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Foreword 

The attack on today’s complex technological problems necessarily 

goes forward on a broad front, with speclallsts or experts concentratmg 

on partxular parts of the same problem An agency havmg responsibility 

for seeing that problem-solution proceeds systematically must develop 

some means of keeping abreast of over-all development and dlstrlbutmg 

mformatlon in useful form to those workmg on different aspects of the 

same problems 

The Federal Aviation Agency (FAA) has as one of Its areas of re- 

sponsibillty the problem of msurmg effective alrport marking and llghtmg 

This studywas focused on brmgmgtogether avallable operatlonal test data 

and human factors knowledge relevant to alrport markmg and llghtmg 

systems. This report represents a summary of our present state of 

knowledge from an operational viewpomt. At the same time, the report 

helps chart a course for future research and development reqmred by 

exlstmg and antlclpated demands onalrport markmg and llghtmg systems 

The authors express their appreciation to Dr H R Van Saun, 

FAA Prolect Manager, and Dr R. K. McKelvey, both of the Human 

Factors Branch, Operations Analysis Dlvlslon, Bureau of Research and 

Development, for their many contributions during the study and in 

preparation of this report, 

Mr. C. A Douglas and Mr. F C Breckenridge of the Natlonal 

Bureau of Standards provided Invaluable gmdance and techmcal mforma- 

tlon as consultants to the authors under a separate contractual agreement 

between the National Bureau of Standards and the Federal Avlatlon Agency 

FAA Library 



Several other persons of long acquamtance with airport markmg 

and llghtmg willmgly contributed their time and experience to the study 

Early discussions with these men provided the authors with an otherwlse 

unavailable background m the operational and developmental status of air- 

port marking and lighting. In addltlon, their assistance was Invaluable in 

ldentlfymg and locatmg many of the Important reports reviewed in the 

study. The authors acknowledge their Indebtedness to these men. 
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PREFACE 

!l?his report is one of three volumes* on arport marking 
and lighting systems prepared for the Federal Aviation 
Agency by Hu?an Sciences Research, Inc. Its imnediate 
purpose is to provide system&it guidance for operational 
installations that must proceed with new construction 
and coot wait for the results of the Bureau of Reseamzh 
and Development research program. At the ssme time, the 
report contains theoretical analyses and reviews of 
operational requirements in support of the extensive 
Federal Aviation Agency research and development program 
It is also written to serve as a basic reference work on 
airport marking and lighting design principles. An outline 
of research and development requirements is included. 

t t 

Chief, Resear 
Bureau of R and Development and Development 
Federal Avi ency 

l See footnote on following page 



*The full series consists of: 

Vol. I - Lybrand, W. A., Vaughan, W. S., Jr., and 
Robinson, J. P. Airport &king and Lighting 
Systems! A Summary of Operational Tests and 
Human Factors. May 1959 

Vol. II - Lybmnd, W. A., Vaughan, W. S., Jr., and 
Robinson, J. P. Mr&m?t Marking and Lighting 
systems: A Summary of Operational Tests and 
Human Factors8 Selected Aunotatuxs and 
Bibliography. May 1959 

Vol. III - Lybrand, W. A., Vaughan, W. S., Jr., and 
Robinson, J. P. A3qor-t MarkinK and Lightirq 
Systems: A Summsq of Operational Tests and 
Human Factors; Condensed Report. (This l.a 
a soecial short versmn of Vol. I dxected to 
the general non-technical reader). 
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Report Summary 

The purposes of this study of axport markmg and llghtmg were 

To brmg together results of operatIona tests conducted 
durmg the past 15 years 

To ldentlfy problems on which lmmedlate and future re- 
search and development are requred 

To review human factors research data applicable to the 
problems ldentlfled 

AvaIlable operatlonal test results from the begmnmg of the Landmg 

Alds Experiment Station program at Arcata m 1946 to the Dow Air Force 

Base tests m 1958-9 were summarized and orgamzed accordmg to the sys- 

tem or component evaluated These are 

Beacons Threshold Lights 

Angle of Approach Indicators Runway Signs, Marks and Lights 

Approach Lights Taxlway Signs, Marks and Lights 

Hazard Marks and Lights 

In order to ldentlfy problems requrmg research and development, 

functions served by the airport markmg and llghtmg (AML) system were 

exammed m SIX selected flight modes 

Imtlal Approach (VFR)--mcludmg entry Into traffic pattern 

Clrclmg (VFR)--mcludmg downwmd and base legs 

Fmal Approach (VFR and IFR) 

Flareout and Landing--mcludnAg runway rollout 

Turnoff and Taxung 

Takeoff. 



The extent to which pilot mformatlon requirements m each fllgti 

mode are bemg satlsfled by the AML system was exammed mltlally on 

the basis of mtegratlon of avallable operatIona test data These data 

~uere supplemented by inform&Ion from the followmg addItIona sources 

Published studies and analyses of the pllot’s tasks and 
recommended designs for airport markmg and llghtmg 
systems by mdlvlduals (e g , Calvert), Interested 
g=oups (e g , IATA), and agencies (e g , CAA) 

IntervIews with commercial and mllltary pllots and with 
personnel engaged m markmg and lightmg research at 
both clvlllan and mllltary agencies 

A number of problems ldentlfled Involved questions of llmlts of 

human capabilities and the fundamental nature of how a pllot sees and 

utlllzes vxual mformatlon reflectmg his movement Human factors ex- 

perlmental research literature was revlewed for results relevant to 

solution of these problems 

In general, current and antlclpated madequacles of alrport marks 

and lights were found m each flight mode in terms of how well pllot mfor- 

matlon requirements are satlsfled A few of the critlcal problems ldentlfled 

m this study, phrased m terms of functlonal requirements which the AML 

system does not completely satisfy, are 

Inltlal Approach- - - --- - visual identlflcatlon of active runway m 
day and mght Vxual Flight Rules (VFR) 
operations 

Clrclmg-------------- dwectlonal guidance durmg downwmd 
and base leg m mght and marginal day 
VFR operations 

Fmal Approach- -- - -- - height guidance under all operational 
condltlons, region of guidance to be pro- 
vlded by approach lights for Instrument 
Flight Rules (IFR) operations, mcludmg 
optimal beam widths and mtenslty set- 
tmgs of approach light umts and strobe- 
beacons 
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Flareout and Landmg--- height guidance over the runway to 
touchdown m mght and IFR opera- 
tlons, runway distance remammg 
mformation 

Turnoff and Taxlmg---- anticipatory ldentificatlon mforma- 
tlon of high-speed turnoff exits, 
taxlway route ldentlflcatlon for air- 
port ground movement 

Takeoff--------------- runway distance remarnmg mforma- 
tlon, dIrectIona guidance on runway 
durmg take-off run m mght operations 

Total AML System----- a resolution of the apparent conflicts 
between standardlzatlon goals and 
economic realltles and among dlf- 
fermg requirements of military, 
commercial, and clvll traffic 

Many of the problems ldentlfled are the focal pomts of current 

research and development For others, analysis has progressed to the 

pomt where semi-operatIona or operatIona evaluations are m order 

St111 others ~111 requze mltlatlon of research and development m order 

to determme basic facts and data on which solutions can be based An 

outlme ldentifymg the areas m which further work 1s necessary 1s pre- 

sented in the report 

Techmcal dlscusslons and analyses supportmg the flight mode 

functlonal analysis are attached to the report as Technxal Notes A 

catalogue of markmg and llghtmg literature 1s presented m a separately 

bound Appendix In the Appendx, annotations and blbllographies of 

publlshed materials reviewed durmg the study are orgamzed m a form 

easily usable by awport deslgnengmeers and research personnel engaged 

m alrport markmg and llghtmg work 
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ekaptccf 
Introduchon 

Background 

The well-recognized heavy demands on all parts of the natlon’s 

am traffic control system are expected to Increase at a contmumg rapld 

rate Total Visual Flight Rules (VFR) alrcraft operations forecast for 

1963 are double those actually occurrmg m 1957 This rapld growth rate 

~11, be accompamed by a wider spread, dr divergence, of amcraft per- 

formance characterlstxs m the traffic load, along with a higher general 

level of speed of amcraft movement These new factors tend to make 

am traffic control demands different m kmd as well as heavier m number 

(GA34) 

The airport markmg and llghtmg (AML) system 1s an eesentlal 

part of the over-all am traffic control system In this role, the AML 

system must provide tnnely and accurate visual guidance to pllots In 

order that am and ground traffic can be processed quickly, efficiently, 

and safely 

A clear picture of the status and capablllty of the current AML 

system is required as a first step m programmmg and coordmatmg the 

research and development which ~111 msure future effectiveness of this 

Important lmk m the air traffic control system 



Purposes 

The underlymg obJectlve of this study was to survey the current 

state-of-the-art m alrport marklng and llghtlng This general objectwe 

was translated mto three more specific study purposes 

To brmg together results of operatIona tests on AML sub- 
systems and components 

To identify unresolved problem areas requrmg munedlate 
and future research and development 

To review human factors research data relevant to the prob- 
lem areas identlfled 

To achieve the study’s purpo%es, mformatmn from many different 

sources was collected, slfted and Integrated Because the study was based 

on these sources of mformatmn, they serve to debne the study scope m 

terms of both the kinds of state-of-the-art mformatlon surveyed and the 

tmne period covered by the survey 

OperatIonal Tests 

The term “operatmnal test” covers evaluations made III an actual 

operatmg sltuatmn (as opposed to a laboratory or analytic evaluation) 

typxally using flight data of one type or another The purpose of an op- 

eratlonal test is to see how well an AML design actually does the Job it is 

supposed to 30 Results of such tests represent fruitful sources of knowl- 

edge about the “In-bemg” status and capabllltles of the AML system 

All avallable reports on operational tests conducted from 1946 to the 

present were reviewed. This time period 1s defmed by the begmning of the 

Landmg Aids Experiment Station program at Arcata, California and the tests 

conducted on narrow-gauge runway llghtmg at Dow Am Force Base, Maine 

2 
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Primary attention was given to tests which helped establish present 

Natmnal Standards and to more recent tests focused on flllmg recogmzed 

deflclencles in the AML system. 
1 

Problem Areas 

In order to Identify unresolved problem areas, results of opera- 

tlonal tests were supplemented by mformatlon on the AML system 

appearmg m a variety of sources studies appearmg m Journals of sclen- 

tlfx socletles and assoclatlons, mdustry perIodIca articles and features, 

recommendations of natmnal and mternatlonal avlatlon groups, and re- 

prints of speeches and discussions at conventmns and meetings Agam, 

all avaIlable literature In this category appearmg between 1946 and the 

present was revlewed for the study. 

Informatmn from these sources was augmented by mtervlews with 

commercial and mllltary pllots and with personnel engaged m on-gomg 

research and development actlvltles 

Human Factors Data 

Usmg professionally recogmzed handbooks of human factors data 

as startmg pomts, results of experimental research on human capabllltles 

mvolved m AML problem areas were revlewed Generally speakmg, 

1 
During the conrse of surveymg operatIona test results, the authors 
necessarily touched upon many other accounts of endeavors m the 
hlstory of airport markmg and lightmg An hIstorIca account was be- 
yond the scope of our study, however Such a hlstory does not exist In 
wrltmg, to our knowledge The authors found Mr. F C Breckenrldge 
and Mr. C A. Douglas of the Natlonal Bureau of Standards well-versed 
m the excltmg and mterestmg events surrounding the developmental 
progress of airport markmg and llghtmg It IS hoped that these gentle- 
men can be persuaded to fmd the time to prepare an hIstorIca account 
of thm colorful part of natlonal avlatmn hlstory. 

