoutvisual
apprach slope ingtator systems, espeially where approaches atendicted overwater
or feaureless teain.

The predsion approach runway
1.4.39.The same type of non-visual ground aid (ILS/ MLS) is used for all precison
approach caegories. Greter accuraciesare required of both ground and airborne
equpment to canply with cetification requirements for operatingin the lower
visibilities. These greatr accuacies are reflected in the flight path envdope
requrementscontinedin CAR-14, Part 1AttachmentA, FigureA-4.

1.4.40. From the pilotd spoint of view, the major concern with operating into lower
visibility categories is thg asthe indrument approachis continuedto lower minima
(and thus the plot is on instruments neaer the threshold), the instrument phaseis
lengthenedand the viswa phaseis shortened.For example, the normal minimum
dedsion height(DH) at which visual aids are usedis 60 m for Categoy | opestions
and 30 m for Category Il operations; noDH is applicdle to Category IIIA and11IB
operations; and, finally, there is noreliance on visua aids for Categaoy IIIC
operations.The adual decision heightat an airport will depend on local cdlitions.

1.4.41.As the instrument phaseis flown, the pilot seeksto know the aircraftés position
laterally, verticallyand longitudinally and what the crab angle is likely to be when
visual contact is madewith the lighting system. As the lighting system is sighted,the
pilot must quickly verify the position of the aircrdt and dedde whether thereare
sufficient cuesto cantinue thegpproach below the B, if appicale.

Final approachd azimuth guidance
1.4.42 As a short sedion of the approachlighting system(ALS) center line comes into
view, dispacement with the @nter linecanbe quickly asertained. Whereside row
barrdtesare proudedwithin the inner 300m of thesystem, pilots are provided with
additional infomation concening the magntude of the dispgacement. About three
secondf time areneededo dedéde whattheflight pathis relative to the center line
(variableb), 1.4.15). If theaircraft is aligned, theALS center line elenentsappear
symmetrical. If not aligned, theALS certer line elementsappeaskewed,andthepilot
mustdeddewhethertheaircraft is tracing into the center line, parallelto it, or away
from it. In eitherof the latter two casesthe magniude of the correcton that can be
execued safelydependsnot only on approaclspeedanddistancefrom thethreshold
butalso onthe aircrafté maneuveability andtherunway lengh avalablefor landng.
This vital decision involving many variades haso bemadein a few seconds ofrte.
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1.4.43.Side row barrettesin the approachlighting patern are epecialy helgful in the
lower vishiliti es. They aceleratedecision making dueto their beinglocagd in line
with the barrettes of the tohdonn zone,thus provding apasitive fix relative to the
zoneon the runwaywithin which the aircrét shouldland. Thisinnerzoneof the ALS
provides excellentues for judging the roll attitude of he aircrdt & cuesthatare
es®ntial to maintaining alignmentwith the runway. Whenthe aircraft arrives at the
minimum Categay |l DH of 30 m, therunway is less thanabaut five secondsaway;
thus, the decisbn to contnuethe approachs in alarge measurebased uponwhether
theaircrét flight pathwill be within the sde rowbarrettes.

Final approachd height informaton

1.4.44.To obtan approachslopeguidarce from visual aidswhen a visual appioach slope
indicator sysemis not provided or is notisible dueto low visibility requires an
aiming pant to be viable. It is thusapparet that operationsin the lower visibilities
of Categoy Il and below are conducted without benefitof visua apprach slope
guidance(Figure 1-4). In these conditionsiyhenanaircraft desends belowthe glide
path toheighs of about 15 mabove theALS, the transverse amponentsdefinea
linea-appeamg plane where percetion of heightis good provided the visibility
enabhes the pilot to seeand maintain a visible segment equiaent to about three
secondf flight time. However, appreciaon of rate-of-descent or fde dope ande
is poor(Figure 16).

Flare and landing

1.4.45. Prior to the devdopment of runway certre line and touchdavn zonelighting, pilots
were faced withan extremely difficult task when laniahg in visibilities equivdent to
current Categoy Il, andlower, meteorological conditions. Theprodem wasmost
severeat night andhe condition wasappropriately namedthefi B | alaek. Aircraft
landing lights were usdessbecausethe fog wasilluminated ratherthan the rurway
surface, creating even a more difficult visual ervironment. Cetre line and
touchdowrzonelighting provide pilots with azmuth guidarce and heightinformaton
0 the soluion to the fi B aHook prablen. The transvese comporents of
touchdownzonelighting supply roll guidance,the key to maintenanceof alignment
of the arcraft with the runway. Theselights also delineatethe laeral (left/right) and
longitudinal limits of the touchdownzone,particularlyfor large arcratft.

1.4.46.During daylight hours, runway markings within the touchdavn zone provide
azimuth guidame and heightinformation for Categaoy | operations. Mekings are
also important viswa aids for Categoy Il and Ill operations, epedally during
daylight whenbackgound bightnessisat high levels.

1.4.47. The individual lights that composethe runway centreline and touchdownzone
components areseeraspoint sour@s whenapproacingtherunway, butduring flare
at low heights the neaer point sourceschangeinto linear (streing) source. The
distance aheadof the arcraft at which the change from point to linear sources
occurs varieswith aircraft speed andcoclkpit height. The ste&king effect isdue to
the high angular rateat which the lights move aaoss the retinaf the eye; thatis to
say, theycanrot be fixated byeye pursut movemens. The effectis anincreasen
thepilot& perception of therateof changeof flight path.

Roll-out guidance
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1.4.48.In low RVR condtions, pilot reliance upon runway certre line lighting
increasesand reches a point where the centre line is all thais seen in Cagory
Il conditions. Centre line lighting and marking are still effedive for ground
steering in very low visual ranges, espilly wherethe pilot is over the lights.
Displacementof 5 m to 9 m left or rightis usudly the maximum encoungred, but
displacenentsof the larger magntude significantly inaeasethe task difficulty in
thelower visibiliti es. Figure1-7 showsthatthese lights will move at a ratherlarge
angle with the longitudinal axis of the aircraft. Pilots will normally steer their
aircraft toward and over (or neaer) the certre line to improve azmuth guidarce
under such condiins.

Runway et guidance

1.4.49.Becausesxit taxiway visualacquisitioncanbe a major problemwhenoperating at
night, whenthe sirfaceis wet, or inRVRs below abaut 400 m, the green taxvay
centre line ilghts are extended into the runway accaling to CAR-14, Part 1,
spedficdions. Even in VMC, experiencehasshown that exiting runways can be
slow unless these lights and txiway edge lights are provided. Pilots usetaxiway
certre line and edgelights to determine ifuseof the exit is appropriate and safe
consdering the speedof the aircraft. Withoutwell- definedpavement edgespilots
will not exit the runwayuntil theaircraft speal is suficienty low to engure thatthe
aircraft will remainon the paved surface High-intensity Ighting, haloeffeds about
lights, high ambientlight levelsasscciatedwith fog, rain on the windshieldd these
factors, combinedwith pilot fatigue, createa firm operaing requirenentfor good
exit lighting at night, when thesurfaceis wet, andin low visibility operations.

Distance informaion

1.4.50.Approach and runway lighting incorporate distance information in seveal
stages ttoughout ke full length of the @mbined systens. Theseare outlined in
Table 1-1. Availability of visual ground aids, which keep pilots informed of their
position during low visihiliti es, is amajor safety featuref the sysem.

Taxiing guidance
1.451.Taxiing in VMC is nomally routine unless pavement configuratons are
complex, confusingor congeted. Taxiing in IMC (particularly at night) becanes
progessvely more difficult as visibility decreaseseven for pilots thorougHy
familiar with the airport. Visual aidsrequired for safeandexpedtious movementof
aircraft on the surfacearecontinuously beingdeveloped.Pilots usesigns, markings
andlightsto inform them thataircraft tails are ckar of runwaysandothertaxiways.
Pilots acquire advancenotice when approabing a curvein the taxiway from the
reduced spacing of the taxiway center line lights. Upon enéring the apron,
delinedion of aprontaxiways is as important as delineationof other taxways.
When departingthe apron in low visibilities or where pavenent configuration is
complex, confusingor congesed, locaing andidenifying the taxiwaysto be used
canbe amajor task.

1.4.52. Seletively switchedtaxiway cengr line lighting, including suchlighting on apron
taxiways, to delineatethe taxiing route, provides an effedive visual aid soldion.
Where skective switching is rot provided, signs are themost wseful visual aid to
pilots.

Docking/parking guidance
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1.4.53.Takeoff guidanceIn the lower visibilities, centre line guidance into the docking

point is needed until doakg signals come into view. Docking signals providing
left/right guidance distance to docking position, an indication of rate of closure and

a stop command for the pilot position that does not require head movement or
marshaller assistance constitute theaidvisual docking guidance system. Where
docking is not involved, visual aids are needed to assist pilots in parking within
open apron areas, with or without marshaller assistance, as necessary to clear all
other objects in the parking area. General afighiing should illuminate parking
guidelines as well as objects that might interfere with aircraft movements and
should not degrade docking or parking signals.

1.4.54.Takeoff guidance is provided by runway certer line lighting and marking.

1.5.

Alignment guidace is excellentand opegtionscanbe safdy executedn RV Rsof
approximately 100 m. The codedcerter line for the final 900 m is most valuable
in the event of abortedtake- off, since the cues enble thepilot to usejudgmentin
resoting to emergencybraking procedures to stop with the confines of the
runway.

DESIGNATION OF HIGH-, MEDIUMAND LOW-INTENSITY
LIGHTING

1.5.1. Throughouthis Guidance material, the outputof different typesof lights that
areprovided fora particular function, e.g.obstacle Ights or runway Ights,
are broadlyclassifiedas being lgh-, medium- or low-intensty lights.

1.5.2. The range of intensitieswithin a high, medium or low classification is
different for each functionalitytype of light). Thusa high-intensityobstale
light may hawe anoutputof 200000 cd, whilst ailgh-intensityappioachlight
has an outpudf 20 000 cd.

1.5.3. The appaent discrepany arising from the desciption of both of these
examplesasbeing highintensitylights can be explainedby nating the level
of illumination at the eye when thelights are viewed from a typical
operationakrange.Thusin goodvisibility conditions, a200000 cd obstacle
light seenfrom arangeof 3 km will providea similar illuminance at theeye
to that provided by a 20 00@d appoachlight seenfrom a rangeof 1 km. In
other words, aipot will describe bothypes of lightsas beng hidch-intensity.
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Plane through pilot’s viewpoint parallel fo °

vertical plane of symmetry of aircraft \

Cockpit cut-off
A. Perspective view of runway centre line when displaced 9 m left;
eye height is 4.5m and RVR is 150 m
Plane through pilot's viewpoint parallel to ‘e °

vertical plane of symmetry of aircraft \ °
°

B. Perspective view of runway centre line when displaced 9 m left;
eye height is 9 m and RVR is 150 m

Figure 1-7. Perspective viewof runway centreline from different eye heights
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Table 1-1. Cading of distancefor Category Il and Il landing operations

System Location Colour Configuration Operating significance
Approach lighting Quter 600 m White Configuration consisting of  Aircraft position above DH (Cat Il)
system with distance- threa light sources in the
coded centra line outermost sector and two

light sources in the inner

sactor
Approach lighting Quter 600 m White Centre line consisting of Aircraft position above DH (Cat II)
system with barrette five light barrettes with a
cantre line condenser discharge light

ateach station
Approach lighting 300mto30m White Crossbar at 300 m point A conspicuous signal at or near DH
system, both types (Cat )

Whita Centre line of barrettes Centre line alignment

Rad Side rows in line with Marks lateral deviation limits for

touchdown zone lights landing. If pilots are outside the
signal, they should abort the
approach unless fracking toward
centre lina.

White Crossbar at 150 m point Flar anticipation for some large
aircraft, imminence of threshold. (The
entire sactor marks the pre-threshold
area but individual components serve
the pilot in diffierent ways.)

Runway thrashold Runway Green A transverse row that may  Beginning of landing surface
threshold bo broken in the central
portion
Cantre line and First 900 m White Runway centre lina Centre line alignment
touchdown zone of runway
White Touchdown zone barrettes  Lateral deviation cues. (The entire
— about 9 m each side of  sector defines a safe landing zone.)
cantre line
Cantre line Central part of ~ White Defines the central portion A zone for decelerating
runway of runway
Cantre line Final 200 mto  Altenating  Alternating redwhite lights ~ Wams pilot of approach to final
300 m of red and located in the first 600 m 300 m zone of runway
runway white of the sactor
Centre line Final 300 mof Red All red lights for 300 m Defines final zone of runway
runway
Runway end Runway end Red A transverse row that is The end of the runway

normally broken in the
cantral portion
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Chapter 2

Markingsand Markers

2.1. GENERAL

2.1.1.

2.1.2.

This chager supplenents the specfications given in CAR-14, Part 1,
Chapter 5, 0n markings and markes. Markings and markers provide
essental information to pilots by their location, sie and colour
characteristics. Standardizationis important. Whereprovided, markingsand
markeraidscontribue tothe safeéy andopeiational efficiency of aircraft and
vehicle movemens. Good mainterance of theseaids is esntial to ensue
thatthe cuesthatthey provdeare availabldn all circumstances.

Additional guidarce on apron markings is given in the Airports Council
Intematioral (ACI)/International Air TransportAssociation(IATA) Apron
Markings& SignsHandbookwhich gives exanplesof current bestpractices.

2.2. ADDITIONAL MARKING OFP AVED SHOULDERS

2.2.1.

2.2.2.

2.2.3.

Apronsandtaxiwaysmay be providedwith shoulderstabilization which has
the appearance of pament but which is not interded to supportaircraft.
Similarly, small areaswithin the apronarea may have non-load bearing
pavement which appeas to be full strength. This stbilizaion may be
providedto prevent blastand water erosionaswell asto providea snooth
suifacethat can be keptfreeof debris.

On straight sectionsthis stabilization may be readiy recogizable by the

provision of the taxiside stripe markingsrecommendedin CAR-14, Part 1,

At intersctions of taxiways and on other areashere,due toturning, the
possbility for confusion betveenthe side stripemarkings and certer line

markingsmay exist or wherethe pilot may not be sureon which sideof the

edgemarking the non-load beaing pavenentis, the additional provision of
trans\erse stripes onthe nonload beaing surface has ken found to be of
assisarce.

As shown in Figure 2-1, the tranwerse dstripes should be placed
pempendicular to the side stipe marking. On cuwes, a stripe should be
placed at eachpoint of tangency of the curve andat intermediate points
alongthe curveso hattheinterval betweerstripesdoes not exced 15 m. If

deemned dedrable to plae ranwerse stripes onsmall straightsectians, the
spadéng stould not exceed 30m. The width of the marks should be 0.9 m,

andthey should exénd to within 1.5 m of the outsideedgeof the stabilized

pavingor be 7.5 m long, whicheveis shorte. The colour of the tranwerse
stripesshould be the same asthatof the edgetsipes,i.e. yellow.

38



Guidance Material of Visual Aids

2.3. APRON MARKINGS

Objective of guidanceon aircraft stands
2.3.1. Themain djective of guidance onigcraft stands igo provide:
a. sakmanoewring of arcraft onthestand; and
b. precise pasioning d aircraft.
This objecive can often be met by meansof apron markings. Several
lighting aids areused to supplenent the guidarce provided by apron
markingsat night andin poorvisibility conditions.Of spedal interestare the
aircraft stand manoeuving guidarce lights andthe visual docking guidance
sydems, which are dealtwith in grester detail in Chapterl2.

Safe manevering of aircraft

2.3.2. Aircraft standsare, in general, arranged relatively close to one another so
asto minimize asmuch as possble the pavedarea aswell asthe walking
distance of passengers. Theaneuveing of aircraft, therefore, needsto be
preciselycontolled sothatat all timesthey will be kept clearof the adjacent
aircrat, buildings and service vehicles on the apron. Considetion should
also be givento ensuing that the blast of themanoeuvringaircraft will not
interfere with activities at the adjacent sind and hat the marking is well
within the castaing capabilties of all arcrat using the stand. The
clearancesbetween manoeuving aircraft and other aircraft, buildings or
other obsecles for various cicumstances are given in CAR-14, Part 1,
Chapter 3Control of ground equipmentandvehicles shouldbe execisedto
ensue that the aircraft manoeuving area at the stand is clear. Ground
equipment andvehicles shaold be ket outsde predetermined safetylines
when arcraft aremanoeuving orwhen he equpmentis left unattended.
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Taxiway side stripe marking

/ Shoulder

Taxiway

< x N
.\\
\ | | snoucer
Taxiway centre
line marking
Transverse stripes

Figure 2-1. Marking of paved taxiway shoulders

Manner of following guide lines
2.3.3. Thereare two recognizedways for aircraft to follow guidelines.In one,
the noseof the arcraft (or pilotd seat) iskeptover theline; in the othe, the
nosewheel tracesthe line. CAR-14, Part 1, Chapter, 3pedfies that the
taxiway curves shouldbe desgnedso asto provide the requirectlearances
when the cockpit of the aeroplaneremains over the taxiway centre line
markings.This is primarily because othe difficulty the pilot would have in
ensurng that thenosewheelfollows the guidelines. In same aircraft the nose
wheelis displacedasmuch as5 m behindthe cockpit. The requementsfor
aircraft stand markings, however,are not canparableto thosefor taxiway
certre line markings. Thee aretwo differences in the manoeuving of
aircraft on arcraft stands:
a. becawse of reducedareafor manoeuving, much smaller radi of turn
are neededand
b. trained marshallers are often usedo assst in the manoeuving of the
aircraft. Accordngly, CAR-14, Part 1, Chpter 5 spedfies that the
aircrat standmarkings be desgnedon the nose wheebn guideline
principle.

Types ofaircraft stand markings
2.3.4. Aircraft stand markings consst of guide lines to denotethe path to be
followed by aircraft, and reference bars to provide supplenentry
information. Guidelinesmay be sepaated into:
a. lead-in lines;
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b. turninglines and
c. lead-out lines.

Leadin lines

2.35.

2.3.6.

Theselines provide guidance from apron taxiways into specfic aircraft
stands. They may be requred to enalbe taxiing aircraft to maintain a
prescribed clearance from other aircraft on the apron. They may be
consdered asimportant as theturning line to align theaircraft axiswith the
predetemined final posiion. For nose-in stards, the lead-in lineswill mark
the stand centre line to the aircraft stoppingposition. Therewill be no lead-
out lines, and the tractodrivers will use the leadin lines for guidarce
during the puskbackmanceuvre.

Figure 2-2 showsa simple lead-in line. The advarnageof this lineis that it
presets the most natual method of turning and it is least likely to be
misundestood. Its disadvantges arethat it is not suitable for marking a
stand wherethe aircraft is to be loated certrally overthe lead-in line and
that it requires more apronspacethan the type of marking thatcan ackeve
this. Thelinesareto be followed by the aircraft nosewheel. When these
lines are usedt shauld be noted that the track of theaircraft certreisinside
the curve of the guide line. In someinstancesthe apron area avalable may
requre the useof a different type of marking. Fgure 2-3 shows an ofet
lead-in line. When he arcraft nose wheel follows tlse lines, the centreof
theaircraft doesnot cut as far insidethe curvebut makesa tighter tun. Asa
consequencethe sze of gand positios need ot be as grega It should
however be noted that while this type of marking positions the aircraft
certrally over the leadin line,agivenlinecan only befully suitable for one
single aircraft type or where the aircraft geametry, in terms of the wheel
bases ofll the dfferenttypesusingthe gand,is virtually identical.Whereit
is necessry for a stand to be usedby a variety of aircraft types andthey do
not have similar undercarriage geometry, yet the available spaceequres
aircrdt to be cetrally positioned over the leadinline, the aims are best
achieved by usinga shortarrow at90 degees to thetaxiway centreline asin
Figure 2-4. One drawbackof this arrangement is that the entry point and
degreeof turn neededo align theaircraft centrally overthelead in line ae
leftto t h e juggémenbt 6 s

Turning lines

2.3.7.

2.3.8.

Wherethe aircrdt is requiredto makea turn on the stand prior to stoppng
or after flbreak  a watyrminglinemay beneededor theaircraft to follow.
Theprimary purposeof this line isto limit the turning of aircraft within the
desgnated areasoas tokeepaircrdt clear of obstates ando aid inaccurate
posiioning of the aircraft. The former is of gpeda importance where
clearances between the stand and near structuresor other stands are
margind.

Figure 2-5 showsa typical exanple for a nosewheelturning line. Theline
might well be supplenented by reference ya as siown and as discued
later in 2.3.15.

Straight portion of the wrning line.
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2.3.9. The turning line should incorporate a straight portion at least3 m in
lengh at the fina aircraft postion. This providesa 1.5m sedion prior to the
final stoppng posttion to relieve pressuren thelanding gearand at the
same time to correct the aircraft alignment, and a sectionl.5 m long after
the stoppihg posiion to reducethe thrust requred and, thereby,blast on
Abr awhkhy o lengh of ¢he straight portion referred toabove canbe
reduced to 1.5 nin the cae d standsmeantfor small aircraft.

Leadout lines

2.3.10.Theselines provide guidarnce from stands to taxiways and ensue that
the presaibed ckarancefrom otheraircraft and obstacles is maintained.
Theselines are shownin Figure 2-6. Where aircraft have to make a turn
prior to leaving the stand to keepclear of the adacent obstacles,theleadout
line may beasshownin Figure2-6 a). Wheretheclearance fom theadjacent
standis less marginal, the lead-out line of Figure2-6 b) or c) might These
lines provide guidarce from stnds to taxiways and ensue that the
prescibed ckarance fom otheraircraft and obstales is maintained. These
linesare shownin Figure 2-6. Where aicraft haveto makea turn prior to
leavingthestandto keepclearof theadjacenbbstacles, thdead-out line may
beasshownin Figure2-6 a). Wherethe clearancefrom theadjacent sind is
less margind, the lead-out line of Figure 2-6 b) or c¢) might be practial.
Offset nosevheel led-out lines as shownin Figure 2-7 may be needed
where clearancearemargind.

Method of compuing the radi of curved pations of leadin, turning and

lead-outlines

2.3.11.Whether one uses a nose-wheel line or only a staight lead-in as in
Figure 2-4, the assmed or marked radiusmust be within the urning
capability of the aircraft for which the standis intended.In cdculating the
radius, one needsto as®ss the likely effect of blast which canresult from
usingtoo tight a radius.lt is also possble for the minimum aceptableradius
of turnto vary with operators eventhough they are usinghe same aeroplane.
Further, te smaller the turn radiusand the larger the nose-wheelangk, the
more likelihood there is of tire migration. In other words, while one may
have,for exanple, 65 degreeof nose-wheelangleapplied, theeffedive turn
radius is equivalent onlyto somelesser angle,with possiblyasmuchasa 5-
degree loss. To deermine the radii, therefore,one needs to consut the
manuas issued by the aircraft manufacturersfor airport planning purpses;
the operators of he individual @&oplane types should alsbe conslted to
find out to what extent they modify the manufcturerés guidancefor any
reason. The indvidual apronsituaton would then needto be studiedto see
wheter furthermodification would be recessary.

Duplication of guidance

2.3.12.Whenastandis usedby different typesof aircraft andalignment of aircraft is
notof great mportance,it may bepossble to useonesetof markingsto seve
all types. In suchcass thelargest turning radius is used.Any type of aircraft
of the group canthen manoewre with sufficient clearance ithe nose wheel
follows the guide lines.Howeve, where the precisdignmentof aircraft on
the stand is essettial, secondaryguide lines may be necesary. Secaday
guide lines are &b necasary when adrgeaircraft send must accormodae
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more thanone small aircraft at the same time (seeFigure 2-8). Suchstands
areconmonly knownassupeimposedstands.In all thesecases,the primary
line should be for themost critical aircraft, i.e. the drcraft requiring the
greatestnanoeuving are.

Characteristics of gude lines

2.3.13.The guide lines should nomally be coninuoussolid yellow lines at least
15 cm, but preferably30 cm, in width. Howeve, wherea secondaryguide
lineis provided,it shaild be a brokenline to distinguishit from the primary
line. Additionally, thetype of airaaft that isto follow each ine should be
clearlyindicated.

2.3.14.Whereit is considerednecessay to distingush betveenlead-in linesand
lead-out lines, arow heads inttating the directions tobe followed should
be addedto the lines. The deggnation rumberletter of the standshouldbe
incorporded in the lea-in line (see Figure 2-9). Additionaly, a stand
identfication signshould beprovided at the back of the stande.g. on the
building or a pole, so as to be clearly visible from the cockpit ofan
agoplane.

2.3.15.Examplesof referencebarsand thér funcions ae:
a. turn bar(indicates the pint at whichto begn aturn);
b. stopline (indicates thepoint at which to stop)and
c. alignment lar (assistsin aligning theaircraft on the desedangle).
Figure2-9 shows an example of the use of a), b) apd c
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Lead-in line
e

N
N

Figure 2-2. Simple nosewheellead-in line

44



Guidance Material of Visual Aids

7= s A=
s ‘—-L/ a0

N
e

Figure 2-3. Offset nog-wheellead-in line

Characteristics ofreference bars.

2.3.16.Turn barsor stoplinesshould be in the orderof 6 m in lengh andnot less
than 15 cm in width and of the same colour asthe guideline, i.e. yellow.
They shouldbe located to the left side of and at right angles to the guide
linesabeam thepilot seat atthe point of turn andstop. The turn bars may
include an arow and the words fi FULL T U R Na&s in Figure 2-4. An
alignmentbar should be at leastin the orderof 15m in lengh and15 cmin
width and be faced so & to be visibe fromthe pilotsea.

Grouping of arcraft to reducethe number ofturn bars and sop lines.

2.3.17 Whereanaircraft standis meantto beusedby seveal aeroplanetypes, it will
benecessary tgroupthem toreduce thenumber of turn bars andstop lines.
There is, however,no agreedor widely used method for growing
agoplares. In the case of sdf-manoeuving sends, one can group
aeroplanes Hat have siilar turning capablities and geanetry; it is even
possible to niclude smaller aeoplanes tiat might have disimilarities
provided tha, in following the guidelines,they do not transgresshe outline
of thearea nealed bythertypeswhich dictate the standclearances. Fonose-
in stands,one isperhas less concmed withsizeand turning capablity than
with suchfactorsas exit locationsand thetype of aeobridge orpasseng
gangwayavdlable. Where hydrantrefuelling is insalled, refuelling points
must alsobe taken into accountOnethereforeneeds tcstudy theindividual
situation at eachairport and tailor any groupingto facilities avalable, the
mixture of aeroplae types and #ir numbers, apon layout,etc.
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Apron taxiway centre line

Figure 2-4. Straight lead-in line

Coding systenfior turn bars and stop lines.

2.3.18.Wherean aircrdt stand is usedby two or three typesof aircraft only, it is
possble to indicate by apaintedinsaiption the aircraft type for which each
set of markingsis intended.Where an aircraft stand is meantfor seveal
aircraft types, theremay be a need tocodethe turn barsand stoplines to
simplify the markings ando facilitate safeand expettious manoeuving of
aircraft. Thereis, hoveve, no agreedor widely used cding sysem. The
codingsystem adogtl shouldbe such that pilots canunderstandand useit
without dfficulty.

Towing lines.

2.3.19.Whereaircrdt areto betowed,guidelinesmay beneededfor theoperator
of thetrador to follow.
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Turning centre
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R = Radius of nose turning

R’ = Radius of nose-wheel turning

Figure 2-5. Turning line and reference bars

Apron safety lines

2.3.20.Safety lines will be required on an apron to mark the limits of parking
areas for ground equipent, sevice roals andpassengs faths, et. These
linesare narrowerand of a different colourto differentate them from the
guide lines usedfor arcraft.

Wing tip clearance lines

2.3.21.Theselines shoulddelinede the safety zoneclear of the path of the critical
aircraft wing tip. The line should be drawn at the appropriatedistance
mentionedin 2.3.2 outdde the nomal path ofthe wing tip of the critical
arcraft. Thewidth of the lineshouldbeat least 10 an.

Equipment limit lines.
2.3.22.Theselines are usedto indicate the limits of areas which are intended for
parking vehicles andaircraft sevicing equipment when they are not in use.
Sevea methodsare currentyin useto idenify which side of a safetyline is
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safefor storageof such vehiclesand equipnent. At same airpotts, thewords
i E comeint Limitod are painted onthe side used byground equipment and
readeble from that side. The heightof the letters is about30 cm. At othes,
spurs or an additiorel line (a discontinuousline of the same colour or a
confnuous lineof adifferentcolour) is provided ononesideof thesafetyline.
Theside onwhich suchspursor an additionallineis locatd is consderedsafe
for parkingvehicles and egyment.

B
a) b) c)

Figure 2-6. Simple nosewheellead-out lines

L NEZE N A N N 3

b)

Figure 2-7. Offset nosewheellead-out lines
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Terminal building
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Service road
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Turn bars

Figure 2-8. One method of marking superimposed $sands
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NOTES:
1. The ninbe r igitifeaircraft stand number.

2 Solidlines and barare for arcraft X and doted linesandbarsfor aircraft Y.
3. Alignment bar is for all types ofiecraft usingthe gde paition.

Figure 2-9. Examples of referencebars

2.3.23.Passenger path linesTheselines areusedto keeppassegers, whenwalking on

the apron,clear of hazads. A pair of lineswith zebrahatching beéween thenis
commonly used.
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2.4. TAXIWAY EDGE MARKERS

2.4.1.

2.4.2.

2.4.3.

2.4.4.

2.45.

At small aerodranes,taxiway edgemarkersmay beused,in lieu of taxway edge
lights,to delneatethe edgesof taxiways, particularly at night. CAR-14, Part 1,
recommendstheuse of suchmarkerson taxiwayswherethe codenumberis 1 or 2
if taxiway certre line or taxway edje lights are not present.

On a straight sectionof a taxiway, taxiway edge markersshould be spacedat
uniform longtudinal intervals of not more than 60 m. On a curve the markers
shouldbe spacedat intervals lesgshan60 m saothata clear indcation of thecurve
is provided. The markers shoulde locaed asnear aspracti@ble to the edgesof
thetaxiway, or outsidethe edgesat a dstance ofnot more than 3n.

A taxiway edge marker shdl be retro-reflective blue confaming to the
spedfications in Appendix 1 ofCAR-14, Part 1 Themarked surfaceas seen by
thepilot should be aectangle and hava minimum viewing area of 150 cn.

The markers commonly usedare cylindrical in shape.ldedlly, the desgn of the
marker shouldbe such that, when installed propety, no portion will exceed 35
cm total height abovethe mouning surface. Howeve, wheresignificant snow
heights are possble, markersexceedng 35cmin heightmaybeusel, buttheirtotal
heightshould be sufficiently low to peserve cleance for propelersand forthe
enginepods of jetaircraft.

A taxiway edgemarker shdl be lightweight and frangide. One type of marker
meeting these requrementsis detailed in Figure 2-10. The post ismade up of
flexible PVC and its colouris blue. The sleese, which is retio-reflective, Is ako
blue. Note hatthe areaof the marked suface is150cn?.

200 mm 250 mm

Figure 2-10. Taxiway edge marker
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Chapter 3

Signal Areaand Panels

3.1. GENERAL
3.1.1 A sigrdl area needonly be provided when it is intended to use visual

3.2.

3.1.2

grownd sigrels to conmunicate with aircrét in flight. Suchsigrals may be
nealedwhentheaeodrame does nothavean agodrome contol tower or an
aeodrome flight information sevice unit, or whenthe aerodrome is usedby
aeroplanesiot equiped with a radio. Visual ground sigrels may also be
usefulin the caseof failure of two-way radiocommunication with arcraft. It
should be recognized however,that the type of information which may be
conveyedby visual ground sigrels should nomally be avalable in AIPs or
NOTAM. The potentiaineed for visual groundsignalsshould herefore be
evaluated beforededding to provde a ggnalarea.

Annex 2, Chapter4, includesspecfications on ten different typesof visual
groundsignals whichcover such agpectsas theshape, colour(s), location
and purpose of eactsignd. Additionaly, CAR-14, Part 1,Chapter 5
includes detaiked spedications on the landing direction indcator and the
signal area. The following paragraphs plain briefly how the sigrdl area,
thesignal panels and thdanding fi T dd bs topsucted.

Design
Signal area
3.2.1. The sigrel area should be an evenhorizontal surface at least 9 m square.

It should be consructed of cement concretereinforced with an adequée
guantty of steel to avoid cracks resulting from unequalsettlement. The top
surfaceshould be finished smooth with a steeltrowel and coaed with paint
of appropriatecolour. The colour of the signal area shouldbe chosento
contrastwith the colous of the sigral panelsto be displayed thereon. The
sigrel areashouldbe surounded by a whitborder not lesghan 0.3 nwide.

Signal panels and lanéh g Tofi
Dumb-bell
3.2.2. This signal shouldbe constucted of wood or other light material. The

dumb-bell should consst of two circles 1.5 m in diameter connectecby a
crossbarl.5 m long by 0.4 m wide asshown inFigure 3-1A. It shouldbe
panted white.

Landing ATO
3.2.3. Thelandngf T shouldbe congructed of wood or otherlight material and its

dimensons shouldcorrespondto those shownin Figure 3-1B. It should be
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paintedwhite or orange. The land g fihduld besmountedon a ement
conaete pededal adequately reinforced with steel bars to awid cracks
resulting from unequal settlement. The surface of thepedetl should be
finishedsmoothwith asteeltrowel andcoatedwith paintof approprate colou.
The colourof the pedestakhould be thosento contrastwith the colour of the
landng i T Before fasening the landing i T ldese to the corcrete pedestal,
the mouning bots shauld be checked forcorrect spaing. The landing iT 0
should be asembled and mounted in accadance with theman uf act ur er 6 s
installation instructions.It shouldbefree tomove abouta vertical axissothat
it canbe set in any direction. The under surfaceof the landingfi T évhen
mountedon its pedestalshouldbe not less than 1.25m above groundevd.
Whererequiredfor useatnight, thelandngf T shauld either beillu minated or
outlined by whitelights.

Red square with yellow cross

3.2.4. The dimensions of this sigral panel, which relates to prohibition of
landing, should correspond tothoseshown in Figure3-1C. The sigral panel
can be construced usinga 3 m x 3 m gahanized ron sheé The yelow
crossshould firstbe paintedandthenthe renaining aea shouldbe pairted
red. The sigal panel shald be provded with at least two hanell to
facilitate handling.

Red square with yellow diagonal
This signal pané, which is shown in Figure 3-1D, should be
corstructed generally followingthe principles explained in the preceding
paragrah. Theonly differenceis that thesignal panel will show a ydlow
diagonalin lieu of the yellow toss.
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C. Red sguam withyellow cross
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WHITE WHITE £ WHITE OR ORANGE | ;I
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A. Dumb-bell signal 8. Landing “T"

D. Red square with yellow diagonal

Figure 3-1. Signal panels and lanéh g Tofi
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Chapter 4

Light Characteristics for Runways and Taxiways Used in Low
Visibility Conditions

4.1. FACTORSDETERMINING REQ UIRED LIGHT DISTRIBUTION
The required lightlistributionis dependenbn four main fectors. Thesere:

b. the extent to which the aircraft may be expeded to deviate from its
nominal or ideal flight path during its approach for landing. Such

deviations arecontanedwithin what iscalled thefiflight pathenvelop e 0 ;

c. the range of i eeyo-whedod and il yeto-a e r heightsoof aircraft for
currentandplanred operations;

d. the distanceup to which the lights must be visible at any particuar
stage of the approachtouchdown,roll-out, take-off and taxiing pheses
andthevisibility conditionsin which the ightsmust provide gudance;

e. theavailable dovnward view in front of the airaft; and

the extent to which the aircraft may be expectedto deviatefrom the

taxiway centre ine whertaxiing.

bl

4.2. FLIGHT PATH ENVELOPES Categoiiesl and Il

4.2.1.

4.2.2.

Flight path envelopes used in degning thelighting for approachesand the
ground roll on therunway areshownin Figure A-4 of Attachment A to
CAR-14, Part 1,They are based 089 per cent is probaility valuesfrom
Obstate Clearance Panel (OCP) datafor points at dstances of 600 m and 1
200m from therunway theshold.

The upperboundariedakeinto account the height of the pilot Geyes above
the ILS/MLS receiver antenna on the aircraft. The Category | and I
boundariesbasedon these data have beenteminated at the respective
minimum dedsion heights, i.e. 60 m and30 m respectively. Below these
heightstheflightenwe opesaredefined by theli mits of theflight pathswvhich
would result in a satisfactory landng in visual conditions. The lower
bourdary of theCategoy | envelopehasbeen setat two degreesdevation
with an origin at the outemost approach ilght to cater for non-precision
approabesin goodvisibiliti es.

Category Il

4.2.3.

At the time when the flight path envelopes were defined, there were
insuficient Caegory Il flight data available orwhich to baseCategory 111
flight envdopes.Thevertical boundarieshownin Figure A-4 of Attachment
A to CAR-14, Part 1,,arethosederivedfor Categoy Il boundaris, truncated
at an upper decision height limit of 30 m, which would genealy be
asseiated withthe upper runwayvisualrange RVR) valueof 350m. In the
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horizontal planethe laeral offsetlimit at touchdownis 10 m either side of
therunway cetre line. Ata heightof 30 m theaircraft shauld be within the
width of therunway;this pointon thelower bourary is takerasthe staring
point of the lateral boundary.

4.3. OPERATIONAL REQUIR EMENTS AND ASSUMPTIONS

Category |

4.3.1. In Cate@ry | operating conditions, the runway and approach lighting
sydems must be efedive not only atthe limiting RVR of 550 m butalso in
intermediateandgood vishiliti es.

Category Il

4.3.2. In Categoy Il opegting conditions,i.e. 550 m to 350 m RVR, red side
row barrd@tesare provdedto supplenentthe lateraland longitudinal pasition
information available from theinner 300 mof the approachlighting system,
touchdownzonelights are provided to enhancesufacetexturalcuesduring
the flare manoeuve and runway certre line lights are insalled toimprove
steering guidarce during the groundroll andduring takeoffs in this range of
visibiliti es.

Category lll

4.3.3. In Categoy Il operatng condtions, the sane visual guidarce as provided for
Categoy Il conditionsis requred for taxing, take-off, landng androll-out. This
guidarceis requred in \sibilities down to e lowerlimit
of Category I11B, i.e. 50 mMRVR.

4.4. OPERATING PROCEDURESIN RVR LESS THAN 350 M Taxiing

4.4.1. Pilots taxiing aircraft in low visibility corditions are guided by visual
reference to medium/high-intensitygreen centreline taxiway ights.In these
corditionsthe i £-and- bes e e n 0 lepwillinat alivags beeffedive in
maintaining safe gearation between aicraft. To safeguard aircraft
apprachingtaxiway andrunwayintersectbnsandto prevent taxiing aircraft
from infringing on ILS/MLS critical/sensitve areas while other aircraft are
approabing to land, stopbarsare neededto regulate aircraft at recognized
holding points. More detds are gven in ChapterlO.

Take-off

4.4.2. Therunwaycertre line lightsand markingsare the primary visualcues used
by the pilot to provide directional guidance urtil the aircraft is rotated.
(Runway edgelights have arole intakeoff or landingif the aircraft startsto
deviate signfficantly from therunway centre ine)From ths point the pilot
completes the take-off by referenceto flight instrumens. If the takeoff is
abandoed beforerotaton speeds reached, He pilot continues torefer to
the centreline lights and markings untl the aircraft is brought to rest, or
taxiedfrom the runway.
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Landings

4.4.3. In all Category Ill operationsthe non-visual guidancesystems are desgned
to deliver the landng aircraft to a position over the runway from which a
safelandng can be made. If the aircraft is not delivered to the presaibed
postion in spacewithin closdy definedlimits, thenthe missed appro@h
procedure isnitiated. Landings in Categaoy II1A condtions aremadewhen
thepilot is satisfied, by refeence to therunwaylightsor markings,that the
aircraftGs position is within the overall width of the touchdavn zoneandthat
the aircraft is traking satisfactaily in azmuth. The plot must asses
whether or not he visual sgment of the runway certre line lighting is
sufficientto enablemantal completion of theroll-out.
In thehighervisibilities of Categay I11A, same benefitmay be derivedfrom
theinner300 mof approachighting becawe the pilot will be ableto assess
position and track relative to the runway certre line before crossng the
threshold.For operationsn Categoy 111B minima, the approachflare and
initial roll-out are entirely automatic. The pilot transfers tovisual cues to
identify the turnoff from the runway andthento follow the taxiway centre
linelighting sydems.

4.5. ANALYSIS OF LIGHTING DE SIGN

4.5.1. In deiiving the Ight characeristicsshown inCAR-14, Part 1, Appendix Eigures

2.1t0 2.10, the following principlesand procedures have beappled:

a. thefog is ofuniform density;

b. the overll lighting sysem shouldbe balancedin the sensethat the
visual segnent seen bythepilot geneally increases coninuowsly; and

c. for a given meteordogical visibility, the length of the visual segnent
seen after intial conict should be the same for all approach paths
within the approach envepes.

4.5.2. Aircraft are assuned to follow the boundaries defined in Figure A-4 of
Attachment A to CAR-14, Part 1 Thevisualrange,the elevaion anglesand
the azimuth angle fetweenthe arcraft and representiate light positionsin
the approachand runwaylighting patterns at posiions dong the boundaries
are @lculated fora number of value®f visual segment.

4.5.3. The caregponding valies of theintensity needed tameetthe visual range
requirementare cdculated foreachcaseusingAll a r Ldwé, or arange of
values of theequivaknt meteordogical visibility appropréte to the tree
ICAO caegories of lowvisibility operationfor dayight valuesof thepiloté s
illuminance thresold (104 to 102 lux).