3 



research studies of the last decade were focused on, but results of earlier 

studies were Included when appropriate In addltlon to “applied” human 

factors studies on AML related problems, research revlewed Included 

reports in professional Journals covermg avlatlon medlcme, applied ex- 

perlmental psychology, and experImenta human physiology 

It became obvious early m the study that a consistent way of look- 

mg at the AML system was required m order to meamngfully handle the 

different kmds of mformatlon contamed m the sources used A number of 

key Ideas were formulated which establlshed a foundatmn for much of what 

was done m the study and 1s contamed m this report These basic concepts 

may not be readily apparent or explxltly stated m the body of the report 

Three are brlefly presented here to give the reader a context, or frame of 

reference, for placmg the chapters followmg m perspective The Inter- 

ested reader 1s referred to Techmcal Note 1 for addltlonal dIscussIon of the 

underlymg approach used m the study 

A Contlnulng AML Need Assumed 

Because electromc navlgatlonal alds for all-weather flymg are 

bemg developed, the vlewpomt has been expressed that contact flight 1s on 

Its way out However, It was assumed m this study that pllots will use 

mformatlon provided by thr AML system for some tn-ne to come, partlcu- 

larly m flights under good weather condltmns and In the fmal stages of 

poor weather approaches and landmgs Even with the most advanced elec- 

tronlc navIgatIona equipment envIsIoned as an aid to pllots and air traffic 

controllers, the vlewpomt taken m this study was that the AML system 

probably will be mdlspensable as a cross-check reference for the pllot on 

equipment functlonmg and as a back-ur, system for use If equipment falls 

4 
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From both short-range and long-range vlewpomts, It was assumed deslr- 

able for AML to present all visual mformatlon required to successfully - 
perform alrport ground-reference contact flight tasks 

AML Vlewed as a Smgle Design 

A system may be defmed as a set of mteractmg parts havmg a 

central functional purpose In this study, alrport marks and lights were 

considered to be parts of a single alrport markmg and llghtmg system 

The central purpose of the system was consldered to be presentation of 

required visual mformatmn (visual guidance) to pilots A dlstmctlon 1s 

made In this defimtlon between structures (parts) and functions (purposes). 

A survey of the state-of-the-art must consider both aspects of the AML 

system 

Organizmg OperatIonal Test Data Structures can be used as a - 
startmg pomt and mformatlon about them orgamzed accordmg to the ex- 

tent to which they satisfy all design requirements This was the approach 

utlllzed m brmgmg together the results of operatIona tests In this way, 

attention was given not only to design requirements stemmmg from the 

guidance functions of the AML system, but to other design characterlstlcs 

and requirements as well, such as mstallatmn and mamtenance In this 

sense then, the survey of operational tests was comprehenslve with re- 

spect to what we know about AML system hardware 

Identlfymg CrItIcal Unresolved Problems The central purpose of 

the AML system provided a practical and sound way of ldentlfymg the most 

crltlcal unresolved problems From this vlewpomt, primary design re- 

quirements for structures stem directly from the vxual guidance function 

of the system All other requirements ale secondary m the sense that, 

even If satlsfled by the system or Its parts, they are meanmgful only If 

the primary requirements are bemg met For ldentlfymg critxal 

5 



unresolved problems, pllot mformatlon requirements durmg termmal 

flight modes were used to orgamze mformatlon concernmg the extent to 

whxh the AML system 1s achlevmg Its central purpose 

The PIlot as a Design Constant 

It 1s becommg more and more obvmus that sclentlfic and technolog- 

lcal advances m machme design are taxmg man’s control capabllltles to 

their fullest In order to adequately realize the benefit of these advances, 

control of machmes must be tailored to human capabilltles The, basx 

characterlstlcs and capabilities of man are not likely to change and can be 

vlewed as a design constant m man-machme developments This view- 

pomt was used as a basis for selectmg and orgamzmg human factors 

research data relevant to unresolved problems It was recogmzed that 

basic data from other related sciences and dlscipllnes (e g , aeronautical 

engmeermg, physlcal optics, llluminatlon engmeermg, meteorology) will 

contrlbute to solution of many airport markmg and llghtmg problems 

However, survey of relevant mformatlon m these areas was beyond the 

scope of the present study 

Chapter II ~~~~~~ q-66) presents an mtegratlon of operatmnal test 

results The chapter concludes with a brief commentary on what has been 

learned at a general methodological level about the conduct of operational 

tests, a summary picture of a typlcal current alrport markmg and llghtmg 

mstallatlon, and a review of on-gomg operatlonal tests 

The extent to which alrport markmg and llghtmg systems are satls- 

fymg pilot-alrcraft control mformatlon requirements In the *tarloos flight 

6 
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modes 1s analyzed m Chapter III(Pages 49-136) This mcludes human fac- 

tors knowledge about human capabllltles relevant to markmg and llghtmg 

problems ldentlfied 

An outlme of problem areas m which further research or develop- 

ment 1s necessary is presented as Chapter IV (Pages 137-141) 

A semes of Techmcal Notes (1 through 6) follows the mam body 

of the report These are technically omented dmcussions and analyses of 

assumptions, concepts, mformatlon and problems underlymg much of the 

analysis of AML functions m flight modes (Chapter III). 

Throughout the report, references are mdlcated by code numbers 

m parentheses at the end of paragraphs (e g., ALlO). These code num- 

bers refer to annotations and bibllographlcal entrles whxh are contamed 

m the Append=. The Appendix has been bound separately so that It may 

more convemently serve as a catalogue of alrport markmg and llghtmg 

lnformatlon. 
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Operatmnal Test Results from Arcata to Dow 

Test results are summarized and grouped m sectmns accordmg to 

the kmd of markmg or llghtmg systems or components operationally eval- 

uated Results are dwcussed m the followmg order 

Beacons 

Angle of Approach Induxtors 

Approach Lights 

Threshold Lights 

Runway Signs, Marks and Lights 

Taxlway Signs, Marks and Lights 

Hazard Marks and Lights 

The mformatlon presented m each section 1s orgamzed around four 

mam topics 

Design Requrements Used as Standards A combmed dlscusslon 

and list of requirements 1s presented first These represent the standards 

agamst which markmg and llghtmg umts were deslgned or evaluated. Un- 

fortunately, this facet of oper+onal tests was mconslstently reported in 

the literature although It 1s a most crltlcs.1 bit of Inform&Ion. The sec- 

tlons of this chapter, bemg based on what has appeared in the literature, 

reflect such mconslstencles, both m concept and termmology 

Designs Tested Commonly accepted names, or labels, of the 

speclflc hardware systems tested are llsted next 

Summary of Test Results In this part of each section, the systems 

or components tested are described Test data and conclusions from the 

reports revlewed are Included 

Component Development InformatIon. The last part of each sectlon 

summarizes the developmental status of components involved in the sys- 

tems discussed, as reflected m published reports of tests or evaluations 

9 



conducted on the components. In order to focus the reader’s attention on 

the component and relevant data, manufacturer’s names have been omltted 

from this discussion, and all others throughout the report. Perusal of the 

references in the Appendix ~111 frequently reveal the manufacturer in- 

volved, m other mstances, the referenced report ~11 have to be exammed 

References to published materials contammg the data or mforma- 

tlon discussed are placed In parentheses at the end of paragraphs m order 

not to interfere with the reader’s contmulty of thought. Numbers m the 

parentheses identify annotations and blbllography entries In the separately 

bound Appendix. 

A brief commentary on operational tests and a summary picture of 

the present status of awport markmg and llghtmg are presented m the 

fmal sectlon of the chapter 

10 
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Design Requmnents Used as Standards 

Locatlon and Identlflcatlon of Alrport 

The pilot needs a distmctlve slgnal which will clearly locate 

and ldentlfy the axport from as great a distance as possible To be use- 

ful, an mltlal identlflcatlon device 

(1) should be vlslble and ldentlfiable from a distance of 
30 miles at altitudes of 25,000 to 30,000 feet when 
vlsibllity is “unlimited”. 

(2) should not produce g$xe to pilots during any of their 
alrport operations 

Locatlon and IdentlflLatlon of Active Runway -__ 
Generally speakmg. the greater the distance from the air- 

port that the pilot locates and identifies an active runway, the more 

effxlently he can plan and execute his entry mto the traffic pattern and 

approach Mmlmum acceptable visual range for recognizing the duty run- 

way m unllmlted vlslbllity condltlons is 3 miles for civil operations, and 

5 miles for mllltary operations Included m the category of v~ual alds 

serving this function have been all lights which ~11 help the pllot orlent 

his alrcraft to the runway durmg downwind, base, and fmal legs III good 

vlslblllty 

2 
The reader is referred to GAS-A which provided much of the informa- 
tlon for this sectlon, and which represents the most comprehenslve and 
competent treatise found on the subJect The report contams very 
thorough mtenslty dlstributlon requirements analyses for visual landing 
aids (other than approach lights) as well as summary statements, re- 
flectmg the latest thmkmg of Its author, on equipment components and 
patterns deslgned to meet the requirements. 
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Durmg a clrclmg approach, the pllot should know- 

(1) distance from runway and runway centerlme orlentatlon 
so that downwind leg can be flown parallel to and at de- 
slred distance from runway, 

(2) locatlon of threshold, distance from threshold and 
or-lent&Ion of runway centerlme durmg turn from 
downwmd leg to base leg, on base leg, durmg turn from 
base leg to fmal approach 

When makmg a straight-m approach or on fmal approach the 

pilot should know 

(1) locatlon of and distance from the threshold, 

(2) locatlon and orlentatlon of the runway centerlme 
3 

Designs Tested 

(1) Smgle beacons 

(2) Turntables of beacons at 1000 and 2000 feet from threshold on 
extended runway centerlme. 

(3) Rotatmg beacons (170 degrees coverage) at threshold corners 
of runway. 

(4) Condenser discharge lights with baffle (30 degrees coverage) 
at threshold corners of runway. 

(5) Counter-rotatmg beacons at threshold corners of runway. 

(6) Circling guidance lights along edges of runway. 

Summary of Test Results 

Smgle Beacons 

Present civil beacons emlt 12 flashes per mmute, alternate- 

ly green and white. Beacons at mllltary airports emit a dual white and 

smgle green flash. (See Figure 1) (53) 

3 
Douglas, et , op. c1t. 
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Relatively little change m design of amport beacons can be 

reported for the past 25 years. In 1957, however, a new 1200-w&t, 115- 

volt lamp with larger vertical coverage was operationally tested m an-port 

beacons at Wright-Patterson Air Force Base (AFB). The development was 

almed toward more adequate servxmg of Jet au-craft Beacons with these 

new lamps were reported to have much better vlslblllty characterlstlcs 

than the standard beacon for alrcraft operatmg above 15,000 feet This 

modlfled beacon was vlslble from alrcraft flymg at altitudes up to 40,000 

feet close to the alrport (6 to 20 nautical m&s) while the beacon utlllzmg 

the standard lamp was not vwlble at these ranges It 1s felt that, wth this 

new lamp, present beacons have attamed maximum vlslblllty characterls- 

txs short of a complete and costly re-design of the hxture. At this time, 

the advantages to be gamed by such a design development program seem 

negllglble (C20, C36) 

Approach-Beacons (Turntables of Beacons) 

This system utlllzes steady-burnmg mcandescent approach 

lights arranged on a turntable which rotates to give the appearance of a 

flashmg light These lights are placed on the extended runway centerlme 

to provide gudance and runway ldentlflcatlon for straight-m and mstru- 

ment approaches, as well as cwclmg approaches, m vlslbilltles as low as 

1 mile (B3) 

In 1948, turntables with ten lights. developed by the Na- 

tlonal Bureau of Standards (NBS), were flight tested at Patuxent River 

Naval Air Statlon (NAS) by the Navy Pllots reported that units posltmned 

1000 and 2000 feet from threshold as m Figure 1 provided sufficient dlrec- 

tlonal guidance for landmg under VFR condltlons (B3) 

Durmg the past few years, NBS has been experlmentmg 

with and testing this concept at Arcata Optimum posltlonmg of umts ap- 

pears to be at 1000 and 2000 feet from threshold, optimum flash rate about 

72 per mmute, and optimum flash duration from 0 3 to 0 4 seconds. SIX 
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beacons on each turntable are used Instead of ten Test pllots agam have 

found the system very useful and have mdlcated that It provides adequate 

guidance for most approaches Service test mstallatlons at El Tore, 

Callforma and Oceana, Vlrgmla are currently antlclpated (B3) 

Runway Identlficatlon Lights (Rotatmg Beacons) 

It was found at Wright Air Development Center (WADC) m 

1956 and 1957 that rotatmg beacons, glvmg 360 degrees coverage and lo- 

cated as m Figure 1, asslsted pllots m locatmg the active runway when 

mbound to an aIrfIeld, but had adverse effects on pllots durmg ground 

operations The lights have recently been baffled to overcome this short- 

commg, but no evaluative reports on this modlfled assembly were located 

It was not Intended that the lights operate wlthout shleldmg, they were de- 

signed for 170 degrees coverage The negative evaluation durmg ground 

operations apparently was afunctlon solely of the operatIona test sltuatlon 

In which the lights were not baffled It appears that the modified beacons 

soon ~111 be service tested at Norfolk, Vlrglma 4 (B2, C43) 

Runway-End Identifiers (Condenser Discharge Lights) 

In 1958, WADC tested condenser discharge lights posltloned 

as In Figure 2 for use as runway-end ldentlflers Use of a baffle to effect 

partial cutoff 1000 feet from threshold, along with other adjustments to the 

fixture, ellmmated glare and made the lights sultable for use These 

lights give fairly wide vertical coverage and were reported to be of great 

assistance to pllots In determmmg their posltlon with respect to the 

runway (Bl) 

Counter-rotatmg Beacons 

The prmclple of counter-rotatmg beacons mvolves use of a 

pair of ldentlcal prelectors, one projector located on each side of the run- 

way threshold (see Figure 2) Projectors are synchromzed to rotate at the 
4 

Personal commumcatlon between the authors and Mr R Hartz, Navy 
Department 
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same speed m opposite dlrectlons, and are so tlmed that both beams are 

along the approach axis at the same time mterval For a p&t on the axis 

of the approach system, the flashmg lights appear synchromzed If he 1s 

off course to either side, the lights appear to flash separately and to Jump 

toward the aus, thereby glvmg a corrective mdlcatmn 

In 1952, this system was service tested by the Clvll 

Aeronautics Admmlstratmn (CAA), Techmcal Development Center (TDC) 

at IndIanapolls Alrport, with the umts located 3500 feet apart laterally at 

the threshold It was concluded that the beacons would facllltate clrclmg 

approaches and fmal approaches by furmshmg accurate on-course 

mdlcatmn 
5 

In an operatIona test at Wew Cook Alrport. Indlanapolls, 

m 1955, the beacons were mstalled m conjunctmn wth threshold bars At 

that time, the system was consldered to be of potential value, but no fur- 

ther conclusions or recommendatmns were made (TLl) 

CAA (now Federal Avlatmn Agency, FAA), which first pro- 

posed the system, apparently has abandoned the Idea This 1s evidently 

the result of reports of dlffxulty m pllot mterpretatlon and problems of 

mamtammg synchromzatmn of the two beacons 
6 

Cwclmg Guidance Lights 

In 1954, TDC tested a controllable-beam runway light which 

was deslgned to approximate an Ideal candlepower dlstrlbutlon prevmusly 

determmed from an analysw of runway light requirements For expert- 

mental purposes, 1200 feet of these lights were mstalled at General 

Mitchell Field, Milwaukee, Wlsconsm Flight testmg of these lights 

5 
Pearson, H J C. ExperImental counter-rotatmg marker beacon 

IndIanapolls Clvll Aeronautics Adm;nlstratmn. 1952 (Report No 160 ) 

6 
Personal commumcatmn between the authors and Mr Orrm Farrls, 
FAA 
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showed that, while the lights did not entu-ely satisfy theoretIca requwe- 

merits, they did give satisfactory guidance for straight-m and clrclmg 

approaches (C17) 

Further evaluatmn of these units was contmued by TDC at 

Milwaukee through 1957 It was concluded, wth mmor resew&Ions, that 

under muumum weather condltmns for clrclmg approaches the lights gave 

adequate clrclmg and straight-m guidance (cia) 

In 1955, NBS further studled the problem of developmg 

special lights, to be used in combmatmn wth runway lights, which would 

provide guidance to pllots durmg clrclmg approaches Theoretical 

mtenslty-dlstrlbutmn requirements were determmed by a study of approach 

patterns used by au-craft, as mdlcated m techmcal orders and pllot 
7 

mtervlews 

An arrangement of three light umts which approximated the 

requwed candlepower dlstrlbutlon was found These umts were placed 

every 1000 feet along the runway edges as shown m Figure 2 The system 

was tested by WADC m 1956 and 1951 A llmlted amount of assistance to 

a pllot m the traffic pattern was reported However, the lights tended to 

blend with hlghway and runway lights m this test In 1957, the umts were 

tested agam m conJunctmn with runway ldentlficatmn lights Although 8 of 

the 12 test pllots clalmed that the clrclmg guidance lights were helpful, 

the report did not recommend their adoptlon as an Air Force Standard 

(B2) 

The Internatmnal Cwll Avlatmn Orgamzatlon (ICAO) recom- 

mended in 1958 the use of cu-clmg gudance lights at alrports where such 

guidance 1s unavailable from other lights or landmarks 61) 

7 
Douglas, et , op c1t 
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Component Development Informanon 

Incandescent lamps currently used In awport beacons are satlsfac- 

tory for almost all purposes, however, short-arc lamps, currently used m 

some searchlights, and mercury-arc lamps might be used where sources 

of higher brightness are desired (C3. C30) 

A smgle kght fixture has recently been developed to replace the 

three-light fixture used In clrclmg gudance lights The light approxnnates 

the mtenslty dlstrlbutmn recommended by NBS 
a 

a 
Personal communlcatmn between the authors and Mr C A Douglas, 
NBS. 
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Design Requw=ments Used as Standards 

In good vlslblllty condltlons, advantages gamed through use of 

3000-foot approach conflguratmns are greatly offset by the comparative 

high cost of mstallmg and supplymg power to such conflguratlons on every 

duty runway Nevertheless, a number of experts feel that some approach 

guidance must be made available to the pllot under margmal and good VFR 

condltmns 

Angle of approach mdlcators should, 

(1) lndlcate slgnlflcant devlatlons from the Ideal glide slope to the 
p11ot, 

(2) be compatible with runway and threshold llghtmg systems, 

(3) be sunply and unequvoc ably interpreted, 

(4) allow for safe ground and air movement at the alrport (G-46, 
GAX) 

Designs Tested 

(1) Split-filter beacons 

(2) Lighted or pamted double-bar systems 

(3) Mirror landmg systems 

(4) Multiple beacons 

Summary of Test Results 

SplLt -filter Beacons 

The most notable of these are the “trl-color system” and the 

new Brltlsh Royal Au-craft Establishment (RAE) system which uses two 

colors red and white 
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The trl-color system (Figure 3) was developed around 1946 

and shows a yellow light to the pllot when flymg too high, a red light when 

flymg too low, and a green light If on the correct glide path. The slgnal 

beams m some umts are flashed to prevent confuslon with other lights 

(AAZ, GA7, GA22) 

Student pllots of the U S Navy and Marme Corps tested 

the trl-color system m 1952 and found It extremely useful A few systems 

were Installed at various au- bases although Interest m the system waned 

In a recent operational test at Blackebush Alrport m England, practically 

all test pllots found the lights a valuable visual ald to approach and 

landmg (GA22) 

Results of tests conducted on two different trl-color systems 

at WADC III 1958, however, were not as prommmg One unit was found to 

have poor color dehmtlon, that 1s. a blendmg of colors occurred between 

the on-course and off-course mdlcatlons Moreover, another umt, which 

did have sensltlve color dedmtlon, gave either on-course (green) or off- 

course (red or yellow) signals, but did not mdxate tendency of the alrcraft 

to go off-course These units were reJected smce they could furmsh no 

mformatlon on rate of displacement from the glide path A combmatlon of 

two of the latter umts side by side was tried, but the rate mdlcatlons were 

reported to be confusmg (The evaluation ratlonale appears somewhat 

circular--one can not have a contmuous rate-mdlcatlon and discrete go- 

no go color mdxatlons at the same time from the same umt ) Actually, 

WADC reported that none of the angle-of-approach mdlcators tested 

(which mcluded allproposed mdlcators to date) were entirely satisfactory 

and adaptable for use with all types of alrcraft, especially today’s high 

performance alrcraft For example, the B-47 and F-100 aircraft expert- 

enced dlffxulty because of the long, very flat approach angle necessary 

with these alrcraft durmg fmal stages of the approach (AA2) 
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In England also, there 1s dlssatlsfactlon with the trl-color 

system Opmlon has been expressed that the mam reason why the trl- 

color mdlcator has not proved very successful m lmprovmg safety 1s that 

the sectors narrow as the alrcraft gets close to the runway At a certam 

point, the pllot receives an mdlcatlon that he 1s too high or too low when m 

fact he 1s not The pllot, therefore, has to Ignore the mdlcator just when 

he 1s In most need of It The unit also 1s small and could be madvertently 

mlsallgned and physlcally upset Another reason for the less than com- 

plete success of the trl-color mdicator may be that all light sectors tend to 

become amber because of condensation on the lens or dlffuslon m radlatlon 

fog This 1s potentmlly dangerous because amber 1s a fly-down mdlcation 

(G-47) 

It has been suggested that these disadvantages can be re- 

moved by usmg a two-color mdlcator Umts which emlt red and white 

beams separated by a narrow pmk sector warn the pllot when he 1s begm- 

mng to pass from one sector to another In this RAE system, 12 light 

umts are used to form two paxs of wmg bars located as shown m Fqure 3 

Light beams are set so that when the pllot’s head 1s wlthm the Ideal glide -- 
path “channel” he sees the nearer bar white and the furthermost bar red 

If the pilot goes high, the furthermost bar turns hrst pmk and then white, 

and If he goes low, the nearer bar turns first pmk and then red (See 

Figure 3 ) (GA7) 

This new system theoretlcally can be used all the way to 

touchdown and 1s reported to be accurate to 5 miles It 1s mexpenslve and 

easy to mamtam It 1s clalmed that, when this red-white system falls, It 

fails because It 1s unrecogmzable and, therefore, does not lull the pllot 

mto a false sense of security or give him an mcorrect mdlcatlon (GA7. 