4.5.4. The above calculatons are repeted for various aircraft types using
appropriate values of the cockpit cut-off angle (the distance aheadof the
aircraft thatis obsaired from thepilot bythecockpit andnoseof theaircrdt;
Figure4-1 refers) andaircraft dimensonspertaining tothe ILS/MLS receiver
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aeria-to-eye heightduring the approachand thewhed-to-eye heightduring

the groundroll. The resultinginformaton is plotted to give the theoretical
angubr distribution of luminous intensty requred for that ight in the

pattern. Computer modeling techniques are the besmeans of developing
these spedfications.

Alignment and manufacturing tolerances

4.5.5. In genea, eevated lights are more proneto misalignment during sevice,
while insetlights demand very accuratealignmentduring initial installation
becaise subsequent cacation isdifficult to achieve.Thevariationsfrom the
norm clearly dependupon, among other things, the quality of desgn,
congruction and maintenance,but areunlikely to be more thanonedegree.
Congguenty, atolerance of onedegreeshould be addedto eachside of the
argles inCAR-14, Part 1, Appendix 2, Figure 2.1 to 2.%hen speidying
the output charateristics of the fittings. Furthemore, when marnufactuiing
light fittings, it is important that the specfied tolerances befollowed to
ensue thatall fittings meetthe spedfication. If lightsare not marufactured
and aligned to the specified tolerances, lighting paterns will give
incongstent visual segnent.

4.5.6. During the desgn and assesment of the lighting spedfied in CAR-14, Part 1,
Appendix 2, Figure 2.1 to 2.1@ was assumed thatthe referencepoint for the
desgnation of setting angles would be the geametric certre of the inner (main
bean) ellipse. It was also assmed that the light distribution within the main
beam would be symmetical about the beam cerire and that using the
measurenent gid shown inFigure2.11 the highest irtersity would occur within
one degee of the geanetric beamcertre. Light units not conforming to these
dedgn assumptions may result in dgnificant discattinuities in the guidarce
provided topilots.

4.6. LIGHTING SP ECIFICATIONS

Gereral

4.6.1. CAR-14, Part 1, Appadix 2, Figure 2.1 to 2.1Ghow is candéa diagrans,
toe-in values (whereappropriate) and sdting angles (wherexppropriatefor
alighting sysem degyn suitable for useon all categories(i.e. I, Il or lll) of
precisionapproach runways. The is candéa curves are ellipses computed
from theequation (x¥/a?) +(y?/b?) = 1 where thevaluesof a andb areonehalf
of the horizontal andvertical beamspreadsrespectively. In plotting these
curves,theaxisof thebeans has beemusedasthe origin, andsdting angles
arenotincluded. Iniersities are indicated for thespecified colour of thelight
exceptthatwhite only is shown for runway edgeand cetre linelights. The
spedfied intensitiesare the requred n-seavice valles to meet operational
criteria. Lighting systems shold therdore be degned sahat when they are
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4.6.2.

4.6.3.

4.6.4.

installed hey arecapdle of providing the light outputs Bown in CAR-14,
Part 1, Appendix 2, Figure 2.1 to 2.10he intersities spedfied are the
minimum values applicable to al newly marufactued light units, and he
maintenanceobjectve shouldbe to maintain these intersities in service.
Referenceis madeto Chapter?7.

The lights shown in CAR-14, Part 1, Appendix 2, Figure 2.1 to 2.1@ve
beendesigned to support all landing opeiations downto approximately 75
m RVR for aircraft coupled accuately to anappropriate precisiolL S/MLS.
Theywill also provide guidancefor manualappoachesusing low acctecy
instrument approachaids. Fortake-off, these lights will provide adequate
guidance down to approxinately 100 m RVR.

CAR-14, Part 1, Appendix 2, Figure 2.12 to 2.lidt the intensityand beam
covaage required of taxiway certre line lights for taxiways intendedor
usein RVR conditionslessthana valueof the orderof 350 m. Theselights
will provide adequatelgdance down to apprimatdy 100 mRVR.

CAR-14, Part 1, Appendix 2, Figure 2.15 to 2.li6t the intensity andbeam

covaagerequiredof taxiway cente linelights for taxiwaysintended for use
in RVR conditions of the ader of 350 m or geder.

59



Guidance Material of Visual Aids

Approach boundary

Visual range of light

Elevation
angke A

Cockpit cut-off angle

B . Visual
e — h i _,|4_
Distance of light from threshald: Segmel

B. Azimuth

A Elevation
a
Approach boundary
Visual range.
of light
i Cockpit cut-off line
7777777777777 Azimuth
7 \\ gngie
7
Z / / "/
|e—— Distance of light from thrashold ——»{«— V'S4
. segment
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4.6.5. The intersity and beam cowvage shown in CAR-14, Part 1, Appendix 2,
Figure 2.17 to 2.19,are specfied for usein advaned surface movement,
guidarce ard control systens (A- SMGCS) andwhere,from an operational
point of view, higherintensitiesare requiredo maintain ground movements
atacertainspeedin very low visibilities or in bright daytime conditions The
circumstanceswhere this lighting would be usedshould be egablished by
a spedfic study. For exanple, such a study may show that lighting
confaming to Figures2.12 to 214 will not allow the pilot to see enough
lights to continuously maintain the aircraft on the assgned route in the
conditions describedabove. The pilot may not be ableto see a sufficient
number of lights becauseof the density of the thickest fog in which
operationsare planred to takeplace orbecawe the extent of the view thatis
obsared inmediately ahead of the aircrafcockpit cut-off) is large.

Taxiway centre line lights

4.6.6. RVRsof the order of 350 m or greater. For operationsin such visibilities,
taxiwaylights are geerally used to provide steeg information as oppsed
to indicating the dection of aparticdar route. For daytme operations,
taxiway lights arenot necessay. At night, intersities of 20cd in greenlight
are @equae. This caneasly beachieved omnidirectionally as wi as by the
lights specified in CAR-14, Part 1, Appendix 2, Figure 2.15 to 2.E6r
difficult locations (suchashigh brightness backgoundand variabledensty
fog condtions),a minimum aveageintensity of 50 cd may be neded.

4.6.7. RVRsless than a value of the order of 350 m. Operationalexperienceand
simulator trials haveshowntha aircraft canbe manoeuved safdy alonga
taxiway which hasthe centre line definedby lightswhenthe pilot canseea
visual segnentof the orderof 50 m. Within sucha segmentthe paosition of
the centre line can be adequatelyperceived by a minimum of three lights,
spaed at 15 m intervals. Thus, the distance of the furthest percived light
from thepilot will be 45 m, plus the distance aheadof the aircraft thatis
obscuredrom the pilotby the cockpit and nose tfieaircraft.

4.6.8. For staight sections of taxiway, the azmuth beam coveage is
comparatively easy to define. It is necasary only to provide sufficient
lighting to alow thepilot to taxi on or neathe centre line.

4.6.9. Various methods of steering large aircraft araund curves are currently
prectised. The preferredmethod requires the pilot to steer the airefft,
keeping the coghit continucusly over the taxiway centre line. This
techniguerequiresthe constuction of fill ets on the inneredges othe curves
and atintersectionssince the main wheels of the aircrat will track well
inside the path of the nose wheel. In an alternative method, the pilot
endeavours to keep the aircratés nose wheel tracking along thetaxiway
cente line. On large aircradt wherethe cockpit is considerably aheadof the
nosewheel, thepilotés position will trace a pth wdl outdsdethe cente line
of all curves,and fillets may still be neessry.
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4.6.10.The requrements for taxiway cente line lighting spedfied in CAR-14,
Part 1, Appendix 2are basedupon thecockpit over centre ine trackig
technique, which foll ows therecommenddion of CAR-14, Part 1, Chapter 3.
Where other techniques are used, wider horizontalbeam coveagewill be
required to extenthe light covaage substamlly outside the tangentto the
curve.

4.6.11.For curvesand intersecions having radii of less than 400 m, the standard
spadng of lights shouldbe half the spaéng of the straight sedions. (The
radiusof mostcurvesis lessthan200 m.) Radii greaterthan400 m nomally
occur in specal circumstances for exanple, fag turnoffs from runways
where the radiws is so large that straight sedion spaings are sitade. The
requiremert for operatiors in RVRs less than a value of the orde of 350 m
is, therefore, that thespacing d the lights for graight sections of the taxiway
is15 m and th& on ard nea curves a stardard spacing of & m should be
admted.

4.6.12.Expeilierce has shown that the closer spacing of lights before a curve
gives adequate warning of amminentchangein direction topilots taxiing
in low visibilities and tus alowsthemto adjust their speedin anticipation.
Closerlight spaéng should be provided up to aninimum distance of 60m
before thestart of the cuve.

4.6.13.Aircraft using the codkpit or nose-wheel tracking techniques may emerge
from a curve witha large headng eror relatve to the taxiway certre line.
Thus, in order to accommodéae low visibility operations, it is desirable to
continue closer spadng of lights asimilar distanceof 60 m afterthe curve.
This asgststhepilot in realigningthe aircraft and gives asmooth lead-in to
the greger spaing of the straght sction fittings.

4.6.14.The azmuth beamcoveage for lidits on curvesis govened by the
requirementto:
a. maintain a minimum segment of ttree lights
beyond te cockpit cit-off;
b. provide information on the rate ofchange of
direction ofthe curve;
c. indicate the magniude of any dispaceament of
the aircraft from the taxiway certre line; and
d. operate namally in bath directionsof travel.

4.6.15.Figure 4-2 illustrates how to cdculate the beam coverage required of a
certre line light ona bend,using a pilot postion of 60m from the bendas
an example. The figure shows therelatiorship betweenthe position of the
light on the bend,the azmuth beamcoveage requiredg) and the radiusof
the bend (R). It also shows that small radus curves will definethe
requiramentssince theyneedthewidest beam coerage.If all the curvemust
be visible, then theta= 90 degreesfor a curve radus of 40 m, the beam
coveragerequred is68 degress. If theta is reduced t60 degees(2/3 of the
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bend), thenthe beam covage ing&de the bendshouldbe 50 degreesA 3-
degreecoverageis required outdde the tangent tothe curve sirce, in
practice, the cockpit will not track the centre line precisely.For an arcraft
operating inRVRsless than avalue of the orderof 400 m whenonly three
lightsmay be seenfrom the startof the bend, the beam coveageinside the
tangentshould be 35 degreesput this will not be the optimum value for
RVRs greater than 400 m. At airports where thereis a complex taxiway
sydem, the requirementsat thoseintersections whereseveal taxiway routes

converge may be met by multiple installationof restricted beam width
fittings.

4.6.16.Lights with similar beam coveageshould beretaned for a distance of 60 m
beyand the curvejotherwise the visual segnentwill decreaseasthe aircraft
progressesaround the curveln low visibilities this could result in there
beingfewerthanthree lightsvisible to the pilotat a spamng of 7.5m.

4.6.17.Stop bars. The intersity and beam coveage of the lights should not be

less than those speiied in CAR-14, Part 1, Appendix 2, Figure 2.12 to 2.16
as appropate.

4.6.18.Wherehigher intensitiesarerequired to erhancethe conspicuty of lights or
increasethe viswal range of the lights, particularly wherethe lighting forms
part of an advaced surfacemovement guidarce and control system, the
spedfications shownin CAR-14, Part 1, Appendix 2, Figure 2.17 to 2.19,
should be used hecircumstanes where this lighting would be usedshould
beegablishedby aspedfic stuy.
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Figure 4-2. Taxiway lighting geametry

64



Guidance Material of Visual Aids

5.1.

5.2.

5.3.

5.4.

5.5.

Chapter 5
Light Intensity Settings

Light intensitysettingsfor different visibility rangeqday conditions)aregivenin Table 5-
1. The intensities specfied apply to the main beamdimensonsrecommendedin CAR-14,
Part 1, Appendix 2, Figure 2.1 to 2. Backgrounduminances arebetweenl 000 cd to40
000 cdper sqare metre. During conditionsof bright day (backgrand luminance morethan
40 000 cd per squaremetre, exenplified by sunlit fog), the maximum intersity settings
should always be used.Although themaximum is nomally usedduring the day, itis the
practicein some Countries when conditiongemit, to usea lower setting becase the
lamp life is greatly lengthenedhen lanps ae opeated at aeducedntensity.

Table5-3 spedfies light intersity settingsfor different visibility ranges (night conditions).
The intensities specified apply, eventhough they differ from the main beamdimensions
recommended in CAR-14, Part 1, Appendix 2, Figure 2.1 to 2.1@ccordng to
Annex3, Attachment D,the background luminances at standardnight (to be used for
RVR calculations from trangmissometer readings)aredefined as4 cdto 50 cdper squae
metre. Howevea, measuements at several airfields have shown thagt the currently
recoommendedintensity settings, backgound luminarces are lower thanl5 cdper sguare
metre. In good vishility and outside urbanareas, background luminances may evenbe in
the orderof 0.1 cd persquare metre or lower; under theseconditions, the lowestintensity
settings (column 6) might be found useful.

WhereasTable 5-1 was devdopedon the basisof well-egablishedpractices, Table 5-3 is
basedon theoreti@ considerations canbined with experence from flight trials. For each
visibility condition, arangeof intensty settingsis presated. It is reconmended thaStaes
adapttheir intersity seting procedires such that the values andesyecially the lighting
intersity ratios givenin Table 5-3 are followedasclosely as posible to provde balanced
lighting intensities.

Table 5-2 spedfies light intersity settings for dawn and dusk conditions (twilight). It is
basedon the assunption that the requiredsettings are to be idertified at valuesthat lie
betweernthevalues shavn in Tales5-1 and5-3.

Figures5-1 to 5-3 presat thedatagivenin Tables5-1to 5-3 in graphical form. Eachfigure
combinestheappropriate datéor eachtypeof light. Information on the method used to
devéop this graphtal presentation is given in Appendix 5
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Table 5-1. Light intensity adjustments for day conditions (background luminance = 1 000
cd/m? to 40000 cdm?)

Runway visual range? or visibility
RVR 800 m to RVR 1500 to
RVR < 800 m RVR 1500 m vis 5000 m Vis > 5000 m
Lighting system (Notes b & ¢) (Notes b & d) (Note e) (Note f)
Approach centre line and crossbars 20 000 20 000 10 000 =
Approach side row 5 000 5 0009 2 5009 -
Touchdown zone 5 000 5 0009" 2 5009 -
Runway centre line 5 000" 5 0009 25009 -
Threshold and wing bar 10 000 10 000 5 000 -
Runway end 2 500 2 500 2 500 -
Runway edge 10 000 10 000 5 000 -
NOTES:
a. Forthepurposesof devéopingthis table,it is asumedthatRVR values arebased

5 a@mo

on an intensity of 10 000 cd and a background luminance of 10 000 cd/m2. Where
RVR measurenentis not availablemeteorological visibility will apply.

ForRVR valuesless than 1 500 m, theintensitysdting sdeded shouldprovidethe
balancedlighting system reqired byCAR-14, Part 15.3.1.10.

When the RVR is less than 400 m or when the background luminance is greater
than 10 000 cai?, higherintensitiesvould be beneéial opeationally.

When the backgound luminance is less than 10 000 cd/m?, an intersity half of
thosespecfied may beused.
Theseintersities are tde used foapproachesrito low sun.
At visibilities greatetthan 5 kn, lighting may beprovidedat the plot's reques
Wherethese intersities cannotbe achieved, the maximum intensity setting should

be provided.

The proision and opestion of these lights are ptiond for these vsibilities.
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Table 5-2. Light intensity adjustmentsfor twilight conditions? (background luminance= 15
cd/m?to 1 000 cdim?)

Runway visual range? or visibility
RVR 800 m to RVR 1 500 to RVR 5 000 to
Lighting system RVR < 800 m RVR 1 500 m vis 5 000 m vis 8 000 m Vis > 8 000 m

Approach centre line and 5 000-10 000 3 000-6 000 1 500-3 000 500-1 000 150-300
crossbars

Approach side row 1 000-2 000 500-1 000° 250-500° 100-200° -
Touchdown zone 1 000-2 000 500-1 000° 250-500° 100-200° -
Runway centre line 1 000-2 000 500-1 000° 250-500° 100-200° -
Threshold and wing bar 2 500-5 000 1 500-3 000 750-1 500 250-500 75-150
Runway end 2 500 1 500-2 500 750-1 500 250-500 75-150
Runway edge 2 500-5 000 1 500-3 000 750-1 500 250-500 75-150

NOTES:

a. Toensue that the valuesadoptd for the different elementsof the approachand
runwaylighting sygem arebalanced,the intensity setings of the lighting sygems
shouldbe uniformly in onepartof the tolerance rangesshown,i.e. towardsthetop,
thecentre or the batom.

b. Forthepurposesof devdopingthis table,it is asumedthatRVR values arebased
onanintensty of 5000cd anda badgroundluminance of 200 cd/m?. WhereRVR
measuement is notavailable, meteorological visbility will apply.

c. Whereprovided,theselightsareto be operted at the intendies shown;however,
their provision is optonal for these visibiliti es.

d. Wheretheseintensily settings canrot be achiewed, the maximum intensity setting
should be provided
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Table 5-3. Light intensity adjustmentsfor night conditions®
(background luminance = 15 cd/m)

Runway visual range® or visibility
RVR 800 m to RVR 1 500 to RVR 5 000 to

Lighting system RVR < 800 m RVR 1 500 m vis 5000 m vis 8 000 m Vis > 8 000 m
Approach centre line and 1 000-2 000 600-1 200 300-600 100-200 50-100
crossbars
Approach side row 250-500 150-300° 100-150° 25-40° -
Touchdown zone 200-500 150-300° 100-150° 25-40° 10-20°
Runway centre line (30 m) 200-500° 150-300° 100-150° 25-40° 10-20°
Runway centre line (15 m) 200-500° 150-300° 100-150° 25-40° 10-20°
Runway centre line (7.5 m) 200-500° 150-300°¢ 100-150° 25-40° 10-20°
Threshold and wing bar 1 000-2 000 600-1 200 300-600 100-200 20-40°
Runway end 1 000-2 000 600-1 200 300-600 100-200 20-40
Runway edge 1 000-2 000 600-1 200 300-600 100-200 20-40

NOTES:

a. To ensuethatthevaluesadoptd for thedifferent elementsof theapproachandrunway
lighting system arebalancedthe intersity settingsof the lighting systems should be
uniformly in onepartof thetolerarce ranges sbwn, i.e. towardsthe top, the centre or
the bottan.

b. For the purposesof devdoping this table, it is assumed that RVR values arebasedon
an intersity of 1 000 cd and backgound luminarce of 15 cd/nf. Where RVR
measuement is notavaiable, meteorological vishility will apply.

c. Whereprovided,these lightsareto be operted at the intensites shown;however,ther
provision isoptional for thesevisibilities.

d. These intesity settingsmay needo be ircrea®d for tale-off in RVRs below 400m.
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Figure 5-1. Approach centre lineand crossbars
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Chapter 6

Runway L ead-in Lighting System

6.1. A runway lead-in lighting sygem may be requied to provide positive visual guidance
along a specific appioach path, generdly segnenied, whee special problems exist with
hazadousterran, obstuctionsandnoise datement poceduresSucha system conssts of a
series of fashing lights installed ator near ground level to mdicate the desred courseto a
runway or final appioach. Each group of lights is positioned and aimed so as to be
converently sighted from the preceling group. The approabing aircraft follows the lights
undercondtions at or &ove appro@h minima. The path may be segnerted, straight, or a
combination thereof,asrequired.The runway lead-in lighting sysem may be teminated at
any appoved appro&h lighting system, or it may be terminated at a distance from the
landng thresholdwhich is compatible with authorizd visibility minima pemitting visual
reference to therunway ervironment. The outer portion uses groups of lights to mark
segnents of the apprach path beginning at a point within easy visual rangeof a final
approachix. Thesegroups may be spacedclose enoughtogether (approximatey 1 600m)
to give coninuouslead-in guidance. A group congsts of at least three flashinglights in a
linear or cluster configuration ad may be augmented by stady burning ilghts where
required.When practiable, groupsshould flash in sequencegoward runways.Eachsystem
must be designed to suit lo@l conditionsand toprovide thevisual guidanceintended. A
typical layout of such a sgemis illustratedin Figure 6-1.

6.2. In same locations there may be a needfor very accuate horizontal guidancedue to the
presencef obstales or residencedocated nearthe nommal approachpath. In such cases, the
sydem needdo be augmented at eachgroup bya light that accuratelyprovides algnment
information.
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Chapter 7

Circling GuidanceLights

7.1. INTRODUCTION

7.1.1.

7.1.2.

7.1.3.

Paragraphsl.4.10 and 1.4.36 of this Guidane material explain how circling
guidance ights are used in visual meteorological conditions (VMC) and
instrument meteorological conditions(IMC), respectively. Additionally, Figure1-
3 illustates the séndard taffic patern for VMC. The Procedues for Air

Navigation Savicesd Aircraft Operdions, Volumell 8 Constructionof Visual

and Instrument Flight Procedues (Doc 8168), Part 1ll, Section 1.8contahs

guidance ortonstructingvisualmanoeuving (circling) aras and caulating their
dimensons.

Fora cirding approactihe following guidancetould be preided:

a. adequée indication of the direction or location of the runway. This would
enablea pilot to join the downwind leg oglign and adjust thérack to the
runway;

b. adistinctindication of the thresfiold so that a pilot can distinguishthe

threshold in passing; and

c. adequée indication of the extended runway certre line in the

direction of the approacland compatble with the threshold indication
to enablea pilot to judgethe tun onto laseleg and final approah.

The needfor and design of circling guidarce lights vary from location
to location depenihg on suchfactors as thecircling approach procedre
used,the typesof aircraft usingthe runway, meteorolaical conditions,and
typesof lights available. At most arports,runway edgelightsandapproach
lighting sydems provide all the guidame that is required. Consequently,
specal lights for circling guidance would be neededonly where these
sydems do not sdisfactorily provide the guidance identified in7.1.2. The
provision of addtional lights for circling guidanceis not usually a major
prodem. In geneal, the lights shaild be desgned and installed in such a
mannerthattheywill be visble from thedownwind legbutwill notdazzle or
confuseapilotwhenapproacing to land,taking off or taxiing.

7.2. LIGHTING REQUIREMENTS

7.2.1.

The following paragraphs describe to what extent the requirements
detailed in 7.1.2 are met by ti@AR-14, Part 1Jighting systems and how
they can be iproved to provide adequate guidance for circling approaches
where such improvement is required.
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Lights to indicate the direction of the runway

7.2.2.

Lights
7.2.3.

Lights
7.2.4.

CAR-14, Part 1, Chaptes, incorporates specfications for runway edge
lights. Theselights are prmarily intended to define the lateral limits of the
runwayto aircieft on final agproach. Heveve, CAR-14, Part 1,particulaty
emphaszes that the runway edgelights shall show at all angles in azimuth
whenthey areintendedto provide circling guidame. Low- intersity lights
which areusedfor operationson clear nights are geneally omnidirectional
andtherefae comply with this regiirement. High-intensity ights which are
usedfor operationsinderpoor visibility conditions arebidirectional but may
also bedesgnal to enit a low-intersity omnidirectional light cgpable of
providing circling guidarce. If circling guidanceis to beprovided bythis
type of Ightfitting, it is necessry to ensure that theequired low-intensity
output can be achievedwhen the high-intensity lighting is operatecat the
low outputsnomally usedon clearnights.This is normal practice in order to
avoid glareprobdems during the final apprach andlanding. An output of 50
cd at maximum brilliancy will reduce to lessthan 0.5 cd when a night
setting is used for the highintensity ighting. Where a low-intersity
omnidirectional light is not included with the high-intensity lights,
addtional lights shauld be installed alongthe runway edgesto provde
circling guidarce. If these additional lights are high-intersity lights, they
should be unidirectional with their beans at right angkes to the runway
certre line and directed awayfrom the runway. The colouof these lights
should peferably bewhite, but yellow ight such ads emitted by sone
forms of gas dishargemay be usd.

to indicate thethreshold

CAR-14, Part 1, Chapter, 5 recommends the instlation of two white
flashing lights at the threshold of a non-precison appoach runway when
addifonal treshold conspicity is requred or whereit is not possibleto
install other appioach lighting aids. Additional conspicuity may ako be
necessay when the runway threstold is pemmanerly or temporaily
displaced. Thesdights can also be used on other runwaysto fadlitate
identification of thethreshold, particularlyin areashavingaprepormeranceof
lighting or where feaureless terran exists. If the lights have a wide or
omnidirectional beam spreador are oriented at right anglesto therunway,
they will provide circling guidance.

to indicate theextended runway centreline

The certre line lights of all the approachlighting sygems spedfied in
CAR-14, Part 1, Chapter, areintended to definethe extendedcente line of
the runway. Lowintersity systens are nomally desgned with
omnidirectional lights, andthusthey will providecircling guidae as well.
High-intersity systems employ unidirectional lights which will not be
visible to a piot on the dowrwind leg. Suchsygems can be improved by
installing additionalightseither adgcent to theexisting ightsor beyondthe
outer end of the approachighting system (alongthe extended centreline).
These lights should be stealy burning or flashing. Where lights are
installed beyondthe outer end of an apprach
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lighting system, the intensity and beam spreadof the lighting should be
adequée to bevisible from the downwind leg. Where flashing lights are used,
they should flash in sequence at the rate of one per second, starting at the
outermost light and proceeding towards het threshold.
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Chapter 8

Visual Appro ach Slope Indicator Systems

8.1. GENERAL

8.1.1.

8.1.2.

8.1.3.

The visual approachslope indicator sygems defined in CAR-14, Part 1,
Chapter 5 are desgnedto give visual indications of the desred approach
dope.Therearefour standard sygems, i.e. T-VASIS,AT-VASIS,PAPI and
APAPI. Thesesysems havebeenprovenby operatimal expeience.

Thematerial in this chapteris intendedo provideguidarce in the application
of CAR-14, Part 1, Chapter, 5.3.4,consdering that:
a. light units ofdifferent designs are in use;
b. sydems ae installed on airports of widely divergent physical
characterists; and
c. sydems ae used by both the largeahd the snallest types of
aircraft.

CAR-14, Part 1, Chapter,5Figure 520 and Table 5.@&etail the
characteristics (viz. the origin, dimensons and slope) of the obstcle
protectionsurfacesof T-VASIS,AT-VASIS, PAPI and APAPI. Sincethese
surfaceshavebeenpaterned gengally on thelinesof the approactsurface
of the runway, the data collected during the obsiacle suwvey of the latter
surface will be useful in detmining whether or not objects ext dove an
obstate prdection surface.Where an a®nautical study indcates that an
object extendng @ove the obstate protection surface could affect the
safety of operationsof aeroplanes,then one ormore of thefollowing
measures shall kaken to eliminatéhe goblem:
a. raisetheapproach $ope of the sysem;
b. reducethe azimuth spreadof the sydgem sothatthe object is outdde
the confinesof the keam;
c. dispacetheaxis of the sygemandits asseiatedobstale protection
surfaceby no more than 5 degrees;
d. dispacethethrestold; and
e. where d)is found to bempractcable, dispace the sy®mupwind of
thethrestold toprovideanincreasén the threstold crossing height
equalto theamountby which the obstacle pendratesthe obstale
protection suface.
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8.1.4.

8.1.5.

8.1.6.

8.1.7.

8.1.8.

The large azimuth coveage of the system provides valid information to
aircraft on the basdeg, butthis information shaild notbesolely reliedupon
for desent purposesunless anagonautical study has been conduded to
velify thatthere areno obstacleswithin the coveageof the sysem. Where
an object located outsde the obstacle prtection suface of thesysem, but
within thelaterd limits of its light bean, is found toextendabove the plane
of the obstale protedion surface andan aeronauticalstudy indicatesthatthe
object could advesely dfect the safety of operations,then the aimuth
spreadof the light bem onthe relevant side should beresticted so thatthe
object is outsle the confinesf the ight bean.

Although the nomal approach slope is 3 degees, a different appioach
slope may be séected to achieve a visual appro@h slope angle which
equdstheapproach slopangle ofanonvisua glide path, whenprovided.If

obstaclesare presentin the approacharea,a higherapproach slope rgle
may be slected.

Noted Approach ®pe anglesin excess of apppximatly 3 degrees i
not normaly used inthe operdion of large transportaircraft, but are used
to facilitate the operation of small transport aircraft at some aerodromes.

The indications provided define one nomal approachpath plus seven
discretedevidion indicationsin the caseof T-VASIS, one nomal approach
path and four disarete deviaion indcations in the caseof PAPI and one
nomal approachpath andtwo disaete devidion indicationsin the case of
APAPIL.

Notel.d Inthischapter,T-VASISs meanto implyalsoAT-VASISandPAPI
toimplyalsoAPAPI.
Note 2.0 Visual approach slopeindicator systemsprovide es®ntial visual
cues topilotson approach ensuring:

g. a safe minnumwheelclearance over theunwaythreshod;

h. a safe marmn clear of all obgacles when on fial approad; and

i. correlaon with nonvisual glide path signds where predsion

instrument approach equipmenis installed.

Note3.6 Thevisual and non-visual on-coursesignal may diverge very near
the thresholdas a resut of a diffeence baveen the antenna hght and the
pilot eye haght.

In preparinga desgn for the installation of a sygem, it may be necesary to
changethe dimensons stated in the ideal layout due to the location of
taxiwaysor otherfeatures alongide the runway. It hasbeenfoundthatthese
dimensons may be changed by up to 10 per cat without impairing the
operation of the systen.

The contous of the runway strip should not cause any apparentistortion
to the system whenwiewedby a pilot onthecorrect appoachslope. Thelight
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units are therefore shifted b compensatefor the differencein the level
betweenthe thresholdandthe finalposition of thelight units, a longitudinal
movement of 19 timesthe difference inlevel beng requiredfor a 3degree
approach kpe.

8.1.9. For T-VASIS, when viewed along the appioach slpe, a ight unit should
appeato be at the same level as any equvalent light on the othe side of the
runway After having dlowed for the differene in height betwea the
opposie sides of the runway, the diference betwea the longtudinal
location of eat of the light units of a matching pair should bédessthan 15
m.

8.1.10.Normally, concretefoundations are provided to hold the pillars supporting
the light units. So as not to be an obstacleto an aircrat overrunningthe
installation, eitherthe sab shaild be depessed below grountével or the
sides ofthe $ab doped sothatthe drcraft would rde over theslab without
damageto the aicraft. In the former case, thecavity abovethe sbb should
be backfilled with appropriatematerial. This, together with the frangible
congruction of unts and their sugports, minimizesthe damagethat would
be swstained byan aeroplaneshouldit run over a unt. If thelight units are
not designedto withstand theeffeds of jet efflux from anaircraft taking off
or turning on the runway, the provision of a béfle to deflectthe blast and
other $eps to secure the unibay be neessary.

8.2. T-VASIS Siting
General

8.2.1. A simple graphicalmethodis suggeded for designing the layout of a T-
VASISor AT- VASIS.

Definitions

8.2.2. In T-VASIS sitngdesgn, the folowing terms ae used:

a. Standardlayout. Thisis shownin Figure5-15 of CAR-14, Part 1, Chapter,5and
is basedon a standardapproach $ope of 3 degrees and a pedtly level runway
strip.

b. Eye height over threshdd. The theoretcal height of the pilotés eye asthe
aircraft passes ovethe actualthreshad on a correct appioach slopesignal of
the T-VASIS.Fora sandardsystemit is 15m.

c. Approach slog. The standardppoachslopeis 3 degreesThis ange may
be varied by the competent authority where necessay due to obstacle
clearance, harmonization with an ILS, or other suwch consderdions. The
standard3-degree appoach slopeis an adual gradent of 1:1908. In ths
graphicaldesign method,a gradient of 1:19 is used for convenénce whie
till retaining adequae design accuracy.

d. Displacement. Themovementof thewholesygdem awayfrom or towardsthe
threshold.
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8.2.3.

It variesthe eye height over the thresholdfrom the standard dimenson of
15 m butcaugs no tiangeto the patern seerby the plot from theair.
Distortion. Thelight unitsin thelegsof thefi T gattern arenomally located
atstandard iervals of 45 m, 90 m and90 m respectivdy from thewing bar
alongalinethrough thecentreof thewing barand parall to the runway.If
it is necessay to apply a tderanceto these dimensons,the result is called
distortion becaseit will tendto digort the pattern seerby the pild.

Terrain compensation Becausethe runway strip is genealy not at the
same level as thethreshadd, the locaion of the light units at the standard
gpadng along the horizontal planethrough the threshold is not suitable. A
further dimensonal change isnecesary resulting in the light unis beng
locaed a groundlevel at a pint wherealine pasllel to the agproach slope,
and passg throughthe theoreticapoint of thelight unit on the hoizontal
plane, intersets the groundprofile.

Light unit locaton chainage This is the adual locaion where the light
sourceof each light unit should be located,at ground level. In practice,it
may be taken astherear edgef eachlight unit and is usedas thereference
datum for the adual instllation of eachlight unit. This approximation
remainsvalid solongasall nominally grourd-level light units (i.e. thosenot
mountedon extension pillars) are mounteda uniform andminimum distance
above ground lgel.

The final light unit locaion chainage is composed of a standard
dimenson with adjwstments, within the toleraices asaibed bebw, for:

- dispacement;

- distortion; and

- terrain ompensabon.

Toleranaes

8.2.4.

8.2.5.

8.2.6.

Eyeheightoverthreshdd. Thestandarddimensionof 15 m may bevariedby
a maximum of +1 or 1 3 m, giving an allowale rangeof 12 mto 16 m. A
variation outside theselimits should be fered to thecompetent atthority
for consderaion.

Displacement. Displacement and eye height over threshold are directly
relaied and a variation ofone drectly affeds theother by the ratio of the
approactslope.

Noted For a standardapproachslopeof 3 degrees(1:19) and eye height
overthreshold of 15m,thewing bar is 285 mfrom threshold.By varying the
heightover threshdd betweenl12mto 16 m,the wing barvaries from228 m
to 304 m which correspads to a maximum dispacement of57 m bwards
and 19 m aay from the tineshold respetively.

Distortion. The standard longitudinal distance betweenthe wing barandthe

unitsforming thelegsof the i T @attern, asper8.2.2 €), may bevariedby a
maximum tolerance of +10 per cat.
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Noted This tolerance may be usedto avoid taxiways, etc. It should be
clearly undestood thatthe 10 per centtoleranceis distinct from variations
from standardcausedby terrain compensabn.

8.2.7. Terrain compensation Although any T-VASIS siting design may take
advarage of all, or any combinaion of, thetoleranes applicable to eye
height over threshold/ dispacement, or distation, the effect of terrain
compensaibn mustalso beconsderedfor eachlight unit. Partialar attenton
must be given when locating units near taxiways or crossunways, andin
ceatain circumstancesraising of light units on extensionpillars may also be
considered fothis puposeas discused in 8.2.16.

8.2.8. Thelongitudinal line of leg light units which are parallelto the centreline of the
runway shallbe located at a distanceof 30 m (x3 m) from the edge of the
runway.The edgeof the runway shalbe definedasthe distancefrom the runway
certre line whichis half the rominal width of therunway, exclding shouldes.

8.2.9. Thus, atthe design stag of the project, thfollowing tolerances shallgply:

Dimersion: Height of appoach slopeatthreshold
Standard: 15 m
Allowabletolerance: +1 m, i 3 m (heightover threshold

Dimenson: Leg light unit spacing
Standard: 45 m

Allowable tolerance: +4.5m (distortion)
Standard: 90 m
Allowabletolerance: +9 m (distorion)

Dimenson: Distance ofongitudinal line of
light units from runway edge

Standard: 30 m

Allowabletolerance: +3 m.

Location survey

8.2.10.Beforetheactual locationfor eachlight unit of the system can bedetemined,
asurvey of theareamust be taken. Thesurveyshouldcover an areaaround
the anticipated bar positons and the two lines of the leg units. Also a level
on the runway cetre line must betaken at the threshold.Levelswithin the
areas wherethe light units will be located shouldbe takenat points 10 m
apat so that intervening levels may be fairly accurately egimated, should
the position of a light unit fall betweenthe points at which levels have
adually been taken. As well aslevels, the surveyshouldincludelocation and
dimensonsof any pavement, objects, duct, drains, €tc., likely to obstruct
the placement of light unts. Figire 81 shows the location at which sey
pointsare reqired.
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Obstade clearance
8.2.11.As the T-VASIS night sigral may be visible out to appraimatey 15
degreesdither side ofthe extendedrunway certre line (i.e. well beyondthe
obstcle protectbn surface),it is recommended thatthe installation desgner
ascertén the likely terrain hfringement that can be expecteth this
unprdected areaand detemine:

Design

a) the pacticalities ofobsecle removal;
b) the recessty of azimuth restriction;
c) the recessty of takingotherappropriate actions,including lighting of

obstacls.

8.2.12.Figure8-2 showsa T-VASIS desgn for a standard3 degree(1:19) approach
slopeand a sandard 15 m eye height over threshold. When desgning for
otherfigures, eitherwithin the allowale tolerances oroutsde the allowable
toleranes with competent authorty approval, he appopriate variations
shdl be incorporatedwhere aplicéble.

£
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Spot levels, with respect to threshold level, to be taken
every 10 m for a distance of 600 m. If slope of flight strip
is not uniform between nominated points, it may be
necessary to take additional levels at 5 m intervals.
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NOTES:

Figure 8-1. T-VASIS location survey

1. Gridpoint for levelsto be moved 10 m alongthe runwayfor evey 0.5 m of
difference béween assmed threstold level (10m) and thehighest level of the
four grid levelsonthe285 mline,e.g.threshadd level 10 m, 285 mlevel 9.5;gid
to bemoved10 m awayfrom thresold.

2. Levels notequired oraeny intersecting taxways.

3. Anyobject, duct,drain, etc., likely to obstuct the placement of the light unit,
to beshown and dinensoned.
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8.2.13.Wherea T-VASISor an AT-VASIS is to beinstalledto complementan ILS
(or MLS), it shdl be desgned to becompaible with the ILS (or MLS) glide
path. Aneye héght over threstold 1 m higherthantheILS glide path height
over threshold has beenfound to séisfy mostaircraft. Large aircraft with a
pilot eye-to-antenna height significantly greeter thanl m in the approach
attitude can hamonize instrument and T-VASIS approachsiope cues by
flying the T™VAS 1 S i wiamdgoneliglat fly-d o wn 0 eraos-slopeh
signal.

8.2.14.Using the level of the thresholdon the runway centre line asthe datun, a
profile is drawn of the levels in the strip along the line of the port or
starboardeg light units 30 m from therunwayedge.

Note 1.0 An exaggeated vertical scale assists inplotting the levelsand
increasesthe accuray when déermining light unitlocations.

Note2.0 It is important at this stageto show thdimits ofany taxiwaysor
cross runwaysand their clearancelimitations, on the profile, to indicate
wherelight units cannot béocated.

8.2.15.Througha point at the standardheightover thresholdof 15 m, drawa 1 in
19 slopeline tointersect the profile at the approiimate location of the wing
bar.Usingthe surveydata, plotthe longitudinal profilesof eachof thewing
bar light units. The intersetion of the slopeline with the highestof these
four profiles isthelocaion chanage of theeference wing bdight urit.

Note1.d Wherean approachslopeotherthanl in 19is to be applied, the
gradient shall be determined to an acauracy which is practical for usewith

this graphical mehod, but which Isall not differ from the atual cdculated
gradient by more than 0.1.

Note2.0 Thereis generallya transverseslopeaway from the runway such
that the wing bar light unit neaestthe runway would be the highsgt and

wouldthereforebe the referencelight unt for the wing bar.

8.2.16.Sincethefour light units in the wing lar are required to be mountedat the
same level, to within atoleranceof +25 mm, the remaining light units will
needto be mountedon pillars unles the differencein level is small or all
posiionsareat the same levd. Thelengthof pillars may be determinddom
the differencesin groundlevel between the light unit locations.

8.2.17.Draw a horizontal line a a convenient position, i.e. just above the
threshold level and clear of the ground profile. Startingfrom the point of
intersection of this line with the slge line previously drawn, running
distancesof 45 m, 90 m and90 m aremarkedout in eachdirecion alongthe
horizontal line. From these points, lines are drawvn parallelto the previous
dope line to intersect the ground profile. Thesenew points of intersection
are thdocation chanages of each ledight unit.

83



Guidance Material of Visual Aids

Noted Wherethe standard interval betweerthe wing bar and the adjacent
leg light unitsis varied to takeadvantageof thedistortion tolerance thewing
bar shall, wherever possble, belocated midway between the adjant leg

light units.
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runway edge, on port side under port wing bar

Figure 8-2. T-VASIS designfor a 3-degree approachslopeand 15m eye height
over threshold

8.2.18.Where this desgn results in a light unit being locaed within 15 m of a
crossrunwayor taxiway, the tolerancesof disgdacementanddistartion or the
useof pillarsasdescribedn 8.2.22 shH be enployedto locate itoutddethe
restricted aea.

8.2.19.If thedesgnis for a double-sided T-VASIS, the same procedures repeted
to determine the itions of all of the light units on the other side of the
runway. The dopelinesused todetemine the Ight unit location chanages
mustbe cormmon for bothsidesof the sysem.

Clearance from psements

8.2.20.A minimum clearanceof 15 m shdl be provided betweenany partof a T-
VASIS light unit (but notthe foundation slab) andn aglacent runway or
taxiway pavenent.

Noted This 15 m ckarance places certin restraints on the siting of a
sygem. For ingance, it is not possble to havea 22.5 m taxway passng
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throughthe spacebetwen thewing bar and either of the adjacent leg light
units. Ontheotherhand,anintersecting

runway can normdy pass béweenadjacent leg light units not adjéning
the wing bar.