GAB) 
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Flight tests results in England have been reported as very 

PrOIlllSlIlg A bl-color system, dlffermg somewhat from the Brltlsh sys- 

tem was tested by WADC III 1958 Distance between the umts was reduced 

to 500 feet to nnprove the system on the basis of early test results Some 

confusion III dlfferentlatmg the lights from runway lights was reported and 

the pmk sector was not vlslble to some pllots The system as tested was 

judged unacceptable for th?se reasons and also because It did not give a 

satisfactory mdlcatlon of rate of glide slope displacement HOWeVel-, 

WADC used fewer light umts than called for by the Br itlsh design and the 

system was operated at lntensl+les considerably lower than those for which 

It was designed ’ (AA21 

Flight tests were conducted in Australia III November of 

1958 on the RAE system and the Australnn Double-bar System dlscussed 

next ObJectwe flight path data gathered durmg these tests showed no slg- 

mflcant differences XI height devlatlons from an Ideal Z-3/4 degree glide 

slope for the two systems W,th both systems, precls~on Increased as 

range decreased All test pllots considered the approach ads either 

necessary or desn-able m mght condl+lons encountered, but only 3 of the 

12 pilots preferred the RAE system to the double-bai system (AAh) 

Llghted or Panted Double-bar Systems - 
Two or three horizontal bars, panted or llghted, are dls- 

placed laterally on both sides of the runway and longltudmally along the 

runway such that, when the pllot 1s on the Ideal gild? slope, the bars form 

a continuous lme 

The prmc~ple of the system was fwst suggested III England 

III 1945 and flight tested III 1954 At that tune, the system was considered 

too dangerous at long ranges, unless made so large as to be an ob- 

structmn on the airport (AA9) 

9 
Mr C A Douglas, NBS, to Mr E S Calvert, RAE, Personal 
communlcatlon February, 1959 
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I” 1957, a lighted double-bar ground aid labeled the Precl- 

S~O” Visual Glldepath (PVG) system was developed I” Australia The ald 

uses 10 flush white lights and 6 elevated yellow lights posltloned as I” 

J!Qure 4 In addltlon, a beacon, shlelded to @ve off red light when the 

&xlot 1s approachmg at a” angle of less than 1 9 degrees, 1s employed as a 

safety check When the pilot 1s approachmg on the Ideal glide slope, the 

yellow and white lights form a contmuous hormontal lme When the pilot 

1s above or below this slope, the bars of white lights rise above or chp be- 

low the bars of yellow hghts, respectively (See Figure 4 ) The Australmn 

system also mcludes a depressable, low-powered “ammng pomt” light 

located I” the center of the runway, 900 feet from threshold There has 

been some European support for a” au-mng light of this sort and It has been 

used there mdependent of a glide slope mdlcator (AAlO) 

Prelmunary flight results 1” Australm 1” 1957 showed that 

with tlus two-bar system, osclllatmns of the glide path are slgmflcantly 

reduced when compared mth approaches using runway lights alone (AA3) 

In England, current opmm” 1s that, at distances greater 

than 5 mles, the sens~tlwty of the system for detectmg devmtmns from 

the Ideal glide slope IS extremely inadequate Moreover, at these dls- 

tances, some English uwestlgators Claude that a” lnsensltlve on-course 

uxhcation can result I” a” altitude deviation of possibly 1000 feet (There 

1s as yet no agreement on the max~“um range at which glide slope lndlca- 

tors should be effective ) The PVG system also 1s thought to be partxular- 

ly susceptible to the effects of atmospheric and wndsineld refraction 

Fmally, It has been pointed out that the system disappears from the pllot’s 

field of ~1610” at approxxnately 200 feet from the threshold One needs to 

temper these crltlclsms by conslderatlon of the unique “flat-land” conch- 

tlons exlstlng to a very large extent I” Australia, there can be little doubt 

of some posltlve utlllty under such condltlons 
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WADC tested a double-bar system usmg red and white bars 

100 feet apart along the runway m Its 1958 operatmnal evaluation of angle 

of approach mdxators It was determmed that the system gave mtelllgent 

mformatlon only at distances of less than l-l/Z to 2-l/2 miles, thus sub- 

stantlatmg the “long distance” lumtatmn pomted out m England None of 

the systems tested was found completely satisfactory for fighter and bomb- 

er alrcraft However, after conslderatmn of economy, adaptablllty to 

weather condltmns and range of gudance, the two-bar system was recom- 

mended for Ax Force mstallatmn wherever the requxement for glide 

slope mformatmn for transport-type alrcraft exists (AA2) 

Nme of twelve Australian test pilots who took part m an ex- 

perunental test m Australia late m 1958 preferred the double-bar mdlcator 

to the RAE bl-color mdlcator Obdectlve data gathered from this expert- 

ment mdlcated no statlstlcally slgmflcant differences between the two 

systems (AA4) 

Workmg on the same prmclple as the Australian system, 

POMOLA (Poor Man’s Optlcal Landmg Ald) was developed m this country 

m early 1957 The system uses either two 01‘ three blllboards, each with 

a 6-mch lateral stripe across the middle When the pllot 1s on the Ideal 

glide slope, the lateral stripes form a contmuous lme No operatmnal 

test mformatmn 1s avallable on the system Its obvmus advantage 1s that 

it IS quite mexpenslve (~~11) 

Mirror Landmg Systems 

The Mirror Landmg System was orlgmally deslgned by the 

Brltlsh and now 1s widely used on Brltlsh and Umted States angled-deck 

alrcraft carrlers The system works on the prmclple illustrated m 

Figure 5 When on course, the reflected amber light souxe (the “meat- 

ball”) ~111 appear In the center of the mwror If slightly high or low, the 
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meatball ~111 appear above or below the green datum bars, respectively 

However, with a large displacement from the Ideal glide slope, the pllot 

does not receive any slgnal (AA8) 

As of April 1957, use of the Navy ME-ror Landmg System 

had reportedly reduced the landmg accident rate on carriers from 3 to 2 

per thousand (AA7) 

In 1957, the Ax Force tested the Navy Mirror Landmg 

System at Atlantic City NAS Results showed that It provided satisfactory 

mdmat~on of glide slope durmg clear weather and that It mcreased the 

pIlot’s ability to make a spot landmg More extensive testmg was carried 

out at WADC m 1958. The system was found to be of defmlte assistance to 

pllots of transport-type alrcraft Although It provided somewhat better 

glide path mformatmn than the two-bar system under optunal conchtmns, 

the scarclty of (and thus expense of) optically perfect murors and theu 

susceptlblllty to loss of gudance m cold, mmst weather made the system 

less desirable than the two-bar system. (AAl) 

An “Internn Mirror System” developed when suitable nur- 

rors were unavailable (dubbed the “mirror system wlthout a mirror”) was 

also tested by WADC. Many unprovements were made on the mstallatlon, 

but it was still considered mferlor to the regular nurror or two-bar systems 

(AA2) 

Multiple Beacons 

A pair of airway beacons, equipped with red and green hl- 

ters were mounted side by side at Weir Cook Alrport, Indlanapolux m 1954 

The zone covered m common by their beams was tested to determme 

whether the area where the colors balanced to produce a white light was 

usable as a glide path mdlcatlon Results showed that a pattern usable for 

that purpose could not be produced (C28) 

Component Development InformatIon 

Contamed m above dlscusslons. 
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Design Requirements Used as Standards 

Instrument Landing Systems (1L.S) or Ground Controlled Approach 

(GCA) systems typlcally brmg the pllot to a distance of l/4 to l/2 mile 

from the runway threshold Somewhere between this point and the thres- 

hold, transltmn from Instrument to visual approach takes place The pllot 

1s alded In his visual approach by patterns of lights In the approach area 

designed to give attitude and flight path mformatlon 

The followmg inform&Ion should be given the pllot with little or no 

mterpretatlon required. 

(1) Distance from threshold 

(2) Height above runway level (elevation, altitude) 

(3) Displacement from runway centerlme (alignment). 

(4) Angle of bank 

(5) Alrcraft headmg with respect to runway axls 

The following mformatlon should be given the pilot but reqmres a 

time element for interpretation 

(6) DIrectIon of ground track. 

(7) Rate of descent 

(8) Rate of roll. 

The followmg reqmrements also should be satlsfled by an approach 

lighting system. 

(9) Immediate recogmtlon and guldance 

(10) Lack of confuslon with other lights. 

(11) High fog penetration. 

(12) Little or no loss of guidance when certam lights m the system 
are obliterated or out of order 

(13) Mmlmal glare and blmdmg effects. 
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(14) Relatively low lnstallatlon and maintenance costs. 

(15) Clear deflmtlon of end of approach lights 

(16) Usefulness wlthln llnuts ofvarious cockpit vlslbllityrestrxtlons. 

(1’7) Beam coverage of Individual units such that vertical and honzon- 
tal beam coverage encompasses the required region of guidance 
(ALl, GA22) 

Designs Tested 

(1) Centerline system 

(2) Slope-Line system. 

(3) Calvert (RAE) system 

(4) Navy Composite system 

(5) Two Parallel-Row or Multi-Row systems 

(6) Single Row system 

(7) Overrun configurations 

Summary of Test Results 

Centerline &stem 

The centerllne system (Figure 6) was first Installed III this 

country around 1946 The Air Line Pilot’s Assoclatlon (ALPA) was lnstru- 

mental In getting this lnstallatlon after a series of experlmental develop- 

ments at Newark Alrport almed at determing an optunal configuration The 

line of steady-burning bar lights (each 14 feet In length) is designed to pro- 

vlde the pllot with a definite line hx for displacement guidance A 100-foot 

transverse bar at 1000 feet from threshold 1s provided for estlmatlng dls- 

tance from threshold Height gudance can be derived from three physlcal 

elements In the conflguratlon (1) the apparent length of 14-foot bars, 

(2) the apparent distance between successive units (standardized at 100 

feet), and (3) the apparent distance between lndlvidual lights In the same 

bar The bars, being orlented perpendicular to the extended runway 
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centerline, are deslgned to provide the horizontal referents necessary for 

roll guidance Perspective mews of on-course and off-course positions 

are shown in Figure 7. Two of the system’s mam advantages frequently 

cited are slmpllclty and lack of optlcal pltfalls. (AL16, AL17. AL24, 

AL28, S2, SlO, GA13) 

The centerlme was tested at Landmg Alds Experment 

Statlon. Arc&a, California (LAES) m 1949 with the long transverse bar 

located at 600 rather than 1000 feet from threshold and with ten light units 

on each bar mstead of five In low vmlblllty tests, height and dlstance-to- 

threshold guidance were rated Inadequate by most test pllots Roll guidance 

generally was rated adequate, but under mmimum vlsibllity conditions was 

reported as somewhat Inadequate (ALI) 

Support for the system became progressively stronger The 

system was operatlonally tested at Newark m 1951 Although no written 

report on the results could be found, verbal reports from those farmliar 

with the mstallatlon mdlcate that favorable results were obtamed 
10 

In 1952, CAA, ALPA, and Air Transport Association (ATA) 

representatives wrote a Joint report favormg the centerlme system Navy 

and Am Force representatives dlssented because of them particular re- 

qulrements for a clear underrun area, the structural peculiarity of 

mllltary amcraft, and mllltary approach procedures In use The centerlme 

system at that tmx? was considered the easiest system for pllots to mter- 

pret and all desmed guidance elements apparently were obtamable with the 

system (GA13, AL27) 

In 1956 at McGhee-Tyson Field, the centerlme system was 

found smtable for all amcraft except cm-tam fighters The addltlon of an 

underrun conflguratlon was thought necessary to accommodate these amcraft. 