8.2.21.A light unit may be made to appearfurther away from threshold than its
adual position by elevatingit on pillars,the apparenthange bieg 19 units
longitudinally for each unit ofelevation, i.e. the standard 1:19 approach
slope. (The ratio of this appaent changewill vary accordinglyfor ather
appoachslopeargles.)

8.2.22. Whete appropriatepillars may be used to relocatelight units to maintain
clearancefrom neaby pavemens. The maximum allowableheight of a pillar
is 0.6 m. The useof pillars shouldbe avoidedif at all possble wherethe
light units are located impositions which arevulnerableto direct aicraft jet
blasts. Wherepillarsareused their heightshell be recordedon theT-VASIS
site plan and also pemanerly on a metal plate, or similar, secued to the
foundationslab.

Arithmetical check

8.2.23.Following the grgphical determination of the light unit location
chaineges, it is recommended that an arithmetical check of the design be
madeto deermine if the desgn loctions are accurateand the light unit
locationson both sides of therunwayare canpatble. A suggsted prdorma
for use inmaking andrecording thearithmetic check isshown inFigure8-3.

8.2.24. On the profoma thefollowing terms ae usel:

a. Plotteddistance (column 2). This is the chanagefrom the threshdd to
the lightunit locationchanage, as deéemined graptially.

b. Level difference (column 3). The difference betweenthe threshold
level and the groundevel at thelight unit locationchanage,as derived
fromthe surveydat. In the caseof the wing bar,thelevel of thehighest
light unit locationis used. Where pilars areusedon leg light units, the
heightof thepillarsshall beincludedin this lewe difference vdue.

c. Terrain compensation(column 4). The distance a light unit is shifted
from its sendard paition due to adifference betweethe threshold level
andtheground lew at thelightunit. For a standard 1:1%pproachslope
system, it is the level difference (column 3) multiplied by 19. Forother
than 3-degreesystems, the multiplication factor is asleerminedin Note
1t08.2.15.

d. Standarddistance(column 5). The distance from the threshold to the
light unit location chainageif the indallation wereon level ground.Any
dispacement or distortion of the layout due to taxiways, efc., is to be
incorporatednto thestandard disance forthe puposeof the arihmetical
check.

e. Calculateddistance(column 6). Thisis the sumof the standarddistance
(column 5) and theerran compensaion (column 4).

f. Difference between columns 2 and 6 (column 7). This is a
comparison represéimg the difference betweenthe plotted and the
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cdculateddistancefrom the threstold to the light unit location chainage.
If the differenceis less than1.5 m, the de&gn is aceptble; if not, the
graphical layoutshould ke re-examined.
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Location No.
Threshold level
Angle of approach slope
Hoight of approach plano above throshold
Distance of line of leg units from runway edge
1 2 3 4 5 6 7 8 ] 10
Terrain Calculated
compen- distance | Difference | Calculated | Plotted Difference
Light | Plotied Level sation Standard | (Col 5 + (Col2 & | chainage | chainage (Col B &
unit no. | distance | differance | (Col 3 x 19) | distance Col 4) Col 6) [(Col 4 P-S)|{Col 2 P-S) Col 9)
1
2
3
Wing
4
5
3
7
Survay Plan No.
8
9
Wing Location Plan No.
mn
1
12 Pilot Sheat No.
Remarks: Signatur e é é é&é é
Date: éééééé

Figure 8-3. Proforma for arith metic check of T-VASIS desgn
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8.2.25.Becauseeachpair of the correspondng light units and wing barson the
starboard and portside should appearto be at the same level whenviewed
downtheapproachslope,the following pointsshould be cheked:

a. Calculated chainage variation (column 8). This is the
differencein cdculated chanageof a starbard light unit with
respectto thecorresponding port lightunit, from column 4.

b. Plottedchainagevariation (column 9). This is the differencein

plottedchanageof a starboard light unit with respect to the

correspondhg port light unit, from column 2.

c. Difference betweerolumns 8 and 9 (column 1Q. This is the
difference between thecalculated chainage variéion and the
plotted chanagevariation. If the differenceis lessthan1.5m, the
desgn is acceptable;if not, the graphical layout should be re
examined.

Noted In making this beck, itis esertial thatthe use of sigs incolumns7 and 9 be
congstent.

8.2.26. For an ATVASIS, theinstuctionsin 8.2.25 do noapply.

Site plan

8.2.27.0n completion of the siting desgn and arithmetical check, a site plan of
the propogd indalation shouldbe prepared,showing all pavement and
other physical features,such as dains inthe aea, all light unit location
chainages and pd#l heights, if applicable.

Computaton of minimum eyeheight over the threshdd (MEHT) values

8.2.28.CAR-14, Part 1, 2.12 ejpedfies that information on the MEHT* values
of T-VASIS (AT- VASIS) be published in the relevant aeonautial
information publcation. This shdl be thelowest height a which only the
wing bar(s)are visible; howeve, the additional heights atwhich thewing
bar(s)plus one, two or threefly-down light units come into view may ako
be reported if such infomation would be of benefitto aircraft using the
apprach. The MEHT for a T-VASIS (AT-VASIS) is the height over
threshad of the top of the whitesignal of the first fly-up light unit of the
system(i.e.theoneclosesto thewing bar; seeCAR-14, Part 1, Figure-37.
Similany, the heightover thresholdof thetop of thewhite signalof thewing
bar represats the minimum height at which the wing bar(s) plus onefly-
down unit would becane visible. The same procedureis usedto cdculate
the heiglts at which the wing bar plustwo or ttree fly-down units would
become visible.

Eye height overthreshold

8.2.29.Basedon the nominal eyeheightover threshold being15 m, pilots may
sdect from the following table a visal approach path indation that
provides the required weél clearance wer the threlsold:

* MEHT is thelowest heghtatwhich the plot will pereeive anon-dopeindicaion over the theshdd.
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Visible lights

Eve height over
threshold

Wing bar only

13mto17m

Wing bar and one fly-down unit 1Tmto22m
Wing bar and two fly-down units 22mto28m
Wing bar and three fly-down units 28mto54m

Noted At eye heightsaboveappraximatdy 30 m, i.e. twice the nomiral
approach slop, the lights will b&éome progressively imsible, beginimg withthe

wing bar.

T-VASIS light units (blade type)

Desciiption of

8.2.30.The T-

light units
VASIS employs three types of light units which are of the

same basc congructionand vay only in detail. The threevariationsare:

a.

Thefly-downlightunit, shownin Figure8-4 A), is locatedin theleg
of theinvert e d afidTairies a rear cut-off bladefitted abovethe
beam anda front cut-off blade belowthe beam. It providesa beam
extending from an elevation of 6 degreeslown to approxnately the
approach slope where iteh a shgp cu-off. Its fibredass lid does not
extend to theront of thelight unit.

The bar light unit, shavn in Figure 8-4 B), is locaed in the
horizontal bar of the  filfféaturesarear cut-off bladefitted above
thebeamandaredfilter atthe lower partof thefront. This light unit
produces abeamfrom groundlevel upto 6 degrees, théower part up
to 1°54' beingred. The fd, as in the fy-down light unit, does ot
coverthe front part othe urit.

Thefly-up light unit, shownin Figure8-4 C), is locatedin the leg of
theuprig h t afidhasa rear cut-off blade below the beamwhich,
with a front bladeabove thebeam, providesa sharp cut-off atthetop
of the bean. A red sectorof light is formed bythe rer red filter
fitted above thebeam and dront bladefitted below thebeanm. This
light unit producesa beamfrom approximately the apprach slope
down togroundlevel, the lower part below1°54being red. Unlike
the other types of lightunits, the flyup light unit is fully cowered.
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8.2.31.The blades of eachlight-unit assenbly havetwo small postsatachedat
either erd, on topof which padsarefastened. The bladeis assenbled such
that the dimensionbetween the workingsurface ofthe blade andthe padis
kept within fine deggn tolerances.

8.2.32.Using the padon the rearblade andhe padon thefront bladea spedally
designedand higHy sensiive level is placed on the posts;the unitis then
adjusted urtil the padsare lewe, resulting in thelight unt being adjustedo
the specified angke.

Lamps

8.2.33.Most types of lamps used in aerodrane lighing are desgned for use
in  precise prgection equipment to producea controlled beam of light
complyingwith therequired sendads. In thisresgect, T-VASIS lamps are
no excepion. Becauseof the rather narrowbeam spread,espeially in
elevation, and the ®atively high intensities required of thesydem it has
beenfound thatPAR lamps (bulbs constructed from two moulded glas
parts, thereflector andthe lens,which arefusedtogether)are bestsuited to
the requirenens.

8.2.34. Each lamp is adjustable in azmuth and elevation, and two sepaate
grows of lamps operate orsepaate circuits for dayand nightoperations
regpedively.

Final adjustment

8.2.35.Final adjusment of the sygem involves the correctaiming of eachlamp,
togeher with cros-levelling and predselongitudinal levdling of eachlight
unit. The precision of the whole systenis deperdent uponthe care talen in
these aljustment.

8.2.36.By usingthelevel to adjustfirst one sideof alight unit andthenthe other,it
is possible to adjust the whole sysem sothat the cut-off edgesof the
resulting light beans are within thirty secondf arc of the equired amgles
of elevaton.

8.2.37.0nceall thelight units havethusbeen sd, a check on the level of eachunit
shailld be caried out periodically. Initially the interval betveen checks
shouldbe short, but once sability has been poven, it canbe etended to
every sixmonths.

8.2.38.To acheve a shap signal and maximum sydem range, it is esential
that the most interse setor of thelanp beams be tilized.

8.2.39.This canbe achevedby meansof a target which is temporaily installedat

the front of the light unit so that each lamp can be corredly aimed by
adjustmentsin azmuth and elevation.
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8.2.40. Becauseof variationsin lamp congruction, it is manddory that, after
aiming, a visua check be made on eachlight unit from about10 m away.
Through the effedive apertire formed by the upperand lower blades,the
linearity of intensity canbecheckedand,if necessary, altered by amassstant
to the obsever; a checkcan be made hat the signal cutson or off
simultaneouby overthe whole width, thatis, it should not appearto fislided
aaosstheaperture as the obsever raisesor lowersthe eye. In addition, each
lamp should showthe maximum flashedarea d thefine line of light should
be continuous,not doted.

8.2.41.The intersity distribution of the Ight units shall confom to CAR-14, Part 1,
Appendix 2, Figur@.22.

T-VASIS light units (projection type)
8.2.42.An alterretive methodof providing the light beams requredin a T-VASIS
is shownin Figure 85.

8.2.43. The bearrs are formed by illuminating afilter and diaphiagm plate located
in the focal plare of a projection lens In addtion to replacirg the lanp itself,
ead optical unitwhich conains all optical componens assaiated with eat
lamp can also ke replaced. Anumber of opticd units are provided for day
opeations with asmaller number for night operations.

8.2.44.Becauseof the congruction principles employed, one unit model can be
usedin all posifons of aT-VASIS, i.e. aswing barunit, fly-up unit and fly-
downunit. Theonly differencesarein thefilter anddiaphragn platesandin
the elevation settingsof the optcal units. In view of this fact, only oneunit is
shownin Figure8-5. Thefly -up beam beingthemostcritical one,was
choserfor portrayal.
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C. Fly-up light unit

Figure 8-4. T-VASIS light units (blade type)
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Figure 8-5. T-VASIS fly-up unit 8 Typical optical system (projedion type)

Lamps

8.2.45.The lamps usedin day and in night operations are identicd, precigon-
focused light souces fitted in reflectors. The difference in the beam
covaagerequired for dayand nightoperations is obgined by ugng different
lersesin the dayand nightoptical units.

8.2.46.Final adjugment conssts of crosslevelling and precise longitudinal
levelling of the optcal assenbly. The beamangks havingbeen adjistedin
the factory and the optical unts being compact and stiff, the subsequent
checkonbeam anglesis only confirmatory.

8.2.47.The initial check and later confirmatary ground checksare caried out by
means of a devce containing a precision level and a telescopein
combination with anadjustable checkng stick. Thereis no need for cornete
checking stick bases.

8.2.48.Supply units with three intersity settings for day operationsand three
intensity settings for night operationsarenormally provided.In some cases,
supplyunits with five intensity setingsare used.
Flight checking
8.2.49.0n initial installation a flight check should be carried out, bath by day and
night, during which thefollowing points should ke checled:
a. The ightsappearof uniformintensity thraighout thesystem.
b. The ights forming the pdtern appear to bsubganially in a
horizontal pane
c. The correspondindights on opposite sides of the runway appear
and, where appktable, change ctour simultaneusly.
d. Thecorrectapproactsiopeisindicated by thesystemandthecorrect
cut-off anglkes areshown.
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e. Thefly-down andfly-up light units of the fiTo appearin uniform
stepsasthe approach spe change

f.  The barsand the fly-uplight units ofthe iT a&hange colourt the
correct angle.

g. The rangdrom which thesygsemcan be flown isacceeptable.

h. The azmuth, measuredn relationto the extendedrunway certre
line, through whichthe system asawholeis visible, bothfor day
andnight corditions is saisfactory.

i. The progession of theintersity setting stages isiceeptable.

j.  The intensity of the system matchesthat of the runway lights
when both are séectedin the sane sdting.

k. The obstcle clearancevith the sysemii jstuedd adesyate.

If the actual angks of d), f) andk) are measurediuring the daylight check,
it is not necessary to measure them atight; a subjective assessmentis
sdisfactory.

8.2.50.Thefollowing poirts ould be checked on rauag flighttests:

a. The correctpproach spe sindicated.

b. Thesensitvity of thefi n-sloped signalis acceptble. If thefirstfly-up
andfirst fly- down lightunits are st at diverging angleshe sensitiity
will be too carse.

c. Theredsignalinthe wing bar light units anithe fly-up light units is
satisfactory.

d. The changefrom a full fly-up i T to a full fly-down fi T éccus
in a steadyprogessionand Ights on eachide of the runway opmte
simultaneously.

e. The ightsare of wiform intensity.

8.3. PAPI

Layout and elevation setting andes

8.3.1. The arrangement of the PAPI and APAPI units and the resulting displays
are shownin Figures8-6 and8-7 respedively, together with the standard
differential seiting angles. Thenominal apprach angle is shownas g, the
MEHT* daum angleasM (see8.3.22) and he obstacle protection surface
asOPS (see 8.3.30t0 8.3)32

8.3.2. The inner edge of the PAPI unit nearest the runway shouldbe 15 m (x1
m) from the runwayedge.Units should not be closerthan 14 m to any
taxiway, apron or runway. In the caseof APAPI, the inner edgeof the unit
closerto the runway shouldbe 10 m (+1 m) from therunway edge.Units
shouldnot be closerthan 9 m to anytaxiway,apmon or runway.

8.3.3. The spadng betweenPAPI units (seeFigure8-6) nomally will be9 m (1
m), except that apacing of not less than 6 mbetweenunits may beused
wherethere is insuficient stip width to acconmodateall four units at 9 m
spadng. In suchanevent,theinnermost FAPI unit should prefaably still be
located 15 m from the runway edgebut shouldnever belocatedlessthan10
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m (1 m) from therunway edge.The spadng betweenAPAPI units (see
Figure 87) will be 6 m(x1 m).

8.3.4. The sydem should be located on the left side of the runway unless it is
impractcableto doso. If the sysgem isinstalled on theright side, thenthe
highestset unit should be inbaa andthelowestoutboad. A combination of
left-hand and right-hand arrays gives the synmetrical layouts shown in
Figure 8-8 which may be provided when the runway is usedby aircraft
requring external roll guidancewhich is not provided by other means(see

note following 5.3.5.23 and 5.3524 ofCAR-14, Partl.
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oPS
__________ See Annex 14, Volume |,
= Figure 5-20 and Table 5-3
.................... 2 for dimensions and slope
Bmsim =—
4
9 om=1m
2
1
PAPI units N

\

MEHT (D: tan [6-00°12']) oS

@ Red
O White

Q—D.—bl

Threshold

B: Slightly low
o C: Correct

D: Slightly high

E: Too high

M = unit 2 setting less 00°02'
Dy = distance of PAPI units from the threshold

Figure 8-6. The arrangement ofthe PAPI units and the resulting display

8.3.5.

8.3.6.

The PAPI sygem comprisesa four-unit wing bar located in a line at right
anglesto the runway.The unitnearest the runway is set higher than the
required apprach angle, with progessive reductionn the setting of the
units fartheroutboard. The normal difference betweethe séting angks is
20 minutes of arc. This value may be varied wherePAPI is usedin
conjunction with nonvisual guidarce (see 8.3.23) and where approach
angkes are seeper than4 degreegsee 8.3.37ral 8.3.38).

The APAPI sygem comprisesa two-unit wing bar locatedin aline at right
anglesto the rinway. For approactanglesup to 7 degrees,he unit closerto
the runway is set15 minuteshigherthantherequiredapproachangleandthe
unit farther from the runway is set 15 minutes lower than the required
apprach angke. For approachangles greaterthan 7 degreesthe unit closerto
therunway is set30 minuteshigher thantherequiredappioachangle and the
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unit farther from the runway is set 30 minutes lower than the required
approach angle.

oPS
___________ See Annex 14, Volume |,
= Figure 5-20 and Table 5-3
.................... = for dimensions and slope
i0mzim ==
2 em=1m
1
APAP! units

\i

MEHT (D tan [6 — 00°17°]) %5

Threshold
[e——0D
L)
co
A: Low co
B: Correct
C: High
Red
- M = unit 1 setting less 00°02°
O White D; = distance of APAPI units from the threshold

Figure 8-7. The arrangement ofthe APAPI units andthe resulting display
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® Red
O White

Figure 8-8. PAPI and APAPI units on both sides of a ruway

The charaderistics of PAPI and APAPI units
Type of sigal

8.3.7. Units producing a light signal, the lower half of which is red andthe upper
half of which iswhite, are employedin the PAPI and APAPI sygems. The
optical principle of theseunits is shown inFigure 89.

Equipment spedfications

8.3.8. Thetransitionbetweertheredandwhite signalsshould appearto bevirtually
instantaeous whenviewed from rangesn excesf 300 m. Equipment
spedfications for PAPl and APAPI sygems, therefore,shauld definenotonly the
overall isocan@la diagiam andthe sigral colour coordinatesof theredandwhite
sectorsbut also theshap transition chaacterisic.

8.3.9. Units which havebeenfoundto give a saisfactory shap transition havea
trarsition zone notgreaterthan 3 minutesof arcin depth,at azimuth angks upto
8 degreeither sideof thecentreof thebean, expandingto nogreatetthan5
minutes15degree®ither sideof thecertre ofthe bean.

Seting anges

8.3.10.During manufacture, the certre of the plane of transition is aligned
precisely with the untd $orizontal axis, which is the setting angle datum
(Figure8-9). Theunit settingangle andthe beam elevation arethereforethe
same and canbesetor checled usingaclinometer or an equiglent means of
angubr measuement.

Brilliancy

8.3.11.CAR-14, Part 1, Appendix,Zigure 2.23,detils the intersity distribution
of PAPI and APAPI light units for a width of 8 degreeshorizontallyand5
degrees verticdly, either sideof thecertre of thebean. Thisdiagram detils
the certral part of thebeam only. Thelight units nomally usedin PAPI and
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APAPI sygems should have a horizontal width of around30 degreeq(i.e.
15 degrees on #ier side of the centre of thebean) and a proprtionate
vertical width to enspe thatthe sygem can provide the necessary guidarce
for all operations.Up to five brilliancy sttings in tie range 100 to 1 per cent
may be needed depenihg on the output of thenits, operating onditions
andthe aerodrome envronment.

Frangibility and blastresistance

8.3.12.The units should be securedto their basesby meansof weaklinks so that,
if anaircraft collideswith a unt, the unit will be carried agy.

8.3.13.The unts ould bedesigned tominimize suscepbility to jet blast.

Resistancdo foreign matter
8.3.14.Units shouldbe deggnedto resist the ingressf foreignmatter.

Condensation and ice

8.3.15.Heaterelements(50 to 150 W) may be neededo prevent the formation of
condenation ard ice on the lensesof light units. Operdion of light units at
a lower power sdting (20 W perlamp) when theunit is not in usenhasalso
beenshown tobe a satisfadory method of prevemon. Units which do not
have some meansof keeping the lensglasses warm need a bef full-
intersity warm-up period before uséo disperse condeatson or ranove ice
from the lenses. The choice of preventative measuements shauld be
matchedto the operational coumstances.

Red filter

[ \ :
Unit horizontal axis % Tl White

and checking datum L

Lens

Lamp

Figure 8-9. PAPI light unit

Initial flight inspection

8.3.16.A flight inspection of a new installation should be undertalen by the
competent authority to confirm the correct operation of the systen. The
inspection should nclude chedks of range,setting anggs, brilliancy control
andcompatibility with the precison ingrument gide pth (if provided.
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Routine inspedion

8.3.17.Theinitial set-up will be accomplished eitherby the manufactue r agentor
under strict canpliance withthe manufactue r 6 s i nstruatibns.at i on
Thereafér the canpetent authaty should edablish a reasanable interval
between ground checks. It will be necesary to groundcheck the units
more often on sites where the ground is less stable or where extremes of
weathermay result in movementof the base. In many circumstances a
montHy alignmentcheck of the setting ang is adeqate.

Method of checking

8.3.18.Individual unit setting angks are checled by use of a clinometer, or
equivalent means of anguwr measuement, in accadance with the
manufactuerds instructions. Errorsin excess of oneminute of arc shouldbe
corrected. A visa comparisonbetweenall the unisin the sygem setat the
same angle may be usedto idertify a unit in which there is amisalignment
between the optical system and the datum plae. The cause of any
misalignment of this natureshouldbe asertained and corrected beforeany
adjustmentis madeto thesetting andes.

General condition

8.3.19.A daily check should bemadeof each unito ersure that:
a. all lamps ae lighted andlluminatedevery;
b. no evicenceof damageis apparent;
c. thechangefromred to whte is coincidenfor all elementsin a unit; and
d. thelenses & notcontaminated.

Distance from threshold
8.3.20.The optmum distance ofPAPI/APAPI from therunway thresholds determined
by:

a. the requrement to provide adequatewheel clearame over the
thresholdfor all typesof airaraft landing on the runway;

b. the opestional desirabiity that PAPI/APAPI is compaible with any
non-visual glide path down to theaminimum possble range and
height;and

c. anydifferencein elevdion betweenthe PAPI/ APAPI units and the
runway threshold.

8.3.21.The distarce of the PAPI/APAPI units from the threshad may haveto be
modified from the optinum aftercorsideration o:
a. theremaining lengh of runway available for sfping theaircraft; and
b. obstale clearance.

8.3.22.CAR-14, Part 1, Chapter, Fable 52, detils the wheel clearancesover
threshold for PAPI and APAPI for four arcraft eyeto-wheelheightgroups.
Wheel clearance over the threstold is related to the most demanding
amongst the aircraft reguary using the runway. Where practicdle, the
desred wheel clearanes shown in column 2 of the tade should be
used. The final location of the units is determined by the relationship
between the appioachangle, the differencein levds betweenthreshold and
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the unts, and he minimum eye height over the breshold (MEHT). The
angleM usedto establishthe MEHT is 2 minutes ofarcless thanthe setting
of theunit which defines the lower boundary of then-slopeindication (i.e.
unit no. 2 for PAPI and uiit no. 1for APAPI).

Harmonization of PAPI/APAPI with ILS or MLS

8.3.23.It is operationally desrable that PAPI/APAPI is sited so that its on-slope
signal will coincide with that for the ILS glide path or the MLS minimum
glide path down to the minimum rangefrom the sysem. The variablesthat
needto beconsderedarecoveredn 8.3.24 and 8.3.25.

Fluctuations of the ILSglide math angle

8.3.24.For anominal glide pathangleg, Annex 10, Volume |, specifies a toleranceof
+0.075 for an ILSCategwoy | or Il, and +0.040 foan ILS Categoy I, the
sydems being seviceable within these limits. For a3-degreeglide path, therefore,
+13.5 minutesare alowedfor ILS Categeies! andll and +7.2 minutesfor
Categoy I11. ThestandardPAPI differential setings give aglide slope of 10
minutes,which may not coincide with variationsin thenominal angleof theILS
glidepath.WherethelILS glide pathis found tobeconsstentlydifferentfromits
nominal seiting by 5 minutesof arcor morethe PAPI shouldbe set for the
adhieved ILS glide slope apte rather than the nminal angle.

Eye-to-aerial heights

8.3.25.Eyeto-aeral values for agoplanesin the apprach attitude, basedon data
suppliedby arcraft manufacturers,Dependingon the position of the PAPI
sydemin relation to the efedive origin of the ILS/MLS glidepath,theeye-
to-aerial valuefor a particular aircret type will affect the extent to which
hamonizaion can theaetically be achieved. Hamonization can be
enhaned by widening the on-coursePAPI sedor from 20 minutes to 30
minutes of arc.

Corredion of PAPI/APAPI location for runway and otherslopes

8.3.26.Wherethereis a differencein excessof 0.3 m betweenthe elevation of
the runway threshold and the elevation of the no. 2 unit of the PAPI or the
no. 1 unit of the APAPI at the nominal distarce from thethrestold, it will
be necesary to dispace the PAPI/APAPI from its nominal position. This
distancewill beincreasedf theproposed $é is lower thanthe threshold and
will bedecaeasedif it is higher. Therequired disfacement is determined by
multiplying the diferencein level by the cotangent of angleM in Figures8-
6 and 87.

8.3.27.PAPI/APAPI units should be the minimum practicalbe height above the
groundandnot nomally above0.9 m. All units of a wing barshouldideally
lie in the same horizontal plar; however, to compensatéor crossfall and
still meetthe criteria formaximum heightandto avoiddifferences inevels
of more than5 cm betweeradjacent units, a lateral gradentnot greater than
1.25 percentcan be acapted, provided it is uniformly applied acossthe
units.
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8.3.28.The obstale protection surface dimensons and slope are determined from
CAR-14, Part 1, Chapter bable 5-3, and the surface (Figures8-6 and 8-7)
exanined to confirm te absewme of infringemens. If thee is
infringemen(s) of the obstcle protection surface,and an aerongical study
indicates thatsuch infringemen{(s) could affect the safety of operationsof
agoplares, then one or more of the measuresdetiled in 8.3.31 shdl be
taken.

The landing dstance available
8.3.29.The landing run may be limited, espedally at smaller agodromes, and a
redudion in wheel clearanceover the threstold may be more acaptable
than a loss of landng digance. The minimum wheel clearance shownin
column 3 of CAR-14, Part 1, Chapter, 3able 52 may be usedin sucha
situation if an aeonauttal study indicates such reduced clearancesto be
aceptable.

Obstate monsiderations

8.3.30.CAR-14, Part 1, Chapter 5, Figure-26 and Table 8 detail the
chaacterisics of the obstacle protection surfaces of PAPI and APAPI.
Since these surfaceshave been patterred genealy on the lines of the
apprach surface of the runway, the data collected during the obstale
survey of the latter surface will beuseful in detemining whetter or not
objects extendboveanobstate protection surface.

8.3.31.Where an aeronautial study indicates that an object extending above
the obstade prdection surface could affect the safety of operations of
agoplares, henoneor more of the followingmeasures shall baken:

a. suitably raise the apprach dope ofthe syste;

b. reducetheazmuth spreadof the system sothatthe object is outsde the
confines of the bean;

c. dispacetheaxis of thesygemandits assa@iatedobstale protection
surfaceby no more than 5 degrees;

d. suitably displacethethreshold;or

e. whered) is foundto beimpracicable, suitablydisplace the system
upwind of the threstold to providean ingeasein threshold crossing
height equato the anount by which the bject paetrates the obstacle
protectionsurface.

8.3.32.Where an bject, locatedoutdde the boundass of the olstacle protection
surface of the syem, butwithin thelateral limits of its light beam, is found
to extend above the plane of the obskcle protection surface,and an
aeonaufcal study indcatesthat the object couldadverselyaffectthe safety
of operationsof aeropanes,then the azimuth spreadof the light beam
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should be restricted so that the object is outsidethe confinesof the light
bean.

Note & Restriction of the azimuthbeamspread careasily be achievedby
reducingthe width of the apeature at the filter. Advice on implemeing this
modificationshaild be soudht from the equipment manufacyr.

Procedurefor edablishing the distance of the PAPI/APAPI wing bar from the

runway threshold

8.3.33.When the required approach angle (normally 3 degees) and apprgriate
unit setting angés (typicadly 2°30' 2°50, 3°10' and 3°30' for a 3-degree
PAPI sygemandtypicdly 2°45' and3°15' for an APAPI sysgem) havebeen
detrmined, the paraneters mentioned in 8.3.20 et seq. are &pp, as
follows.

8.3.34.0n runwayswhere no nontvisual guidanceis available, CAR-14, Part 1,
Chapter 5, Table-2 , is first consultedto deermine the agoplane eye-to-
wheal groupand thewheel clearanceto be provided at the threstold. The
MEHT, which provdesthe appropdte wheel atarance overhe threstold,
is edablishedby addingthe apprach configuraion eye-to-wheel height of
the most demanding amongstthe aircraft regularly using the runway to the
requiredthreshold wheellearance (ee 8.322).

8.3.35.The cdculation of the nominal postion of the PAPI/APAPI is madeon the
assumption thatthe PAPI/ APAPI units are athe same level asthe rumway
certre line adjacent to thm, andthis level, in turn, is the same asthat of the
runway threstold. The nominal digance of the PAPI/ APAPI from the
thresholdis derived by multiplying the requred MEHT by the coangent of
the angleM in Figures 8-6 and 87, respectively.

8.3.36.If ILS or MLS is provided (see8.3.23), the PAPI should be sited at or
upwind of the efedive ILS glide pathor MLS minimum glide pathorigin,
the distance depenihg on the average esto-aeial height of aircraft
regularlyusing therunway. The distance upwindof thelLS glide path/MLS
minimum glide path origin would be equalto the productof the avaage
eye-to-antena height of aeoplanes regularlyusing therunway andthe
cotangentof the approach angl The resulting distance from the runway
threstold should notbe less than hatwhich provides theminimum threshold
wheel clearanceddailed in CAR-14, Part 1, Chapter. 3able2, column 3.
Further guidancen thisissueis indudedin Example A.

Variations of PAPI/APAPI differential settings with increasng apgoach angle

8.3.37.At the steger amgles which may apply to saome opemwtions, wider
differental settings betweenthe units need tobe applied in order to
facilitate approactslopecapture and flyabity.

8.3.38.Differential settingghat have been foursHisfactory are as follows
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Differential setting angle

Approach angle PAPI APAPI
2°to 4° 00°20' 00°30'
4°tp 7° 00°30' 00°30'
over 7° 01°00' 01°00'

Testng of PAPI/APAPI units

8.3.39.The shap transitionbetweenred and white signals is an essentél feaure of the
PAPI sydem. Verification can be carried out prior to installation either by a
comparatve method orby the use of labratory equipment.

8.3.40.Wheretwo units arecompared,at a rangeof at least 2 km, with oneunit set at a
half degreefrom the transitbn zone as a reference red sigrel, the obseved
transition of the otherunit from redto white shaild be no greaterthan3 minutes
of arcin depth, 8 degreebiorizontally,either side of the centreof thebeam, andno
greater than 5 minutes atthe edges, 15 degrees mmtally, either side of the
certre of the beam.

8.3.41.Using a test facility layout as shown in Figure 8-10, the angubr subense
betweenthe angks atwhich a whte and aed sgnal colour can bemeasured in a
laboratory over a shortange atthe centreof the beam should not exceed 15
minutes of arc. In addition, theangle between the white signal and a signal
lying within the extended red area(shownin Figure 8-11) shouldnot exceed3
minutes of arc. Within a %2 degreeeither side of the transitionzone, the colour
coordiatesof the emittedsignal shouldbe in accadance with CAR-14, Part 1,
Appendix 1, paragraph 2nd he emitted sigml at grester anglesshould not be
significantly different. The unit under testshould beoperaed attherated current
for thelamp and focused fanomal operation.

Noted Intensity measrementswere made by rdpcing the ground glass
screen and tintoneter with a sm# integrating sphere andphotocll.
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\Analo;ue record

(angle/inensity)

€1} c\ /‘ﬂ

{with stop)
/ Ground glass screen
PAPI unit on Colour measuremeant
adjustable table I: 110m | device

{Extamal light path)

Noted Intensity measirementswere madeby replacing the groundglass screen and
tintoreter with a smalintegrating sphere anghotocell.
Figure 8-10. Layout of testlaboratory
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Figure 8-11. Suggested practical lmundary for red PAPI
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Example A. Calculation for siting PAPI/APAPI on ru nway with ILS/MLS
1. ILS/MLS reference datum and MEHT.

Siting and installation data for the ILS/MLS will provide the height of the ILS/MLS
glide path overthe runway threstold (ILS/MLS datum heght). For this example,
assume ILS/MLS datum height to be 15 mith a3-degee glide p#h.
a. Effective ILS/MLS glide pathorigin assuning alevel runway: 15 x cot3° =
286 m from threstold.

b. Averagesye-to-aerial height for aircraft usingaerodrome, in this caseB737to
A300:1.7m.

c. Nominal PAPI postionfor 1.7m eye-to-aerial height(15+ 1.7) cot 3° =
318.6m.
d. MEHT: 318.6 x tan 2°43- 15.1m.

Noted To achieve letter harmoniation with the ILS/MLS, a 30' on-couse sector is

usedgiving a séting for unit 2 of 2°45'. M istherefore2' of arc less, i.e.2°43' (see
Figure 8-6).

2. Checkfor wheelclearance.

a. Eye pathto lowest wheel path:
B737 5.18 m
A300 Im
b. FromCAR-14, Part 1, Chapter 5, Table&5

Desired wheel clearance Minimumwheel ¢earance
B737 6m 3m
A300 9m 6m
¢. Using MEHT of15m, wheel d¢earance for B737, i.e. better thaesdled clearance:

157 5.18 = 9.82m.

Wheelcleaancefor A300,i.e. minimum wheelclearancewhichin this caseis
accepable

157 9 = 6 m; thereforeaseMEHT 15m.

Noted Shoulda higher MEHTof 18 m be usedo give thedesred wheelclearancefor

A300,the harmoniztion of PAPI with ILS will be lost further out on the approach for
aircraft with smalker eyeto-aerial heights.At this point, the personsiting the PAPI must
resolve the priorities between r&ining hamonizaton of the aids and providing the
desired wheelclearance.

3. Correct nominal PAPI postion for ground height variation (from survey data
(seeFigure 8-12)).

Ground hajht at318.6m: 63.79m

Ground haiht at threshold: 60.65 m

Difference:i3.14m
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Move PAPI towardshreshdd:
3.14 x co2°43'= 66.33m

Amendedposition of PAPI:
318.6i 66.33 =252.27 m

Recheck gound heiglts:

Ground hajht at318.6m: 63.79m
Ground hgjht at252.27m: 63.08m
Difference: +0.71 m

Move PAP| awayrom threshadd:
0.71 x co2°43'= 14.96m

New posiion for PAPI:
252.27 + 14.96 = 267.23 m

Recheck gound heiglts:

Ground hejht at267.23m: 63.31m
Ground hejht at252.27m: 63.08m
Difference: 0.23n

Difference is lssthan 0.3m; therebre, positiondoes noneed furtherrefinement.
4. Carect PAPI position for lensheight.

Assume heght oflens centre abowgroundleve is

0.3m. Move PAPI towardshrestold:

0.3 x cot2°43'= 6.32m

Final position of PAPI:
267.23i 6.32 = 260.91 m or say 261.

5. Badk-check MEHT for grosserr or (seeFigure 8-13).
MEHT: 261 x tan 2°43' + (63.2160.65) + 0.3

=12.37+2.56 +0.3
=15.23m.
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Nominal PAP| ste ——p = & -——_—;-:_ |
1
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Efiective ILS gide path origin —— - _= - — - |
i i
I 1
Final PAPI postion - — — ——JI- — - .=_ |
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Area of I
Detailed survey detailed sunvey |
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Figure 8-12. Survey data
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Figure 8-13. MEHT back-check
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Chapter 9

Runway and Taxiway Lighting

8.1.

INSET LIGHTS

Gengal

9.1.1.

9.1.2.

9.1.3.

It is advisble that inset light fittings have a minimum vertical projection above
the surrounthg surfaceconsistentwith therequred photametric characteristicsand
a minimum bulk abovethe surrourding surface constentwith presentdion of an
easy slopein al directions.They shouldbe capalbe of withstandingthe greatesttire
presure andweight of theheavesttype of aircraft expectedRegardshouldalso be
paidto the speedhataircraft may attain on thatpartof the movementarea in which
insetlights are to be provided; the pemissible extentof the prgection of alight
fitting sutable for marking the certre line of a taxiway (other thara high speed
turn-off) would be greder than could be tolerated for a runway inset Ight.
Projedions greater than 12 mm may causedamageto the freswhere high aircraft
speeds anbigh tire presares are present.

Snowremoval procedires are hamperedby inset light fittings. It is not possble to
provide flushlightfittingsthatcomply with the photametric requirements. However,
it is possble to design lights that arecompliant buthave a pojection signficantly
less than 12 mm. Installation

Installationof shallowinset touchdan zone lghts and shalow inset ruiway centre
line lightsis accanplishedby drilling a holeinto existing pavementslightly greater
in depth thanthe fitting. Sealantmaterial is poured intdhe prepared hde, and the
fitting is ingalled by meansof ajig or holding device toensue correctvertical and
lateral aignment. Slotsor sawkerfsareprovidedin theexisting pavementto connect
thelights. Theseextend to therunway edge Wiresor conduits arelaid into the dots
which arethen filled with sedant material.

9.1.4. Installation ofdeepinset touchdownzoneandcertre line lights is bestaccomplishedas
part of pavement congruction. For touchdownzone lights,a propely sized hole is left
openduring theinitial pavingto acconmodatethe subseqent installation of the inset
basedor a barretteA rigid condlit is placedbdow the pavement from the edgeof the
runwayandconnetedto the ingt bases. Thensetbasesareheld atthe properelevation
andalignment by meansof ajig. Theopenareais thenbackfilledwith corcrete pavement.
Wire is dravn through the conduit into the bases, connecions are made to
insulatingtransfomers, andthe removabletop fitting containing the lamp is bolted onto
theinset bas¢o completetheinstallation. Techniquedor installation of deepbasecansin
existing concete pavementare also available.
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Measuring the temperature of inset lights
Effect of inset lights on tires

9.1.5.

9.1.6.

Testshavebeenundertakerby a number of Staesto measurethe temperatureof
inset lights and he effect on tires both in conect with and closeto the lights.
Resuts have indcated that where the tire is in contact with an inset light,
temperatiresof up to 160°C for a shortperiod of time (i.e. abait 10 minutes)have
not causedany significant damage tothe tire. Also the radiant enagy in the light
beam from inset lightscangive riseto high tire temperdures, butagain, to date,it
has ot been found tacauseany signfficant detrimentl effeds on he tire.

One reason that the heat from inset lights has not been a problemis that the
high temperatue on the top ofthe insetlight is vey locdized, i.e.usudly in the
certre of the topof theinset light. Thereis gererally a large temperatue gradient
betwveenthe centre andhe edgeof aninset light so that the total energyabsabed
by thetire from theinset lightis relatively snall.

Differencebetweenfield and labordory tests

9.1.7.

Several States have undertaken field studies to investigate these effeds.
Additionally, laboratory-basedstudies wherehe tests havebeenmadein a draudnt-
free, heat test chanber rave been condued. It issigrificant that the labaatory
temperaturemeasuements are considerablhjhigher than thoseexperiencedn the
field. This fact is well known becawse the influence of any air movement hasa
consderablecooling effect on the obje benginvestigated.

Recommended emperature limits
9.1.8. Basedon current knowkdge, he wo sds of condifons wnder which measurenents

can bemade, field and laboratory, necessite stipulating figures appropriateto
each. The labaatory-based measurenents will be repeatable whereas he field
measuements will be samewhat variable. In view of the limited knowledge
available concening the effects of very high ambient temperaturescombined with
strong solar radiationon tires, runway surfacesinsetlights, etc., it is suggestedhat
for theseareas,individua recommenddions may berequred and pasibly sane
opeational sfeguardamay be neessay.

Field condiions
9.1.9. Fortestsundertakenoninstlled insetlights, thetemperatue atthe interfacebetween

the arcraft tire andthe insetlight shaild not exceed 160°Cduring 10 minutes of
exposire, whetheiby condudion or radition. Theinsetlight shaild be operatecht
full intersity for a sufficienttime prior to themeasurenent for the light to reach a
temperature approriating thermal equilibrium. This time would probaly be at
least two hours. The measuement should be made using a thermocouple placed
betweenthe surfaceof the tire andthe part of theinset light which is heatedthe
most. For some dedgnsof inset lightsthe temperatue at the surfaceof thetire can
be a maximum due to radiant energyin the light beamand thereforea series of
measurenentsmay haveto be madeto ascertain themostcritical positian.
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Laboratoryconditions

9.1.10.Thefollowing paragrahs provide guidarce material on laboratory methodsfor asgssing
the temperatureof inset lights. They areintended toidertify any potertial heatdamage
whena wheel is parked overa light. Testsshouldbe undertaken in a draugh-free, heat
test chamberwherethe temperatue of the ambientair is 30°C. Before the measuements
aretaken, the insetlight shouldbe operated at full intensityfor a sufficient lengh of time
for thelight toreach aemperatuwe approximating themal equilibrium. This time would
probably beatleast two hours.

9.1.11.For testsundertakenunder labaratory conditions, it is suggested that the temperatue at
the interface betweenthe insetlight andthe tire shouldbe not more than 160°C during
10 minutesof exposure, whether lgondudion or radiaion.