10 
Douglas, op. cit. 
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Llmlted testing using clear centerllne lights mdxated glare and reflectIon 

were more prevalent than when red lights were used (AL7) 

An experimental lnstallatlon designed to settle the contro- 

versy between clvll and mllltary authorltles was tested at March AFB In 

1957. The 1000 feet of 14-foot centerlme bars wlthm the underrun area 

were Installed with flush open-grid umts Included m the system were 

flashmg condenser discharge lights (dlscussed under Component Develop- 

ments). The following conclusions regardmg the system were reached 

the pllot 1s capable of determmmg at a safe distance out that he is properly 

allgned with the runway, added confidence 1s given the pllot, with the mental 

hazard of a mmlmum weather approach considerably reduced, there is a 

tendency to prevent the pllot from landmg short of the runway, since the 

lights provide a posltlve reference for depth perception The flush center- 

lme lights reportedly gave excellent flareout assistance AdditIonal 

transverse bars and extended edge lighting did not slgmficantly Improve 

the system’s reported effectiveness for most types of alrcraft (AL2) 

The centerllne system was adopted as the natlonal standard 

In a paper of the Air Coordlnatmg Committee on April 24, 1958 (S2) 

There 1s some feeling that not enough low vlslblllty flights 

were made at March AFB to warrant the adoptlon of the centerline system 

as the national standard It 1s argued that under condltlons of restrxted 

vlslblllty, no distance-to-threshold lndlcation I$ avallable until the lOOO- 

foot bar can be seen Some experts also doubt whether the 14-foot trans- 

verse bars are long enough to provide adequate roll guidance, though others 

feel that they are adequate (AL17, AL23, GA22, M18) 

Slopeline System 

The slopellne system was the unofflclal American standard 

between 1949 and 1953 It 1s composed of two rows of lights, each row 

bemg composed of bars set at a 45-degree angle to the ground surface as 

shown in Figure 8 When vlewed on course, the slope-line lights merge 
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Into two contmuous lmes of lights almed at the pomt of touchdown Figure 

8 also shows perspective mews of the system for on-course and various 

off-course approaches. (AL26, AL30, GA22) 

In 1948 and 1949 at LAES, the slopelme system was re- 

ported to be the most acceptable of approach systems tested In 1949, the 

addltlon of transverse bars every 1000 yards was mcorporated mto the 

system and did nnprove roll and distance-to-threshold gudance The con- 

cluslon of the experimenters at LAES was that the slopeline system 

excelled in promding good elevation alignment and dlrectlonal guidance 

On the basis of these results, the slopelme was adopted as the nommal 

national standard in 1949 (ALl) 

In 1950, however, CAA wlthdrew support for the slopeline, 

noting that a survey of amports showed that terram problems made It u-n- 

practical to install the system at half the au-ports surveyed (AL1 3) 

In 1951, operational evaluations of the centerline, Calvert, 

slopelme, and French systems (discussed m a subsequent paragraph) 

were conducted, the centerlme evaluation takmg place at Newark, the 

others at the Patuxent River NAS, Maryland At Patuxent, the Calvert 

system was Judged to be slightly better than the slopeline, although gllde- 

path mdlcatlon with the slopeline was Judged to be excellent There was 

some feeling that because of the nature of roll and distance guidance ele- 

ments m the slopelme system, an untrained pllot in an off-course 

mdlcatmn might possibly suffer the effects of vertigo A combmatlon of 

the slopelme system and the Calvert system was recommended (see 

Navy Composite System, Flgure 9, discussed m a subsequent paragraph) 

(ALlO, AL24) 

In 1952, apparently on the basis of the Newark and Patuxent 

tests, the maJorlty opmlon of a five-man clvll and mllltary comrmttee held 

that while the slopellne system provided the most complete mformatlon 

under good vlslblllty condltlons, It was confuslng and dlfflcult to Interpret 
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in poor vlslblllty Roll Information was reported as mtermlttent at vlsl- 

bilities less than 1000 feet, an undesirable factor lf any alignment or 

dlrection correctlon IS necessary (AL27, AL28, GA13, GA22) 

As the system was used more extensively, it was thought to 

have several dangerous traps for the pllot who was tired, dlstracted, or 

out of practice ATA and ALPA, who never really accepted the system, 

held that the slopelines were mlsleadmg and required too much lnterpreta- 

tlon to achieve both vertical and lateral control Certain optical llluslons 

were also reported with the system Under certain atmospheric conditions, 

some pllots were led to belleve they were too high and approaching nose 

down At other tunes, 

(AL23, AL31) 

an uphlll appearance of the runway was noted 

In 1954, the last proponent of the slopelme system, the 

Navy, reported that Its own Composite System, utlllzmg some slopelme 

units, was found superior to the slopeline system in operational tests at 

Patuxent River NAS. (AL6) 

Calvert System 

In 1946, Mr. E S Calvert of the Royal Aircraft Establlsh- 

ment attempted to ascertam the visual and mental methods by which a 

pllot lands an alrcraft He then analytically assessed the comparative 

value of different systems of llghtmg both rationally and empirically, 

rationally by the use of perspective diagrams, and empu-ically by the use 

of a visual simulator 

Calvert’s analysis led to the development of the two- 

coordinate system which bears his name The system 1s Illustrated 

m Figure 9 This pattern consists of two basic elements--a lme of 

lights leading to the runway threshold, and transverse bars of lights 

The greatest asset of the Calvert pattern cited is Its simplicity and 

over-all vlslblllty m the sense that a pilot has a single line to follow and 

can keep his aircraft level or can bank and turn usmg the horizontal bars. 
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MOI-eOVer, a lme and crossbar pattern supposedly gives a reallstlc em- 

presslo” of the ground plane Height and distance-to-threshold mdlcatlons 

are generally more dlfflcult to determme (AL16, AL17) 

The system was operationally tested at LAES I” 1948 and 

1949 I” general, roll and dmectlon guidance were rated excellent Some 

pilots had dlfflculty I” ldentlfymg distance-from-threshold codmg, however, 

certal” modlfxatlons of the system were suggested to unprove this feature 

Elevation gudance was thought to have been presented m spurts, wlthout 

contmulty, and was rated as only moderately effective (ALl, AL3) 

Tests at Patuxent River I” 1951 found the Calvert system 

slightly better than the slope-lme system Roll, distance, and ahgnment 

gudance were reported easily and Instantly Interpretable, and no danger of 

undershootmg was reported The system was reported to be only partially 

effective I” margmal weather condltlons where sudden correctlons I” am- 

craft maneuvers were required while “between” crossbars (AL24, GA13) 

NO other tests on the system have been conducted m the 

Unlted States, although It has found wldespread use I” Europe and Japan 

A variant of the Calvert system, using shorter transverse bars, was I”- 

stalled at Schlphol Alrport I” the Netherlands I” 1956 However, no 

operatIona evaluation data were found on this system 

The Calvert system 1s quite smular to the centerlIne system. 

I” matters of slmplmty and mformatlon presentatlo”, however, It 1s gener- 

ally concluded I” the Umted States that, compared to the centerlme system, 

roll and elevation guidance are absent for too long a tune to allow for 

smooth corrective procedures (~~16, AL17, GA22) 

Navy Composite System 

The Umted States Navy has developed a” approach conflgura- 

tion based upon experlmentatlon and conslderatlon of the umque requirements 

of Navy flymg The Navy conhguratlon, as show” I” Figure 9, provides a 
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3000-foot center row of red lights. clear light transverse bars every 500 

feet, a red bar at 1000 feet, and slope-lme umts every 250 feet provldmg 

a funnel to the runway 

When the pllot views this system exactly on a 3-degree glide 

slope, he sees three straight lmes of clear lights leadlng to the touch-down 

pomt If he 1s below the proper glide path, the outslde lmes wll appear to 

be bars that stick up above the lme of lights If he IS above the proper 

glide path, the bars ~111 angle mboard or below the lme 

In operatIona tests at Patuxent NAS m 1954, f’llght evalua- 

tlons durmg both good and poor vlslblllty condltlons mdlcated that the Navy 

system gave optimum guidance for all types of axcraft A study of pllot 

comments mdlcated that the system may not be yleldmg unequivocal guld- 

ante For example, some pllots clauned that the centerlme system was 

not needed, others said transverse bars were not necessary Both com- 

merclal avratlon and Ax Force spokesmen have crltlclzed the Navy system 

on the grounds that It 1s confusmg (AL22, AL32, GA22) 

Two Parallel-Row Type Systems or M&l-Row Systems -__ 
Most of these systems are consldered obsolete today as they 

provide only dlrectlon guidance adequately The addltlon of transverse bars 

adds roll and possibly distance-to-threshold guidance, but poor elevation 

gmdance seems to be Inherent m the system (AL21, AL25, GA22) 

In 1946, some experts felt that a “funnel system” (Flgure 

10) would be better than the dual-row systems previously proposed, namely 

two parallel rows along the extended edges of the runway and two dlvergmg 

rows endmg at the runway corners Tests at LAES I” 1946 and 1947 showed 

that the system had major madequacles mcludmg a mlsleadmg perspective 

appearance when both rows were vlslble, necessity for sharp correctlon 

near the threshold when approach was made along one of the rows, mablllty 

to see both of the widely dlvergent rows when at the outer end, lack of dlffer- 

entlatlon of one I-ow from the other There was also a great danger, as there 
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1s III any two-row system, that the pllot tended to mistake the approach 

lights for runway lights This fact alone was deemed sufflaent to render 

these systems unsuitable for use (ALI) 

In 1947, LAES reported that a multi-row system(Flgure 10) 

was supermr to the funnel system In 1948, however, LAES reported 

this system to be far mfermr to the slope-lme system Multi-row systems 

confused the pilot as to which row was sighted fmst Also, when drift con- 

dltmns were present, the gmdance elements were dlfflcult to Interpret 

(ALl, AL3) 

In 1955 several patterns mcorporatmg extended runway 

edge llghtmg, both wth and wthout transverse bars, were tested at 

McGume AFB and Atlantic City NAS A 1500-foot system (Flgure 10) 

usmg dual-row extended edge llghtmg on the left, and angle-row llghtmg 

on the right, wth pars of transverse bars every 500 feet, was chosen as 

the most sutable No apparent actlon was mtlated, however, on the basis 

of this study In 1957, essentially the same pattern was tested at March 

AFB and was found less deswable than the centerlme system (AL2, AL5) 