9.1.12.For these tests the insetlight shouldbe placedin a box of the minimum dimengon shovn
in Figure9-1. The box could be &ier:
a. conaete,with the int light bondednto the cacrete in theway
recommendecby themanufaturer; or
b. sandfilled.
It shouldbe notedthatthe sard-filled box will give riseto the more onerousconditions
for testingdue tothelow themal conductvity of the sand.

9.1.13.In mostcases the measurenentshouldbetakenwhenthetire is directly ontheinset
light andthethemocouplelies betweerthetire and the hottestpart of theinsetlight.
Howeve, for same designsof insetlights, he temperatureat the srfaceof the tre
canbe amaximum dueto radiantenegy in the light beamandthereforea seriesof
measuements shouldbe madeto ascetain the critical position. The tire should be
sufficienty loaded sothatduring thetest thecontact betweethe fre andthe inset
light is properly representiate of serice conditions.

9.2. TAXIWAY EDGE LIGHTS 0 fi 6A OF BLUEO EFFECT

9.2.1. At many agodromes, the concentation of taxiway edgelightsin the operational
area oftenresults in a confusingmassof blue lights comnonly referred toasa fis e a
of blued. In same cases this canresultin pilots finding it difficult to correctly
identify the taxiway boundaris. This problem partcularly occus in complex
taxiway layoutswith small radiuscurves.

9.2.2. This problem can be removedby the use of taxiway certre line lights, thereby
eliminating theneed to install edge ights inmuch of the taxiwaysysten. Edge
lights are nomally stll installed on curved portions of taxiways, at taxiway
intersections and at taxiway/runway intersetions.
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9.3. EXIT TAXIWAY LIGHTING

9.3.1. CAR-14, Part 1,spedfications for runway certre line lights and taxiway centre
line lights havebeenamendedto include lateral tolerancesof 60 cm and 30 cm,
respedively. This wasdoneto overcane problems in installing the ightsalong the
certre line dueto the presencef a pavenentjoint, e.g.longitudinal construction
joint of a cement conaete runwayor taxiway. Nevertheless, whererunway cente
line lightsandtaxiway centreline lightsare locatedin proximity, e.g.exit taxiways,
there is a needto enaire that the lights areseparaed by at least 60 cm to avoid
mergingof the sigrals. To this end, the spedfications for taxiway certre line lights
on rapid exit taxiwaysand on other exit taxiways tave dso beenamended.The
purposeof this sectionis to explan how runvay andtaxiway centre line markings
and ights shailld be displayed/instdled at runway/taivay intersections under
different conditionso comply with the new requirenent.

9.3.2. It is important to note that the specfications still envisagethe dispay of the
runway cetre line markingandtaxiway centre line marking alongthe certre line of
therunway andaxiway, respectively. Wherethe lights are locaed on te marking,
careshalld be talen toawoid cortamination duringany reginting of themarking.

9.3.3. Of thefour conditionsillustrated inFigure 9-2, conditiona) is the simplest. The
runway conssts of a flexible pavement (e.g. asphaliic conaete), and conseqgently
thereis no dificulty in installing the runway centre line lights alongthe certre line
of the runway orthe exit taxiway ceme line lights on the exit taxiway centre line
marking.

9.3.4. Condiion b) represats a cement conaete runway with a longitudinal joint
along the runway centre line. Asrasult, the unway centrdinelights ae offsetby
60 an. On te otherhand,thereis no difficulty in locating the exit taxiway centre
line lights on the exit taxiway centre line marking. It is significant to note thatthe
runway certre linelights are ofseton the opposite dé totheexit taxiway.

9.3.5. Condiion c) representsa casewhereexit taxiways are locatedon both sidesof a
runway whichconsistsof a flexible pavement, e.g. asphalticconcrée. The runway
certre line lights are dcated along therunway cetre line and the exit taxiway
centre line lights on theexit taxiway certre line markings.

9.3.6. Condiion d) represets a casewhereexit taxiwaysare locatedon both sidesof a
cement concete rurway. The runway certre line lights are offsetby 60 cm dueto
the presece of a longudinal joint along the ruway centre line.This in turn
necesitates theoffseting of theexit taxiway centre line lights on onesideby 30 cm
to maintain a 60-cm separation betveen the runway certre line lights and exit
taxiway certre line lights. The exit taxiway certre line lightson theotherside are
locatedon theexit taxiway cente line marking. It is significant to nate that the
runway certre linelights shouldbe offseton the opposite sle tothe majority of ext
taxiways.
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Inset light
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¥
Inset ight l
L should be at least 3D
B should be at least 2H
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Figure 9-1. A typical container used for the temperature measurement of inset lights
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Runway centre line light
)
) ; T % ;
Runway centre line marking 60cm  Runway centre line marking
(2) Runway centre line - Runway centre line ————— —
Runway centre line light
90 cm 90 cm
s () == Exit taxiway centre line markiny I +) == Exit taxiway centre line marking ===
Exit taxiway centre line light Exit taxiway centre line light
Condition a) — Where exit taxiways are located on one side of a unway Condition b) — Where exit taxiways are located on one side of a runway
and it is practicable to locate the runway centre line and it is not practicable to locate the runway centre line
lights along the runway centre line. lights along the runway centre line.

rExn taxiway centre line light

Exit taxiway centre line light
T— "+) ==EXTt taxiway centre line Marking m= T () =Exit taxiway centre ine marking st
90 em 90 cm - -
Runway centre line marking Runway centre line marking
. — Runway centre line
= Runway centre line -_—
S 60 cm
Runway centre line light
90 cm -
90 cm mf—{+) Runway centre line light
] 80 cm
—————— (-) —Exit faxiway centre line marking ——= = 1 axiway cenire line marking ===
% Q{—L
% o \
Exit taxiway centre line light Exit taxiway centre line light
Condition c) — Where exit taxiways are located on both sides of a runway Condition d) — Where exit taxiways are located on both sides of a runway
and it is practicable to locate the runway centre line and it is not practicable to locate the runway centre line lights
lights along the runway centre line. along the runway centre line

Figure 9-2. Marking and lighting of runway/taxiway intersedions
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Chapter 10

Surface M ovement Guidanceand Control Systems

10.1. GENERAL

10.1.1.Theterm i sfacemovementguidarce andcontrol(SMGC)sygemo standsfor a
sydem ofaids, fadlitiesandproceduresiesigned to meettherequirementsfor
guidarce and contol of surface fiaffic consistentvith the particular operational
condifonsata particular arodrome. All aerodromes have sme form of SMGC
system.

10.1.2.An SMGC system comprises an appropriate combination of visual aids, non
visual aids, radiotelephony communications, procedures, control and
information facilities. Systems raadrom the very simple at small aerodromes
with light traffic operating only in good visibility to the complex at large and busy
aerodromes with operations in very low visibility conditions. The purpose of this
chapter is to identify those visual aids whire used in an SMGC system. For
guidance on all other aspects of SMGC systems, readers are advised to refer to the
Manual of Surface Movement Guidance and Control Systems (SMGCS) (Doc
9476).

10.1.3.The main reason for providing &V GC sydemis to enableanaerodrome to
copesafely with the grond movement denandsplaced on it under speieed
operaional conditions. Theystem should thiefore be designedto prevent
collisions betweenaircraft, between arcraft and groundrehicles, betveenaircraft
andobstales, between veldesand obstelesand betweervehicles.In the
simplest casej.e.in goodvisibility conditionsand withlight traffic, this objective
may beachieved bya system of visal signsanda set of aeodrame traffic rules.
In more complex situaions, partiaularly underpoor visibility conditionsand/or
heavytraffic, amore elaboratsygemwill be required.

10.1.4.Basic SMGC sydems, asdescribed in the Manual of Surface Movemet
Guidanceand ControlSystams (SMGCS), arenot always cgpable of providngthe
necessargupport to arcraft operationsin orderto maintain therequredcapacity
and safetylevels,spedfically underlow visibility conditions.An advaned
surfacemovementguidarce and control syiem (A-SMGCS)is expededto
provideadajuatecapacityandsafetyin relaionto the speific weather condtions,
traffic densty and agodrame layoutthrough theuse of moderntechnologes ad
ahigh levelof integration between the varigs functionalities. Avaisbility and
devdopmentof new tehnologies,including autanation capabilites, makesit
possble to increase a@drome capaity in low visibility and on complex and high
densityagodromes.
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10.1.5.SMGC sygems were devdoped on the bass of the fi ssend-besee n 0
principle being adequi to maintain separation between aircraft and/or
vehicles on the movement area. Progressivencreasesin traffic levds,
difficulties in navigatihg on taxiways in complex agodrame layous andthe
erosionof the i -and-be-see n dinciple by low visibility conditionsare
factorsthatcanlead to incidents and acddents including runway incursions.
As indicated above,to addressthese problems enhanements tothe baic
SMGC sydems are requ e d . The &ibnal Regurengrasfor
AdvancedSurfaceMovement Guidancénd Control Systens (A-SMGCS ) o ,
publishedas an Attachment to Stae Letter SP 20/1-98/47 dated 12 June
1998, are intenced to stimulate and guide these enharenents in a
progessve manne.

10.2. OPERATIONAL REQUIREMENTS

10.2.1.Thelevel of the SMGC sysemthatis provided at an agodrame shouldbe
relatedto the operationalconditions under which it is intended that the
system shdl operate.It is important to recognize that a complex SMGC
sydem is not neededand is uneconmnic at aeodrames where visibility,
aerodome layout complexty and traffic density, separdely or in
combination, do not at presentcauseprodems for the ground movement
operaions of aircraft and vehicles. Haveve, failure to provide an SMGC
sydem with a capacity propdy matchedto the operatioral demandsat an
agodramewill restrictthemovement rate andmay affectsafety.

10.2.2.All SMGC systens have four basic functisn

a. guidance which conssts of the faglities, information andadvice that
are necesay to provide continuous, unambiguous and reliable
information to pilots of aircraft and divers of vehicles to keep their
aircraft or vehicleson the surfacesind assgned roues intended for
theiruse;

b. routing, which is the planning and assgnment of a route to individual
aircraft and vehtles to provde sde, expeditons and efficient
movementfrom thecurrent posibnto the inendedposiion;

c. contol, which is the application of measurego preventcollisionsand
runway incusions theeby ensiring safe, epeditious ad eficient
groundmovements; and

d. sunkillance, which provdes identification andaccuate pdasitional
information on arcraft, vehiclesandother objects.

10.2.3.Guidanceand contol of the many vehicles that operte in stand areas
presentspecial probems in relation to the level of the SMGC sygemthat is
required.These canbe dedt with by usingthe corcept that the role of any
particdar stand changeswith time. When anaircraft is stationary on a stand
with engires running or an aircraft is moving on the stand oran aircraft is
approachingthe stand, then thestand is partof the movement area and
appropriateSMGC sysem provsionsare required. If a stand is occupiedbut
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the arcraft enginesare not running orif the stand is vacantand not being
approachedby an arcraft, then thestand is not at that time part of the
movement area, andSMGC sysem provisionsare not reqired.

10.2.4.The tendency in A-SMCGS implementtion is towards a reducton
in the voice conmunicationsworkload, an increasein the use of surface
guidarce aidsanda greater reliaoce on avionics in the cockpit to help guide
the pilot to and from the runway. ATC surveillance of aircraft and
vehicles will make greatr use of eledronic aids, andautamaton will
play an increasingrole in the monitoring of the dynamics of surfece
operations.

10.2.5.Thefi I C DEerdional Requirenentsfor A-SMGCS shouldbe constuted
whenevera newimplementtion of an SMGC sydem isplanred, to ensue
compliance with the appropriate AAMGCS conaepts. The paraneters that
identify the necessay level of provision, basedon visibility conditions,
traffic densty and aerodrane layou, are cleady set out in those
Requrement.
Noted A-SMGCSis a progressive enhancenteof existing SMGCsystems,
providing greder capabilties as they beome justified by operaional
consderations.It is not an alterative sysem thatrequires decommmoning
of exising SMGCsystem impl@entaions.

10.3. THE ROLE OF VISUAL AIDS

10.3.1.Visual aids have a role in the guidance, routing and control urtof

SMGC systems.

Thereareanumberof high-levelgoalsin the design of anysystenthatrelate

specfically but notaways exclusigly to the piovision ofvisual ads. These

are:

a. an SMGC system should be able to acconmodate al aircraft and
authaized vehicles;

b. the guidancefunction should supportsafe opestions on the agodramne
consgdering the isbility conditions, trdfic density and aeodrome
layout;

c. pilots and vehicle drivers shauld be able to follow their assgned
routes in a contnuous,unanbiguaus andreliable way;

d. visud aids should be amtegral component of thesurface movenent
system; and

e. an SMGC sygem should be implementd in a modular form to allow
for sydem growth as the operationalusitionchanges.

10.3.2.When visibility condtions permit a safe, orderly and expeditious flow of
authorized movements by visual means, the guidance function of an SMGC
system will be based primarily on standardized visual aids using markings,
lighting and signs. When visibility conditions are sciffnt for pilots to taxi
by visual reference alone, but the sole use of conventional visual aids
restricts the expeditious flow of authorized movements, additional visual or
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nonvisual systems may be needed to support the guidance function. Any
additional wvsual aids that are developed should be standardized in
accordance with ICAO practices.

10.3.3.0nce a route has been assgned, then a pilot or vehicle driver requires
information to follow thatroute.Visual aidsprovided for guidarce indicate
where an aircraft or vehicle can be safdy manoeuved. Seletively
switchable taxiway certre line Ights ard/or variable messge signs are
possble meansof endling routesto beuniquédy desgnated.

10.3.4.Pilots and vehicle drivers always require some form of routirdy an
guidance information. At many aerodromes visual aids will also be required
to be part of the control function. Surveillance information is needed to
support this service.

10.3.5.The surveillance function of an SMGC system depends on the use of sensors
to provide the necessary identification and positional information related to
all aircraft and vehicles. In the most basic form, visual surveillance by ATC
enables the correct visual aids to be activated by ATC personnel within the
control tower. In the more soptticated systems that may be required at
busy, complex aerodromes and in latgibility conditions, sirveillance
derived from sensorssuch as radar, saellite based navigtion sydems,
inductive loops orlaser, microwaveandinfrared defectors may be usedasan
inputto therouting, guidanceandcontrol functiors. The sensorsnay beused
sindy or the datafrom a number of different sensorsmay be fused to
provide an optmized idenification andlocation solution ttroughaut the
movementarea. The perfamane requrementsfor the surveillance function
are attheir most demanding when thenformation is to be used aan inpt
to the controlfunction to maintain sepeation standards biveen aicraft.
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10.4. VISUAL AID COMPONENTS OF AN SMGC SYSTEM
Visual aidsfor guidance
10.4.1.The following aids are used to provide the guidance function. The
circumstances under whigach one is applied are described in the relevant
AAppl i cat i onGAR-pMaRaralgChaptehS i n

Runway centre line marking
Related specificatiorCAR-14, Part 1, Chapter 5.

Taxiway centre line marking
Related specificatiorCAR-14, Part 1, Chapter 5.

Runwayholding position marking
Related specificatiorCAR-14, Part 1, Chapter 5.

Intermediate holding position marking
Related specificatiorlCAR-14, Part 1, Chapter 5.

Aircraft stand markings
Related specificatiorCAR-14, Part 1, Chapter 5.
Guidance materialChapter 2 of this manual.

Signs
Related specificatiorCAR-14, Part 1, Chapter 5.

Visual aids for denoting restricted use areas
Relatel specificationCAR-14, Part 1, Chapter 7.

Runway edge light (night)
Related specificatiorlCAR-14, Part 1, Chapter 5.

Taxiway edge light (night)
Related specificatiorCAR-14, Part 1, Chapter 5.
Guidance material: Chapter 9 of this manual.

Runway cetre line lights
Related specificatiorCAR-14, Part 1, Chapter 5.

Taxiway centre lighst
Related specificatiolCAR-14, Part 1, Chapter 5.
Guidance materiaParagraphs 10.4.7 to 10.48this manual.
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Intermediate holding position lights
Related spefication: CAR-14, Part 1, Chapter 5.
Guidance material: Paragraphs 10.4.13 of this manual.

Stop bars
Related specificatiorCAR-14, Part 1, Chapter 5.
Guidance material: Paragraphs 10.4.10 to 10.4.17 of this manual.

Runway guard lights
Related specifigtion: CAR-14, Part 1, Chapter 5.
Guidance material: Paragraphs 10.4.18 to 10.4.26 of this manual.

Visual parking/docking guidance systems
Related specificatiorCAR-14, Part 1, Chapter 5.
Guidance material: Chapter 12 of this manual.

Monitoring systen
Related specificatiorCAR-14, Part 1, Chapter 8.
Guidance materiaAerodrome Design Manual, Part 5.

Visual aidsfor routing

10.4.2.The sdective switching of the lighting aids provided for guidarce can
indicate specfic fixed routes thathavebeenissuedfor aircraft or vehicleuse
if requred byoperaional crcumstances. Wherefixed routesarein use,the
same visual aidswill be operatedor all movementswhilst the operatiorl
conditionsthatrequre suchroutespersist. At aegodrames where the routing
variesfrequenty accarding to operationalneeds,selective switching of the
lighting aids can be usedto clearly indicatethe issuedroute for particular
movemens. To acheve thee flexible capabilites, it is necessaryfor the
lighting aids to besdectable in segnentsthatare small enoughto meetthe
objedive of cleaty indicating the correctroute. Itis aso importantthatthe
switching @n bedonein atimely and acctete manne, since two closely
gpacedaircraft may havedifferent assignedoutes. In situationswhereit is
desiredto redwce theworkload of ATC, the raite switching may be caried
out with theaid of a computer-based system oncethe routeto beissuedhas
been verified bythe coriroller.

Visual aids for control

10.4.3.At all aerodromes, visual aids provide guidanceinformaton to pilots and
vehicle drivers. Routing indication is closely relaied to the guidance
function, and asdesaibed above,at many aeodromes routing information
will be conveyed byhe selectiveswitching of the viswal aids. In practice, all
SMGC sygems providerouting andguidancenformation ttrough theuse of
visualaids.

120



Guidance Material of Visual Aids

10.4.4.Theextentof anycontol thatis appliedby an SMGC sygem dependon the
requrements ateach aerodrame. Where practicable,the main means of
exacisingcontrol of movementsshould be through the usewi$ual aids.

10.4.5.To achevethis functionality, the visual aids designedfor an SMGC sysem
may needto beaugnented, but the bai€ chaaderisticsof the aids renain
unchamged. The main augnenttionsthat may be introducedare increased
levelsof compute-addedcontol of theaidsandswitching of thelighting in
some caseslownto the level of individual light unts.

10.4.6.The visual aids that may be used to provide a control function are the
following:

Signdling lamps
Related specificatiorCAR-14, Part 1, Chapter 5.
Annex 2, Appendix A.

Surface markings
Related specificatiorCAR-14, Part 1, Chapter 5.
Guidance material: Chapter 2 of this manual.

Signs
Related specificatiorCAR-14, Part 1, Chapter 5.
Guidance material: Chapter 11 of this manual.

Intermediate holding position lights
Related specificatiorCAR-14, Part 1, Chapter 5.
Guidance material: Paragraph 10.4.13 of this manual.

Stop bars
Related specificatiorCAR-14, Part 1, Chapter 5.

Guidarce material: Paragraph 10.4.10 to 10.4.17 of this manual.

Runway guard lights
Related specificatiorCAR-14, Part 1, Chapter 5.

Guidance material: Paragraph 10.4.18 to 10.4.26 of this manual.

Selectively switchable taxiway centre line lights
Related spafication: CAR-14, Part 1, Chapter 5.
Guidance material: Paragraph 10.4.2 to 10.4.7 of this manual.

Roadholding positiorlights

Related specificatiorCAR-14, Part 1, Chapter 5.

Guidance material: Paragraph 104 @ 10.430 of this manual.
Monitoring system

Related specificatiorCAR-14, Part 1, Chapter 8.
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Guidance material: Aerodrome Design Manual, Part 5.

Taxiway centre line lights

10.4.7.The most posiive meansof providing taxiing guidarce is throughtaxiway
centre line lighting. When these lights are also sdectively operated,
positive control of the routes of taxiing aircraft is provided.Taxiway certre
line lighting is partiaularly effedive and oftenthe only meansof providing
guidarce and corol in poor visibility conditions. Providedhe lights are of
adequée intersity, the methodcan also be effedive for day operations.

10.4.8.Wheretaxiway certre line lights are installed spedfically asa component
of an A- SMGCS, it may be considered necessry, following a specific
study, tousehigh- intersity taxiway certre linelightsin accadarce with the
recommenddions of CAR 14, Part I This enhanement is likely to be
requiredif the A-SMGCS guidarce and contol function is to be applied
through viswl aids inbrightday or very low visibility conditions.

10.4.9.In pradice, guidarce is provided by switching on only the taxiway centre
line lighting on the route to be followed to the aircraf t destination.
Multiple routesmay be lighted toallow more thanoneaircraft to taxi atthe
same time. For greaer safey, it is desirable thathe systembe so @sigred
eledrically or mechancally that it is physically possble to light only one
route through a junction at one time. To execise control, such lighting
sydems are also equipped with stop bars at junctions, which operate in
conjunction with the centre line lights and further indicateto the crossng
aircraft whenit should stopand when imay proceed.

Stop bars

10.4.10. The use of stop barsis an effedive meansof controlling ground
movemerts of aircrét andvehicles onthe manoeuving areaandwill reduce
the number of incidents and actdents due to runway incursions. The
provision of stop bars requres their contol, either marually or
aubmaticdly, by air traffic serices.

10.4.11. CAR-14, Part 1 specifies, as a Standard that a stop bar shall be
provided at every runwayholding position seving a runway when it is
intenced thatthe runway will be usedn runway visual range conditions less
than a value 0550 m, exceptwhere:

a. otherappropriate aidsand proceduresireavailable to assisin
preventingnadvetent incusions ofaircraft and vehtlesontothe
runway; or

b. operationaprocedurexist to limit, in runwayvisual range
conditionsless thana valueof 550 m, the number of:

1) aircraft on themanoewring are toone atatime; and
2) vehicles onthemanoeuving areao the essenigl minimum.

Noted A runwayholding position is defined as a desgnated position
intendedto protect a runway,an obstaclelimitation surface,or an ILSMLS
critical/sensitive areaat which taxiing aircraft and vehicles shall stopand
hold, unlessothewise authoried by the aerodrame contol tower.
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10.4.12. CAR-14, Part 1also recommendsthata stop bar shouldbe provided
at an intermediate holdng position when it is desred to supplment
markingswith lights and to provide traffic control by visualmeans.

10.4.13. At an intermediate holding position where thereis no needfor a
stgp-and-go signd, it is recanmended that intermediate holding position
lights be provided. In runway visual range caditions less than a value of
550m, this provision $all apply as a Stanatd.

Noted An intermedate holding positionis defined asa desgnatedposition
intended for traffic contol at which taxiing aircraft and vehicles shall stop
and hold until further cleared to proceedwhen so instrued by the
aerodomecontol tower.

10.4.14. The spedfications for stop bars include a provision for the
suppresion of the taxiway ceitreline lightsfor adistanceof 90 m beyondan
activatedstop barin the direction that isintendedfor an aircraft to proceed.
Whenthe stopbaris suppressedhese inter-linked taxiway cerre line lights
shallbe smultaneasly illuminated.

10.4.15. An aircraft that is stationaryat a stop bar may requre at least30
secondsto move the 90 m coveed by the interlockedtaxiway certre line
lights. Premature reselection of the stopbarafter theissueof aclearance may,
paricularly in low visibility conditions,result in the pilot havinglessthan the
required sement of ighting guidarce.

10.4.16. Stop bars shall corsist of unidirectional in-pavenent lights spaced
at intervals of 3 m agoss thetaxiway showing redin the direction of the
apprach to the runway holding positon or the irtermediate holding
posiion.

10.4.17. Wherestop barsareinstalled specificaly asa componentof an A-
SMGCS, it may be congdered necssary, following a speidic study,to use
high-intensity stop bars in accalance with the recommendaions of CAR-
14, Part 1

Elevated and inpavement runway guard lights

10.4.18. The provision of runway guard lights is an effedive way of
increasing the conspcuity of thelocation of the runway-holding postion in
visibility conditions alwve aswell as belowa runway visual rangeof 1 200
m. Therearetwo standard configurations of runway guard lights, elated
andin-pavementlights, as illugratedin CAR-14, Part 1 Figure-26.

10.4.19. CAR-14, Part 1 spedfies, as a Standardthat runway guardlights,
Corfiguraton A, shall be provided at ezh taxiwayfunway intersection
associatedvith a runway inteneld for usein:

a. runway visual range conditions lessthana value of 550 m wherea
stop baris not indalled; and
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b. runway visual rangeconditions of values betveen550m and 1 200
m wherethe taffic density is heavy.

10.4.20. CAR-14, Part 1 , recommends that runway guard lights,
Configuration A, should be provdedat eachtaxiway/runwayintersetion
asciatedwith arunwayintendedor use in:

a. runway visual rangeconditions less than a value of 550 m where
a stop bar is ingalled; and

b. runwayvisual range conditions of values between 550 m and 1 200
m wherethe taffic density is medium or light.

10.4.21. CAR-14, Part 1 ako re@mmends that runway guard lights,
Corfiguration A or Corfiguraton B or both, shouldbe providedat each
taxiway/rurway intersecton where @haned oonspicuity of the
taxiway'runway intersedion is needed,suchas on awide- throat taxiway,
except that Configuration B should not be tmtaed with a dop bar.

10.4.22. As the number of opeitions coninuesto increaseat many airports
aroundthe world, the oppetunity for runway incursions also increases.
Therefore, it is further recommended to provide runway guard lights to
improve the conspcuity of the location of the runvay-holding position
during the dayand in goodvisibility conditionsaswell.

10.4.23. Runway guardlights, Configuration A, shdl consist of two pairs of
elevated flashing- yellow lights, and runway guard Ights, Corfiguration B,
shall corsist of in-pavement flashing-yellow lightsspacedat intervalsof 3 m
aaossthetaxiway. Thelightbeamshdl be unidirectonalin the direstion of
the appoachto therunway holding posion.

10.4.24. Whererunway guardlights areintendedfor useduring the day, it is
recommendedthat highintensity runway guard lightse used,in accordance
with CAR-14. Pat-I.

10.4.25. Whererunwayguardlights areinstalled specifically asa component
of an A-SMGCS, itmay beconsderednecessry, following a specfic study,
to use high-intensty runway guard lights in accordarce with the
recanmenddions of CAR-14. Partl.

10.4.26. The instalation of runway guard lights, Corfiguration A, has
been found useful to inaeasethe conspcuity of stop bas installed at
runway-holding positionsassaiated with precision approachunways.

Road-holding position lights

10.4.27. Roadholding posiion lights shall be usedto contol vehicular
traffic at runway/road itersections. Theselights should ao be used at
taxiway/raad intersections.

10.4.28. Roadholding positionlights shaild be locatedoppositethe point at
which it is desied thevehicles stop.Roadhadding pasition lights should
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corsist of red and greesignds or flashimy-red lights to indicate tohold and
to proceed, resgrtively.

10.4.29. Roadholding posiion lights shodd consst of red and green
sigrdls or flashing-red lghts to imlicate to hdd and to poceed,
respectively.

10.4.30. Wherearoadholding position light is used,it should becontrolled as
part of theSMGC sysem.

10.5. IMPL EMENTATI ON ISSUES

10.5.1.The detaied desgn of an SMGC sygem will be depedent on the
opewtional requiranentsand the paricular corstraints of eachaeodrame.
The sygem architectue will be specfic to each situation. Nevetheless,
usas of the sygem onany movement area shauld alwayshavethe same,
standadized information presentedor the same function.An example ofa
systemarchitecture complying with the ASMGCS concejps andsuitable for
use at a canplex agodrame having a high movement rate is shown in
Figure 10-1. Theway in which the viswal aids areintegated irto such a
sydem is llustated. The interrelation between the various items of
equipmentneededo realize thesygem andprovide the four basc functions
of guidarce, routing, contol and surveillances also shavn. In particuar, it
can be seenthat the lighting aids and all other parts of thesygem are
interdgendent.

10.5.2.The sdective switching of lighting is an important capability in the
implementtionof an ASMGCS . T h e i ItiGhal ®eqdnenents &or
A-SMGCS0  are she coriinuing use of this technique as a meansof
sdectivdy indicating roues, providing dedcated guidarce, and assisting the
control function. The selectioncan be done manudly in responseto visual
obsevation from thecontroltower. In same cases, survednce sensorsan
beusedto asdst the manualoperation. In other casesa degreeof autanation
may beintroducedasfor example in the caseof thereadivation of a stop bar
after a fixed time interval. The contol of stop bars through the use of
position sensorsan be illustrated by the following example.lt shouldbe
noted that the example givenassumescertain ATC proceduresDifferent
procediresrequireappopriate system deggns tobe devéoped.

10.5.3.Stop bars locaions are provided with three arcraft position sensors as
shown in Figure 10-2. Various typesof position sensrs, or a control signal
from the A-SMGCS, can be used: position sensorl, locaed across the
taxiway and 70 m beforethe stopbar; posiion sensoR, locaed acoss the
taxiway andimmediately after the stop bar; andposition sensor3, locaed
aaoss therunway andabout120 m beyond the threshold.Whenan aicraft
is cleared to taxi foitake-off, the pilot taxiesfollowing the taxiway centre
line lightswhich remain on only up to the stop bar at the runway-holding
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pasition. Whenthe afcraft crossesposition sensorl (see Figure 10-2), a
light appeas on a spedal contol boardin thecontol tower. This advisesthe
contoller that an aircraft is nearing the stop barand that thepilot is
expeding clearace to enter the runway.To pemit the aircraft to crossthe
stop bar (seeFigure 10-3), the controllernot only issuesa cleaancethrough
radioteleptony but also swithes off thestop barby presing a buton. This
autanaticaly illuminatesthatpart of thetaxiway centrelinelighting beyond
the stop barWhen the aircrdt crossegositionsensor 2(seeFigure 10-4),
the stopbaris autonaticaly switched onagan to protect the runway. When
the aircraft commences thdakeoff run and crosses pidi®n sensor 3see
Figure 10-5), that potion of taxiway certrelinelighting betweenthe stop bar
and postion sensor3 is autanatically switched of. In the eventan aircréft
crosseshe stopbar withoutauthoization from thecontrdler, postion s&sor
2 seves as asakty barrier (ge Figure10-6) and the sstem alerts the
contoller both visually, through a light on the control board, and by
soundinganalam.
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Air
traffic
services

Airport/airline
systems

Aircraft and
controlled
vehicles

A-SMGS functions
I Surveillance
1 Routing

[ Guidance
I Control

Figure 10-1. An example ofA-SMGCS sysem architecture

10.5.4.By reference to Figure 10-1, an exanple may be given of the way in

which selective swithing of the taxiway certre line lighting can be
implementedandused to facilitate arcraft movemens.

10.5.5.All SMGCS implementations use some form of surveillance.In the most

bagc form, air traffic sevice personel cary out the necesary surveillance
using visual obsevation tehniques.Howeve, ascanbe seenfrom Figure
10-1, this function can be reliably prouded by the fusion of datafrom a
number of different typesof sensorsThe seletion of sensordghat are most
approprate to any parfcular implementgtion architecture is part of the
sydem desgn poces.

10.5.6.In a similar way, by using senso-derived suveillanceand other data, the

selection and isue of a desigrated taxi route canalsobeimplemented using
compute-basedsystems. The outputfrom suchsystems canthenbe usedto
sdectively contol the outputof the taxiway centreline lighting. In this way,
a pilot can be provided with a visual indication of the desgnaed route
together with the visual informaton necessary to guide the arcraft alang
that rode.
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10.5.7.Adjacentblocks of lighting aheadf theaircraft aresdlectedsimultaneouby
to indicate the designated route. The size of the contol blocks varies.
Depending on the topograhy of the taxiway systemend the SMGC
architecure, a blek may be aslittle as ondight. At the other extreme, it
may be aslarge asthe complete route flom the aircraft stand to therunway
holding pation.

10.5.8.The sydem is so desgned that the length of taxiway certre line lighting
avdlableto the plot is always suchthatthe speedat which the aircraft can
be taxedis not dependent on the exteof theroute thet is in view.

10.5.9. At taxiway intersections,only one route illu minated at any time.

10.5.10. Once the surveillance system has detcted that an aircraft has
passedhrough a block, thelighting behindthat aircraft is switched off in
accordace with therelevant sysem protocol.

10.5.11. To provide guidarce and contol by sdective switching of stop bars
and taxiway centre Ine lights, the following desgn featres should be
incorporded inthe system:

a. a taxiway route shoulde terminatedby a $op ker;

b. contol circuits shauld be so arranged that when a stop bar is
illuminated, the appropriate sectionf taxiway cente line lights
beyondit is extingushedand deactivied;

c. the system shouldbe so degned thata display of the taxiway
layout and ighting sysem shouldbe provided on a control panel
capableof indicating thesedions of certre line lightsand sbp bars
which are activatd;

d. if necessay, a contol should be praded, pemitting air
traffic controlers to overide the sygem attheir discretion andto
deactivade aroutewhich crossesn operationalunway;

e. sydem fauts or incorrect opemtion of the sysem should be
indicatedby a visual monitor on the contropand.

10.5.12. It is to be anicipated that new SMGC sydems will employ

increased levels of autanationin accadance withthei CAO Operational
Requrementsfor A-SMGCS0.
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Figure 10-2. Control of stop bar through position sensorsd Aircraft approaching the stop
bar
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Figure 10-3. Control of stop bar through position sensorsd Aircraft crossing the stop bar
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Figure 10-4. Control of stop bar through position sensorsd
Aircraft crossing position sensor2
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Figure 10-5. Control of stop bar through position sensor®d Aircraft crossing position
sensor 3 and another acraft app roaching thestop bar
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Figure 10-6. Control of stop bar through position sensor® Aircraft crossing the stop bar
without clearance
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Chapter 11

Signs

10.1. GENERAL

10.1.1.The achevement of safe and efficient aircraft taxiing and ground
movement at aeodramesrequiresthe provision of asygemof signsfor the
useof pilotsandvehicle drivers on lhe movementarea.

10.1.2.Pilots and vehicle driversuse the signs to identify their posiion on the
movement area. By relating this datato ground mapinformation avdlablein
thecockpgt or in the vehicle, they can ensurethat they are on their assigned
route atall times.They canalso, as required, repattteir positionto ATC.

10.1.3.At same locations, the signs convey manddory instructions related to that
paricular positon, thus coriributing tothe safety of operabns.

10.1.4.Signs at intersectionsexpedie movements by indicating the layout of the
taxiways at that position. Provided hat the $gn is seenin sufficient time,
pilots and vehcle drivers canthen easily identify the exit from the
intersectiorthat corresponds to thegssigred roue.

10.1.5.All signsare clasified aseither mandaory or informaton sigs.

10.1.6.A manddory sign shdl be providedto identify a location beyondwhich a
vehicle or taxiing aircraft shall not proceedunless authorizd by the air
traffic managementsevice.

10.1.7.An information sign shdl be provided where ther is an opeationd neal to
indicate, by a sign, a specific location or routing (direction or destination)
information, or to provide other information fevant to the safe andféicient
movermert of arcraft and véicles.

11.2. DESIGN

11.2.1.The sysemof signs spgcified in CAR-14, Partl, Chapter 5.5.4 and Appendix 4,
meetsa number of design créria.
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11.2.2.All signsconform to a colour codethat clealy indicates the function of each
sign.Mandatoy signs usered andwhite, andinformation signs use yellow and
black. Thechoice of colourswas nfluenced by colourconvenions in other
modesof transprt wherecolourshavespedfic andwell-understoodnearings. |t
was aso influencedby theneedto usepairsof colouswhich, in combination,
providesignsthat arelegible in thewidest possble range of condtions.Contrast
ratiosbetweentheeementsof thesign area major factorin deermining the
legibility of a sgn.

11.2.3.There ardour basic attributes rakd to the dsign ofsigrs:
conspcuity;

legibility;

comprehengbility; and

credibility.

oo

11.2.4.Each of these attibutes is important. To meet the operatimal
requremens, all signs must berealily seen in the canplex aerodrone
environment, and the nscripion onthe signfacemustbe easyto read. The
mesgge being conveyedby the sign must be readily undestood bypilots
and vehicle drivers, andit must also provide infomaton that is clearly
correct.

11.2.5.The overall size, colour and luminarnce of a sign deermine the level of
conspcuity. The ske, font and layout of the inscriptions together with the
luminarce contast between theinscription and the ign face desrmine the
legibility of the sgns.

11.2.6.Full compliance with the criteriain CAR-14,Partl, Appendix
4, concerningthe sign face size is necasary to maximize the conspiclty
of the signs and to engure that the sign charactes arelegible. Thedesgn
criteriarequire a sign facethatis alwaystwice the heightof the inription.
The width is detrmined by the overall length of theinscription to which
must be added a borderof at least0.5 timesthe insaiption height at either
end of the sign.For signscontainng only one dedgnator, the lateralborder
width is requiredto be equalto the ingription height. This ensuresthat a
sign face of sutable sizeis provided in all situdions. The equirementsof
CAR-14,Partl, Appendix 4paragraph 1lshould bemet for
mandatay signs.

11.2.7.Thefont sizechoserdependson the maximum rangeat which theinscripion
is required to be legible. Foran aircraft taxi speedof 30 kt andassuming a
reading time of 10 secong plus a small allowancefor aninitial searchtime
to locaethesign,therequred fontheightis atleast30 cm. A font size of 40
cm is appiedto erhancethe sign perfomanceespecially in locationswhere
thelevel of safetyis of paricularimportance. Thefontto be used fosignsis
specifiedin detail i nCAR-14,Partl, Appendix 4.

11.2.8.The luminance of the signsis spedfied to maximize the useful range of
the signsin reducedvisibility condtions.
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11.2.9. The position of signs and the location of the varous elements of the
sign messge stongly influencethe comprehensibilityof the signsysem
Thelayoutof thesigns, particularly foapplicatonsat complex intersetions
where seveal sign elementsare colocated, is spedfically desgnedto ensue
the speedyand accurate assmilaton of the infomation displayed. The
inscriptions specfied are chosen to ensure that the informaton is
easily understood by all users. An example of acomplex sign layoutis given
in Figure 1%:1.

11.2.10. For operatons that take place in low visibility or at night, the
illumination of the sign faceis an importent design paraneter. The sign
luminarces that are spedfied in CAR-14,Partl, Appendix 4,
havebeen foundto meetthe operationalcriteriain these circumstances. Two
sds of luminarces are given. The higherluminances are only esential
during operations in runwayisual rangeconditions less thana value of 800
m. At night in good visibility conditions, theluminance of signscan be
reducedasindicated providedhatsign conspcuity and Ekgibility criteria are
maintained.

11.2.11. To maximize legibility, it isimportantthatthe equipmentis desgned
to have a uniform luminance over the complete sign face.Similarly, the
spedfied luminarnce ratios betweerthe colous of he sgn should always be
complied with.

11.3. VARIABLE MESSAGE SIGNS

11.3.1.Conventioral signsdisplayinga fixed messge showthe sameinformation
at all times rrespetive of the operational circumstances.This canreallt in
stuations that are at last illogica and which could causeoperational
probdems. For example, a pilot taxiing for depaure in VMC will be
expected to pass amandaory Categoy I, ILIII or joint II/lll holding
position sign without obtaing clearance im ATC. Ths procedire is
followed on thebasis that the sign is notpplicable at the time when the
manoeuwre tales place. The potential for any misundestanding could be
removed if the sign informaton were only visible when the informaton
being dispayed isapplcable. Seletive use of taxiways as part of a full
surfacemovementguidarce and contol system orasa means of maintaining
sepaations between very large arcréat on close parallel taxwaysare other
examplesof the need for more flexibility in the way in which sign
information is diplayed. It is recommendedin CAR-14,Partl,
5.4.1.2, thatvariablemessge signs be provided tomeetthe ogrational
needs dscribed aboe.

11.3.2.Therefore, avariablemessge $gn should be preided when:
a. theinstructionor informaton displayed on the signis relevant only
duringa certain period of tme; and/ or
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b. thereis aneedfor variablepre-detemined information to be
dispayed on the sign tomeetthe requiements ofsurfacemovement
guidanceand contol systens.

11.3.3.Variable messge signs can be designedto provide high brightness without
glare and facilitate the sdective display of information. Technologes that
could be usedinclude fibreoptic or light emitting diodes. Thauseof such
tecmologies to create the sign messge enhanes range performance
compared with thatobtained by using tansillu minated signs.Theluminance
of a fibre optic or light emitting diode light point canbe approxinately 10
000 cd/m2 comparedwith the \alue of 300 cd/m2, which is the lighest
value nomally used fortransilluminated $gns.

11.3.4.The following guiddines should be appied to the desgn of any variable
mesgge sign to be sedon an aeodrome movement area:

a.
b.

C.

thesign should havea blank facewhennotin use.A pilot mustnotseean
imageorfi g hdo stbemessage;

the sign should not presenta messge that could lead to anunsafeaction
by a pilot in the event offailure of the gyn;

thesignshould havea shortresponse time, i.e. thetime requiredfor the
mesggeto changeshould be notgreater thanife seconds;

different luminance levels will be requred for day/ night opestions
and in good/poouvisibiliti es;

care should baaken to ensurethatthe field of view of thesignis sufficient
overthe full range ofviewing anglesthat arerequredfor taxiway signs;
and

thesign should only includecolourandinscription elementsthatconformto
thebasic convetionsthatareto befollowedin thedesign of mandaory and
informationsigrs.
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11.4. MANDATORY INSTRUCTION SIGNS
11.4.1.A manddory instruction sign identifies a location on the movement area
that a pilot or vehicle driver shouldnot passwithout specfic authorizaion
by ATC. Mandabry ingtruction signsare therefore an important element of

the safety proisionson movementareas.