Smgle-Row Systems 

The earllest approach llghtmg system was a smgle row of 

lights leadmg through the approach area to the runway threshold A typlcal 

smgle-row system, the center-row system, 1s shown m Figure 10 It was 

Judged as provldmg adequate runway centerlme gudance, but yleldmg little 

altitude gudance Only when combmed with a clearly-defined hornon did 

the smgle-row system provide adequate roll gudance When the hornon 

was obscured by low vmbllty, pllots were unable to make Judgments con- 

slstently regardmg dlfferentmtmn between displacement, bank, and roll 

mdxatmns (AL21, GA22) 

Because of the above reasons, smgle-row systems were 

generally abandoned after the war although some modlfled ones are still in 

use, as at Oakland, Callforma A angle-row system usmg krypton 
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flashmg lights was tested at LAES durmg the 1948 and 1949 seasons While 

ldentlficatmn and dlrectmn guidance were reported as very good, other 

guidance elements were reported madequate (ALl, AL3) 

An Am Force operatmnal test at McGulre AFB m 1955 m- 

eluded a 1500-foot center-row system Although no comments were made 

about the system, It was reported as mfermr to a system of extended edge 

lights with transverse bars (AL5) 

The French system (Figure ll), developed primarily to ad 

French mail pilots, provides a row of angle lights for 6600 feet along the 

left extended runway edge, with a red transverse bar at 2500 feet from 

threshold and a white transverse bar at 1250 feet from threshold The 

length of the system, and posltmn and number of transverse bars, have 

apparently varied accordmg to where the system was Installed. A 3000- 

foot Frenchconflguratmn was operatmnally tested at Patuxent NAS m 1951 

Borh French pllots and the Umted States pilots who flew the system at 

Patuxent have reported that mformatlon about runway centerlme locatlon 

1s dlfhcult to extract and that perspective 1s dlfflcult to Interpret unless a 

large portlon of the system can be seen In addltlon, the single left-hand 

row can be confused for runway edge lights m low vlslblllty condltlons 

(AL2.4. GA22) 

Overrun Conflguratlons 

Because of the relative mstablllty of Its arcraft at low 

speeds, the Air Force does not permit obstructxms of any kmd ln the flnal 

1000 feet before the runway threshold In order to meet this requirement, 

certain “overrun” conflguratlons were developed to replace the flnal 1000 

feet of lights III approach conflguratlons 

LAES tested three of these systems (Figure 12) in con~unc- 

tlon with the slope-line approach system It was concluded that, ~ngeneral, 

primary 3000-foot configurations were weakened considerably when modl- 

fled with a disslmllar lOOO-foot parallel row over-run sectmn This 
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dlssxnllarlty in some cases caused the pllot to mistake the over-run area 

for the runway (ALl) 

In an operational test program at McGhee-Tyson Field m 

1956, the centerllne system, with special over-run modlflcatlons, was 

reported to provide adequate guidance for all alrcraft tested, except 

certain fighter aircraft with poor forward cockplt vlslblllty To accom- 

modate these au-craft, an over-run configuration (final 1000 feet before 

threshold), conslstlng of a triple row of red lights on the left, and a single 

row of red lights on the right (along extended runway edges) was tested 

and found optunal Another over-run conflguratlon with the typlcal center- 

line lights in the flnal 1000 feet (Figure 11) removed, reportedly made the 

total centerllne system Inadequate and confusmg Provlslon was then 

made for the flnal 1000 feet of centerllne lights to be mounted on frangible 

supports to comply wth Aw Force regulations (AL7) 

Flush, semi-flush, and frangible-top flush lights have been 

developed which can be Installed ln the flnal 1000 feet of approach systems 

These flush units were Included in a test configuration at March AFB and 

found acceptable by all pilots who took part in the test (AL3 

In this latter evaluation, transverse bars in the over-run 

area were found to assist in provldlng ground reference to fighter alrcraft 

pllots under VFR or high celling condltlons 

Component Development InformatIon 

Approach Light Lamps 

At the present tune, civil aIrfIelds using the centerline sys- 

tem are changing over to approach-light lamps already in use at most 

mllltary fields These lights appear to have a satisfactory lntenslty dls- 

trlbutlon as well as a wider vertical beam spread 
11 

11 
Douglas, op clt 
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NBS recently recommended that present approach-light lamp 

groups be replaced on the basis of accumulated time of full-intensity opera- 

tmn rather than waltmg for indlvldual lamps to burn out (C8) 

Condenser Discharge Lamps 

On the theory that success of low vlslblllty landmgs may be 

directly related to the tunelmess of transltmn from mstrument to visual 

flight durmg approach, sequenced flashing condenser discharge lights have 

been used with 3000-foot approach systems to facllltate early ldentlflcatlon 

of the approach path m poor vlslblllty condltmns The use of flashing lights 

to provide early posltlve ldentlflcatmn of an approach area has long been 

thought to be an excellent visual aid Service use of sequenced flashmg 

lights durmg the Berlm Au-lift was favorably received While the row of 

condenser discharge lights apparently provides dlrectmnal gudance m addl- 

tlon to ldentificatmn, It does not provide adequate attitude guidance (ALl, 

AL3) 

The lights were used m the March -4FB experimental mstalla- 

tmn with the centerlme system A smgle condenser discharge unit was 

placed directly In front of each 14-foot bar m the approach system They 

were synchromzed to discharge successively, begmmng with the umt fur- 

thermost from the runway A complete cycle IS flashed twce each second, 

with the resultmg effect resembling a brllllant ball of light moving toward 

the runway at a speed of 3600 miles per hour The apparent high mtenslty 

of the lights, coupled wth their characterlstx of apparent motion, effectlve- 

ly attracts the pllot’s visual attentmn All pilots who took part in the tests 

at March AFB agreed that the flashers were an Ideal ldentlflcatmn device 

The flashmg lights could be seen at a distance of approxunately three times 

that of reported vlsibillty (ALZ, GA22, GA31) 

Some pllots said the umts caused a dlstractmg glare Just 

prmr to the awcraft passmg over the threshold, although It 1s claxned by 

the manufacturers that a pllot famlllar wth the system ~111 experience little 

or no glare At March AFB, recommended practice was to turn off the 
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lights at 1 mile from threshold when vwblllty was 1 mile or more It has 

been suggested that the umts be mstalled every 200 or 300 feet Instead of 

100 feet, or that the lights not be mstalled m the fmal 1000 feet of approach 

llghtmg to cut down the effects of glare l2 (AL2) 

It 1s the feelmg among some experts that success of con- 

denser dlscharge lamps 1s dn-ectly related to the relatively poor vertical 

coverage afforded by the narrow-beamed lights formerly used m approach 

systems A new wider-beam mcandescent approach lamp 1s now bemg 

used, and It 1s possible that the difference between the effective range of 

approach lights and condenser dlscharge lights ~111 be slgmflcantly 

reduced (GAS. TV10) 

There also 1s a feelmg among some pllots that the condens- 

er discharge lamps, when used with the narrow-beamed approach lights, 

over-emphasize the d,rectlonal guidance, and thereby eclipse to some ex- 

tent the value of centerllne crossbars in provldmg roll gudance (AL17, 

GAS) 

FAA has recommended that condenser dlscharge lamps be 

used with the centerlme approach system (52) 

Flush, Semi-Flush, and Frangible-Top Lights 

Lights have been developed to meet the followmg requre- 

malts. 

(1) They must be capable of operatmg under severe ennron- 
mental condltlons such as snow, me, blowmg sand, etc 

(2) They must be capable of bemg installed m the pavement 
surface and of bemg readily mamtamed 

(3) They must be capable of bemg run over by awcraft, 
snow plows, and other vehicles without damage to lights 
or vehicles 

12 
Personal communlcatlons among Capt W W Braznell, Capt E A 
Cuttrell, Capt D S Little, Capt R C Robson, all of American 
Au-lmes, Capt P E Bressey, BOAC, and Mr E S Calvert, RAE 
April to June, 1957 
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(4) They must not set up harmful osclllatlons or undue 
stresses m alrcraft which tax1 over them 

(5) They must have sultable mtenslty and beam spread so 
they can be seen by pllots from reqmred distances and 
angles under all weather condltlons 

Three general types of lights have been developed to be used 

m over-run or runway surfaces open-grid (flush), prlsmatlc (sum-flush), 

and expendable (frangible) top Illustrations of typlcal umts are shown UI 

Figure 13 Open-grid umts were found satisfactory at the March AFB tests 

Recent work, however, has mdlcated that while the lights are structurally 

satisfactory, they give relatively poor horizontal light coverage and are 

quite expens*\e to mstall l3 (AL2) 

Of the lights tested by NBS, WADC, and NASA, the expenda- 

ble-top light gave by far the best candlepower dlstrlbutlon and had the 

longest visual range This light also has the advantage of not bemg subject 

to obllteratlon due to weather condltlons, but It would be mcompatlble wth 

current snow-plowmg procedures and jet-runway cleanlmess requirements 

If the top were broken The candlepower dlstrlbutlon of one of the pros- 

matlc umts also exceeded requwements, but It was not as satisfactory as 

the expendable-top umt This prlsmatlc light ~111 not cause damage to, or 

be damaged by, snow plows The recent development of a tubular quartz 

lamp 1s expected to improve the performance of these latter umts ((29, 

Cll, c13, c23, c24, c29, c33-35, c37-39, C46, C51) 

Development of a flush “pancake” light has recently been 

lmtlated by FAA for use m Its experxnental program at the Natlonal Avla- 

tlon Facllltles ExperImental Center (NAFEC), Atlantic City 

13 
Personal commumcatlon between the authors and Mr R C Herner, FAA 
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Design Requirements Used as Standards 

Threshold lights defme the end of the runway for a pllot on his fmal 

approach Threshold lights are used with runway lights, with both opera- 

tmg Independently of approach configuratmns Usmg threshold lights and 

runway lights, the pilot should be able to clearly perceive the prescribed 

landmg area Threshold lights are green, by mternatlonal agreement 

Threshold lights and llghtmg patterns should meet the followmg 

requirements 

(1) Defme the end of the runway sunply and unnustakably 

(2) Remam visible to an approachmg pllot for several seconds 
prior to touchdown 

(3) Present no potential danger to landmg au-craft 

(4) Produce little or no glare 

(5) Be compatible with approach and runway llghtmg systems 
(TLl, TL3) 

Designs Tested 

(1) A continuous row of lights, or two bars of light placed sym- 
metrlcally on the threshold (with or wlthout red wmgbars) 

(2) Runway zone markers 

Summary of Test Results 

Row or Bars of Lights on Threshold 

The present natlonal standard for threshold lights, when u- 

stalled with the centerllne approach system, calls for a row of green lights 

perpendicular to the runway centerlme Light umts are to be placed at 5 to 

10 foot Intervals, extendmg completely across the runway and 35 feet beyond 
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each edge The “se of flush umts I” threshold llghtmg IS preferred, but 

not mandatory, except for a” 80-foot-gap centered on the runway where 

safety conslderatlons requme their use Five red pre-threshold warmng 

light bars are located as shown I” Figure 6 (S2) 