Figure 11-1. Example ofa complexsign layout
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11.4.2.Mandatay instruction signs shdl always be located on each side of the
taxiway or the runway. This erdes pilots to havean uninterupted view of
the sgnsat all times.It also enstes edly acquisition of thesignswhenthey
are loated close to an intersection that can beapproachedrom more than
one diredon.

11.4.3.Mandatay instruction signs include runway desgnation signs, Category
I, 1l or Ill holding position signs, runway-holding position sigms, road-
holding positionsigns and NO ENTRY s€gns. Exanples of such signs are
shown in Figure 1-2.

11.4.4.A manddory instruction sign shall always be providedat a taxiway/rurway
intersetion or a runway/runway intersection on eachside of the runway-
holding positionThusCAR-14 ,Pat-I, specfiesthat:
a.a pattern AA O ty-boldiwga position marking shall be
supplenented at a taiwayrunway interection or a
runway/rurway intersectiorwith arunway deggnation sign;and
b. a pattern fiB 0 runway-holding position marking shdl be
suppementid with aCategoy |, Il or Il holding positon sign.

11.4.5.As a consequenceyherea singe runway holding posiion is providedat an
intersecton of ataxiway and a precisionapprach Categoy |, 1l or Il
runway, the runway-holding positon marking shall alwaysbe supplemented
with a runway designaion sign. Where two or three runwg-hdding
positions areprovided at such anintersection, therunway- holding position
marking closest to the runway shd be supplemened with a runway
desgnation sign, and the markings farthest from the runway shdl be
supplemented with a Categy |, II or Il holding positon sign, as

appropriate.

11.4.6.Examples of sign positons attaxiway/runway ntersections 1@ shown in
Figure 1-3.

Noted A runwayholding positon is defned as a delgynated posibn
intended toprotect a runway, an obstaclentitation surface, or an ILSMLS
critical/sensitive area at which taxiing aircraft and vehicles shall stopand
hold, unless otheéwiseauthorized by the aerodromeontrol tower.

11.4.7.A runway-holding posiion shdl be established on a taxiway if the location
or alignment of thetaxiway is suchthat a taxiing arcraft or vehicle can
infringe an obstale limitation surfaceor interfere with the operations of
radio navigation aids. At suchrunway-holding positons, Annex 14, Volume
I, spedfies that apatternfiA orunwayholding position marking shdl be
supplemented with a runwa-holding position sign (the fi B Zign in Figure
11-2) on each sle of the raway-holding  posiion.

137



Guidance Material of Visual Aids

LEFT SIDE RIGHT SIDE

B 25-07 25-07 B

LOCATION/RUNWAY DESIGNATION RUNWAY DESIGNATION/LOCATION

RUNWAY-HOLDING POSITION RUNWAY DESIGNATION/

CATEGORY I HOLDING POSITION

LOCATION/RUNWAY DESIGNATION RUNWAY DESIGNATION/LOCATION

NO ENTRY

Figure 11-2. Mandatory instruction signs

11.4.8.Location signs should be associsgd with a runway desgnaion sign
whereverit is importantto ensue thattherecan beno possble ambiguity in
theauthorizatiomprocess. Withoutexactknowledje of location, it is possble
for pilots taxiing at an agodrome thathas multiple runway/ taxiway
intersetions tomisinterpret an authozation issued for anoter aircraft as
being applicable to their movement and mistakenly manoeuve onto the
runway. Thus, CAR-14, Paril, recanmendsthat arunway designaion sign
at ataxiway/rurway intersedion should be suplemenied with a locaion
signin the outboardfarthest from the txiway) posiion, asappropriate.

11.4.9.A NO ENTRY sign shd always beprovided when ertry into an aeais
prohikited.

11.4.10. For roadhading positions where a road eners a runway, the
provisions of CAR-14, Paril, 5.4.7, should be applied. An example of a
road-holding positionsignis shownin Figure 11-4. Sincethesesignsareto
be used byaeodrame personnk it is important thatthe in<riptions on the
sign facearein a languagethatis comprehengble to all road usersat that
location.
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11.5. INFORM ATION SIGNS

11.5.1.Information signs endle pilots and vehicle drivers to continuously
monitor their pasition on the movement area.Thesesignsare intendedto be
anaidto thesafeand efficient ravigation of all aicraft andvehicles.

11.5.2. Information signs shall include: direction signs, location sigrs,
destination signs, runway ex signs, runway vacaed signs and irgrsection
take-off sigrs.

11.5.3. Examples of information signs are shownin Figure 11-5. Sign sydems
dispaying a canbination of location anddirection informaton arethe most
commonly used.In Figure 11-5, four examplesare given of this type of
applicdion. The two simplest examples are alterretive ways of indicating
prior to aposition,whereonly two taxiways intersect, the desgnaton of the
taxiway on which the aircrdt or vehicle is currenty located and the
desgnation of the crossng taxiway. From this information andreference to
an aerodrome map, pilots andvehicle drivers can uniquely identify their
exact loetion andthe direction thatthey musttakeat the junctionto remain
onthdr assiged roue.

11.5.4. 1t is only for this simplest of taxiway layous that the option of placing
the location infomation at the end of thesign array is permitted. At all
other, more complex intersections theposition of the location sign and the
associted direction signsmust correpond to the convetion that the sign
layout should direcly reflect the intersection geanetry. All taxiways
requiringaturn to theleft mustbeindicated by asigninscription placedto the
left of thelocation sign, andall turnsto the rightmustbeindicatedby a sign
inscription placed tothe right of the locationsign. In addition, the order in
which thecrossingtaxiway information is dispacedfrom thelocation sign
is determined by the magntude of the turn required toenter that degnated
taxiway. Thus taxiways hat requirethe smallest changeof direcion are
placed closest to the locationsign andthose requiringhe gretest change of
direcionare fdaced furthet from thelocation sign.

11.5.5. During the devdopment of the signagesystem, it was demonstated that
by using the signlayout adopted inthe standard descibed above, pilots
neededlesstime to read and interpret the information thanwith any other
layout. Furthemore, they did not make the mistakesin interprding the
taxiway configuraion thatoccured whentesting othersign layotus.

11.5.6. The clear differentiationbetweenlocaion signs and all other information
signsthatis secued by the reversal ofthe yellow/black colour combination
is also an important ebment of the sygem. Locaion signs are an essatial
element of the sigrege at taxiway intersections, but they also have an
importantfunction whereverit is necessary to uniguelyidentify apositionon
the movementarea. For example, a suitably sited location signcan eyedite
position reportingwhenan aircraft ismanoeuving off the runway.
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11.5.7. Where information is displayed to a pilot on the runway, location
information is omitted from the sign sydem. Only directioninformation is
displayedn this stuation.

11.5.8. Whereit is necessary to provideintermediate holding positionson a taxiway
at locations otherthan arunway/taxiway intersection,the loation signs
shouldconsst of the taxway designatorsuplemented by a nunber.

11.5.9. An example of the wayin which deiggnatng leters are assiged to ataxiway sysemis
shownin Figure11-6. In thisfigure, taxiwaysA, C andD aretypical taxiwaysthatmay

requirethe desgnation of intermediateholding positions to facilitate ground movement
operations.
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NON-INSTRUMENT, NON-PRECISION, TAKE-OFF RUNWAYS

&

"

A

PRECISIONAPPROACH RUNWAYS

]
Y
CATEGORY | _

i 27CATI

2TCATI

e
X
CATEGORY I Y
27 A |
[ 27CAT I m_
N |
X
Y
CATEGORY 11l
(A 2TQ™ (A 27]
A 27CATI ™ ¥ 27 cAT M BN

Noted Distance X is establishedn accadancewith CAR-14, Partl, TableC-2. DistanceY is establishedat the
edge othelLSMLScritical /sensitive area.

Figure 11-3. Examplesof sign postions attaxiway/runway intersections
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11.6. SIGN LOCATION

11.7.

11.6.1.Signs have to be readily seen by pilots and vehicle drivers as they
manoeuvre ther aircraft/vehicles on the movement area. This is best
achievedvhenthe signscanberead whenpilots arefollowing the guidance
thatis derived from ther view of the taxiway aheadf the aircraft. Signs
should theefore be placed as clse to the edge of the pavenent as is
precticable.

11.6.2. When choosng the locaion of a sign, the provisions of CAR-14, Paril,
5.4,shdl be followed. Thetaxiway environmentis suchthattheguidanceon
siting must be followed if damage due to impact with engine podsor
propellersor asaresultof jet blasteffectsis tobe avoidd.

SIGN EVALUA TION General

11.7.1.The physcal characteristics of taxiway signs are determined by the
operatonal requirenents reflected in the provisions of CAR-14, Partl,
Appendix 4 The colours used in any sign should conformto the
specifications givein CAR-14, Partl, Appendix 1Figuresl.2to 1.4.

11.7.2. To achieve the spedfied luminance performance for lighted signs, it is
geneally found thattransilluminated signs bestmeetthe requiremens. The
uniformity of the illumination influencesthe legibility of a sign. Unevenly
lit signs are dficult to read and r@ therefore notaccepable in ataxiway
signage sgtem.

11.7.3. Before a sign is installed, it shouldbe demonstrded that the requrements
of CAR-14, Parll, Appendix 4,are met by the sign desgn. It is
important that both luminance and colour spedfications are fully
complied with. To demonstate this canpliance,it is necessary tacary out
tests on a sign that fully represents the size, colour, inscription layout and
lighting systemthatwill be used in service.

11.7.4. Thedimensonsandlocationof the referencegrid points usedfor testingsign
luminarnce shouldalways be strictly in accordace with the spedficationsof
CAR-14, Paril, Appendix 4, Figure4.1 Relaxdion of thetest spedfications
in terms of grid size or giid point locéion is not an aceptable means of
making aspecific signcompliant with therequirements.

11.7.5. When a sign is tested for compliance,all paranetersshouldbe evduated
including font size, inscription locationthe size of thebordersaround the
insaiption and theoverall dimensons of the gn face.

11.7.6. Taxi guidancesignsshall be frangible but shell also be able to withstand
significant wind velocities.For designpurposs, a wind speed of at least 60
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m/s can be used. In sme places, suchas any location that is close tothe
point on a runway wherelarge aicraft are rdated during the take-off run,
higher desgn wind speedvalues may be appropriateHoweve, at some
locations in the movementarea,signsmay be expased to wind véocities of
upto 90m/s caused byjet blast.

11.7.7. Structural members supporting a sign face should not corstitute part of
the sign face dmensons.Whenthe structureof the desgn overlapsthe sign
face, the dimensons of the face should be adjusted accordinglyto ensire
that the correct areaof signface is provided.

11.7.8. Therear of the signshauld be markedin a single conspcuouscolourexcept
wheresignsaremounted lack-to-back.

Figure 114. Road Holding position sign
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LEFT SIDE RIGHT SIDE

“cHc>

DIRECTION/LOCATION/DIRECTION

«C- <APRON

LOCATION/DIRECTION DESTINATION

LOCATION/RUNWAY VACATED RUNWAY VACATED/LOCATION
RUNWAY EXIT RUNWAY EXIT

<CEJB~[C>

LOCATION DIRECTION/LOCATION/DIRECTION/LOCATION

DIRECTION/DIRECTION/DIRECTION/LOCATION/DIRECTION/DIRECTION/DIRECTION

<2500 2500 -

INTERSECTION TAKEOFF

Figure 115. Information signs
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Figure 11-6. Assignnent of letters to taxiways
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11.7.9.Examples of typical signsthat comply with thesespecfications are shown in
Figurel17.

Evaluation procedures

11.7.10.

To evduatethe physical chaacteristicsof a sign, the following

procedureshouldbe appied:
a

b.

oo

T DQ ™Mo

—

11.7.11.

. asessthecategay of operationfor which thesign isto beused;

measurehe heightand widthof the sign faceexduding te holder

frame where apptable;

measure the height of alhaacters;

. measurahe strokewidth of eachchaacter and ensue thatthe stroke
width is consstentaround the characters, @rticularly those thet contan
curved omponens,

. measure thavidth of each chacter;

measure the space arolthecharacters, top, bottom,ight and left;
. measure the rder widthwhere aplicable;
. measure the spabetween words were applicable;
wheretwo typesof signsarein oneunit (e.g. taxiway mandaory and
information sigrs), measure the separatiostWeen thesigns;and
compare the measured dimensons and spadngs with the
recommenddionsgivenin CAR-14, Paril, Apperdix 4.

To evalwte the photmetric performance ofa sgn, the following

procedures should be apiet:

a.

b.

evduate the photametric performance of thesign in a darlened
environment;
mark out the gd on the sign fee as shown inCAR-14, Parl,
Appendix 4, Figre 4.1exclude any famework). Ensuretha the rows/
columns of grid points arecorrectly aligned parallel tdoth thetop and
left edge otthesign face;
atanappr@riate rangefrom the sign, measurehe luminance andcolour
coordnates ateach applicable grid pointensuring thatthe areaused for
each ndividual measuement doesnot exceedthatprescibedby acircle
of 3 cm in diameter centred on therid point. For externally lit signs,
ensue thatthe measurenentis taken from behindhelight source;
cdculate the aveageluminance lewvel for eachcolourand comparghe
values with the minimum values recommended in CAR-14, Pardl,
Appendix 4
ensue thatuniformity of luminance hasbeen acfheved by cdculating
the ratio betweenthe maximum and minimum luminance values for
each colouand canparingit with the maximum reconmendedratio in
CAR-14, Partl, Appendix 4
for a mancktory (red and white) sign, confirm that the maximum and
minimum ratios betweenthe avaage redluminance and the average
white luminarce are within the recommended range sgeified in CAR-
14, Paril, Appendix 4
as®ss the ratios of adjacentluminance levels in the vertical and
horizontal planes and cepare tlem with the recommendedmaximum
raio given in CAR-14, Partl, Appendk 4 (assess the ratio between
adjacent points of the same colour only);
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h. cdculate the aveage of the colour coordnates for each colour and
confirm that the vales are within the boundass recommendedin

CAR-14, Parl, Appendix 1
Noted Signs of diffeentlenghs mayhave dfferent phdomeric performance.

Determining the width of a sign face
11.7.12. Theexamplesin Tables11-1 and11-2 provideguidarce on howto

determinethewidth of a sign face.

Noted Thewidth of thespacebetweencharactergroupsor character

groupsandsymbolsshould be equab the aveageheightof theletter used:

Average letter width

Letter height
(mm)

(mm)

400 280
300 210
200 140
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Figure 11-7. Examplesof typical signdesigns
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Table 111. Inscription: 27 CAT Ill (letter height 400 mm)

ltlem Width (mm)
“H 200
2 274
characier space 76
7 274
character group space 280
Cc 274
character space 50
A 340
charactar space 26
T 248
characier group space 280
i 440
“uH 200
Total width 2 962

Table 11-2. Inscription: APRON —
(letter height 300 mm)

ltam Width (mm)

%eH 150

A 255
character space 57

P 205
character space 71

R 205
charactar space 57

(0] 214
charactar spaca 71

N 205

character group space 210

— 300

%H 150

Total width 2150
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Chapter 12

Visual Parking and Docking Guidance Systems

12.1 INTRODUCTION Predse pgaitioning of aircraft

Ir? many casesaircraft are requred to parkin a prescibed pasition to engure the required
cleararce

from otheraircraft. Preciseposiioning of aircraft is particdarly requred when spegal
passeng loadng facdilities comect the terminal building tothe aircraft. Also, wherefixed
savicing ingallations are provided for refuelling, eledric groundpower, wate, ground
communication lines, compressedair, and soon, accurate positioning of aircrdt is of
importarce for their safeand eficient operation. A sydgem basedn markings and inset
lights and used for the posifoning of aircraft at terminals not equipged with passeng
boardingbridgesis known as an apronparking guidarce system. At teminals equipped
with pasenger ardingbridges, a more sophisticated syesmis neededfor the dockingof
aircraft. Sucha syd¢em is known as a visual docking guidance syem. The operational
requrements ofthe daking guidanceygem

are included in Appendix 1, and thee of the peking guidance sytem in

Appendix 2.

12.2. AIRCRAFT STAND MANOEUVRING GUID ANCE LIGHTS

|r|] géIS.l, it was mentionedthat for manoeuving aircraft under poor visibility conditions,
closely

spaed lights similar to the taxiway certre line lights are needed on aircrat stands in
addition to markings. Theselights, whichare called aircraft stand manoeuving guidance
lights, should be omnidirectional so that they are visible to a pilot appraching along a
taxiway at a right angleto the stand centre line. Low-intensity taxiway lights emitting
yellow light are nomally used.An intersity of approxmately 60 cd of yellow light is
neededo supportoperationsdownto avisibility equivalentto anRVR of 50 m. The surface
temperatureof the light fittings must be sufficienty low so as not to affect aircraft tires
coming in contact with them. Thelightsare normally spaed at 15 mintervals.

12.3. VISUAL DOCKING

GUIDANCE SYSTEM

12.3.1.While aircrdt stand manoeuving guidarce lights will provide adequate
guidanceto initiate the trn on and takeup a postion on the centreline,
theyare notnecesarily sufficientto achieve the aamuth accuacy necessay
for nose-in standsequipped with passengeboardingbridges. Furthermore,
to stop the aircraft at the correct pasition, stoppingguidanceis esntial.
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Visual docking guidance sydems are therefore installed at teminals
equipped wth passengeboarding bréges.

12.3.2. The CAR-14, Paril spedfications for the visual docking guidancesygem
confam to the operationatequirementsin Appendx 1. Care should be
exercisedwhenchoosng such a sysem. Thebasc feauresof afew typesof
visual docking guidancesystems which have beerfound to saisfy most, if
notall, of the opaationd requrementsandspedfications areoutlinedin the
following paragrahs.

Systems @ing graphical display based on aire aft position sensors

12.3.3.A visua docking guidancesystemwhich usesa graphicaldisplay andlaser-based
sen®rs to provide azimuth guidarce, distance-to-go and stopping position
information is detailkd in Figure 12-1. This system conssts of a real-time LED
(light emitting diode) display uni, a contol unit and a laser scanmng unit all
housedin the same calinet. The cabinet isattachedto the terminal building or
other support closeto the extension of theaircraft stand centre line. The system
also includes an operator control panel comprising an alptanumeric display
saeen and anemergencystoppushbutton. The operatorcontrol panelis mounted
at apon level.
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Visual docking
guidance system cabinet

Pilot informasion

Opemir's information

% | Latest acospted
densdcaton

Latest accented
_| idensScation

Mensfcation faled

Closing rae information,
azimuth gudance and
Identiicaton.

Docling procadura

Figure 12-1. A visual doing guidance systenusing a graphical dispay and lase-based
sensorsto provide azimuth guidance, distane-to-go and $opping position information

12.3.4.The dispgay unit incorporatesthree different indicators for alphanumeric,
azimuth and disance-to-go information, all of which are clearly visible
from both pilot positionsin the aircraft. The dispay compriss an aray of
LED indicators, yellow andred indicator boards, eachhousig a processor
board conneded in seies to the control unit via a ribbon cable. A seial
communication protocol is usedfor the communication betweenthe contol
unit and theLED-modules. The uppertwo rows areusedfor alphanumeric
information, the tlird row for azmuth information and thecertral vetical
bar for digance-to-go information.

12.3.5. Thealphanumeric display, shownin yellow, will presentnformation suchas
abbreviations fomircraft type, airport codeand flight number. Specialtext
information for guidanceis also displayedto the pilot in the docking phase.
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Theazmuth guidarce indicator, displayed as red arow, givesinformation
to the pilot on how to direct the course of theaircraft. A yellow vertical
arow showstheadual position oftheaircrat in relation to the aircraft siand
centreline. The ystem supportamultiple convergentcente lines as well as
curved cetre lines. The distance-to-go indicator, shown in yellow,
comprises32 horizontal ekmentswhich will display asa verticalbar that
symbolizes the cente line. Each harontal elementrepreserts adistance of
0.5m.

12.3.6. By using ani-reflective material in the dispay window and dark coloured
LED-boards, togiher with autamatic adjustmentof the LED light intensity,
thedisplayedinformationis legble in al light conditions.

12.3.7. The laser scanning unit is housedin the lower part of the display unit
cabiret. The unit, basedn threedimensonaltechnology, comprises a laser
rangefinder and scanningmirrors. The unitalso incorporates dixed mirror
for useduring séf-testing ofthe system.

12.3.8.Three-dimensionalprofiles for selected aircraft using specfic paraneters for
thegeametry of theaircraft areprogramnedinto thevisual dockingguidance
sydem. During the docking procedurethe laser equipment measues the
correspondhg paraneters of theappro&hing arcraft.

12.3.9. The docking proceduresillustratedin Figurel2-1, can be actated by:

a. the operabr of thevisual docking guidance systemwho will sdect the
aircraft type from the ogerator cortrol parel;

b. remote sdection of aircraft type by a gatemanagenent sygem, which
will have to be confimed by the operator of the visua docking
guidarce sygem attheoperator comol panel; or

c.autanatic selection of aircraft type by a gate managenent sydem
based on informaton from the flight informaton display system
(FIDS).

12.3.10. Before any docking procedurecan be activatel, a sdf-test will be
performed by the sysem. The correctposition of a pemanent test object
located in a known posiiton will be checled. A failed test will result in an
error mesgge on the LED disgay. If the sdf- test is successful, the aircraft
type will be shownon the LED disday unit as well as on the operaor
contol parel. Floatingarrows on theaz muth anddistance-to-gowill indicate
that the system isready for operaton. The laser scaniing unit is now
activated, and the operatorcontrol panel will indicate he aircraft type and
the sttusof the laser scanning uniasi ACT 1 VEO .

12.3.11. When theaircraft is detected by he laserrangefinder, sualy more
than 50m before the stopposition, the distance-to-go LED display will be
activated. The azimuth dispay, the yelow arrow, will indicate the lateral
positon of the aircraft with respet to the aircraft
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stand centre line, and a red flashing arow will indicate the direction of any
requredcourse adjgment. The operator control pan  wi | | ACKINGW .Ai T R

12.3.12. During the approachof the aircrdt towardsthe stop position, the
aircraft type will be verifiedby the systemby comparingcaptured data to those
progranmed for the selected arcraft. If aircraft typeveirificationis not established
within 12 m from the stopposition, theLED displayunit will showfi $OP/ID
FAl L b thecaptueddata will verify the arcraft type,the opratorcontol panel
will sHWNoWFREDE.

12.3.13. Whentheaircraft is within aspedfied distance (12 m or 16 m) from the
stopposition, the heightof thedistance-to-go indicator will gradudly deaease
(thehorizontal elementsof the yellow barwill be swithedoff oneby one) asthe
aircraft approachedhestop positon. Whentheaircrét hasreachedthe stop
position, he alphanumeric displaywill indicate i $OP0 together with two red
stopsymbols.Whenno movement of theaircraft canbe detectedafter a preset
time period,thealphanumeric displaywill changefrom ACPTao i ®&o or
fi T ORAR Oasthecasemay be.Thiswill also beindicated onthe operator
control parel. Afteranadditionalpreset ime period,the statuson theoperator
contol panelwill charge tofPARKE D 0 .

12.3.14. Anothervisual docking guidarce system that usesa graphicaldisplay of
the patternof interfererce fringesformedby optical gratings (Maré technique)to
provideazimuth guidarce and alaser radatto providedistanceto-go andstopping
positioninformation is desiled in Figure12-2. Thissygem consstsof adispay
unit, a contol unit andalaser radaunit all housedn an aluminium endosure.
Theendoareis attached to theterminal buiding or othersupyort closeto the
extension of theaircraft stand certre line. The sysem abo includesan opeetor
control panelcomprisingadisplayterminal andan energencystopbutton. The
operatorcontol panelis normally located in thgpassager boarding bdge or at
ground level.

12.3.15. The display unit incomporatesthree different indicators for
alphanumeric, azmuth and disance-to-go information. The alphamueric and
distance-to-go indicator wil provide infomationto boththepilot andtheco-pilot.
Theaz muthindicator will provide guidance onlyo the plot. To provideazimuth
informationto the co-pilot, an alditional co-pilot aamuth gudance unit wi be
required.

12.3.16. Thealphanumeric indicator will displayhorizontaltextinformaton, such
asaircraft type , P SfFilure codes etc. It corsistsof four alphanumeric
dispay panelseachof which is a7 by 5yellow fluorescentdot matrix.
llluminationis provided by afluorescent tube.

12.3.17. The distance-to-go indicator providesinformation basedon a laser
range measuement tehnique Thelasermeasureshedistanceto the aircraft, and
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thedisplay presentsthe measuredlistance relaitve to theparking positionin
andogueand/or umeric format. Distancaneasumgis updaed 10timesa
secondDistan@-to-goinformationis provided ower thelast15 m of aircraft
appoach to the parking position in stepsof 0.75m. The disance-to-go indicator
consstsof threealphanumeric display parels forming a vertical bar. Eachdisplay
parel isa7 by 5 yellow fluorescentdot matrix. Illu mination is provided by a
fluorescenttube.

12.3.18. When the system is activated for docking, a distance sensr
trangmits laser pulsesin the vertical pane to deéct an appr@ching aircraft.
When thelaserpulses hit the aircraft, the pulgs are reflectedto the receiver.
Distance measuing is performed 10 timespersecond. Thesygem is able to
detect an aircrdt at more than 100 m distance. Data on distance measuing
is sentto the contol unit, which will processthe datarelative tothe parking
posiion piior to distance-to-go information being preserted on the display
unit. The wholeoperationof collecting measuimg data, processing thelata
and showingthe infomation on the disgly unittakes lesshian 0.2second.

12.3.19. The azmuth guidarce indicator, based on the Moiré techngue,
provides the pilot with contnuous and red-time azmuth gudance
information. Theazmuth gudanceindicator conssts ofafront grating anca
rear grating. Lightpasses tfough the supémposed gratingsand credesa
Moiré arrow patern. Small relative movements between the gratings result
in large changesin the pattern. lllmination is provided by compact
fluorescait tubes. Reducedlumination is apgked duing right to preent
opeitional prodems cawsed by dare.

12.3.20. When approacing the aircraft stand, the pilot steers the aircraft in
the diredion indicated by the arrow pattern until the arrow becames a
straight line. When the azmuth guidarce dispay stows a straight vertical
blackline, theaircraft is establishedcorrectly on the cerre line.

12.3.21. The controlunit is basedn an industrial catrol compute. Aircraft
data,such as legth, wing span,and distancesto nose, pilotés eyes, nose
wheel, main landing gea, and doors 1 and 2, for more than 500 different
aircraft types andseries ae storedin the compute. Event reording facilities
may dso beincludedin thecontrol unit.

12.3.22. Thevisual guidarce docking sysemcanbeinterfacedwith anairport
operationsdatabase (AMB) or flight informationdisplaysygem (FIDS). It
canthus provide the groundcrew with flight information, such asheflight
number, departure poirgnd cstination.

12.3.23. The sydem can be adivated either autamnatcally or from the
operatorcontol pané.
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Manual acivation is carried out by selecting the incoming aircraft on the
operatorcontrol pané. Automatic adivation canbe providedby conneding
thesygdemto the AODB/FIDS attheairport.

12.3.24. The sysem dispgaysthe aircraft type on the alphanumeric indicator.
This gives the pilot the oppatunity to halt the appioach to its parking
position if theaircraft type being procesed in the systemis incorrest.

12.3.25. During aircrdt dockingthe sygemis beingmonitoredandif afault
or opeational error is detkcted, thealphanumeric indicator will display
i BOPO  a n érrortcddeand the operator otrol panelwill display the
error messge.

12.3.26. Theemergencystopbutton is usedwhenthe operatordecidesthatthe
approachingaircraft is in jeopady. Whenthe emergencystopis activated,
the visual docking guidance system will display aimuth guidance and
distance-to-go information, and the alphanumeric indicator will display
ASTOP OAfter a prest time period,the alphanumeric indicator will display
i BT PO memgé rcCy st o PO ibuthdt emerge8cy stop
buton is released.During the time the emergencystop is adivated, al
interlocks to other stand equipent are nomally releasedWhen the
emergencystopbutton is released, the system will revat to the statugt had
beforethe emergency top wasadivated.

Sygemsusing lights alone

12.3.27. A visual docking guidance system whichuses lights aloneto
provide guidarce is desdbed in Figures 12-3 and 12-4. The sygem
consstsof two elements: an azimuth guidarce unit anda stoppingposition
indicator. Theazmuth guidanceunit is installedon the extension of the stand
certre line aheadof the aircrat (see Figure 12-3).The stopphg posiion
indicatoris also installed on the extension of the stand certre line, but it is
not colocated with the agmuth gudarce unit (®e Figure 124).

12.3.28. The azmuth guidarce unit functionsasfollows. If the stand certre
line is taken asthe oiigin, and angts locded to the left of the stand certre
line arecomsidered as negative andthoseto the right as posiive, the pilot
getsthefoll owing five indicationswhenfacing the unit:

a. from7110°37'toi 6°37', theleft beamis red andhe right beamgreen;

b. betweeni 6°37' andi 0°7', the left beamwhich wasred throughout
its height gradwlly turns greenwhereaghe right beanremains
green;

c. betweeri 0°7'and +07', thetwo beams ae green;

d. betweent+0°7' and+6°37', theleft beamremainsgreen,while the
right beamwhich was greentroughoutits heght gradwally turns
red;

e. between+6°37' and +10°37, the left beam is completely green
andthe right beam is canpletely red.
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12.3.29. From the aboveit follows that, if the plot seestwo green bams
throughouttheir height, theaircraft is onor closeto the sénd centreihe. If
the airceft is to he left of the stand cetre line, the pilot will seethe left
beampartally or totally red, depenihg on the extent ofdeviation, andthe
right beamgreen.The pilot mustthenmoveto theright in orderto seeboth
beams green.On the other hand, if the aircraft is to the right of the stand
centre line, the pilot will seethe ight beampartidly or totally red and the
left beam geen.The plot must then move tothe kft toseeboth beans
green.

12.3.30. The stoppihg posiion indicator of the sysem uses greenand red
coloursto indicate the precsestoppingpositions. It is locaedin front of the
pilot andabovethe pilotd syeheight asindicatedin Figure 12-4. The unit
conssts of an internally iluminated hoizontal slot with three stoppng
positionsmarkedon it. Each stoppingposiion isidenified by the typeof
aircraft to which it is applcable. When the aircrdt eners the stand, the
entire hoiizontal slot will appear greento thepilot. As the aircraft moves
forward alongthe sénd centre line, the left-handporton of the slot becanes
red and then the lengh of the redsectorgraduallyincreases. The aircraft
reacheghe stoppingpositionwhenthe interfaceof theredand greersectos
isin line withthe stopmark (on the slat) for that arcraft type.
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Side view of APIS++ gstem installation

Display unit for stepping
Position and centre line
Azimuth guidance

Display unit
Alphanumerical text row

Co-pilot azimuth
Guidance (optional)

(Default configuration)

Azimuth guidance display

P28 CES

Steer right | Steer left
On centre line

Figure 122. A visual docking guidance system using a graphical display (Moiré technique) to provide azimuth
guidance and a laser radar to provigahceto-go and stopping position information
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Azimuth guidance unit
| gy 10 1 (2 == -
Five indications Grean

Stopping point

L Stand cantra fine

Figure 12-3. The azimuth guidance unitof a visual dockingguidance systenusing lights
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Stopping position indicator

In posifion 3 Entering into the stop light field

Termirel front wall

...

Figure 12-4. The stopping position indicator of a visual docking guidancesystemusing lights

Vertical approach plana
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Chapter 13

Apron Floodlighting

13.1. INTRODUCTION

13.1.1.Thefollowing material is providedin orderto give guidancen the application of
CAR-14, Parl, 5.3.21

13.1.2.An apronis adefinedareaon aland aerocome intendedto accommodate aicraft
for the purposef loadng ard unloadng passengersjail or cargo;refuelling;
paking or maintenane. Aircraft would nomally be expetedto moveinto these
areasunder heir own power oby towing, andadejuate ighting isnecessary to
enablethesetasks to be perfaned safely andefficiently at night.

13.1.3.The part of the aproncontaning the aircraft standsrequres a relatively high
level of illuminance. Thesizeof eachaircraft standis largely determinedby the
sizeof theaircraft andby theanountof spacenecessay to manoeuve the aircraft
safelyinto andoutof this positon.

13.2. FUNCTIONS

13.2.1. The pimary functions of apron floodliging are to:
a. assst thepilot in taxiingtheaircraftinto and out of the final parking
postion;
b. providelighting suitablefor passengs to embark anddebak and
for personneltoload and unled cargo, refuebnd pe&form other
apron servee functionsand
C. maintainairport secuity.
Aircraft taxiing
13.2.2.The pilot mainly relies on apron floodlighting when taxiing on the apron.
Uniform illuminance of thepavementwithin theaircrét stand andeli mination of
glare aremajor requirenents. On taxwaysadjacent to aircraft stands,alower
illuminance is desirdle in orderto provide a gradal transitionto the higher
illuminance on the aicraft sands.

Apron service

13.2.3.Thesefunctionsrequre uniform illuminarce of the aircraft standarea of a
sufficient level to perform most of the tasks. In case of unavoidable
shadows, some tasks may requie supplenentry lighting.
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Airport security

13.2.4.lIlluminance should be sufficient to detct the presenceof unauthorized
personson the apron and to enable idditéation of personnebn or near aircraft
stands.

13.3. PERFORMANCE REQUIREME NTS

Choiceof light source

13.3.1.Various light sources can be applied. The spédistribution of these lights shall
be suctthat all colours used for aircraft markings connected with routine
servicings, and for surface and obstruction markings, can be correctly identified.
Practice has shown that incandescent halogen, as wéffasmt highpressure
gas discharge lamps, is suitable for this purpose. Discharge lamps, by the nature
of their spectral distribution, will produce colour shiftiffidnerefore it is
imperative to check the colours produced by these lamps under daylgélt as
artificial light to ensure corred colour idantification. Occasiondly it maybe
advisabe to adjusthe colou schenme usel for surfaceand obstructon markings
For ecolmmic reasors high-presure sodium a high-pressue mercury halide
lanmps are ecommended.

Illuminance

13.3.2.An awerage illuminance of not less than 20 lux is neealed for colour
perception and is consdered e minimum requrement for the taks to be
carried out on te aircrdt stands. Inorder toprovide optimum visibility, it is
essentl thatilluminance on the aircraft stand beuniform within arato of 4
to 1 (aveage to minimum). In this conrection the average vertical
illuminance at a heightof 2 m should not be less than 20 lux in relevant
directiors.

13.3.3.To maintain acaptable visibility conditions, the aveage horizontal
illuminance on the apron, except wherersice functims ae taking place,
should not béessthan 50 pecent of theavelge horizontalillu minance of
theaircraft stands, witin a uriformity ratio of 4 to 1(average to minimum)
in this area.

13.3.4.1t is recoquized that some visual tasksrequre addtional supplenentry
lighting, e.g. potable lighting. Haveve, the useof vehicle headligts for
purposes ther than guidnce duimg driving should be avoided.

13.3.5. For secuity reasons, additional illuminarce greaer than that spedfied
above may be required

13.3.6.Theareabetweentheaircraft stards and the apron limit (serviceequipment,
parking area, sevice roads) should be illminaed to an average horizontal
illuminarceof 10 lux. If the highe-mountedfloodights do not light thisarea
adequaely, then glare-freelighting of the steet-lighting type could be used.
Some exanples of illuminance on apronsare presertedin Figures13-1, 13
2,133 and 134.
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Glare

13.3.7.Direct lamplight from the floodlights shdl be avoided in the direction of a
contol tower
andlandingaircraft. Aiming of floodlightsshouldbe,asfar as practicable,in
the diredions awayfrom a contol tower or landing aircraft. Direct light
abovethe hoizontal plane tmough a foodight should be restricted to the
minimum (see Figues13-5 and 136).

13.3.8.To minimize diect and indirectglare:

a. themouning heightof thefloodlights should beat |east two timesthe
maximum aircraft eye héght of pilots of arcraft regularly usng the
airport ceeFigure 136);

b. the location and height of the mads shaild be such that
inconvenienceo ground personnetiueto glare iskept to a minimum.
In order tomeetthese requirenent, floodlightswill have b be aimed
carefully, giving due considesgtion to their light distribution. Light
distribution may haveto be aapted by theuse of sagens.

Emergencylighting

13.3.9.To coverthe posshility of a powerfailure, it is recommended that
provisionbe madefor sufficient illumination to be available to ense
passengr sdety (seealso 13.4.3).

13.4. DESIGN CRITERIA Lighting aspects

13.4.1.In additionto the design criteriaderived from the perfomancerequrement,
the following aspets shald be considered in desgning an apon
floodlighting sygem:
a. the height of the apran floodlighting masts shoutl be in
accordance  with the relevant obside clearance
requirements as shownn CAR-14, Pardl, Chapter 4
b. obstructions irthe view of contol tower personnelshould be
avoided.In this respect.si:;aai attention should bepaid
to Ejhe location and the heightof the floodlighting towers;
an
C. the arangement and aiming of floodlights shauld be such
thataircraft standsreceive light from differentdirections
to minimize shadows.Better results are obtained by
uniform illuminance of thetotal area thanby directing
insg_i8v)idual floodlightsatthe aircraft (see Figures&7 and
1 .
Physicalaspects
13.4.2.During the desgn stage of an airport, due consideratiorshould be given to
the physical aspets of the apron in order to provide efficient apron
floodlighting. The utimate choice of the locabn and hight of the
floodlights depends upon:
a. dimensons of apron(s);
b. arangement of aicraft stands,
c. taxiway arrangementand traffic scheme;
d. adjacent areas and hildings, especifly controltower(s); and e.
location andstatus of wunway(s)andhelicopter landing area

163



Guidance Material of Visual Aids

Noted Guidancemateaial concening the dimensionsof apron and parking
standswill be found in the Aeralrome DesigrManual, Doc 9157, Part 2.

Taxway
5l

Eha=

c ettty
1' 0 10 20 30 4 50m
i

Figure 13-1. Typical isolux curves for horizontal illuminance (Example A)
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Figure 13-2. Typical average \ertical illumin ance at 2 mheight (Example A)
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Terminal building
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Figure 13-3. Typical isolux curves for horizontal illuminance (Example B)
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Figure 134. Typical average \ertical illumin ance at 2 mheight (Example B)

Aiming point of floodiight

|:| Minimal light
- No (direct) light

Figure 13-5. Aiming to avoid glare
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I: Mirimal ight
- No (direct) light

Figure 13-6. Mounting height to avoid glare

Figure 13-7. Typical floodlight arrangementand aiming for parallel parking
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Figure 13-8. Typical floodlight arra ngementand aiming for nose-in parking

Electrical aspeds

13.4.3.If dischargelamps are used, a three-phaseelectical supply system should
be utilized to avoid stroboscopc effeds. If high-pressue discharge lamps
are used emergencylighting canbearrangedby either halogenincandecent
lampsor by specal circuitry of some of the high-pressure idcharge lenps.

Maintenarce aspets

13.4.4.The lighting sydem should be so desgned that maintenanceexpensecan
be held to a reasondle value. If accessto lights is difficult, it is most
ecnomical to changelampson a groupreplacementbass. Sincethe cost of
replacing lamps in high-mountedlights can be sigificant, long-life lamps
shouldbe usedWherepossble, thelights should be soplaced thathey will
be easily acessible withoutusing spei@l equipment. Tal polescould be
equiped with pdesteps orraising ad lowering devices for esvicing.
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Chapter 14

Marking and Lighting of Obstacles

14.1. GENERAL Operational requir ements

14.1.1. The safety of flying atlow levels undervisualfli ght rules(VFR) depends
significantly onthepilot beingableto see any obstructionthat consitutesan
obstale to flight in sufficiert fime to carry outanevasive manoeuve in an
unhurried and corrblled manne. The most denandingcircumstances ocar when
flights take placein a vishility close tothelimiting valuefor that classof
operation Obstatescannotbe seenatranges in excessof the prevailingvisibility
and will oftenbe seerat lesser ranges. The shortfdl in obstale range
perfomanceis whatcongitutes heflight hazad. In practical terms, flight safety
consderdionsregurethe conspicuityof obstacés to beenhancedsothattheir
visugl_lrange ist least the sane asthe preweiling visibility in marginalweather
conditions.

14.1.2. At night, similar considerationsarise. Pilots have the same needto see
obstades in sufficient ime tocamy out any necessamyasive manoeuve.

14.1.3.In @l circumstances, pilots should be able to determine the locaion and
extent of the obstele. By night, thisalwaysrequrestheappication of measuresto
delineaetheobstale in samedetail.By day,enhancenentof thecuesthatenable
the obstcleto belocated easily is important, butin many circumstancescue
enhancenentsto delineste theextentof the obstructiorarenot essential. In the
daytime, if the piot can seethe obgacle, thenin many crcumstancesthe size and
shapecan ako be redily appreciated.

14.1.4.1n oneCountry; it is assumedthatpilots of aircraft traveling at 165 kt or less
shouldbeable to see obstructionlights in sufficient time to avoid the
structure by at least 600 m horzontally underall conditions of operation Pilots
opeting betweenl65kt and250kt shouldbeable to seethe obstuctionlights at
1.9km, unlessthe weatherdeterioratesto 1.5 km visibility at nightduringwhich
time 2000cd wouldberequredto seethe ligits at the sane distance. A higher
intensitywi thgreaer visibility at nlghtcanc?ererate an anuyln% sigrel tolocal
residentsln addition,aircraftin thesespeedangescannomally beexpeded to
operateunder instrument flightrules (IFR) anight when he visibility is 1.5 k.

14.1.5. In anotherCountry, therationde for theidertifi cation of therequred obstacle
light intensity isbasedon theassumption thatlights should havarangeequalto
thelowestvisibility in which a plot can fly under VFR, i.e. 3.7km.

Types ofobstacles

14.1.6.0Obstates can be createdin both the agodrome and en-route environments
by a range of structures; some of the most commonare transmission masts,
pylons, birdges,cooling towers,communication mads and caldes.All such
obstales are within the purview of CAR-14, Pardl, although those
spedfications arespecfically pubishedin relation to agodrame opeations.
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Implementation
14.1.7 . Many obskcles are considered by residents to havea neggtive visualimpacton

thelocal envionment.Operdional requiranents arethereforeinevitady
influenced by a conflict of interestsin thatpilots requireenhancenentof the
conspcuity of obstaleswhilst envionmenglists requirethatobstadesshouldbe
incorspicuous. Thebasicrequrementis theeforeto makeobstatescongicuous
whenviewedfrom aicraft without signfficantly increasng the casgculity of
obstacles when weed from the ground.

14.1.8. The method of obstate visibility enhancenent chosenmust be capable of
operating dfedively at all times.A high level of reliability andavailability is
therefore required, implying thatthe chaicteristics of the systemthatis instaled
mustbe capalbe of beingmaintained overprolonged peiods.

14.2. CONSPICUITY ENHANCEMENT TECHNIQUES

14.2.1.The techniques recommended in CAR-14, Partl, Chapter 5,for the
enhanement of obstate conspicuity fall mainly into two caegories,
marking and lighting. A third methodin which the size of theobstacle is
increagd by attaching additional structural material is also usedin same
appications. An exanple of this later methodis the placing of sphees at
intervals along @bes. The marking of surfacesof obstales with large
alternatingaress of contrating colourchosen to produdeands osquaes of
high or low refledarce is a requirenent that is prticularly applied to
obstales sich as buildings, mags and towers. When first applied to the
structure, such colouring media can be effective in making the obsacle
conspicious byday over awide rangeof viewing conditions. Haeva, the
cost anddifficulty of maintaining the intial characterstics of this soldion
are sgnificant. Furhermore, at mght thesystemmust besupplenentd by a
lighting instllation.

14.2.2. Lighting systems that are operationally effedive are extensivéy used.
These systems provde pilots with adeguateinformation on the location and
extent of theobjectsto which theyareapplied. Experencehasshownthat, at
night, steadylights of an approprate colour andintensty meet operatioa
requrements ina manner thasatisfiesboth pilots andlocal residents.

14.2.3. The recommended pracices for enhaning the conspcuity of obstates
have a number of practi@ difficulties associated with then. As already
menioned, theenhancenent of contast through use of paint, or similar
colouring materials, is only effedive for day flying and must aways be
supplenented by lighting at night. Application andmaintenancecods are
high, and these problams are exa@rbaied by acessissues, particularly on
tall structures.

14.2.4. Whilst patterns of stealy red lights can be provided that adequatly
indicate obstclesto pilotsat night, by daytheintersity of thelightshasto be
substantiallyincreasedto produce thesame range performance. Signals
havingthesehigh levels of output canjn pradice, only be providedby the
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useof white flashing lights. Lights of this type areusedextensively in some
Staes. The size andweight of the equipmentfor this type of lighting makeit
impracicable to apply this solution to same obstacles.Furthemore, the
signal characterisics of flashing lights are notacaeptable to same local
resdents in daytime and arestrongly objectedto in manylocations atnight,
even if the intensity levels arerediced. These adverse conditions
caugparticular difficulties away from urbanenvionments where ambient
light levels aregenerally low.

14.3. MARKING

14.3.1.The circumstances in which an obstale should be marked and
techniquesfor the appication of markingsaredescribed in CAR-14, Parl.
Chapter 6Thetedhniquesthatare usedarethose thabverall providethe best
enhancmentof the conspcuity of objects, althoughthey are not efedive in
same drcumstances.

14.3.2.If anobjectis viewedagainst a sky backgound, the greatestangewill be
achievedif the objet is black. In overcast corditions, objects that are
colouredorarge canhavea visual range which amost matchesthatobtained
with black. In sunny condtions, when flying down sun,black, orange or
white aurfacesall produce similar and usedil visualrangesWhenflying up
sun, the contast assaiated with orange isreduced butthat of white
increasesThus, for idertical objeds an orange andvhite paint schemeis
geneally as efedive asblack. Furthemrmore,whenviewedagainst a complex
terrestral backgound, the orange andwhite colour schene provides
significant ogerational contact rangebenefits.

14.3.3. By day, it istheoktically possble to match or exceed theange of coloued
objectswith a suiably specified light. To achieve operationdy significant
range benefits in all day fme weatherconditions requres the use of
intensitiesthatare not practical in some appicaions. Thisis paricularly true
for small structueswhere the size and weightof the light units makessuch
solutions impracticdle.

14.3.4.The visual rangeof a tall, slender lattice structure, such as a radio or
television mast, is a camplex function of the reflectanceof the structural
membes, their areaandspacing the skyconditions the diredion of thesun,
thedirection from whichthe mastis viewed,as wellasthe transnissivity of
theatmosphee and thebackgoundagginstwhich it is seen.Whenthe visual
range ofthe mast is low, the structura members of the tower can be
resolved by a pilot evenwhen viewing the objectat the limit of visibility.
On the other hand,whenthe visual ranges great, thestructural members
cannotbe resolvednd he mastmustbe consdered asa large object having
low contrast with the background.In this casethe contrast is detemined
from the average brightnessof the overall area of the mag, the structural
members and backgumd within the envéopeof the mad.
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14.4. LIGH TING CHARACTERISTICS

14.4.1.The chaacteristics of obstale lighting are specified in CAR-14, Parl,
Table 63, and Appendix 6 Dependingon the particularpplication low-,
medium- or high-intensity lights are required.In some crcumstances, a
combination of light typesis used.

14.4.2. Obstate lights emit either white or red light except for one appication
whereblue light may be used.Same typesof lights provde a steadysignd,
othertypeshavea flashing chaacterisic. Where a flashinglight is used,the
repetition rate is spediied. This varies betweetypes of lights.

14.4.3.To provide pilots with the optimal signd, the repetition rate should be
approxmately 90 flasheger minute. Ratesbetwesn 60 and 120 flashesper
minute are generdly asgsed by piots as providing the necessary
conspicuoussignal. These rates enaire that contact can bemaintainedwith
the lightsafter initial acqusition. Lower frequenciesesult in there beingan
undesrably long interval betweensignds. This makesthe lights difficult to
locae andretain in the instananeousfield of view of the pilot. Design
consderationsmay result in the useof repetition ratesthat areless thanthe
optimum values, but such lightsare still foundto be operationdly effedive.
Conversely,frequenées higher than these values can be annoing to any
observer.

14.4.4. Obstate lighting shaild be visible at all angles of azimuth.
Achievament of this chaacterisic necesiatestheuseof multiplefittingsin
apdications such as cooling towers. Thevertical beam spread spedfied
ensues that sufficient lights can be seenby pilots to identify the location
and exént of anyobject thatis anobstacleo the safe navigation of aircraft.

14.4.5. Theintersities spedfied in CAR-14, Partl, Table 63, havebeenchosento
give anadegatevisual range inthe most denandingconditionsin which it
is intended the lights shall be used. The fationsip beween irensity and
visual range fora rumber of circumstancesis shownin Table 14-1. The
intensities shown cover the full rangeof high, medium and low intersities
usedin the provision ofobsicle lighting.

14.4.6. The opemtional benefts of high-intensity lighting in day conditions are
illustratedin Figure14-1. Rangeperformance datafor lights of 200000cd, 20
000cd and2 000cdarepresnted for a rangef meteorological conditions.

14.4.7.To be of operational benefit, a light must producea visual rangein excess
of the rangeof theunlit objecton which it is located. The unlit rangeof the
object may be equal to the meteoraogical visibility. By ddinition, it can
never be geater andin practice itwill often beless. For spedfication and
desgn purposesit can be assuned that the requrement is suchthat the
range of theéight must begreater than the rage of the unit obstale.
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Table 14-1. Relationshipbetweenintendty and visual range

Time Meteorological ~ Distance Intensity

period visibility (km) (km) (cd)

Day 1.6 24 200 000 = 25%
2.2 100 000 = 25%
1.6 20 000 + 25%

Day 48 48 200 000 = 25%
43 100 000 + 25%
2.9 20 000 + 25%

Twilight 1.6 1.6 to 20 000 + 25%
24

Twilight 48 29 to 20 000 + 25%
6.7

Night 1.6 19 2 000 £ 25%
1.8 1 500 £ 25%
1.0 32 + 25%

Night 48 49 2 000 £ 25%
47 1 500 + 25%
14 32 + 25%

14.4.8.High-intensitylights (200 000 cd) produce the requiredrangeenhanement
over the full spreadof operationally significant distances.At al theranges
aboveapproximately 6 km, thevisual rangeof high-intensitylights tendsto
be less than the meteorological (obstace) range but at thes distances
no enhanenment of the naturdly occurring visud cues is generally
necessiy.

14.4.9. Envirormental problems with the use of obstaclelighting have been
identified. The scde of the prodem is dependenbn the location of the
obstale. Cerin areas aremore sensiive to ervironmentl concens. These
areas include subibs, national parks, valleysand loctions wherelights are
placed on buildings of historic or architectural significance. The lght
charaderistics which in canbination canproduce the abjective difference
between envionmentlly objectionable and ewvironmentlly acceptable
solutions include:

a) colour;

b) intersity in the drection of the viever;

c) flash chaacteiistics; and

d) lighting corfiguration on thestructure.
The environmentl acaeptability of various colours of
lightsis anotter issue.lt is geneally agreed thataviation
red obstacle lights are less objectionalle at ground level
than flashing-white obsacle lights.

14.4.10. The intensty of the light in the direction of the viewer is a major
deteminant of the envionmental accepability of flashing-white lights at
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night. The amount of ground illumination is determined by seves factors
including:

a) beampatern;

b) heightof thelight fixture abovetheground;

c) distance from the olstacleto the observer;

d) meteoroogicalvisibility conditiors; and

e) aiming agustmentson the ight fixture.

14.4.11. As can be seen from Figure 14-1, low-intersity lights provide no
opeitional benefit by day. Except invery low visibilities, where VFR
operatons do not takeplace, bw- intersity lights have range chaacteristics
that ae inferior to the meteorologicalrange.

14.4.12. Medium-intensitylighting (20 000 cd) canproduce small benefical
range enhaicements in poor to medium vishility conditions. In these
circumstances, this type of lighting can beregarded ashaving a range
performance that equdes to the visibility of a pairted objet. This
equivalencemakesmedium-intersity lighting a useful alternative to marking
the object. The flashing chaacterisic of this lighting is benefidal in that it
enhanes the congicuity of the obstale by drawing the pilotés atention to
thelocation of theobstacle.

14.4.13. The painting of markings on any structure is an expensve and
potentially hazardous adivity. To be operatimally effedive, the markings
must always be maintained to a high sendard. This is also an expensve
requrementto comply with. The useof medium- intersity lightingin these
circumstancesoftenhasclear cost-benefits.In addition, thelight units are less
expensve, snaller, of lowerweight and useless power thanthe altemative
high-intensity light units. Thee are many structures where it is
impracicableto fit high- intensity lights.

14.4.14. In dayime condiions wherean obstaclemustbe madeconspcuous
at short and medium rangeshput wherethe naturaly occurring visual range
of the object is sufficient at long range,medium-intensity lights ofer a
viable alernative tomarking.

14.4.15. Thereare four types of low-intersity lighting specified, all for use
in twilight and night conditions,althoughthe intersities spedfied for the
TypeC and D lightsaresufficientto makethem clearly visible by day at the
short rangeswhich they are usel. For exanple,the Ty p e Dw riieb
vehicle lights will normaly be used & ranges less than 100m. Theearetwo
low-intensty lights, Type A and Type B, speified for the marking of fixed
obstdes. Type A is normelly usal singly or in a pattern wheg only night
lighting is required. The opeliand effectivenes of this light, particularly
on ard around serodromes, has beedenonstiated by many yers of use.

14.4.16. The low-intensity light, Type B, was devdoped for use with the
medium-intensity light, Type A, in a dual lighting sysem thatprovides
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implemengtion options in terms of practicaility and envionmentl
concerns.

14.4.17. In environments where the presace of other lighting naticeably
affeds the conspcuity of the low-intensity light, Type A, conglerdion can
begivento theuseof thelow- intersity light, Type B.

14.4.18. Thefollowing threetypes ofmediumintensity lightsare gecified in
CAR-14, Paril, Table 63:
a. Type Ad medium-intensty flashing-white light;
b. Type B6 medium-intensty flashing-redlight; and
c. Type Co medium-intensty fixed-red light.

Range of light greater than /
range of obstaclke

Range of light less than
/ range of obstacle
200 000 cd /
/ 20000 od
21 /

Visual range of ight (km}

2000 od

1 1 ]
2 4 6
Visual range of large unlit obstacles (km)

Figure 14-1. Comparison of the typical daytime range of lightsandthe range of large unlit
objectsfor three valuesof intensity
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14.4.19. The medium-intensty light, Type A, is desgned for usein day,
twilight and night conditions.n the latter condition, the outputof the light
is adjustedo 10 percentof the fullintersity. An intensity of 20000cd s not
requiredat night to make the light effedive and if used can melt in
operatimal difficulties caued by glare or environment@ restrictions.
This type of light canbe usedhloneto provide a warningsignalby day and
by night. The Type A light is installed wherethere is an operationalneedto
mark or light an obstale, whereit is not practicable ornot necessry to
install hidh-intensty lighting and where markings would be difficult to
maintain. The Type A light doesnot have the ranggerformanceof high-
intensity Ighting, but thereare many applications where an enwionmentl
studycan showthatit is not necesary to ingall the high-intensity equipnent
and thatthe range peformance of he medium-intensity lighting is adecte.

14.4.20. The medium-intensitylight, Type B, wasdevdoped specfically for
usein dual lighting sysems. It has the same intersity (2 000 cd) as the
medium-intensity light, Type A, and the night setting of high-intersity
lights, Types A and B, but becauseit emits red light it overcanes the
objection tothe useof flashing-white lights at night which ocaurs with other
systems.Becausat is medium powerand requiresno intersity control, the
costof the Type Blight makesthe use of dal lighting systems ecommically
viable.

14.4.21. The medium-intensity light, Type B, is usedin combinaton with
high-intensity and low- intersity lightsto provide dualsysems that fulfil a
number of dfferent requirenenst.

14.4.22. The medium-intensty light, Type C, is designed for night use. It
is used paricularly whereenvironmentl issuesprevent the useof white or
flashing light signals. This type of light is an effedive meansof lighting
obstaclesin anurbanervironmentwhere the lage amountandcolour of the
lighting provdesa difficult backgound for theobsktcle lighting to be sen
against. Red ligks of 2 000 cdneetthis requirenent. The corinuous natue
of thesignal is of particular benefit in this type of enviraamentby makingit
easier for a pot to retain vimd contact with the olstade after initial
acquisition.

14.4.23. The high-intersity lights, Types A and B, have sufficient
intersity to meet the most denandingdayime requrements. Theintensity
settings for twilight and night (backgrounduminances of 50 to 500 cd/m2
and less than 50 cd/m2 respedively) provide appropriate lowetevels of
outpu. When spedfying these types of light, it is necesary notonly to
consider the ogrationalrequiramentfor high intensties but alsoto corsider
the sizeandweightof the equipment. Whereasthertypesof lighting have a
horizontal coveage of 360 degees, high-intensity Ighting usually
congsts of units having a hozontal coverageof approxmately 120
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degees. It is therdore necesary to installa rumber of unts at eah light
positionto oltain all round coverage.

14.5. LOCATION OF LIG HTING

14.5.1.The lighting spedfied in CAR-14, Paril, Chapter 6, 6.3providesfor a
numberof sygemdesgns.Thisrange of ogionsis necesary to dealwith the
wide varigy of operational sytemsin an appropriatenanne.

14.5.2. The patternof lightsto be usedand the location of the lights within the
patternis an important desgn consderation. It is only through the correct
choice of pattern andlight type within the patterrthat an olstacle lighting
systemcan fulfil the ogerationalneed.

14.5.3. For small objects less than 45 m in heigh, low-intensity lights are
normally used. For more extensive objects andor objects having heigtts
greater than 45 m, theuseof medium-intensty lights is recommended. For
objects extendng more than 150 m abovethe surrourding ground level,
high-intersity obskcle lights will nomally be usedto meet the ojrational
requirement.

14.5.4. In all cass, a light should be instaled as close as is pradicable to the
highest point on any obgct regardess of what othdights ae provided.

14.5.5. For extensive objectssuch asa groupof buildings,obstacldights shouldbe
positionedto draw attention téhe locationof all primary comersand edgjes.
When deigning systems fornight use, it is particularly importantto ensure
that the position and the extent of the objet can be recognized by a pilot.
Defining straight lines and corners byan adequée patern of lights is
particularly hdpful.

14.5.6. An example of an obstate lighting sydem for an extensive object is
given in CAR-14, Parl. Chapter 6, Figure -8. This figure showshow
lighing can be applied to deliineae the objeds that constitute the
obstruction.

14.5.7. Each obsta&le should be the subjct of a desgn study to identify the
required layout for that partiaular situation. The design should conform to
the reommendations given in CAR-14, Paril, 6.3 which also provides
exanples of obstaclelighting sygems for tall structures suchas mags and
chimneys. In some instarces, thesecan extendto heightsin excessof 600
m. Heights of approxmately 250 m arecommon for TV anennamads. The
examples giverin CAR-14, Partl, Appendix 6 showhow lighting can be
selectedandappliedto meetawiderange of gerational situations.

14.5.8. In CAR-14, Paril, Appendix 6, Figure 6.1thelocation detils aregivenfor
amedium-intensitylighting sysem. This desgn canbe adoped for obstales
suchas communication mags. If the masthas a height inexcess of 150 m,
consideration should be given to the use of high intensitylighting. Forthis
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case, markingis requiredif high-intensty lighting is not used.The medium-
intersity lighting, TypeA, is partialarly ussful on skeetal mads where
weight-carrying capaity is limited and where acaess for maintenance
purpogsis noteasyto achieve. The de&gn of this layoutfollowsanumber of
design guidelinesThereis alight atthe highest poinbf the structure for all
mads 45 m or greate in height. Thereare at least two lights inthe pattern
for all masts of 105m or greater in heigh. Thelightsin the pattern are equi-
spaed andthe spacebetweenthemis never greaer than105m. The lowest
lightis always at orbelow 105m.

14.5.9. CAR-14, Partl, Appendix 6, Figure 6.2is an exanple of a dual lighting
systemsuitablefor nightuseonly. Thepattern consstsof alternating2 000cd
flashing-red and 32 cd fixed-red lights. The low-intensity ights are
interspersed betweenthe medium-intensty units, which are spaced in
accadance with the paraneters given in CAR-14, Parll. 6.3.17. The
flashing lightsmakethis layoutcongicuous, but their repetition rateis low.
Oncethe pilot haslocated theobskcle, thelow-intensity fixed lights pesent
a coriinuous patternthat helpsthe pilot to retainan awaremss of the
obstacle. Without this feaure, expaience hashownthat it is possible fora
pilot to have only intermittent contact with the obstacledue to the low
repetitonrate oftheflashing light signal. Cortinuity of visualinformationis
an important requirenent that cannotbe met soldly by lights having low
repetion raes. An obstale lit as shown in CAR-14, Partl, Appendix 6
Figure 6.2 shouldbe marked fordayime in conformity with CAR-14, Part
I. Chapter 6, 6.2

14.5.10. Where a mediumintensity lighting system using only fixed-red
lights is required, the layoutshavn in CAR-14, Paril, Appendix 6, Figure
6.3, should be used. Theght pacingis chaen to enste that enoughights
are placed on the obstacle to make both the location and the extent of the
obstale easy todetermine.Opemtional experience has shown that this
configuraton provdes the cues ragired by piots without causng any
environment problems.

14.5.11. The dual lighting system definedin CAR-14, Paril, Appendix 6,
Figure 6.4 uses a combination of medium-intensity and low-intensity
lighting. For daytime use, medium-intensity lights, Type A, must be
operatedAt night, medium-intensty lights, Type B, areusedaugmented by
low-intensity ights, Type B. Inpractice, this configuration results in a
pattern of 20 000 cd flashing- white lights spaed at intervalsof not more
than105 m for dayime useand a patternof alternate flashing2 000 cd and
fixed 200 cd redights at night with a spamng half hat usedfor daytime
operationsThis arrangenentis thereforeidenical to that provided inCAR-
14, Paril, Appendix 6, Figure 6.1 and 6.2for dayime and for night
opetions, respectively. The ighting design is particularlyuseful for objects
lessthan 150 m in heightwherethereisapreferencdor flashing-white lights
by day and flashinged lights at night.

14.5.12. Another dua lighting system is defined in CAR-14, Parl,
Appendix 6, Figure 6.8t uses medium-intensitylights, Type C (ixed-red),
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to provide anight capability idenical to that povided in CAR-14, Padl,
Appendix 6, Figure 6.8y theadditionof medium-intersity lights, TypeA,
at dternae positionson the obstcle, adayime capalility using 20 000 cd
flashingwhite lights is added.The keyfeatures of this dual lighting sysem
arethe useof flashing-white lights by day andthe useof only fixedred (2
000 cd) lights by night. This configuraton alows the useof medum-
intersity flashing-white lightsby day, but is acceptble at night in locaions
whereboth whitelights andflashingsigrels are not aceeptable.As with other
desgnsusingmedium- intersity lights, Type A, it is primarily intendedfor
useon obstacleslessthan150m high.

14.5.13. Where the warning information avdlable from high-intensty
lighting must be provided on tH structures, the desgn guidance givern
CAR-14, Paril, Appendix 6, Figure 6.6 to 6.8s used. Moredetaled
guidarce on the instllation of this type of lighting is givenin 146 below,
while CAR-14, Paril, Appendix 6, Figure 6,&)ivesthe basic corfiguration.
In CAR-14, Parl, Appendix 6, Figure 6.7 to 6.8dual lighting system is
defined hat addressethe needto light the highestpoint on anobstruction in
circumstanceswhae theupper part of the structure is not suitable for the
attachmenof high-intersity light units. This problemis overcome by the use
of mediumrintensitylighting at thatlocation. At night, as shown ilCAR-14,
Partl, Appendix 6, Figure 6.7, the lighting patern consgsts of a
combination of fixed- andflashingred ights; nowhite lightsare used in this
layout. The Ighting shown inCAR-14, Partl, Appendix 6, Figure 6,8s
similar to that but at night all units are medium-intensity fixed-red lights.
Thelayoutshownin CAR-14, Partl, Appendix 6, Figure 6,8s of particuar
usewhereenvironmentl issuesareamajor congderaion.

14.6. INSTALLATION OF HIGH-INTENSITY OBSTACLE LIGHTING

14.6.1.High-intensity white obgacle lights are usedto indicate the preseie of tall
structuresif their heightabovethe level of the surroundingground exceeds
150m, andanagonautcal studyindicatessuch Ightsto be esertial for the
recognition of the structureby day. Exanples of suchtall structues are
radio and televsion antennatowers, climneysand coolng tovers. When
marking these structures, all lights are flashed simultaneously. High
intensity obstale lightsare also usedon the supportstructures of overhead
transmission lines (seeFigure 14-4). In this use, the lights are flashedin
a specfic, vertical, ©ded sequace whid is used not only to identify both
the towers and the presene of trarsmisson lines but o to advie pilots
that they are apprading a ®mplex dogtade, not a isolated ;me

14.6.2. The peak intensity of the light beams should be capalbe of angular
adjugment over the rangezero to eight degreesabove the horizontal.
Normally lights should be installed with the beam peakat zero degrees
elewvation. Where terain, nearbyresidenial areas orother stuationsdictate,
it may be benefiga to elevatethe light beams of the lower units one or two
degreesabovethe horizontal. The beamof light producedby units at the
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lower levels shouldnot reach the ground closer than 4.8 km from the
structuein orderto prevent annoyancéo local resdent.

14.6.3. A relatively narrow vertical beamspreadis requiredto provide full light
intensity at posgble collison atitudes with the obstale. As little light as
possble should be visible ataltitudesgreater than the heighbf the olstacle
and on theground.

14.6.4. High-intensity flashingwhite obstale lights on tall structues shouldhave
an effedive intersity of notless than200000 cd. Theintensityof thelights
should deaease autmaticaly to 20 000cd attwilight and 2000 cd at
nighttime through theuse of photocells.

14.6.5. In the caseof a guyedtower or anenna whereit is notpossble to locatea
high-intensity Ight on the top, a light shouldbe placed at the highet
practical point and a medium- intersity obstacle light mountedon thetop.
Any medium-intensity flashing light should flashin unison withthe high-
intensity Ights installed on the stucture. During the day, the medium-
intensity white light identifiesthetop of the structureonce the pilot hasmade
visual contact wih the highintensity lighting.

14.6.6. Structures suppoting overhead electrical power transnission lines
require a unique, verticalsequentally flashingsystem toprovide adequate
warningto pilots of the presencef boththetowersandthewiresbetweenthe
towers.Marking systems conssting of paint andmedium-intensty redlights
do not provide any indicationof the presencef transnission lines. A gh-
intensity Ighting system is therefore recommendedfor this appication.
Synchroiized flashingof thelighting sysemson the supporing structuresis
also recanmended.

14.6.7. High-intensity obstaclelights on towerssupporthg overheadwires shauld
havea dayime intersity of not lessthan 100 000 cd. The intersity of the
lights shoulddecreaseto 20 000 cd attwilight and 2000 cd atnight through
theuse of a photocell cordl.

14.6.8. Regardiessof thar height, the structuressupporting ovetead wires must
be markedat threelevels.The highestlight level shouldbe atthe top of the
supportstructure. The @aal mounting height may be chosento provide safe
savice access to thdight. The lowest levekhould beat the level of the
lowest pointin the catenary ééweenthe two supporstructures. If the base
of the supportstructure is higher than thelowestpoint of thecatenary, the
lowest lewd should be inwlled on the adjacentterrain in a mannerthat
ensues umbstucted viewing. Themiddle level should be themidpoint
between the top and liom levels (see Fyure ¥-4).
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14.6.9. The number of lights neededper level dependsn the outdde diameter of
the structure being ti The reconmended numbers to obtaimproper coerage
areas follows:

Diameter  Light urits per level

6 morless 3
6 mto 30m 4
30mto 60 m 6
more than 60 m 8

14.6.10. Themiddle level shauld flashfirst, thetop level flash secondand
thebottom leve flashlast. The intervabetweentheflashing of thetop level
andthebottomlevel should be approriately twice theinterval betveenthe
middle level andthe toplevel. Theinterval betweethe endof onesequence
andthebeginningof thenextshouldbeabouttentimes theinterval between
themiddle level and theop level.

14.6.11. Two or morelightunits shouldbeinstalled ateach lightleveland
directedonahorizontal planesuchasto provide180degree®f covaage
centredonthetransmissionline.Where acatenary crossingis situated near a
bendin ariver, etc., thelights shauld bedirectedto providethemost
effedive light coverageto warn pilots appoaching from either direction of
the presnce of theransnission lines.

Figure 4-2. High-intensity obstade lights ingalled on achimney
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Figure 14-3. A typical high-intensity obstacle light unit
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14.6.12. High-intensity obstate lights require a power input of
appioximately 200 W per light. Wire size on the structure shaild be based
on 400 V/A aveage imput per light. If transfomers must be used, they
shouldbe desgned to 600 V/A in orderto preventcore sauration during
peak currentdemands.High-intensity obstacle lights areustelly operatedat
240V or 480 V to minimize wire andconduitsize, butvoltagesaslow as120
V can be used. Both 50 Hz and 60 Hz systere availale.

14.6.13. High-tersion overhed wires present a significant hazard to low-
flying aircraft. The span of lhe wires is often very long. At same locaions
high-tengon wires crass avalley or river without intermediate supports.
This makes Ighting of the mastswith low- and medium- intensity lights
ineffecive. In this @se, nstallation of he lights onthe wires hemseles
should becongdered.

14.6.14. Thereare significant difficulties in mounting low-intersity obstale
lights on wires. If the votageof the currentis considerale, it is extremely
difficult to useit directly to enggize convetiond lamps becase of the
insulation and current transfamation probems that arse. The cost of
providing a low-tensionpower source(110 V or 220 V) to enggize such
lampscanbe considerable. Thedevice describedbelowhas beerspecfically
devdoped witha view to resolvingthese difficulties and tofacilitate he
installaton of obstale lights complying with the edfications given in
CAR 14, Part |, Chapter 6, 6.Bhesysem canprises:

a. alight souce; and
b. an auxliary condudor toconveythenecesary electrical eergy.

M
- § -Top light

™

Markers

Figure 14-4. Location of high-intensity obstacle lights ontowers supporting overheadwir es
14.6.15. Thelight source camsigs of a discharge lamp in alow-pressire neon
gasatmosphee that producesed light. The lanp hasa lifetime of sewra
tens ofthousads of hours. The pnciple of enegy derivation involves an
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eledrical saurce with low current and hgh tersion; the lamp consstsof a
long small diameter glass tube with helicoidal winding and two cold
electodes.The unitis housedn a protective sleeve of toughenedlass with
a diameter of approxmately 50 mm. The endsof the protecting tube are
hemeticdly sealed with metallic stopgers so thatthe nternal space canbe
filled with a spedal liquid to eiminate radioparasitic emissions. Thelamp
itself is hungon flexible mounings, wth one &deto the active e andthe
other side to the auxiliary conductor.

14.6.16. The auxiliary condudor is a section of metallic conductng wire
insulatedfrom themain wire and intended to prade, ty a capaitive effed,
the ekctrical energy neasary to operatéhe lamp. The geometry of the
auxiliary conductordependson the active lineand its voltage. The conductor
conssts of tubes 4m long madeof high-grade aluminium; the rumber and
configuraton are determined by the conditionsof operaton. The lengh of
the auxiliary wire is inversely propaetional to the voltageof the main wire.
The auxiliary condutor is suspenel by glass insulaors of high mecharcal
strength and aluminium jaws to avoid any probdem of electrical coupling
with the cables. The jaws arefitted for the exactdiameter of the electrical
calles. The dianeter range availade is 16 mm to 34 mm; the opeating
voltage of this lanp is several thousand volts.

14.6.17. The sydem is shownin Figure 14-5. For different voltages there
aretwo configurations taespond tdahe needfor simplicity of assenbly and
to avoid causing additional digurbances irthe radio frequeries otherthan
thosenaturally emitted by high-tengon cabbes. In this way the objective of
lighting the high-tensioncables themsdveswith low- intersity lights can be
safely achieved.

14.7. MONITORING AND MAINTENANCE

14.7.1.High-intensity obstaclelights should be monitored continuously through
the use of an autonatc monitoring gstem or be checkd visually orce
every 24 hours.

14.7.2. All components in discharge lighting equipgment, including the light
source, should be deggned for easeof maintenanceand to provide the
specfied perfomance for a period of atleastoneyearwithout maintenarce.
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Figure 14-5. Installation of obstacle ligtis onhigh-tension wire
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Chapter 15

Frangibility of Visual Aids

15.1. WHAT IS FRANGIBILITY?

15.1.1.A frangide object is defined as an object of low massdesgnedto break,
distort or yield on mpactso as to psent the minimum hazad toaircraft.

15.1.2. At airports, variousvisual and non-visual aids for naviggtion are located
near runways, taxiwaysand aprons,wherethey may presenta hazard to
aircraft in the event of acddental impactduring landng, tale-off or ground
manoeuvring.All sucheaquipmentandtheir supportsshall be frangible and
mounted as lowas possble to ensue that impactwill not result in loss of
contol of the aircraft. This frangibility is achievedby using lightweight
materials and bre&k-away or failure mecharmsms which will enabbe the
object to bregk, distort oryield under mpad.

15.2. OBSTACLES TO BE MADE FRANGIBLE

15.2.1.All fixed objects, or parts thereof,that are located on an areaintendel for

the surface movement of aircraft or that extend above a surfaceintendedto

protectan aircraft in flight ae, by defintion, obstales. The first objetive

should be to $& dvjects so thathey are notobstates. Nevetheless certain

airport equipment and instllations, becase of their function, must
inevitably be locaed sothat theyare obsgcles. All such equipment and
installations as well astheir supprts shdl be of minimum mass and

frangible in order to ensue thatimpactwill not result in loss of control of
theaircraft.

15.2.2. CAR-14, Parll, Chapter 8,specfies, as a Standard, that the following
areas must be maintained free of allbut frangble equipment and
installatons requied for air navigation:

a. thatportion of the runway sip within:
1) 75 m of the runway cetne line whee thecodenumber is 3 or 4;
or2) 45 m of the runway cetne line whee thecodenumber is 1 or 2;
b. runway end dfety area;

clearway;

taxiway strip (or within thedistances spéfied in CAR-14, Pat-,

Table 31, column 1}); and

e. theareawithin 240 mof the end of thetsp andwithin:

1) 60 m of the extendedentre line wherethe code nmber is 3 or 4;
or

e o
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2) 45 m of the extendedeantre line wherethe code nmber is 1 or 2
of a pregsion appoach rumvay Categoy |, Il or I11.

15.2.3.CAR-14, Parl, Chapter 8 further recommends that any equipment or
installation required forair navigation purposesvhich mustbelocatedin the
non-graded portion of a runway strip shouldbe regardedasan obstale and
shouldbefrangibdeandmountedaslow aspossble.

15.2.4. In addition to the areas detiled above, air navigation equipment or
installations that prgect above one of the obstale limitation surfaces
specified in CAR-14, Partl, Chapter 4shouldalso be fragible.

15.3. VISUAL AIDS

Geneal

15.3.1.Visual aids which, becauseof their particular air navigation function, will
have to be loatedin oneof the areasidertified aboveor, alterretively, so
that they pendrate one of the obstacle limitation surfaces,include elevated
runway, taxiway and stopwaylights; approachlightng sytems; visual
approachslopeindicator sysems andsignsand markes.

Elevated runway edge, theshold, end, stgpway and taxiway edge ighting

15.3.2.The heightof these lights shouldbe sufficienty low to ensue propellerand
enginepod ckarance.Wing flex and strut compresson underdynamicloads
can bingtheengine podf some aircraft to nearground lewl. Only asmall
heightcanbetolerated anda maximum heightof 36 cm is advocated.

15.3.3. These aids should be mounted on frangide mounting devices. The
desrable maximum height of light units and frangible coupling is as
indicated aboveUnits exceeding tts heightlimitaton may requie higher
breaking characteristics for the frangidle mouning desice, but the
frangibility should be suchthat, should a unit be hit by an aircraft, the
impactwould result inminimum damageto the airaaft.

15.3.4.In addition, all elevated lights installed on runways where the code
number is 3 or 4 shouldbe capale of withstanding get engine exbust
velocity of 300 kt; lights on runwaysvherethecode umberis 1 or 2 should
be capableof withstandng a lower velaity of 200 kt. Elevatedtaxiway
edgelights shouldbe ableto withstand an exhaust velaity of 200 kt.

Approach lighting sysem
15.3.5.Guidanceon the frangibility of appioachlights is more difficult to develop
becage there is a greater vanation in their installation. Condiions
surroundingnstallations close to the threstold are different from thosenear
the begnning of the sysem; for example, lights within 90 m of thethreshold
or runway endarerequiredto withstand a 200-kt blast effect, whereaslights
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further out only need to withstand a 100-kt blast or the natural
environmen@l wind load. Alsothe terrén closeto the tlieshold can be
expeded tobe nearthe sameelevdion as the threshold, thus permitting the
lightsto be mountedon short stuctures. Father from thethreshdd, support
structuresof considerale heightmay be required.

15.3.6. CAR-14, Partl, spedfies, as a Standard,that elevated approachlights
and their supporing structuresstall befrangibleexceptthat, in thatportion
of theapproachlighting sysembeyond 300m from thethreshold:

a. where the height of a supporting structure exceeds12 m, the
frangibility requirenentshdl applyto the top 12 nonly; and

b. where a supporing structure is surounded by non-frangible
objects, only that partof the stucture that exends &ove the
surrounding objects shall Heangibe.

15.3.7.Elevatedapproachlights and their suppoting structues shell be designed
to withstand thestatic and opetional/sutvival wind loadswith a suiteble
factor of safety, but brek, digort or yield readily when subgcted to the
sudden collision forcesof a 3 000-kg aircrdt airborneand travelling at 140
km/h (75 kt). The structure shdl not wrap around the acraft but shall
crumple orcollapseon impad.

15.3.8. The frangibility of the desgn should be proven either by means of full-
scale testsor by canpute evduation using an apppriate softwarecode for
structura analyss.

15.3.9. Whereit is necessaryor approachlights to be installed in stopwvays, the
lights shoulde inst in the surfacéf the stopwayis pavedif the stopwayis
not paved,they should beeither insetor elevatedin which casethey shaild
meet the criteria for frangibility agred for lights istalled keyond the
runway end).

Other aids

15.3.10. Theseaids, for exanple, PAPI, T-VASIS, signsand markess, should
beof low massand located asfar aspracticalle from theedgesof runways,
taxiways and apronsas is campaible with their function. Every effort
shouldbe madeto ensurethat the aids will retain their stuctural integrity
when subjectedto the most sevee envionmental conditions. Hweve,
whensubjectedto aircrat impactin excess of the foregoing conditionsthe
aids will break or distort in a mannerwhich will causeminimum or no
damageto theaircraft.

15.3.11. Wheninstalling visualaidsin the movementarea, caution should be
takento ensue that thelight support base doesnot protrudeabove ground
but rather teminatesbelow groundas requiredy environmentl conditions
so asto causeminimum or no damage to the aircrdt overrunnng them.
Howeve, the break-away mecharmsm shouldalways beabove groundevel.
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Chapter 16

Application of Approach and Runway Lighting Systems

16.1 GENERAL

16.1.1.Many of the Standards and Remmmendd Practicesfor approachand
runway lighting in CAR-14, Paril, Chapter 5have been dewloped to
supprt the safe and regulr operation of aircrét landng in al weater
condiions. It is on the bads of the provision of these lighting sysems that
the opertional requirements for aircraft take-off and landing cues are
defined.

16.1.2. During the 1940s and 1950s, the design principles for the approachand
runway lighting paternsin usetodayweredewelopedthrough researchnda
proganme of progessve inservice devdopmentandevduation. The main
principle behindthe desgn of the lighting systems is thatthey shouldenable
pilots operatingat night or in any low visibility conditionsto contol their
aircraft in the same manneras they would in clear wegher conditionsby
day.

16.2.LIGH TING SYSTEM DESIGN

16.2.1.Theinformation displayedto pilots by the appoachandrunway lightingis in
the form of standadized, easly recognizable patternsof lights. Colour is
usedin same elementsof the systemto reinforce the information, but the
main desgn goalis to presentthe pilot with patterns that can hestinctively
interpretel.

16.2.2. The coveage and the sensitivity of the cues provided are cardully
matched to the operations that tHeghting is designed tosuppat.

16.2.3. The beam chaacteristics of the lights within each patern are therefore
a key design paraneter. High intensitiesare providedto supportdaytime
operationsn low visibility conditions. Inall other crcumstances, medium
or low-intensity lighting meds the operationatequirenent. In prectice, the
lighting spedfied for a given runway shouldbe canpaible with the most
demandirg operaton nomally conduded at that runway. Before
installing high-intersity lighting, the desgner and aeodrome operator
should asertain that such a level is necessry. For example,night VFR
operatons only require
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low- or medium-intensity lighting. As regards approachighting, this
can often be provded using the atbreviated patternoptions gedfied in
CAR-14, Parll, Chapter 5thesimple approachighting system.

16.2.4.High-intensity lighting requiresthe provision of a multi-stage brilliancy
control to enable thelight output to be constantly matchedto the prevailing
operational conditions (see Chapte5). The use of inappropriatelyhigh
intensitieswill cause glare problams. If it can beshown that only low-
intersity lighting is requred to support all the operations planned fora
particdar runway, the costbenfits in terms of simplified contol gear,types
of light fittings used and overall power consumptionshould always be
carefully considered. This should be dne atthe design sige of any
approach and runwaygdhting installation.

16.2.5. Approachand runway lighting of increasingcomplexity is spedfied to
support non- instrument, nonprecisbn opestions as well as Categoy |,
Categoy Il and Categry lIl precision landing opektions. The outer
portions of thehigh-intersity approachlighting sysems are only esentia
opestionaly for Categoy | approaches.In this type of operation,the
aircraft is at a distanceof 900 m or greaterfrom the threstold at the decision
height(DH). In thesecircumstances,the distancesheadof the aircréaft to the
furthestlight thatcanbe seerns generally small. In the visibility condtions
associatedvith non- instrumentand nonpredsionapproaches,a short length
of approachlighting is sufficient. Initial contactwith the approach iighting is
normaly madein thesecircumstancesafter theaircréeft hasdesended below
the heightof the prewailing cloud base.Thelighting is seerby thepilot at a
significant distanceaheadof the aircraft, ratherthanjust beyad the cockit
cut-off asis the case inlow visibility conditions. In this typeof operaton,
the approacHighting is an important aid to the pilot in establishing the
locationandrelative orentation of therunwayandapproactcentre ineand
in suppoting any subseqant correctivemanoeuvesthat are reqired tothe
aircraft flightpath.