On runways with no approach configuration, the national 

standard calls for a m~nunum of eight lights I” a row placed symmetrically 

with respect to the runway centerlme Elevated lights are used at most 

airports In these mstances, a 75-foot gap must exist 1” the middle for 

safety reasons A threshold system for a typical clvll u-port 1s shown I” 

Figure 14 The mal” dlffxulty encountered with threshold lights 1s loss of 

effective mtenslty through color-codmg Green filters reduce the effective 

mtenslty of lamps to approxmately l/5 of them orlgmal mtenslty Also, 

when lights are operated at less than 100% output, lamps are subject to a 

reddenmg effect, further decreasmg effective mtenslty Because of these 

defects, a conslderable number of pllots have complamed for many years 

about the lack of C~“S~KUOUS”~SS of threshold lights (AL2, R6, Sl, S26) 

Whether or not threshold lights need to be extended entmely 

across the end of the runway to increase ~O”S~~CUOU~“~SS IS still debated 

It has been strongly suggested that lights should extend outboard of the 

runway lights to accommodate fighter aircraft havmg relatively unstable 

low-speed handlmg characterlstlcs and with poor forward cockplt vmblllty 

(due to nose-high landmg attitude) In 1955, WADC tested 81x basic thres- 

hold patterns The most effective pattern was that shown I” Figure 14 

This pattern Incorporated split-filter threshold lights which showed green 

at the “ear end of the runway to a” approaching pilot, and red at the far 

end of the runway to a p&t takmg off A full row of flush lights across the 

threshold was thought to warrant serious conslderatlon whenever servxe- 

able flush umts became avallable (TLl, AL2) 

Results of a combmed theoretlcal-operatIona study by NBS 

and TDC I” 1956 gave rise to the threshold conflguratlon also shown I” 
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Flgure 14 The recommendation was made that some of the lights should 

show red to au-craft takmg off as well as green to landmg amxaft, as m 

the design mentioned m the previous paragraph Spacmg of lights wlthm 

the bars was varied to determme the effect of spacmg on effectiveness 

There was no notlceable difference m lmearlty of appearance of the bars 

when 2 5-foot and 5-foot spacmgs were used At distances of greater than 

1 nule, however, the effective mtensity of the bar with 2 5-foot spacmg 

was twice that of the bar with 5-foot spacing. A spacmg of 5 to 8 feet ultl- 

mately was thought to be satisfactory. 
14 

In the May 1956 International Federation of Air Lme Pilots 

Assoclatlons (IFALPA) Techmcal Meetmg, a sunple lme of lights across 

the threshold was reported as madequate Some favorable comment was 

received on a proposed “sleeve” of green lights which would not only ex- 

tend across the threshold, but along the runway edges for 100 to 200 feet 

As part of the same proposal, a triple row of green lights, mstead of the 

smgle row, was recommended m order to emphasme the threshold It 

was generally agreed that some green threshold lights should be placed 

along the sides of the runway and that these could serve to mdlcate length 

of runway remammg as well as markmg the threshold (AL16) 

Runway Zone Markers 

The extension of the threshold llghtmg concept to one of 

defmltlon of the landmg area has been suggested, as mdlcated m the pre- 

ceding paragraphs. Proponents pomt out that such a llghtmg system could 

also be used to mdxate runway remammg for both landmgs and takeoffs 

(TM 

A study conducted by the Air Force School of Avlatlon 

Medxme (SAM) m 1949 concluded that a ilush system of red-green lamps 

m the mitral 1500 feet of the runway, at each end of the runway, would be 

helpful TO a pllot begmnmg takeoff or landmg, the lights would show red 

14 
Douglas, et al I- ’ op c1t 
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m the fmal 1500 feet of the runway Thm 1s the same prmclple that has 

been recommended by WADC (see Figure 14) except that m the SAM de- 

sign, zone markmg would be accomplished by flush lights rather than edge 

llghtmg (M23, TLl) 

The prmclple of zone markmg was used at LAES m 1949 

The mltlal 1500-foot zone on each end of the runway was marked at 200- 

foot intervals with bl-directional red-green satellite lights posItIoned 

outslde of regular runway lights PIlots reported that the red lights were 

readily ldentlhed, but that the green lights lacked conspicuousness It was 

recommended that the lights be moved mslde the runway lights and that a 

more transparent green filter be developed (ALI) 

In a jomt TDC-WADC test at Weir-Cook Amport, Indlanapo- 

11s. m 1954, spacmgs of the red-green satellites were varied to fmd the 

most surtable pattern. A pattern utillzmg a pam of satellites posltloned 

outslde runway lights every 400 feet for 2000 feet was recommended Of 

29 answering test pllots, 15 recommended that the system be adopted as a 

natlonal standard (TL2) 

The national standard for runway llghtlng establlshed m 1955, 

however, does not requre lnstallatlon of runway zone marklngs, and few 

airports have such a system Some recent pllot opmlon has mdxated a 

need for distance-along-the-runway mformatlon vlslble to the landmg pllot 

alrborne over the runway The pru-nary problem III color-coding such II-I- 

formatlo” 1s that the most appropriate length of the warnmg zone ~111 vary 

markedly according to type of au-craft Alrborne pllots ordlnarlly can not 

use the present runway distance markers discussed I” other sectlons below 
15 

Runway zone marklng also was favored at the 1956 IFALPA 

TechnIcal Meetmg, prxnarlly for mdlcatmg runway distance-to-go A warn- 

mg light, or light bar, was recommended for lnstallatlon 600 feet before 

15 
Personal communlcatlon to Capt .J G111 from Capt P. D Parkinson, 
both of Eastern Air Lmes, 5 December 1956 
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the end of the runway A pre-warnmg light was to be mstalled 1200 feet 

before the warmng light--thus, the last 1800 feet of the runway would be 

“zoned” (~~16) 

At Gatwick Alrport m England, location of the threshold 

was emphasized recently by “wmgbars” of green lights located perpendlc- 

ular to and outslde of the runway lights At a distance of 1000 feet along 

the runway from threshold, there were slmllar white, high-mtenslty 

“wmgbar” lights The purpose of these “wmgbars” was to help the pllot 

Judge his angle of descent and to touch down between the two sets of dlffer- 

ently-colored lights. (TL4) 

Component Developmerit InformatIon 

Apparently little can be done to overcome the approximate 60% de- 

crease in output due to addltlon of green filters on threshold lights. It 

would be possible to have a separate power supply so that threshold lights 

could be operated at higher mtenslty than runway lights (threshold and 

runway lights aTe currently operated and controlled on the same circuit). 

However, even If there are separate power supplies, the effective mtensity 

of threshold lights , compared to runway lights, will always be low when 

runway lights are operated at full mtenslty. 
16 

(Cl) 

For threshold systems to extend completely across the runway, 

safety conslderatlons reqmre the use of flush lights. For this purpose, 

flush lights must meet the reqmrements cited in the sectlon on over-run 

lightmg, plus the followmg addltlonal one. 

(6) They must supply adequate candlepower with a green filter 
throughout the region in which they are to be seen. 

It was found at WADC that the expendable-top light had almost 

twice the effective mtensity when used um-directionally, as when used 

16 
Douglas, op clt 
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bl-directionally As a threshold light, It 1s also more susceptible to 

contact with aircraft and snow plows, and although the cost of replacmg 

the plastic tops is very small, contmual replacmg and cleanmg up could 

become rather expensive and time-consummg (C24) 

Open-grid type umts agam have the disadvantages of com- 

paratlvely narrow horizontal beam spread and high umt cost, although 

they do provide sufficient vertical coverage. Umted States umts are um- 

dIrectiona only, but a Damsh version of the Elfaka open-grid light report- 

edly is bi-dIrectiona and is mstalled at Copenhagen 

Prismatic lights can provide bi-dlrectlonal beams, meet 

photometric requrements, and are not as affected by alrcraft and snow 

plows, although they are more susceptible to bemg rendered meffectlve by 

snow than the open-grid umts or expendable top umts (C24) 
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Design Requirements Used as Standards 

In final landing procedures, the pllot typlcally focuses his attention 

on his mtended touch-down area When his view of the threshold lights is 

cut off by cockpit restrlctlons and a nose-high landmg attitude, the pllot 

must rely entirely on whatever he can see along the runway itself to land 

his aircraft He may make use of his alrcraft landmg lights to hlghllght 

whatever 1s avallable for guidance Once he has actually touched down, 

the pilot must use some runway dlrectlonal mformatlon to guide his roll- 

out. (GA.22) 

The primary function of runway lights 1s to define limits of the 

ground area on which an azrcraft can safely operate. The runway lighting 

system should meet the followmg reqmrements 

(1) Provide posltlve unambiguous ldentlflcatlon of the runway 

(2) Outlme the runway 

(3) Dlstmguish between touchdown, mtermedlate, and caution or 
warning zones of the runway 

(4) Be compatible with high-mtenslty approach llghtmg. 

(5) Mamtain effectiveness m a wide range of condltlons 

(6) Be compatible with normal alrcraft and alrport operational 
procedures (e. g. , cause shocks to landmg aircraft or inter- 
fere with snow removal). 

(7) Be relatively inexpensive to mstall and mamtam. 

The following mformatlon should be given the pllot with little mter- 

pretatlon required 

(8) Height and distance-along-the-runway 

(9) Displacement from runway centerlme (alignment) 

(10) Attitude. (ALl) 
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Designs Tested 

(1) Runway edge llghtmg 

(2) Patterns of flush lights wlthm the runway surface 

(3) Runway edge floodllghtmg 

(4) Pamted markers and runway distance markers. 