16.2.6. For takeoff operationsthe lighting that is instaled on the runway may
needto have greatecgpability thanwould be indicated from consderation
of the appioach categorization alore. For example, a runway that doesnot
have a non-visual guidanceaid capabilty and, hencemay only be equipped
with a simple approacHighting systemwill still require runwaylighting that
meetsthe high spedfications if, asis feasble, take-off operationsare totake
place fromthatrunway inlow RVR condtions.

16.3. LIGHTING FOR NON-INSTRUMENT AND NON-PRECISION
APPROACH RUNWAYS
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Simple approach lighting sysems

16.3.1.Thespedficationsfor this sydemare inCAR-14, Partl, Chagter 5,5.3.3 and
AttachmentA, Figure A5. The patern conssts of a420-m-long certre line
located on the extended runway certre line and a crossbar to provide roll
referencest a distance of 300 m from the threstold. Thepatternis desgned
to support non-precision approaches,although it is advesed that
consderation should be given to the instalation of precision apprach
Categoy | lighting systems for this type of operation if it isdesred to
enhancehe guidare and makethe task othe piloteasier.

16.3.2. It isrecognizedthatit may bejustified in some locations to reducethelength
of the simple approacHighting systemto a lengh that is pradicable. For
example, this adion may be necesary where the terrain in the final
approach area falls away steeply prior to the runway thresholdCAR-14,
Partl, Chapter 55.34.5, descibesthe optonsin deil.

16.3.3. There are aso same circumstanceswhere it is not practi@ble to install
any approach Ighting. In thesecircumstances,non-precision operationswill
be imited bydayand by nighto good visibility conditions.Operationswill
only be conduced if it canbe shown thatin these aicumstancessufficient
guidarce is avdlable from runway edge, threstold and endights or other
visualaids.

16.3.4. It is recanmendedthat a simple appro&h lighting sysem shouldalso be
installed whee practichle to supportnon-instrunent operations ahight in
goodoyvisibility conditionsif the code rumber is 3 o&.

16.3.5. If addtional conspcuity is requred to aid the pilot in the task of locating
andaligning withtherunway or if it is notpradicableto install anyapproach
lighting, flashing runway threstold identfication lights may be povided
(seeCAR-14, Paril, Chapter 55.3.8.

Runway lighting

16.3.6. Rurway edgelighting and the associatedunwaythreshold and runwayend
lights shauld be provided if it is intendedthat the runwaybe usedfor night
operdions. The most practichle meansof meeting all the requiranent,
includingthat of ensuring thevisibility of the lights at all angles of azmuth
to ad circling approabes, will be the useof low- intersity omnidiredional
lighting.

16.4.LIGHTING FOR PRECISION APPROACH RUNWAYS 8
CATEGORY I, Il AND IlI
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High-intensity approach lighting
16.4.1. The spedficationsfor this lighting are in CAR-14, Paril, Chapter 5,
5.3.4.10 to 5.3.4.39and Attachment A,Figure A-6. The apprqriate
paragraphsdescibe how the basc sygem is to be installed to support
Categoy | precisionapproachesThe 900 m length of the system provides
the necessay alignment androll cues in thelowestCate@ry | conditions of
200ft dedsionheight andanRVR of 550m.

16.4.2. The alternative patternsshownin CAR-14, Paril, Attachment A,
Figure A-6, both provide the cuesrequired for Categoy | operdions.
System Aspedfically includes disance-from-threshdd codingin the pattern
and providesparticuarly strongroll cues thatcanbe benefi@ in the event
of anaircraft beingdelivered by the non-visual approaclsystem at or near
the permitted deviation boundariedor this type of approach. System By
in some caseshe more practicableto install due to the shorterlength of the
crosskar elements of the systen. This pattern is recommended to be
augmented by sequencedlashing lights to enhancethe conspiculy of the
certreline, asshownin Attachment A, Figue A-6.

16.4.3.Sequencedlashing lights are found to be particularly benefiéal when the
lighting is beingusedin medium or goodyvisibility conditionssince, in these
circumstances,the chaacter of the signal enhances the consjruity of the
approachlighting patern. This feature is particularlyvédent in dagime
conditions where theneteordogical visibility results in alow contast view
of the ground with few objects or other featues visible. At night, the
flashing lights can be of particular benefitin locating the positon of the
runwayin a visually cluttered urbanenvironment wheremany non-aviation
lightsare visble to he piot.

16.4.4. Theisocardela specficationin CAR-14, Partl, Appendix 2 Figure 2.1,is
used for all the steady burninglights in the high-intensity approachlighting
system. The elevation setting anglesshould always bein accadancewith
the table given in the figure. Theseangles vary from 5.5 degrees neahe
rurway threstold to 8 degress in the outemmost partsof the pattern.These
angks mustbemaintainedatall timesbecasetheyare an esential partof the
optimized desgn of the lighting sysem. They ensue thatthe sggment of
lighting seenby the pilot is as large and as consstert as possble in all
prevailing conditions.Misalignmentsas small as1 degee can be deteded,
andlarger misalignmentscanresult in an incomplete pattern beingseenin
low visibility conditions.

Supplementary high-intensity approach ghting
16.4.5.Where the approachlighting is provided to supportCategay Il and Il
operations,the basc patternsare supplenented by additionallights locaed
in the areabetween lte runway threshold anithe 300 mapproach lightng
crossbar.
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16.4.6. The practial effect of these additional requirementsis that the lighting in
the 300 m prior to the threshold is the same whicheverof the two patterns
(SystemA or B) is used. The cefre line inthis inner sectiorof the apprach
lighting consiss of white barrettes. Red baettes ae installed on ether side
of thiscentelinepdtern.

16.4.7. The patern of supplenentary red barrettesprovides two important cues.
The lateral postion of the barrettesindicates the boundariesof the offset
pemissible for a Category llappoachto be coninued to a landng. The
secondcue is derived from the longitudinal positon of the red barrettes.
Sighting the red barrettesindicates to the pilot that the arcraft is 300 mor
less from the runway.Both of these cues areimportant, particudrly in
support of the dedsion-making processassocated with a Categoy Il
approachand landng operation, becausethe time avdlable to make an
asesanent of the aircraftd s rois short oncevisual caotact with the
lighting hasbeen made.

16.4.8. It shaild be noted that for the Sysem B lighting pattern used in
Category 1l and Ill conditions, flashing lights are not installé@d the inner
300 mof the cetre line patern. Thisomission ensuesthat the inner 300 m
of the System Aand B paterns, desgnated to supporCategory Il and Il
opeitions, are idetical.

High-intensity runway lighting

16.4.9.The spedficatonsfor high-intensity runway lighting are givenin CAR-14,
Partl, Chapter 55.3.9 to 5.3.11 and Appendix 2, Figures 2.3, 2.4 and 2.8 to
2.10. It congsts of three systems, i.e. runway edge ighting, runway
threshold and wing bar lghting and runway end lighting. As with the
runway lighting associated with noninstument and non-precision
approaches, ie bass of the high-intensity runway lighting is paterns of
lights defining thelimits of therunway. The edgesshow white light, the
threshold greenand the stop end red. The high intensities spedfied are
necessary to provde the plot with a suficient view of the runway
dimensons during the final approach, flare and ground roll. The
maintenanceof the correctbeamand seting angks iscrucial to the proper
functioning of the sysem

16.4.10. The intensty of the runway threstold and runway end lights
should match that of the runway ede lights. Light attenation of
approximately 80 per cet results fronthe wse of filter material to produce
the requisite colour for these lights. It is not, therefore,
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acaptable to use the same light fitting for the runwayedge lights and the
runway threstold and end ights. Light fittings specificadly designed for
applicdion at the runway threshold and stop endare available and should
alwaysbe used. Provisiorof the specified intersity is partialarly important in
low visibility conditionswhere,for instance, a clear recognition of the location
of the greenthreshold lighting baris a sigrficant cueto pilots. It indicates that
the aircraft hasreached the runway on which it is intended to coplete the
landng.

Supplementary high-intensity runway lighting

16.4.11. Supplenentry high-intensty runway lighting is spedfied for landing
operationswhere theRVR is less than550 m andtake-off operatonswhere
theRVR is less than400 m. Thespedfications aregivenin CAR 14, Part |,
Chapter 5, 5.3.12 and 5.3.13 and Appendix 2, Figure 2.5 tdt 2ahsists of
two sygems, i.e. runway certre line lighing andtouchdown zone ligting.

16.4.12. The function of the centreline lighting is to provide the pilot with
lateral guidanceduring theflare and landng ground rdl or during a tale-off.
In nomal circumstances, apilot canmaintain thetrack of theaircrdt within
approximately 1to 2 m of therunwaycentre inewith the aid of thislighting
cue. Theguidanceinformation from the certre line is more sensiive than
that provided from the pilot6 sassesment of the degreeof asymmetry
betweerthe runwayedgelighting. In low visibility conditions, the useof the
centreline is also the best means of providing an adequée segnent of
lighting for thepilot to use.The greadr distancesinvolved in viewing the
runway edge lighting togeher with the need for the pilot to look
immediately ahead of the aircraft during the groundroll also cantribute to
therequirementsfor a wel-lit runway centre line.

16.4.13. Thefinal 900 m of therunwaycertre linelighting is coour-codedto
assistpilots in thar asgsanent of therunway disance remaining duing
landingor during take-off.

16.4.14. The touchdownzonelighting conssts of two areas of equ-spaed
white barretteson ether side of the certre line. The lights areinstaled in
therunway surfacebetweenthe ttrestold and the position 900 m beyondthe
threshold. The lateralsepardbn of thetwo areasof baretes is the same as
thatfor the supplementary redbarrettesn theappoach area.

16.4.15. The touchdownzonelighting provides a structured texture on the
runway surfaceat a positon where thepilot landinganaircraft needgo have
strong cuesto supportthe flare manoeuve and to assesghe track of the
aircraft. Thelighting providesthesecuesduring theflare with a much greaer
sensitvity than is avadlable from any other Ighting on the runway.
Furthemore, the cuesare closeto the field-of-view of the pilot. Sensitive
height rate cuesare derived from the patern through the motion of the
touchdownzonelighting paterns thatis apparent to the pilot as the flare
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progresses. Cudsavingthis sensiivity are not avalablefrom the motion of
therunwayedgelighting in the field-of-view.

16.5. PATTERN VARIATIONS AND ADDITIONS

16.5.1.There are some situations in which the runway lighting has to be
awgmented with additional patterns. For example, where a displaced
threshold is in use, thelighting paternsarestill configuredto conform tothe
standards,but it is necessry to take additionalmeasures t@nsurethat the
correct guidance is provided. CAR-14, Partl, Figure 5-22, gives an
example of sich provsiors.

16.5.2.In  well-ddined circumstances sud as a locaion wher the
installation of the full lighting patten isimpradicabe, the overal lengh
of the approab lighting system may be albreviated, butthis may impose
operationalimitations.

16.6. REDUCTION OF LIGHTING PA TTERNS

16.6.1.Extensve operationalexperiencewith the lighting sydems spedfied in CAR
14, Part ] hasshownthat the cuesprovidedby thelights and the operations
conducted with them are well maiched. Nevertheless, under specfic
circumstances,the Annex pemits the reductiorof the number of lights that
definecentain patternswithin theselighting sysems.

16.6.2. As the level of all-weather capabilities increasesboth within the
airlines and at aeodramesin resporse to operatioal needs,a number of
issuesneedto be keptunder review.For exanple, with an increasein the
percentageof landingsthat canbe carried out autamatically, there isa
correspondingdeaeasein the esential use of appoach Ighting systems.
The use of autopilot to control the aircraft until the final stages of the
approachwith the pilot completing the landing manudly from a position
whereflight patherrors aresmall also meansless reliance on lighting to
support significant manoeuving of the @craft at low heights.

16.6.3. Appendix4 descibesthe procediresto be used for desgning the lighting
spedfied in CAR-14, Parl, Chapter 5,as wél as the availability of
improved computer programnes for the deggn and asesament of lighting
systems and lighting system perfamance that take account ofgreater
knowledge of fog chaacterisics and how they fiect the opeationa
performance of ighting systems.

16.6.4. A radical redesign of aegodrome lighting systens is not practicdle.
What can be considred is to what extent the lighting specified can be
reducedwithout adversely deding the safetyor regularityof operations. In
the original desgn of lighting systems, consderableemphass wasplacedon
thereliability of theguidance.To ersureadegate leels of avdlability atall
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times,ahigh degreeof redundancyvasbuilt into thelighting paternssothat
afailure of complete lighting circuits hopefullywould not hazard operations
in any way. This over-provision of lighting to aclheve reliability was
compounced when addtional patterns of lights wereadded to the basic
designs as operationsn low visibilities became more commonplece. These
trendshaveresultedin lighting systens that coud potentially be shplified
without any sigificant loss of guidaoe. Simulation trials have clearly
demonstratedthat te number of lights in the lighting patterns can be
consderablyredwedwithoutadvesely affeding opestional performance.

16.6.5. It can be seen from CAR-14, Paril, Chapter 5that in some clearly
spedfied circumstances, wherehere hasbeena demonstrableachevement
of spedfic maintenanceobjectives, it would be acaptable to reducethe
number of lights hat define certain paterns within lighting systems. The
level of seviceability to be met beforethe number of lightscan be reduced
is spetfied in CAR-14, Paril, Chapter 9

16.6.6. The achieement of the speified maintenance objectas should be
demonstrded throughappropriate monitoring andthe keepng of records on
lighting perfomance. Further @dance onthis subject iscontaned in
Chapter 17.

16.6.7.Wheremaintenance stardards support sucareduction it is permissble:

a. for a precison approachCategoy | lighting system, to reduce the

number of
lightsin the approactcente line so thateachlight position onsists
either of a sinde light sourceor, wherebarrttes are used, of four
lights defining each barrette;

b. for aprecsion apprach Categoy Il or Il I ighting sygem, to reduce
the number of lightsin the approachcertre line in the innermost
300m of the certre line so thatlternatelight points congst of either
a sinde light or a barrette of four lights. Altenatively, a fourlight
barette may be usl at each light position;

c. to use60 mlongitudinal spaing for side row baettes; and

d. to usearunway certre linelight spacing of 30 m for operaionsin RVR

down to350m.

16.6.8.For a 3 000-m-long runway, these reduced provisions will delete
approximately 120 lights fom the approach and runway lighting sygems.
The differencesbetweenthe two patterns areillustratd in Figuresl6-1 and
16-2.

16.7. SELECTION OF LIGHTING PA TTERNS
16.7.1.The most demandingoperational scenario will determine the requiredlevel
of approach andunway lighting to be provided by an aeodrome operata.
For exanple, arunway whichis to beusedonly for non-instrument or non-
precision approacheswill be adequiely served by the simpler lighting
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systens spedfied in CAR-14, Pardl. In these crcumstances it is
unrecessay to provide lgh-intersity lighting systems.

16.7.2. Where the spedfication of highrintensity lighting sygems is clearly
justified on operational groundghe opton to userediced lighting patterns
should becarefully consdered.Use of these paternsis dependentupon the
provisionof adequte levelsof performancein terms of light outputandthe
reliability of the electrical systens. Havevae, sincethe specfications are
written on the assmption that suchlevels will be achevel in savice, it
shouldbe possble to takeadvantagef the morerelaxed provisionsfor any
newinstllation.

16.7.3. Whenever the provison of approachand runway lighting is being
consdered,thenedl to providevisual glide slopeinformation should ao be
takeninto account, since his type of aid is the only meansof providing
adequate  visual guidance in the vertical plare.
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Figure 16-1. Approach and runway lighting, full pattern
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Figure 16-2. Approach and runway lighting, reduced pattern
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Chapter 17

Maintenanceof Lighting Performance

17.1. GENERAL

17.2.

17.3.

17.1.1.Thelighting sydems specified in CAR-14, Partl, Chapter 5, aredesigned
to provide the visual aidsthatpilots needto operateheir aircraft safelyand
efficienty in all weaher conditionsby dayandby night. To beeffedive, the
characteristicof each aidmust be maintained at all times. This objective
can only be acheved thmough the devéopment and application of
appr@riate maintenanceprocedures.The enviroment within which the
equipmentis requred to function is suchthat maintenanceproceduresised
for other typef lighting eqiipment areoften inadequate.

17.1.2. The purposeof this chapter is to provide guidanceon the sgcificationsin
CAR-14, Partl, Chapter 99.4, on the system of preventve maintenace
to be employedfor approachand runway lighting systems intended to
support operatims in Category Il and Il conditions.

17.1.3. A review of themaintenancepractices for visual aids andeetrical sysems
requredat anairport is continedin the Airport Senices ManualPart 99
Airport Maintenance PracticefDoc 9137).

THE MAI NTENANCE ENVIRONMENT

17.2.1.Lighting equipment on an agodrame is subje¢ed to a wide range of
temperatues, high- velocity engine efflux, contaminarts such as aviation
fuel, oil and de-icing fluids and rubberdepsits from arcraft tires. The
lighting is also subgcted to mechaiical shack caused by iecraft landng and
manauvring on the airprt.

17.2.2. The perfomance of light fittings can changesignificantly over a short
period of time, espeially at large agodromes with high movement rates.
For exanple, it hasbeen showrthata singleapplication of antricing fluid to
arunwaycanreducethe light output of centreline light fittings by up to70
per cat.

MAIN TENANCE REQUIREMENTS

17.3.1.All lighting aids used on agodrames are specfied using pamameters that
should ensure thatpilots can see anddenify the visual cues that are
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provided over arange ofdefined operationatonditions.For each type of
aid, theextreme posiions from which the ight must be seen are cleaty
definedin tems of viewingangles and detectionrangerequired in the lowest
visibility conditionsin which opeationsare totake place.

17.3.2From a knowledge of the operaibond requirements, an isocanckla
diagran and the asedated aming parameters ae conputed and
standadized for ead lighting system Where olour is pat of a system this
is also pecified.

17.3.3. Operdional criteria for aircrat are devdoped on the assumption that the
lighting ads will be functioning in accadarce with the published
specfications. Any shortfdl in perfomancewill advesdy affectthe ability
of apilotto acquire therequired cues.This may result in overshats or create
difficulties dumg ground movemens. In low visibility conditions, a
reduction in lightoutput of 50per cent reduces he range of e lighting aid
by appraiimatdy 10 per cent.Such areduction inrange en be criticaland
may result in thepilot not seeingthe necessary cueBurthermore, espeially
for in- pavementlight fittings, reduction light output well in excessof 50
per cent will frequenty occur unless agood maintenanceregime is in
operation. The reductias in light outputaremainly dueto contaminationby
dust, rubberdeposts and de-icing fluids, misalignment of the optics within
the light fitting andmisalignment of the fiting.

17.3.4. In prectice the most demanding situaions occur in low visibility
corditions by day. These conditions define the perfamance
requrements, and in order to meet these circumstances it is essentl
that lighting perfaomanceis maintainedat the spedfied values.

17.3.5. The requirements of CAR-14, Partl, Chapter 8clearly indicate that, to
achieve the high levels ofreliability necesay for the visualaidsto properly
support operations,attention must be given to the design, operationand
monitoring of the electrical supplies. Strictimits are st on the levels of
avdlability of the variousaids. Religble indications of the lews of
serviceability shold be anintegrd part of any sysm desgn.

17.3.6. Therequrementsof CAR-14, Partl, Chapter 55.3.3 , also indicate thata
sygem of monitoring visual aids should be employed to ensue lighting
systemreliability.

17.3.7. CAR-14, Paril, Chapter 9,specfies, as a Standard, that a sygem of
preventivemaintenanceof visua aids shdl be enployedto ensue lighting
and marking system rdiability. Maintenanceof visual aids is further
addessedin a seaies of requrements that define the perfomance level
objectives. Defining the minimum seviceability level below which
opeitions should not confnue is the responsillity of the relevant
reguatoryauthorty.
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17.3.8.Furthemore,CAR-14, Partl, Chapter 9 recommendsthatthe sygemof
preventive maintenance tobe employedfor aprecision approactrunway
Categoy Il andIll should include at lest the following checks:

a. visual inspecion and in-field measurenent of the intersity,
beam spreadand orentation oflights induded inthe approach
andrunway lighting systems;

b. corntrol and measuement of the eledrical characteristicsof each
circuitry included in the agproach and roway lighting systes;
and

c. contol of thecorrectfunctioningof light intersity setingsusedby air
traffic conroal.

17.3.9.CAR-14, Partl, Chapter 9, aso recanmendsthat for lights included in
approach and runway ighting systems for a precision approach ruaw
Categoy Il and III:

a. the in-field measuement of intersity, beam spreadnd orientation
of lights should beundert&en by measuing all lights, as far as
practicable, to ensureonformance withthe aplicable specification
of CAR-14, Partl, and

b. the measurenent of intensty, beam spreadand orientation of
lights should be undertakemising mobile measuimg equipment of
sufficient accuracy to analyse the chaacterisics of theindividual
lights.

17.4. MONITORING OF LIG HT OUTPUT

17.4.1.Whilst the functionality of the electrical supply and contol elementsof a
lightingsysem is animportantmaintenancessue, it is theavaiability of the
spedcfied beamcorrectly aimed and emitting the correct colourthatis often
difficult to achieve. These paraneters are the most common cause of
subgandad lighting perfamance.When a lighting sydem is installed, it
should be capalbe of emitting intensty values shownin CAR-14, Padl,
Appendix 2, Figure 2.1 to 2.2IThe maintenance objetive must be to
sustain theoverall performanceat these lewels. Howeva, it is not pradicable
to maintain the specified intensitiesat all timesfor evey light in the system.

17.4.2. Experierce has shown that maintenanceof lighting performanceto the
full Standards spéfted in CAR-14, Paril, cannotbe achieved by visual
inspecton and maintenance schedies alone. This technique, at beg,
identfies lamp failures, gross misalignments aml structural damage. The
operationaperfamanceof the lighting dependn clean, accrately aigned
lights emitting the prescribedbean. Thereforeasindicated above, CAR-14,
Partl, recommendsthata meansof moritoring the in-savice performanceof
individual lights induded in approach and runwayghting sysems for a
precison approach rumay Category Il and Il shaild be employed using
mobile measumg equipmert.
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17.4.3. The frequency with which the measurenents need to take place to
achieve the maintenanceobjectiveshasto be detemined for eachlocation.
It will be nfluencedby seveal factorsincluding traffic densty, thelevels of
pollution andthereliability of the ighting eqiipment. At some aeodrames,
the measuementfrequencymay need tabe weekly.At many agodrames,a
montHy, or longer,measurenentintervalmay be suficient once the liglng
sydemhas been braght upto the required stndard.

17.4.4. It is important that measurenentscan be madein a short period of time to
reducethe requirenentsfor runway acess. This is partiaularly so at busy
airports. A vehicle speed in esess of50 km/h is geneally found to be
acceptable.

17.4.5. The test equipment should measureand record the isocardela diagran,
alignment and colorof each ight, the testsbeing madewith the lighting
operatingat the 10(per cent power supply level.

17.4.6. Meansshauld be provided for aralysing and displaying the recordeddata
in a mamer thatfacili tatesassesment of compliance with specfications.In
addition, it is reeommended that the information should be displayedin a
mannersuchthat diagnostic assamentsto locate the causef failuressuch
as misalignment or repested prenature lamp failures at a specific location
can bemade.

17.4.7. It hasbeenfoundbenefi¢al to recommendthattwo levels of intensityshould
bedefined forindividual lights, i.e. a maintenance level anda failure level.
The higher level shaild be set to give maintenance personneladvance
warning thata light unit is beginfng to producean outpu significantly
belowthevaluespedfied in CAR-14, Paril. Thislevel will alwaysbe above
50 per cent of the specified intensity, which is the level at which thelightis
classedasbeingoutdde spedfication tderanceand thereforeto havefailed
from an operationalperspective. Oncéhe light output reches the higher
level, correctiveaction can beschedled. This shald prevent lightsfrom
losing perfomance tothe level whereimmediate maintenanceaction must
betaken.

17.4.8. Expeiernce with the introduction into sevice of equipment complying
with the above guidare has clearly demonstraedthat, afteraninitial period
of heavymaintenance, the useof a mobile in-service measurenent sysem
has signfficant operationaland econmic benefis. Aerodrames regularly
using ameasurenentdevice are able tomplementan effedive maintenance
plan and as a result are able to readily demonstrae campliance with
performance specfications. At the sane time, the tota amount of
maintenanceeffort is reduced ggnificartly, thereby reducing costs.
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17.4.9. An example of the improvament in performancethat canresult from the
use of such a sysem is illustated below. In Figure 17-1, the average
intensity within that part of the beamendosedby the innerisocardelacurve
is shownfor the centre linelights of a runwaydesignedo sugport operations
in very low visibility. Thedatarepresentatypical result at anairportthat uses
acombination of visual inspectionscorredive maintenance antbulk change
techniques. The exanple is definitely not theworst situation that can and
doesoccur at aerodromes which conduct regulr visual inspectons. After
implementtion of a mobile in-service measurement sydem, together with
the appicaton of anapproprate maintenanceregme basel on the data
provided by the measuements, the sane runway centreline producedthe
resuts shown in Figue 17-2. The maintenanceregime usedto achievethe
results shownin Figure 17-2 doesnot use abulk lamp changetechnique.
Rectification is only appled to thosefittings thatare shownto be non
compliantby themobile monitoring equipment (differential maintenane).

17.4.10. A comparisonof the two figuresclearly showsthe benefitsthat can
be obtained by the irtroduction of aregularregime of light monitoring in
support of the maintenance dtvity. Repeded use of the mobile sydgem
idertifies a number of waysin which perfomanceis adverselyaffeded. In
most instancs, the largestand most common causes the accunulation of
dust and other contaminarts on the optical surfaces. At buswirports,the
rateof contamination may be shownto be suchthat aweekly or fortnightly
cleaning of the lights may be requred to maintain the speffication,
particdarly for some of theinsetrunway lightsin thetouctdown zone area.

17.4.11. Once a cleaning regime at an appropriate interval has been
edablishedfor a runway, thenother causesof failure can be idenified. In
some instances, paricular light units will repeatedly fail the testcriteria.
Inspectionof the recorded datamay showthatthe light beamis incorrectly
orientated, hencethe substandardreadingswithin the testarea. Thismay be
dueto such caus asmisaignment of the light fitting in the seaig ring,
filamentsag,or movementof optical componentswithin thefitting. Thedata
may also reve particular light fittings that repeatdly fail the testdue to
lamp outage.This type of failure can be causd by an electrical fault in, for
example, the supply transfomer. Without regular, reorded monitoring this
type of failure is not easily deicted and identified wth the reailt that
frequent and ireffedive maintenanceis carried outat that particularlight
fitting location.

17.4.12. The effects of misalignments are illugrated in Figure 17-3A. In the
exanple given, the light unit is belon the acceptabke levd of perfamance
because the beam is not correctly orientated If the bean were realigned to
coincide with the specified area the light would be ompliant as shown in
Figure 17-3B.

205



Guidance Material of Visual Aids

17.4.13. An example of mobile measuimg equipment is shownin Figure
17-4. An array of photocellsattached to a vehicle passesthroughthe beam
of eachlight in turn. The resulting intensitysamplesareusedto congructan
isocanddla diagam for eachlight, andthe dataare reordedin the vehicle
for subsequent analigs Equipment of this type can be adapted toeasure
the various lighting elaments of the runway and theaxiway cerre line
lighting. Experience has showrthat theseare the most important lights to
sample regularly and frequently. Geneally the outputof inset lighting is
deficient becase of contamination andfaults in the optics, whereaslevated
lighting is primarily affeded bymisalignment of the omplete lightfitting.

17.4.14. The monitoring of trars-illuminated signscanalsobe achiewed by a
sensr system that saples the light output from the sign and records the
resuts for subsegent ardlysis. One such sysm uses a chae copled
device (CCD) cameraasthesensor.

17.4.15. Approachlighting outputs are more difficult to monitor. For this
lighting, an airborne inspction methodusingcameras andimageprocesmg
techniquesffers one potential meansof achieving themaintenancegoak.
Visual appoach slopendicatorscan be monitored by photocellsplaced in
front of the projeairs.

17.4.16. The safeand efficient operation of aircraft at aodromesrequres
that lighting systems always povide in-se@vice outputs tht are campliant
with the specifietions of CAR-14, Parl, Chapter 5 Only by in-field
measurenents is it posdble to ensurethis level of compliance. Mobile
measurenent systems that can characterize theight output wthin the areas
specfied in Appendix 2 of CAR-14, Padl, are a proven means of
demonstrating compliancelf the accuacy and resolution arecomparableto
the levels used in laboratory testinghen aeodrame operators can
demonstrde compliance to regdatory authorties andcan deveop an
efficientmaintenance regne of cleaing, ralignment, overhaul and reair.

17.4.17. Mobile monitoring of the in-savice performance of lighting not
only providesthe data requiredor compliancevalidation butit also leads to
cod-benefts by targetng maintenanceon those light fittings that need
attention, theeby redweing the volume of maintenance activity.
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Figure 17-1. A Category Il run way before differential maintenance
NOTES:

1. The averageintensity within that part of the runway centreline beamendosedby the
inne isocanddla curve isshown for lights in a setton of a Categry Il runway. The
aveage inersity is calcuated using dataobtained by amobile measirementsystem.

2. Thenumberson thehorizontal axis of the figureidenify spedfic light positions in the
certre line light pattern thais beingmonitored. Thevertical axis indicatesthe average
intersity measured for eachlight as apercetiage of the averageintensity specfied in
CAR-14, Pardl, Appendix 2 Figure 2.7.

3. The intensity data is colour-coded to facilitate the appication of differential
maintenance tehniques. Thepriority for maintenance action caneasily be seenby the
useof this type ofcodingin thedatapresentationforthepurposs of thisilludration, the
following colour coding bs been applied:

Red: less tin 50 per cet of spedfied intersity
Blue: between 50 pecent and 6Qper cert of specified intensity
Green:above 60 percent of spedfied intersity

17.5. DEMONSTRATION OF CONFORMANCE

17.5.1.Reqguldory authorties may publish guidarce on the means by which
conformance with the lighting standads can be demonstrated. The
following paragraphsre basedn sich a docment published in one State.

17.5.2. Corformance with photometric standardsmay be demonstrded by the
use of mobile measuement equipment. In some caseshowever, it could
simply be a mater of measuing a sample of the lights using asuitable
measurenent procedureinvolving the useof a hand-held phaometer. The
mobile measurenent equipmentis of benefitwhere themanualprocedure is
insufficienly accuate, or eficient, or does notprovide a proper
representabn ofthe completelighting sysem.
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17.5.3.High-densty aeodromes, where all-weather operations with large jet

transportaircrdt are conducted, are less ikely to meet the standards.
Therefore, the useof mobile photonetric measuement is encarragedto

complement the routine lighting maintenaice adivities. Thereis evidence
that significant benefits can be achieved for large aerodromes by using
mobile photanetric measuimg equipnent, including sigrificantcostsavings

resulting from teargeting maintenance activities. The frequency of

phobmetric measuement recquired will dependon many factors, including

traffic density, weather conditionsthe season.te.

17.5.4. The ability to perform mobile phaometric measurenents, which may

take 10 to 15 minutes per survey, is another factor to take into
consderation. Traffic levels may not alwaysalow sufficient time on the
runway, even thoughmeasuements are normally caried out atnight. The
runway may also need to be dry. Nevetheless,agodrome operatorshould
endeavorto maintain credible measuement records. Thus, it may be
necesary to planfor a measurenentevey night for same runwaysandtake
advantageof measuement oppatunities ashey arise. Ingereral, infrequent
photanetric measuements perfomed only after cbaning activities have
been ompleted wil be unaceptable.

81

85 - a3 “ 101 05 109 L 17 2 125 32 133 i

Figure 17-2. The sane Categorylll run way after differential maintenance

NOTES:

1. Thedatapresentedh this figure is codedin the same mannerasthe datapresentedin Figure

17-1.

2. The benefitsthat canreailt from theuseof a mobile measurement sydem together with the
useof differential maintenancéasedon thedata displayedcanbe seenby comparingthedata
presented ifrigure I7-1 and Figue 17-2.
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17.5.5.Smaller aerodrames with relatively low movement rates and no traffic

with large jet transprt aircraft tend to have lesseraerodrane ground
lighting facilities. In this casethe perfomanceof thelights doesot wsualy

suffer the same level and rateof degradatin, anda robustmaintenance
regime basel on regular inspetions and cleaning, and rotine flight

inspectons should beadequate. However, photometric measurenent may
stll enhance the efficiency of the maintenance adivities at these

aerodrames. Since photmetric measuement to demonstrde conformance
with the requirementsneednotbe perfomed as often adfor larger systens, a
leaseor contact arangementmay be more cos-effective then invesmentin

mobile measurenentequigment.

Noted Thedatapresentedin Figure 17-3Ais from a light that is non-compliant. The average
intersity is lessthan thespecifcation and the bam is evidery misdigned.
Figure 17-3A. Data from a light that is misaligned

17.5.6.The photometricmeasurenent of some approachlighting systems to the
same degreeof accuacy asrunwaylighting canbe difficult to acheve. The
physial location of the approachights makesthe useof measurenenttools
difficult. Howeve, in many cases, thdights within the inner 300 m are
installed at ground level or in the pavement and may be measued
sucassfully. Thispart of the approachlighting patern is the most critical
for Categoy Il andlll operationsand influences the smooth transition from
approachto runwayvisual cues.Without an effective meansof measuimg
the performanceof the approactighting, it is possble that, contraryto the
objective of providing a balanced overallvisual pattern, there will be a
markeddifferencein the visual perception of the approachights compared
to the runway lights. Therefore,if photanetric measuement of approach
lighting is not practicable, regulawisual flight inspections isould be arried
out urtil a practicable means can be identified.
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Noted The colou-coded datain Figure 17-3B illustrates low datafrom a lght that iscorrectly
alignedand emitting ilght of intensitysufficient to meet the requementscan be preserted or

evduation bymaintenance pesonrel.
Figure 17-3B. Data from a light that is correctly aligned

Figure 17-4. An example ofmobile measuring equipment
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Chapter 18

Measurementof the Light Intensiy of SeadyBurning and Flashing
Lights

18.1. INTRODUCTION

18.1.1.Aeronatica groundlights, with the exceptionof guidarce sign luminaires,
conmonly provide apoint saurce sigral thatis viewedby airaaft, either at
great disances whilst proceeling to alanding (e.g. apprach and runway
lights) or at relatively close distances for manoeivring guidance on the
airfield (eg. taxiway lighting).In bothinstances, CAR-14, Paril, Appendix
2, spedfies theselights in terms of luminousintensty (candela) throughthe
use of isegandeladiagrams. For many agonauti@ groundlights, colour is
also part of the spefdications. CAR-14, Partl, Appendix | makes
recommendatonsfor colourmeasurenentwhen evéuating light. In addiion,
otherapplicable criteriaare to be founding the main body of the Annex.

18.1.2. When sdecting lights for installation on site, compliance with the
spedfications, in¢uding colour specfications, will haveto be demonstrded.
This may be doneeither through attestation by anaccredied laboratay or
through a manufacturer having acceditedfadlitiesand procedures.

18.1.3. Light intensty measurenent techniques and the requred quality of
measuement and equipnent(detectorsgoniometer, etc.)arewell descibed
in otherreference soures. The purposeof this guidarce material is todetail
criteriawhich arespedfic to agodrome applations, suchasthe distanceof
measuement, the calculation of averageintensity, confamanceto minimum
and maximum values within the main beam, confamanceto minimum
values within the outerisocandelaoundaries, and tolerancs. In the case of
lights thathavea flashing chaacteristic, adescrigion is givenin 18.30of the
method of cdculating effedive intensity, which is defined asthe irtensity
equivalentto thatof a stady buning lightto produce thesame visual range
for theeye.

18.2. CRITERIA
Distance ofmeasurenent
18.2.1.The longestdimensgon of the luminous source and the nunber of sources
that may be used to @ate an aeonautical ground light vares. To acheve
accuate and repetable results, it is recommerded that the distance of
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measurenent shauld not be less than 100 imes the apeture of thelight.
Typically, this will be 20 m for a sinde light sourceand notless than30 m
for a multiple light source,such as high-intersity obstacle lights and viswal
appoachslope ndicators.

Measurement set-up Aging of lamps

18.2.2.Measurements should be taken with the lamp operatingat a level of
luminous flux emission that is representativeof the level to be usedin
savice. Therefore, prior to conduting measuements, the lamp should be
agedto at leastoneper centof the ratedlife published by the manufacturer.
Fluoresent or otherlamp types shoulderefered to thelamp manufacturer
to edablish arepresentative level.

Referenceaxis

18.2.3.The light unit shaild be setup on the goniometer in sucha way that the
reference axis will replicate the aligmentthat will be used when the fittig
is instalkd for use.This requireghe egablishment of the mecharical centre
of theunit rather thanthe optical beam centre. The optical beam centre may
be designed not to be coincident with thechamcal certre for some types
of lights.If thelight unit is setup on the bass of the optcal beamcentre,
then any specfied horizontal toe-in angle will not be verified, since the
photametric centre of the beam may not necessarilybe the point of highest
intensity. For runway andtaxiway light units, the horizontal axis runs
through the certre of the light unit and is parallel to the certre line. The
vertical axis runsthroughthe certre of thelight. The manufactuwer shouldbe
consultedfor properplacanent and orientation of the lamp within the light
unit.

18.2.4.In the case of inset lights, the in-sevice output may be affeded by the
manner in which the light unit is installed. Some manufacturers may
recommendin thdr instruction manuds thatthe lightunit shaild be installed
at same distance below te surroundng pavenentto lower the profile and
thus avoid damage from snow plougls. If this is the case, ten the
measuement to be made in the bboratay shaild include ®me meansof
simulating the resulting obstruction ofthe lower partof the beam bythe
pavement. For the purposeof labaatory testing, he pavement shouldbe
considered as horizontal planewithout any slpe.

18.2.5.Every attemptshouldbe madeto ensue that the reference axis is correctly
set up and doesnot incorporatea horizontal offset or a vertical error in the
heght of the filament loation. In thecaseof inset lights, thehorizontal
orientation is egdablishedby the symmetry of the unit. The horizontaland
vertical posiioning of the light unit shouldbe setup within an acureacy of
+0.1 degres

18.2.6.The measuredlight intensities shaild be correctedwith regect to the
rated nominal luminousflux of thelamp asspedfied by the manufacturer.
For examplealight urit may befoundto produceanintensityof 14 000 cd
for a luminousflux of 2 800 lumers. If the manufacturer publishes a rang
of 2 400 lumens,thenthe recoededintersity should be arrected as follows
for thecompliancerecad:
14000 cd * (2400/28003 12000 cd
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Number of teds

18.2.7.At least 5 light units, each with their own lamp, should be tested.There
should be a consstencyof results denonstratingthat the light unit desgn
performanceis repetalde forthe producton line. A valuesuchas5 percent
intensityvariationbetweenunits may be chosn as ameasureof the reqired
consistency.

Colour measurement

18.2.8.The colourenitted bythe light unit should be erified in accordance ith

CAR-14, Partl, Appendix 1, 2.2.4when opesting at rated current or
voltage. It shodd be within the chromaticity boundariesof CAR-14, Parl,
Appendix 1, Figure 1.1, for the horizontal and vertical limits of the main
beam (in the caseof elliptical or circular isocandelacurves)or the limits
of the diagorals of the main beam(in the caseof rectangularisocandela
curves. Furthemore, thecolour should be checked by measirement at
similar limits for the outamost is@andda curve. This latter checkis to
ensue tha thereis no unaceptable colour shift (e.g.redto yellow) at large
anglesof obsevation. Suchcolour shift can occur with some typeof filter
material depending upon the design details of the light unit. If the colour
shift is outside the chomaticity boundaryfor that colour, the approprate
regubtory authorty should be cosulted forjudgmentof the accembility of
theamount of colour shift.

Noted Theabowe-merioned check of colour coordinatesy be eterded
at the request of the apprdpte authorityto coveranglesoutsde
the outermost isocandela curve. This may be an impartant
precautionfor light units thathave apgicability where theangle
of observation bythe pilot can be outside the angles specifiedin
theisocandeladiagram (e.g. stop bars atide rurway errances.
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Isocandda diagram

18.2.9.Measurement of confomanceto the isocardeladiagaminvolvesa number of
criteria. Thefirst stepis to obtain theintenstiesat spatial points overthe
horizontalandvertical rangesasindicated bythe grid of the applicable
isocandsla diagam. For example, in thecaseof anelevated runwayedgelight
(CAR 14, Part |, Appendix 2, Figure 2.10 refethgbeam cetre shallhavean
elevation angle of 3.5 degreesFurthemore,anote should beprovided benegh
the diagam séting a horizontal toe-in angle of 4.5degreeslt is importantto
realizethat sane lightshaveatoe-in angk, andthatthisis not indicatedon the
diagramitsdf, since thdatter servesonly to illustratethe distribution around a
theaetical beam cetre. Wheretheelevationor toe-in angleis desgnedinto the
fitting (e.g.insetrunway lightg, the pesented data shud clearly indicae this
fad.

18.2.10. For the given exaple, the ouer boundary (5 per cent) hasrange of
+10 degrees. It is suggestdaat in orderto verify the location of the main
beam and to allow for later appicaton of tolerances, the actual
measuement be done with an extension of at least 2 degees. Thus, the
horizontal range measurenentswould be 10 + 2 + 4.5= 16.50r 17 degrees
to 10 + 27 4.5= 7.5 or 8 dagrees. In the isocandeladiagran, the outer
boundary hasnupper vertica limit of 12 degreesandthe lower edge of the
main beam iszero degrees. In order tlow later appication of tolerances,
it is suggestedhat the adual verticalmeasurenentsbe doneover arangeof
12+2=14degeesand 01 2 =12 degrees.

18.2.11. Although the calcuétion of averagentersity, asdiscussed Blow, is
based upon values abne-degreeincrement, measurementsshouldbe done
at half-degreeor gmaller inaement. This will enable properassesment of
light units, the theoreti@l beamcertre toe-in and/or elevation angles of
which arefractional nunbers (e.g.4.5and3.5 degrees mpectively), as well
as theassesment of theapplication oftolerances.

Averageintensity

18.2.12. CAR 14, Part |, Appendix 2, Figures 2.11 and 2i@dlicate thegrid
points at which measuredntenstiesareto beincorporated into a calculation
of awerageintensiy. In the case ofa runway edgelight, the boundary is
elliptical in shape, andhe perinent points are to be found within themain
beam iseandda boundaryexcept for horizontal and vertical limits. In the
caseof taxiway certre line lights, the boundary is rectanglar so that
points along the boundaryareincludedif this boundxry is on a grid line.
The average intensity is calculated as the sum of all the intensity
measurenents of the identified points divided by the number of
measuements.
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18.2.13. In Figure 2.11, the horizon@l limits of the main beamare at +6.5
degres. Therefoe, same grid points are not included in thecalculation of
aveaage intensity. Howevae, this figureis a ypical illu stration of methodand
whether themeasuements atcertain grid points areto be includedin the
cdculation of avaage intersity dependsupon the amount of tee-in. For
example, a fracton valueof toe-in (e.g.4.5 degrees) wil shift thefigure so
that the extremities of the ellipse reacha line of the grid, and thus these
measuements atthese pants would bancludedin the cdculation.

Minimum and maximum values

18.2.14. It is intendedthat the beam shdl have a certain uniformity without
significant low or high irtensities. Theefore, in accedance withCAR 14,
Part I, Chapter 5, 8.1.12 andb.3.1.13, within and on the boundaryof the
main bean, the individual intersities are requiredto be not less than a
minimum whichis half the aveageintensityandnot more thana maximum
which is three times the minimum (one and a half times the average). In
effed, a uniformity ratio suchthat the individual intensities are to be with
+50 per cent of the aveage. For example,if the measuredavaageintensity
is 240 cd,thentheminimum is 120 cd and thenaximum 360 cd.

Minimum values for auter isocardela boundaries

18.2.15. It is aso intended that the photametric distribution should be
coninued in a uniform fashion within the other iscandda boundarie.
Thus, withn the aeas dfined by the isoandsgla boundaris, theindividual
intersities shouldnot belessthanthevalues identified at each bouary.

Tolerances

18.2.16. In detemining compliancewith the main beam averageintensityand
minimum intensity vales within the outer boundaris, the grid should be
located such that one point is coircident with the intersection othe
horizon#l and verticd axisdefined in 18.2.3.

Omnidirectional light units

18.2.17. In the caseof omnidiredional light units, measurenent of intersity
should bemade for a grid of one degreeincrementsvertically and thirty-
degeee incrementshorizontally. For each ertical scan, he measuredralues
shouldmeet the minimum requirement, andthe caculated averageof these
values should meet the minimum aveage intensity value. Thelight unit
shalld be inspcted for the presence of any internal supports or other
structures that might causean obstructionof light outpu. Wherethereis a
posshility of obstruction, theeduction of intensty within the onedegree
shouldnotbe less than75 per cent of theminimum.

Noted For smalllow-intersity lights, a photometic measuementdistance
less ttan 20 m may haveo be used,but it should not be less than
3 m. Thevalidity of any measurements cde proven by taking
measurementat a sefesof increasing rangesand comparig the
resultant intensity values. This should enable a range to be
estadished beyond which the calculated irtensity remains
constart. This range can be consdered to be the minimum
acceptale measurememange forthe typeof light beingtested.

Site stanchrd
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18.2.18. All spedfied isocandsla values are minimums. Thusa light unit can
be manufactued thatsignificanly exceeds the requred spedfied intensity.
Thereis no maximum limit spedfied for theoutput of anylight. Assuming a
requirement of 200 cd average (e.g. CAR 14, Part |, Appendix 2, Figure
2.13) a light unit may be deemed to be in conformance if its average
intersity just meds this requirement or is significantly in excess of the
requrement,aslong as thse lights eachhavea unifomity ratio of +50 per
cent within the main bean. If all avdlable ight units deemed to be in
conformancewith CAR 14, Part |are treated eqlig for procurenent,there
is a potentialfor imbalance of display from onelighting sysem to another
of the same type. For example,if we take theaforanenioned exaple,
and an installation is done withlight units just meding the 200 cd aveage
requirament, a further procurament of units having a 600 cdaveragewill
immediately create an imbalanceof display of 3 to 1. If the former units are
repaired on the bads of occurence offailure to half the original output
(down to 100 cd) and the latter are still in full opeswting cordition, the
imbalancecanbe of the orderof 6 to 1. Thus,agodrome opeatorsshould be
aware of the level of light output from the units first procured. This
edablishes a site standard, and future proaurement of new ghting sysems
or replacenent of light units should be ofthe sane level. Similar
corsiderationsshould aply in rektion to the intensity atios established
betweenrunway edge Gihts, runway certre line lightsand aproach lights
(1.60.5:2.0.

18.3. FLASHING LI GHTS

18.3.1.It is generdly recognized that when a light signal corsists of sepaate,
short-duration flashesthe maximum intersity during theflashescannotbe
used to estinate the deéction rangeof the signal (as isdone for steady
burning lights using Allard 6 saw).LBlondel and Rey found that the
threshold illu mination for detection of an abruptflash (a flashproducing a
relatively constant illuminance throughout its dugtion) is:

= a+t
h:l:vf (1)

whereEo s thethresholdilluminance for a steady burninglight, t is the
flashduration, and & aconstnt equal to 0.2when t is iresords.

18.3.2.It is conveiient to calibrate flashing lights in tems of ther effedive
intensity. A light of a given effedive intensity will have the same range
performanceasa steady ight havingthe same rumerical value. Thus,
I*Eo
E

wherele is the effedive intersity, and | is the instantaneas intensity
producingthe illuminance E.

Ie =
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For an abrpt flash of constant illminance:
*
Foin T @)
a+t

18.3.3.The intensty of airport flashing lights, however,is not abrupt but rises
and falls graduallyand may vary appreiably duiing the flash.If the flash
duration isvery shot, or if the timesof riseand fall of intensity are short in
comparison to the flash duration, only small uncetainties would be
introducedin the determination of flash duraton by the productof the peak
intensityandtheflash durationfor the quantity I*t. Howeve, in many cases,
significant emors would beintroduced, and some modification of equaibn
(2) is necessary.

18.3.4.Many evduations of flashing lights therefore measurethe outputin terms
of canddla secondén the flash,integrating oer the period of the flash, that
is:

I

Candelaseconds = ‘ Ildt
h
where lis the instantareous intensityand t2i t1 does not exceed 0.5 sedls.
18.3.5.When the spedfication for aircraft ani-collision lights was being
drafted, it was suggestedhatequation (2) bemodified sothat:

)

[ 1dt

4
) |
0.2+ (t,—1))

18.3.6.Themearing of the inegral Idt and thetimestl and t2sill ustratedin Figure 18-
1.

18.3.7.Ratherthanusinganarhtrary set of limits, suchaschoosngfor t1 andt2 thetimes
when
I is 10 per cent of the pak intensity of the flash, iisrecommended
thatlimits be chosenwhich produceavalueof le thatis maximum whenthe
limits of t1 and t2are the imes whertheinstantaneousntensityis equato
le. Sinceéboththe ingantareousintersity | andthetimest areunknown, this
leads to a process of repeaed cdculationsto maximize le.lt is of importance
to notethatthe timestl andt2 arenot thetimes at the exact beginning and
at the exact endingothe flash, but same period laer and béore
regecively in order tomaximize le.

18.3.8.The cdculation can be simplified where the flash duration is a few
millisecords, in which casethe valueof (27 t1) issuchthat[0.2 +t2 7 t1]
tendstowards 0.2 seconds and theffedive intensity is then found fom the
equation:

217



Guidance Material of Visual Aids

le = *—=5% [ldi @)

whereldtis integrated over the entie flash cyle.

In this instance, le canbe egablished by usingan integraing detctor to
measureand reord thevalueof theflash incardda secondsand multiplying this
value by 5.

18.3.9.The sigral from a flashinglight may consst of singe flashesof light, with
theinterval betweertheflashessogreatthateachflashhaslittle influenceon
the effedive intensity of thesubsequenftashes. If the intensity required in a
given setof circumstancesto make a light vidble is lessthan le, the flash
may in thatcase be seen as acontinuais flashwith two peaks.Howeve, if
thethreshold intersity is aboutequal to le, two sepaate flasheswill beseen.
The maximum distanceat which the light can be seenwill be determined by
the effedive intensity of a singleflash computed overthe time interval t1to
t2.

18.3.10. Lights canbe desgnated to producea number of very shortflashes
in rapid succession sthatthe group of flashess seenas a singleflash.lf, in
a group of flashes,as shown inFigure 18-2, the periods during which the
instananeousntersity of thelight is below theeffedive intensityof theflash
areof theorderof 10 millisecond®r less, the eyewill perceive this group as
a single flash.

18.3.11. The effedive intersity should then be computed by equaion (5),
choaing astimestl and t2the first and the last riies the irstantaneus
intensityis le.

Note thet le is the effedive intensity of the group and ndhat ofa sngle flesh.
o [lde + [ “ldt + [ “Idt +,[ Plds

le = (5)
a+(t-1t)

18.3.12. Expeiierce indicatesthatif thetimeschoserfor the initial integration
arethetimeswhen thenstantaneousntensity is abait 20 percentof the peak
intensity, only one additional s#p is requred to obtain the vaue for the
effedive intensity, which is within one or two per cent of the maximum
value. This is within the limits of accuracywith which the integral is
evaluated by meansof a planimeter. Oftena singe computaion is sufficient
if, insteadof usingaslimits for theinitial integrationthetimeswhenle is 20
per cent of the peak intensty, the times used are the times when the
instantareousintensityis equal to the productof the pe& intersity and the
number of secoms betweenthe times when the instantaneousintensty is
roughly5 per cet of the pek intensity.

Transition to steadyburning measurement

18.3.13. For some lights, the time duraton of flash can be sufficiently long
thatthe error is not sigrificant if the flashingmecharsm is disatled and the
intensity is measuredwith the light operatingin the steadyburning mode.
This would be thecase wherhetime durationof flashis morethan200ms
(0.2 s). Thus, runway guard lights, certain rotating aeodrame beacos,
mediumintensityred incadesent obstacleibhts, et., may be measured as
steady buming.
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Measuring method
18.3.14. Flashing light units, with the exceptionof runway guard lights,
are not spedfied in CAR 14, Part || by means of isocandela diagrams.
Therefore, the measurenent of intersities involves a verification to
minimum requrements at specfied spaial points and minimum vertical
beamspreadsln addition,for capacitr dischargdight units:
a.testing shouldbe conduded with the maximum lengthandactualsizeof
calde as would be used fdhe most criticalnistallation;
b. themeasurenentshould begin after deast10 minutes of geration;
c. the flash failure rateshould notbemore than 1 inl00; and
d. thedischargecanbe somewhatunstablesuchthat the peakintersity is not
exactly repatabe for eachflash. Thus, measuement for a sequece of
short individual flashes shaild be made by aveaging over at least 5
flashes to obtain an aveage value of candela seconds and then
multiplying this reault by 5.

n
J’ldn
[

I DR
02+ —11)

Integrated area between ryand 12
(candela seconds)

Inensly (cd)

Time {sec)

Figure 18-1. Typical flashing light that rises and falls gradually

B LI'- Y

Less than 0.01 seconds

Figure 18-2. Flashing light producing very short flashes
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Appendix 1

The Oper ational Requirements of Visual Nose-in Docking Guidance

Systems

1) Thesydem mustprovide positivevisuallead-in guidarce and whenin use mustbevisible to
the pilotthroughout thedockingmanoeuvre.

2) Theguidanceprovided mustbe easilyrecognizable and cagpable of beinginterpreted without
ambiguity.

3) Theremustbecontinuitybetweerthe visualparking guidanceandthevisualdoding guidarce
sygems.

4) Thedisplaysmustbereadilyconspicuougo a pilot appioachingthe sysem regardles of other
distradions in thearea

5) Mountingof theunit above apronlevel shouldnot becritical in relationto thepilotés viewing
angleasthe aicraft closesin on thestand.

6) Thesygem shouldprovide left/right guidarce utili zing self-evident signalswhich inform the
pilot of the posibn ofthe arcraft in relation tahe longitudinal gidanceline.

7) The guidanceprovidedby the sydem shouldbe suchthat the pilot canacquire and maintain
thelongitudinal and stopping gudance wihout ove-controlling.

8) Thesydemshouldbe capableof accommodaing variationsin pilot eyeheightincluding the
effeds of aircraft loding.

9) Thesygemfor providing left/right guidarce should be alignedfor useby the pilotoccupying
theleft-handsea.

10) Therateof longitudinal closure information should be associ@d with, or incorpaatedinto,
the system.

11) An unmistakable stop sigral for each &oplane type, preferably deployed mrmanerily
without need for sdective opertion by ground personel, should be asscated with the
sydem. The methodusedto indicatethe stoppingpoint should preferdly not requirepilots to
turn

12) their heads and should be usabléibth plots.

13) Theguidanceprovidedshould not be affeded by external factors suchaspavenentcondtion,
weatherandlighting conditons.

14) Theaacurecy of the systenshouldbe adequée for thetype of loadng bridgewith whichit is
to be wsed.

Associdged requirements for docking

15) Dockingservicebility/unseviceallity information shouldbeavalableand, in thelatter case,
the pont where the piloshould stoghe arcraftshould be imlicated.

16) The provision of ehuman safetymonitor capableof indicating to the pilot the needor an
emergency op may be necesary.
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1
2)
3)
4)
5)
6)
7
8)
9)

Appendix 2

The Oper ational Requirements of Visual Parking GuidanceSystems

The system must provide positivevisuallead-in guidarce and whenin use mustbe visible to
the pilotat all times.

The guidanceprovided must be easilyrecognizable and cgpable of beinginterpreted without
ambiguity.

Idertification of the stand shouldbe clearly visible to the pilot well beforethe aeroplane has
reached a psition in the parking procedure begd which itwould bedifficult to change is
direction safely toproceed to adifferent stand.

A uniform idertification sign for aicraft standshould beincorparated nto the sysem
Theremust be aclear visual signabssocated with the sygtemto indicatethe sért of thefinal
turn whereafinal turn tothe parking posiionis needed.

Postive gudanceisrequired forfinal alignment.

A positive sbp signalmust beas®ciated wih the final aligyment gudance.

Themethod sedto indicate the pecisestoppingpoint shouldpreferablynot require glots to
turn their heads.

The sysemshould be located using the aircnadise wheebn guideline prirciple.

10) Where itis necessary tmdicate dfferent stoppng poirts for different aeropnetypes, hese

should pregrably be déplayed permanenty withoutreliance on human irtervention.

11) Continuoudead-out guidancemay be requredfrom the pointwherethe pilot takes control of

theaircraft, up tothe mint where théaxiway gudancecanbe used.

12) In-pavementlights shouldpreferaly beusedto supplementpaintedguidelines,turning points

and stop indications. Sdedive opertion should beprovided whenoperating and visibility
conditionsso require.

13) There should be a ddrencein colour betweeninsetlights and taxway centelinelights.
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Appendix 3

Selectin, Application and Removal of Paints

GENERAL

1

To ensue that runway and taxiway markingshaveadequée conspcuity and durability, care
must be execised in the sdection andappication of pairt. Guidanceon these factorsis
provided in this appendix. Repanting operations must be caefully safeguardedand
coordinated withair traffic operations for the s&ety of aircraft andof the painting crers and
equipment.

SELECTION OF PAINTS
Type of paints

2)

3)

4)

Severaltypesof paintshavebeendeveloped which havebeen found acceptabldor markings
on pavement. Some of these paintsare classified asoil base,rubberbase, aaylic or vinyl
base,oleorsinousbase, andvateremnulsion base. Reently the baseshave beenmodified in
propationsanddifferent typesof solventcombinedto improvecertan characteristicsof these
pairts for easier application, better storing andbetter performance.Since dryng time is very
importantin the applicaton of pavementmarkingson some surfacesthesepairts may also be
classified by dryingtime as follows:

a) standard(conventiorl) dry 8 7 minutesor longer;

b) fast dryd between 2and 7 minutes;

C) quick dy & between 3@nd 120 seonds; and

d) instant dry 8 less than30 seconds.

Two typesof paints havebeendevdopedspedfically for aerodrame markings.Onetypeis an
oil (alkyd) basepaint, and the othertypeis a water emulsion basepaint. Bothtypesof paints
are required to meet spedfied physical and performance tests. Both types of paints are
avdlablein white or yellow andmay be usedalone or to bind retro-reflective beadsA black
oil base paint isalso wsed on sme aerodromes with Ight-coloured parements as a border
aroundthe markingsto improvethe contad. A drying time of 30 minutesor less is usudly
acaptablebeforevehidetraffic canbepemitted on the new markingswithoutthepaint being
picked up from the pavement, adheing to the tires, or trangering to new locations on the
pavament. Thepemissible time requredfor the paintof theindicatedthicknessto dry through
the full coat may be ugo two hours.

Othertypesof traffic-marking pairts may proveto be suitable for agodrame markings,but
the performance of thesepaints stould be cardully evaluated for the particuar operating
conditionsbeforetheyareused.ln some locations, paints with specdal quaitiesfor application
or resstanceto unusual factors affeding the life of the markings may be recuired. Same
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condtions which may requre spedal types of pairts are very cold areaswhere the
temperatues are often nothigh enough for pairting, same abnomally wet or humid areas,
areas wheramicro-organisms or plars dtack theregular pait, and otler unusualcondifons.
The lack of avalability of agodrome-marking pairts may make it desiible to use another
type of paint, suchashighwaytraffic-marking paintsalthoughthe performanceandlife of the
markingsmay beredwced.

Type of pavement

5)

Both of the agodrome marking-type paintsare usudly suiteble for application on pavement
surfacesf portland cement conaete(rigid), bituminous/aphaltic cement concrete(flexible)
and previausly painted areas of thesesurfaces. Thavater emulsion basepaint may be
prefered for pavedsurfaceswhich havenot fully cured, gpedally asphalt, becauseof its
beter perfaomanceaganstbleeding. Othetypes of paintmay be satisfactoryfor onesurface
and notanother.

Type of service

6)

Typically markingson runways and taxiways do not fail from abrasve wearasdo highway
markings.Instead, failure of threshold, touchdownzone,and runwaycentreline markings is
cau®d by rubberdeposied during the spin-up of the wheelsof landng aircraft. Faiure of the
other markings, paricularly side stipe markings,is ustelly causedby the efeds of weather
and the accunulation of dirt. Henceabrason resistancés not a prime consderdion in the
sdection of materialsto beusedfor agodrame pavenent markings.A more suitéble choice
of markingmaterialsis a paintwhich is compaible with thetype of pavement, maintainsgood
conspcuity andcanbe readily appliedat the properthickness. A wet-film thicknessof 0.4
mm has been found suitabier most instdlations.

Coefficient of friction

7

Both standard aeodrome-marking paints provide good coeficients of friction on either
portland cementconaeteor bituminouscementconaete and nomally furnish goodbraking
performance. If betteranti-skid propertiesfor the marking areasare required,asmay be the
casewhenreflective markingsare to be provided, cadcinedaluminium oxideandangularglass
in sizeswhich will passthroughsieves of 150 micrometre mesh andwhereless than5 per cent
will be retained by sves with 45micrometre meshwere found to be &dive. The paint
maruf act ur er 6 ontheanounrolticetadditivate useand themixing procedures
should be followed.

Specfication of paints

8)

The performanceof paints may vary appreiably with minor changesin compostion. To
ensue suitble quality, spedfication by perfamance of tests of desired requirements is
preferable to spéfication by famulation. Haveve, the testsmust be carefully chosen to
evduate all the qualiieses®ntial to provideacceptable markings, mustbe practial to conduct
and must reliably distinguish between adequate andnsatsfactory pefformance.The basc
requirements of the pigment are colou, opagqienessand laging quality. Suspendingand
dispersing agentsmay be usedto preventexcesssetling and cakng. The vehicleor baseof
the paint provides many of the characteristics desed in stoage, mixing, appliction and
adhegson. Ant skinning andant settling agentsmay be includedin the vehite. Thesolventor
varnishdeterminesthe drying time andaffeds application, fl exibility, acheson, bleeding, skid
resistarce and pigmentvolume concettration. For same typesof pairt, minimum or maximum
amounts of cetain components ofhe sdvents may needo be specified.
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SELECTION OF RETRO-REFLECTIVE ELEMENT (GLASS
BEADS)

Conditionsfor using reflective markings

9) Rdflective aerodrane markingsare usedto improve perfamanceof the markingsat night,
espeially in conditionswhenthe markingsmay bewet. Becauseof the additional costs,some
authoritiesmay usereflective markingsonly for thoseaaodromeswhich canbeneft fromthe
improvedperfomance.Aerodranes which operateonly during daylight or areused onlyby
aircraft without landng ortaxiing lights would not needto provide refledorized markings.
Reflective markingsmay not be ecessay on unways with opeating runway certre lineand
touchdown zondights; however, he reflective markings may be helpful for night-time
operations in @arer visibilities when the cente line and buchdown zone lights are not
enggized. Testshaveshown thatthe refletivity of markingsmay be enhaned by factorsin
excess of 5 by the inlusion ofglass beads.

Specfication of glassbheads

10) The primary chaacterisics of rero-reflective beadsto be consdered in sdection for
aegodrame markings ae composition,index ofrefraction, gradationandimperfectionsGlass
beadswhich are lead-free, uncaated, with a refractive index of 1.9 or greater,have size
gradationbetween0.4 and1.3 mm diameter andhaveless than33 percentimperfectionshave
beenfoundbestfor aerodrome markings.Glassbeadswith arefractive index of 1.5, while not
asefficientas beadawith a higherrefractive index, arebeneficial in increasinghe reflectivity
of markings, and they are also less proneto mechamcal damagein some circumstances.
Therefore,in certain circumstancesmarkingscontining glassbeadswith a refractive index
of 1.5andmarkingscontainingglass beadswith arefractive indexofl.9 or greate may prove
equaly efficientafter acertain periodof usage.

11) Because othe limited abrason of runwayandtaxiway markings, there-mix of beadsn the
paintis not veryeffedive. The methodof applying the beadsby droppng themdirectly onto
the fresh,wet paint providesbetter perfomance.The beals mustbe dropped immediately on
to thefredly appliedpairt, espeaally for instant dry paint, to obtainproperadhesiorof the
beads.

APPLICAT ION OF PAINTS

Gengal

12) Bdore conmendng the work, all materials and equipment for the work, including that
necesary for properly cleaningthe existing surfces,should beapproved bythe engineerin
chage of he project.

Pavement sirface preparation

13) Thepavenentsurfaceshouldbecleanedproperlybeforeinitial paintingand beforerepainting.
The surfaceto be painied shouldbe dry andfree from dirt, greasepil, laitarce, looserubber
depodts, or otherforeign material which would reducethe bond between the paint and the
pavement.

14) Cold (normal temperature)paintsshould not be applied when thesurface temperatue is less
than5°C. The weathershould not be foggyor windy. The hat-sprayor heaed-paint method
in which the paintis heated to 50°C ormore for appicaton may be used at lower anbient
temperatues.

15) Thefollowing pro@dures should be used for ttreatment ofsurfaces:
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a) New pawement (including resurfaced pagment). Adequatecuring time before painting
should be allowed to preventpeding and blistering. A ®-day curing period is
recommended before o base pints are applied.

1

2)

Portlandcementconaete. The surfaceshouldbe cleaned of curing material usingsand
blasting or high-pressurevate. An add-etching solution may be neededo couner the
leaching of alkali and carbonade saltsand to improve adhegon to smooth, glassy
aggregte particks. Alinseed oil saition may be ued to obtain better degon.
Asphalic concrete.Some combination base paints may be applied 24 hours after
placement of bituminous pavement. A primer coat may be usedto redice bleeding of
these surfacesespeciallywhencuringtimeis reducedA primer coatof regularmarking
paint at approximately 50 per cent of the normal thicknessmay be appled to new
pavement. The markingsarethento be repainted soonafter the asphalthascured. A
spedal primer cod, epedally for usein instalations with seious asphalt bleeding
probems andless bleedresistarce paints, is aluminum paintwith awet paint thickness
of approximately 0.5nm.

b) Old pavement (new markings). Existing markingswhich are nolonger applicable should
beremovedusingtheprocedureslescribedn paragraph20to 23andthesurface<leaned.

¢) Repairing overexisting markings.Thetire marksandrubber depaits should beremoved
from theexisting markingsby usingtrisodium phosphae or other clearing soluions and
scrubling and rinsing with low-pressurewater. Clean these markings of any foreign
material whichmay cawse poor adhesion tilie eisting pant.

Noted Do not use solutions with morethan 1 or 2 per cent soapor deergentsbecause

exersive rinsing may beequired to removethe soap flm.

Equipment for painting

16) Pairting equipment should include as a minimum a mechanical marker, surfae-cleaning
appaatus and auxiliary hard-painting equipment. The mechamcal marker should be an
atomizing spray-type suitable for the type of paint to be used. It shouldproducea uniform
film thicknessof the spedfied coverage and provide clea-cut edges without running,
spdteringor overspray.lt shouldproperlyapply the glass beadsif themarkingsareto be made
retro-reflective.

Proceduresfor application

17) After thepavement hascuredadequately andthe surfacesaresuitablytreated and cleanedfor
thetype ofpaint to be used, ourle themarkingsto be applied.

18) Before the paintis applied, the layouts of marking areas, the condiion of the surfece, the
equipment and materials to be used, andapplication procedires shaild be approved by the
engireer in chage of he project.

19) A painting procedure snilar tothefollowing shoud be usd:

a) Arrangewith air traffic contol for sdety proceduresand communications to protect
aircraft, panting crews and equiment, and wet paited surfaces.

b) Mix thepaint in acordance wih the manufactuerds instructions.

c) Apply thepaint with the marking machineuniformly atthe coverageratespedfied without
running, sg@ttering or over spraying. A coveagerate of2.25 to 2.5square metresper litre
to provide awet pantthickness of apmximately 0.4 mm hasbeen found satis€tory.

d) Ensurethatthe edges othe markings dmotvary from a straight line morethan 12mmin
15mm and that thetolerancefor thedimensons is £5 per a.
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e) If the markingsareto be maderetro-reflective, apply the glassbheads(spheres)uniformly
to the wet paint at the spedfied rak, with mechanical dispensersat the propettime and
pressurdor goodadhesionApplication ratesof 0.7 to 1.2 kg per litre of painthave been
foundsaisfadory.

f) As soon as the paint has dried ernough to acconmodate pedetrian traffic, inspect the
marked areas for coveage, appeaance, uniformity, dimensionsand defects. Also check
the umarked aeas forspills, spbshes ordrippings of paint.

g) If there are uncoveed aress, thin spots, discoloratiors, lack of tolerances or defects in
appeaance,touch upthose aeas for sitable unformity.

h) Protect thenewly panted surfacesintil sufficiently dry to accanmodatetraffic.

REMOV AL OF PAINTED MARKINGS

20) Whenmarking paterns arecharged, physiel areasor operding proceduresre modified, or
the thickness of the layers of paint becames excesive, existing markings may need to be
removed. Obscurationof existing markingsby painting is not advised exceptasa temporary
measurebecase the surfacelayer of paintwill wearawayor erodeand he lower layers will
becane visible andmay be confusig.

Mechanical removal

21) Sandblastig is effedive anddoes little danageto the paementsurface. The sand deptesl
on the pavenent shouldbe removed asthe work proges®s to preventaccumulation. High-
pressuravater or hydro blasting can beusedsuccessflly on some markings.Grinding isnot
recommended becage of damageto the pavemensurfaceand probablereductionof friction
for braking.

Chemicalremoval

22) Whenchemicals are usedfor paintremoval, a largeandconinuoussource of wateris usudly
needd to reducepotental damageto pavenent surfacesand todilute the chemicals wasted
into drainsor chanrels.

Removal by buning

23) Burning is often usedto remove paits; howewer, methodsinvolving burnersusing air and
butare, propane,or mixtures of liquid petroleum gaseshave dow burning rates,and the
extendedperiodsof exposue to the heatmay damage the paveent surfice.The overheating
melts the asphdtic concrete and causessurface spalling of Portland cement conaete.

Recently,burnersusing propaneand pureoxygenwhich producemuch hoter flames have

beendevdoped.An excessof oxygen rapidy oxidizes the paint andtrandersless heet to the

underling pavenent surface. With these burners,sevea layes of paint may be oxidized
rapidly with minimal or nodamageto thepavenentsurface L ayersof paintof approximatey

0.5 mm canberemovedatasingle pass. Greaer thicknessesof paint may requireadditional

passeswvith the flame. After the paint is oxidized, the resdue shouldbe removed from the

pavementsurface by wire brushing, hydrooming or light sandblasting.

SPECIAL CONSIDERATIONS

Striated markings

24) Striated markingsmay be usedin areaswith low temperatuesto redice the effeds of frost
heaves, epedally for wider markings such as threshdd markings, runway degynation
markings,touchdown zonenarkingsand fixeddistance markings. Striaied markingsconsst
of alternathg pairtedand unpairtedstripes,ustally of equalwidthsnot exceedng 15cm, over
the specified dimengons of the marking. Howeve, striated markingsreducethe conspicuity
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of the marking whenviewed at longerrangesduring an appro&h to the runway because the
brightnessof the marking becanesthe avaage of the paintedand unpeinted stripes. Hence

striatedmarkingsshould be used onlywhere necessa

Outlining markings with black borders

25) White runway markingsandyellow taxiway markingsmay not presenfa large contrast when
appied onlight-coloured pavenens. The conspiwity of the markingsmay be improvedby
painting a black border aroundhe paintedmarkings. Preferabhy, the bordershaild be a
flatblack stripe not less than 15 cm wide of a good type of traffic pairt. Black borderswider
thanthe minimum will increase the conspcuity of the markings.The black bordersmay not

require repmting as frequently as threarkings.
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Appendix 4

Proceduresfor Developing Light Intensitiesfor Day Conditions

1) A pilot landingan aircraft in poor visibility conditions generally needsto seea segment
of at least 150 m of the approachand runway lighting pattern. In Category | and I
operationsthe pilot needs to see thissegnent at and after he dedsion height; a similar
segnentof lighting is requiredfor monitoring purposesat heightsbelow 30 min Category
111 operations.One of the procediresusedto develop the lighting specfiedin CAR 14,
Part I, Appendix 2is describedin the folloving paragrphs.

2) FigureA4-1 illustratesgeametrically the 150-m visual segnent and the positon of this
segnentas deemined bythe airceft flight pathatany given heigh.

R =Visual range to the furthest light in the segment
h=Pilot's eye height
d= Distance from end of visual segment to runway threshold

13m

segment Threlshold Aiming goint

T
1
1
L 150 M—pe dple—300 m—pi 28 mie—

Figure A4-1. Geametry during fi nal approach

228



Guidance Material of Visual Aids

3) It is assmed for the pyposes of ckulation that:
a. the glide slope is @egees;
b. thepil o &yéis 13 m aboveand28 m beyondthe main gear(typical dimensonsfor a
largeaircraft);
c. the teight of the aerplane isreferred tothe main gear;
d. thetouchdwn aiming point (main gear) is 300m beyond thehrestold;
e. thecockpitcut-off angke, which definesthe near point of the 150-m visual segnent,is 15
degrees.
No allowarce is madefor the decisbn-making processwvhich would increasethe heightfor each
cdculation by aheight equigent to 3 seconddedsion time prior tothe
decision height.

4) FromFigure Ad-1 therequiredvisual range, Rfor a 1%-m visual segnentis:
= Jh® + (150 + h/tan 15)2 (1)

Also from Figure A4-1 the distanced, from the furthestpart of the visual segnentto the
runway threshold, caloe computed:
1 1 (13

| — - — - |
\tan3 tanl5/ \tan3

d=h +300+28+150] (7

5) In Categoy | opemtions, equdions (1) and (2) showthat at the 60-m dedsion heightonly
approachiphtsare visible. Asthe approach iscontinued the valueof d deaeasesto zero. At
the heightwherethis occurs, the correspondingvalue of R is assuned to definethe required
visua range for thethreshold and runvay edgelights.For thetouchdown zondights and the
runway centre line lights, it is assumed that a segnent of 150 m should be visible at
touchdown, when h = 1.

6) For Categoryll operatons, with the dedsion heightsetat 30 m, equdions (1) and(2) show
thattheinitial visualsegmentcontins bothapproactandrunway lighting. Therequredvisual
rangeis thereforeidenticalfor apprach, threstold andrunwayedgelighting. For thelanding,
the touchdavn zoneand runway certre line lights shouldmeetthe same range requements
as for a Cagory |landng operatio.

7) Categoy II1A operatons requie only the minimum 150-m visual segment to be avalable
from thetouchdown zone andinway certre line for thelanding androll-out.

8) TableA4-1 summarizesthe visual rangerequirementsderived from equaions (1) and (2) for
the \arious categories ofoperation.

9) Havingdetemined the minimum visualrangesat which variouslights in the lighting patern
must be seen in order to provide the required 150-m visual segnent (Table A4-1), the next
stage of theprocedurernivolvesthe calculabn of thelight intensties neessay to meetthese

requirement.
10) The réationship used i modifiedversion of Allar d 6 s L aw:
Eth=[(1'i LoA) e-(R] R-2 (3)

where:

Eth =theilluminance of the eye ahe threstold of detection at arange R
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| = the intasity of thelight
Lo = theluminarce ofthe backgound ofthelight
A =the aea of the ightsource

Table A4-1. Required visual range to meet the minimum operational
requirements: 150-m visual segment

Required visual range R (m)
Category  Decision
of height RVR Extinction Threshold; Touchdown zone;
operation (m) (m) coefficient | Approach runway edge runway centre
| 60 800 0.0063 430 330 200
i 30 400 0.016 310 310 200
A 0 200 0.039 - - 200

This modificaion is only necesary if the averageluminarce of the light, given by /A,
approacheto, i.e.in day conditions At nightthe basc formof Alla r d.@wscanbe used:

I -oR
-

Ey=—

11) For day caditions an &erage tackgroundluminance, L, 0f10 000 cdi? is assumed.

12) If the luminance factorfor the runvay surfaceis 0.35 and assning thatthe luminance of the
unlit lightunit is neligible canparedwith the valueof Lo, then avalueof Lo canbe derived
from therelatiorship Lo=0.35 L.

13) Theappropriatevaluesfor A areassumedto be0.13n? (0.4 m diameter) for apprach lights
and 0.018 rh(0.15 mdiameter) for all other ights.

14) For day caditions itis assuned that:

Eth=2 x 107 x L lux

Subsituting these assmed vduesin equdion (3) leadsto thefollowing:
=L (2 x 10'" x R2 eR+ 0.05)

for approacHights

I =L (2 x 10" x R2 eR+ 0.006)

for runway Ights

15) Theserelaionsareillustratedin Figure A4-2, assuming thatL = 10 000cd/m?. It is clearthat,
after an initial sharp rise at low intensities,the viswal range is only weaky depedenton
intersity. For exanple, to compensatdor a dedeasein RVR by a factor of 2, anincreaseof
intersity of more thana factor of 10 may be necesay. On the other hand, uncertaintées in
intersity due to uncetainties in, for instance, backgound luminance will not stongly
influencethe resultingvisual range.

16) TableA4-2 summarizestheintensitiesrequired tosatisfytherequrementsof TableA4-1. In
Table A4-2 the requred visual rangesare in parenthesedelow the irtersities. For the
approachights, the runway edgelights andthe runway centre line lights, the symbols A, E
andC applyrespectively. It is assumedthattheintensitiesof the thresholdights arethe same
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astherunway edgelights andthatthe touchdavn zonelights havethe same intensties asthe
runway centre linéights.

5 T T l T T l T

Approach lights (m”) (m)
= == = Runway lights

2_

10°

R (m)

\NINSN T

| (cd)

Figure A4-2. Visual range, R, as a fundbn of light intensity, |,
for background luminance L = 10 000 cdh?

17) Comparing Table A4-2 with the minimum aveageintensities for the lights shownin CAR
14, Part |, Appendix 2t canbe seerthatseveralintenstiesin Table A4-2 areunrealistially
high. This means thatsome of the computed RVR-visua segnent combinaions are
impossble to realize in practice.

18) Having dewelopedin Table A4-2 theidedized intensity values to ensire that a 150-m viswel
segment is visible to the pilot, one further sep of calculationis required before the
recommended table of intensity valuescanbe defined. This isdonein TableA4-3 wherethe
varying effect of backgound luminances, derived as a function of sun heightand cloud
condition,is taken into accountthrough so-called luminance multipliers (LM). LM valuesare
derived in thdollowingway:

a) At a givenmeteorological extindion s and equired visual range R, le required intensity |
is proportional to thebackgroundluminance L. This meansthat! at any L canbe @lculated
from the I correspomiing to L = 10000 cdm? by means of theelaionship:

I(L)=1x10*x L x 104

b) In order to incrporate the arious valies of dayime L in a relatively simple way, the
luminance multipliers LM, presentedn Table A4-3 andto be appled for conveting the |
valuesin Table A4-2, are déinedasfollows:

d LM is approximately equalto L x 10'4, within a factora2.
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d if L x 10'*is lower than 0.1 (agfatively rare evenduringdayime fog), LM = 0.1.

19) In TableA4-3 thecloudconditionsreferto the cloudsabovethededsion height.If fog extends
from groundlevel to a heightbovethe dedsion height, thenLM deaeases a&cordingly.

20) As anappioximation,LM for i a pachwith sun dnay beusedfor all directionsthathavean
azmuth anglegreaer tan 60 degreeswith thesu n direction. Forsmaller angles the usef
an LM appropriatéo anfi a machintostn 0 i ®mmenda&.c o

21) Havingcomputedthe LM values srown in Talle A4-3, it is thenpossilbe to finally construct
the intensity séing table,beaing in mind that the visual segment shouldbe at least 150 m
butthat there is little additonal benefit if it is greder than600 m.

22) Table A4-2 showsthat many requied intensities are higher than the minimum aveage
intersities givenin CAR 14, Part |, Appendix,2espeially if luminance multipliers higher
than 1 are applied. This leads to two consequence$or Table A4-4. Firstly, maximum
intensities (Imax) higher thanthosein the manual are spedfied; secontly, if Imax is not
sufficient toprovide a 150-m vistdl segmentfor any spedfied combinaion of RVR and
LM conditions, an RVRmin is edimated, i.e. the lowest RVR for which landng with a
150-m visual segnent is possble. This canbe doneby interpdation in Figure A4-2, taking
therequiredR atvisual segnent150 m from Table A4-2, andtaking at the abséssa of Figure
A4-2 the value Ima’LM in orderto correctfor the fact that Figure A4-2 givesthe | vs. R
relation for L = 10 000 cd/n?. If | max of each lightinggroup is sufficient for a visual
segment of150 mbut¥z Imaxis not, thenlmaxis used.

23) If ¥ Imax of eachlighting groupis sufficientfor a visual sesgment of at least 150 m, thenthe
recommended intensity will be not more than¥z Imax. Thisrule is appliedbecausdaking %2
Imax instead of Imax will not seriausly influence the visual segnent, whereaslamp life is
lenghened more than terfold. If an intensity seting lower than % Imax providesa visua
segnent ofat least 600m for all lights,thenthis lower intensity ®tting is used.

24) A further criterion is gplied to ensure that a balanced Ighting system is maintained. To
achievethis balancethe intensity ratios are dsllows:

Approach:Threshold ad runway edge = 2:1

Touchdown zone and rway certre line: Threbold and edge = 0.33:1

Theseratiosarewithin the limits of CAR 14, Part |, Appendix 2Antensitiesapproximaing

thecalculated vales are used so that the inteity stepsare notsmaller than dactor of 2.

25) There ardour further rules thadre usedin corstructingthe finaltable of intersity settings:

a. Foreach rageof RVR values for which anintensity €tting is asessed the bags for each
cdculation is theRVR (or ) from TableA4-2 that correpondswith the lowestRVR in the
range.

b. At RVR =200mto 399 m, theappoach,thresholdandrunwayedgelights havemaximum
intensities, but this RVR rangecorrespondsvith Categoy I1IA opegtions wherevisual
guidarce from these grous is not required.Howeve, touchdown zone and certre line
lightswill haveto be at maximum intensityin orderto providea visualsegmnent of 150 m.

c. At RVR =2500m to4 999 m, intendties of all groupscan bezero, exceptfor fiapproach
intos u atéunheighslessthan40degreeq Idws u nThereasn for thisis thatin these
conditions,runway markings havea sufficient visualrange. From Tablé\4-3 it canbe
seenthat approacks into low sun yield LM &ues of 1, 2 or 4.

d. At RVR>5000m, intenstiesof all lightscanbe zerobecauseunwaymarkings arealways
visible, even for approahes into low sun.
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Table A4-2.

Light intensity required to satisfy

the requirements of Table A4-1

Intensity (candela)

RVR G
(m) (m™) A E C
200 .039 = - 2.0 x 10°

(200)
400 016 28 000 27 000 2 000
(310) (310) (200)
800 .0063 6 100 1 800 340
(430) (330) (200)
1 500 .0025 1 600 560 190
(430) (330) (200)
2 500 0011 1100 370 160
(V,, = 5 000) (430) (330) (200)
5 000 .00030 920 300 140
(V; = 10 000) (430) (330) (200)

V,, = meteorological visibility

Visual segment = 150 m
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