Summary of Test Results 

Runway Edge Lightmg 

The natlonal standard smce 1955 calls for straight lmes of 

runway lights on each side of the runway, defmmg the lateral limits of the 

runway Longltudmal spacing of the lights may not exceed 200 feet, and 

spacmg must be umform along the runway (S16, 526) 

Edge-llghtmg systems (Figure 15) have been m use for the 

past 13 years and today, with few exceptlons, are mstalled at all Umted 

States airports And also practically wlthout exception, pilots have com- 

plained about the lack of elevation guidance provided by edge llghtmg after 

passmg over the threshold m low vlslblllty condltlons. The effect of pass- 

ing from the approach lights to the runway-edge lights has been llkened to 

entering a “black hole” smce, when the pilot 1s at altitudes below 100 feet, 

the edge lights are outslde the area of the pilot’s attention and the more 

sensitive areas of his eye The relatively higher effective mtensity of 

approach lights also aggravates the “black hole” condltlon by affecting the 

pllot’s dark adapt&Ion The distance between the threshold and touch- 

down pomt has also been dubbed the “hold off and hope” area (M4, M9, 

Ml 9) 

It seems to be a general opnnon that edge llghtmg alone is 

hardly the optimal runway llghtmg system Its mam advantage over other 
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proposed systems 1s largely m the matter of relative economy of mstalla- 

tlon and maintenance 

Patterns of Flush Lights Wlthm the Runway Surface 

For the past few years, flush lights have received much 

support as the potential solution to the “black hole” problem Proponents 

argue that a pattern of light umts wlthm the runway surface, having stand- 

ardlzed lateral and longltudmal spacmg, would offer accurate height 

guidance The apparently mcreasmg separation of rows of linear bars 

and closmg of the distance between umts withm a row at a familiar rate as 

the pllot descends should permit precise height Judgments It has been 

recognized that a system accompllshmg these obJectIves would entall a 

rather large expense, for not only are the light umts themselves costly, 

but existmg runways would have to be torn up for their mstallatlon (GA33, 

M9) 

The first attempt to lllummate the middle of the runway with 

flush lights was at Schipol Alrport, Amsterdam in 1956 A row of lights 

embedded In the pavement on either side of the runway centerlme, using 

the open-grid housmg umts first developed m the Netherlands (GA22) 

In 1957, at Soesterberg Airport, Netherlands, four Brltlsh 

pllots took part in brief flight tests on an extension of the Calvert approach 

system Into the runway with the use of grid-type flush units Although far 

from Ideal m provldmg visual guidance during final flareout and landmg, 

the provisIon of a pattern wlthm the runway was generally consldered to 

be a great Improvement over runway edge llghtmg Vastly improved height 

guidance was reported (R4) 

Fixtures which simulated the light output of open-grid units 

were placed on a test runway at Andrews AFB, Maryland, m 1957 (The 

regular open-grid fixtures were not used because of the expense Involved 

and because the arrangement used allowed spacmg of the lights to be 
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varied ) Optmum spacmg of the lights recommended are shown m Flgure 

15 Light umts were toed m so that them mam beams mtersected the run- 

way centerlme 700 feet from parallel units There was some feelmg, 

however, that a 200-foot spacmg mght at txnes fall to provide necessary 

guidance When mslble throughout the landmg maneuver, narrow-gauge 

llghtmg. as the system was labeled, was consldered effective m sharpemng 

dIrectIona galdance and provldmg roll gudance durmg flare and landmg, 

but It apparently did not provide adequate height gudance for touchdown 

However, there was not complete agreement on thm last conclusion among 

personnel who conducted or partlclpated m the tests It was agreed by all 

that not enough low vlslblllty flights were made to warrant more than tenta- 

twe conclusions (AL4, RI, R9, GA47) 

Edge floodllghtmg was also Installed at Andrews AFB and It 

was reasoned that an optmmm runway system might combme runway ~llum- 

matIon for touchdown with a sxnpllfued narrow-gauge or centerlme pattern 

for supplementary gudance durmg flareout Such a system has advantages 

of economy of mstallatlon on exlstmg runways over the proposed narrow- 

gauge system In lmuted tests, however, a centerlme row of flush pomt 

sources of light was found to produce surface roughness at the most heavily 

traveled areas on the runway Thxz would have undesmable structural 

effects on certam alrcraft (Rl, R9) 

In England, the use of a 75-foot gauge (distance between 

parallel umts, symmetrically placed on each side of the centerlme) with a 

longltudmal spacmg of 250 feet over a runway distance 3000 feet long has 

been suggested by the Am Mumtry This particular spacmg has been crlt- 

lclzed by researchers m both England and the Umted States It has been 

suggested m England that, on a theoretxal level at least, the best conhg- 

uratlon for elmnnatlon of the “black hole” might be a centerlme pattern, 

but this nught confuse a pllot when used with the centerlme approach 

system. (TL4, GA2) 
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In a Jomt meetmg on August 15, 1957 called by CAA to dls- 

cuss the Andrews AFB tests, government and mdustry offlclals present 

agreed that the length of the narrow-gauge system should be about 3000 

feet to form a landmg mat for accommodatmg pllots who might fly the sys- 

tem only a few times a year This length was also recommended at the 

IATA Techmcal Conference at Amsterdam m November 1955. A snnple 

centerlme of lights to continue past this landmg mat also has been 

suggested l7 (R9, GA33) 

Operational tests of a narrow-gauge system usmg open-grid 

light umts at Dow AFB were In the final stages m February 1959 Formal 

analysis of results were not completed, but mllltary pllot oplmon was con- 

sldered to be very favorable The narrow-gauge system was being 

evaluated by the mllltary from the standpomt of Its part m an all-weather 

(down to O-O) recovery system for bomber and fighter aircraft. Prellmi- 

nary analysis of results allowed a tentative conclusion that, durmg the 

period from twlllght to dawn, an alrcraft correctly lmed up with the run- 

way centerlme by GCA or ILS could land safely In any type of weather. Of 

particular interest was the tentative fmdmg that a ZOO-foot longitudinal 

spacmg between umts was consldered by pllots only to be “brighter” than 

a 200-foot spacmg, gmdance differences between the two spacings were not 

reported as slgmficant by pllots 
18 

Patterns of the pancake low-mtensity umts under develop- 

ment at FAA and the open-grid umts ~11 be operatlonally tested m the 

near future at NAFEC. 

17 Braznell, et al , op cit. 

18 
Personal commumcatlon between the authors and Dr H. C. Coleman, 
Air Provmg Ground Center, Eglm AFB, Florlda. 



Runway Edge Floodllghtmg 

The use of floodllghtmg m conJunctIon with flush runway 

lights was mentloned m the precedmg section Floodllghtmg 1s the earllest 

known form of alrport llghtmg A floodllghtmg umt has recently been de- 

veloped which houses high output lamps m a specially deslgned lummalre 

(Figure 16) The purpose of these lummalres 1s to cast light at a grazmg 

angle across the runway to vlvldly brmg out runway texture one aspect of 

floodllghtmg consldered encouragmg 1s that the pllot receives guidance from 

more nearly the same visual stnnull he uses under good vlslblllty dayllght 

condltlons. Suggested lummalre spacmg 1s every 9 feet begmmng 200 feet 

from threshold and contmumg for about 1400 feet on both sides of the run- 

way. With such a system, some proponents c1au-n that there would be no 

need for threshold lights currently m use (Rll, C31) 

Lummaires were Installed at the recommended spacmg from 

500 feet to 1215 feet from threshold at Andrew6 AFB and operationally 

tested m 1957. The system reportedly gave adequate directional, pitch, 

and roll gudance Confllctmg reports, however, were received on whether 

or not the lights were adequate in provldmg altitude mformation and avold- 

mg glare The general feelmg apparently was that the lummalres were 

adequate, or with some mmor adJustments could become adequate. These 

lights were relatively expensive to operate, Interfered with snow removal, 

were subJect to wind, hall, and Jet blasts, presented a contmuous obstruc- 

tlon along the edges of the runway, and could not be used at mtersectlons. 

In addltlon, runway markmgs were not suffuxently vlslble, “texture” 

apparently bemg obtamed only from the runway surface Itself. lg (AL4. 

Rl, R9, GA22) 

Recently, floodllghtlng umts were installed along 1300 feet of 

a runway at Washmgton Natlonal Alrport (this was not CAA-recommended - 
operational length, but test mstallatlon length). Under cellmg conditions of 

19 
Braznell, et al , op. cit. 
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200 feet or more, and 3/4 mile or more vlslblllty, most pllots have found 

the lights useful New markmgs of masonry and beaded traffic pamt were 

placed In the touch-down area On October 23, 1958, all pllots who 

noticed the markmgs were favorably Impressed Some glare effects were 

reported On November 15, 1958, under low fog condltlons, a number of 

mlssed approaches occurred, although It 1s not clear to what extent glare 

from the floodllghts was a contrlbutmg factor Prelunmary results show 

that floodllghtmg IS less effective on blacktop than on concrete, but 

that white runway markmgs Improve their effectiveness on blacktop 

surfaces 
20, 21 

Some modlflcatlon of fxtures to effect more lllummatlon at 

the center of the runway and less glare at ahe edges 1s bemg accomplished 

on the Washmgton mstallatlon Reports on the mltlal system mdlcate that 

dlstrlbutlon of light across the runway was Inadequate In addltlon, the 

lummaire has been re-designed by the manufacturer to effect Increased 

lamp life Floodllghtmg probably ~111 be tested m the near future at 

NAFEC. 

Pamted Markmgs and Runway Distance Markers 

The value of pamted runway markmgs has long been recog- 

mzed There has been some questlon, however, as to what and how much 

InformatIon the markmg should encode Even today, all alrports do not 

strictly adhere to natlonal standards (ALI) 

The early system of runway markmgs (ANC system In 

Figure 17) was used by the Air Force, Navy, and CAA. Runway length 

was mdlcated by 50-foot pamted stripes at the threshold, with each stripe 

slgmfymg 1000 feet of runway length. With these earlier markmgs there 

20 
R F. Gates, FAA Memorandum to hles, dated 29 October 1958 

21 
Gill to Parkmson, op. clt 
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was no pamted centerlme, longltudmal strlpes were pamted on the runway, 

parallel to and 15 feet on each side of the runway center, to provide direc- 

tlon gudance They began and ended 25 feet from the runway number 

deslgnatlons at each end of the runway The markmgs appearmg as a 

sex-lea of broken stripes down the runway from the approach end (see Figure 

17) were Intended as distance markers and were posltmned 1500 feet from 

the ends of the runway (R12) 

Recent Navy rueway markmgs are illustrated m Figure 17 

There is lack of a requirement for the famlllar runway length symbols at 

the threshold Runway centerline markmg IS formed for the most part by 

a broken line havmg 120-foot dashes and 80-foot spaces In addition to the 

centerlme, there are two longltudmal stripes, located 72 feet to each side 

of the centerlme Both the centerlme strlpes and side strlpes are 2 feet 

wide A new ltem 1s a landmg area markmg (sunulating a carrier deck), 

startmg at a mmunum of 500 feet from the runway threshold It cons&s 

of the followmg a series of strlpes 30 feet long, 2 feet wide, with all 

strlpes runnmg parallel to the runway, formmg the near edge of the area. 

a centerlme strlpe broken Into 30-foot dashes and 20-foot spaces for a dls- 

tance along the runway of 530 feet, two strlpes placed 40 feet on either side 

of the centerlme, also extendmg 530 feet down the runway (R12) 

With some slight dlfferences, the current natlonal standards 

(as of 1953) follow the ICAO recommended systems and suggestions made 

by Sperry Three categories of runways and their markmgs are Illustrated 

in Flgure 18. Most promment features of the “all-weather” marking style 

are the groups of longitudu-al stripes along the first 2000 feet of runway. 

These groups are 500 feet apart and can serve to mdlcate the posltlon of 

the alrcraft along the runway. The eight bars lndlcatlng the threshold area 

are 12 feet wide and extend a nummum of 150 feet down the runway. In 

each category, the centerlme IS the same, 126foot dashes and 80-foot 

spaces Width of the centerllne 1s at least 3 feet, and m some instances, 
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wldths up to 10 feet are bemg used Runway side strlpes 3 feet wide and 

70 feet from either side of the centerlme are Included m the all-weather 

markmgs (R12, S6) 

Am Force runways have addltlonal touch-down zone mark- 

mgs m the form of 3-foot wide strlpes placed across the runway, one 

2000 feet from either end of the runway. There 1s also a runway rmdpomt 

marker conslstmg of two strlpes, 2 feet wide, extendmg across the run- 

way (R12, S6) 

Runway distance markers have been developed to help the 

pllot deternune his exact longltudlnal posltlon along the runway. These 

signs are bemg used to give mformatlon on amount of runway remalnlng 

(or used) Pllots generally have expressed a preference for the signs to 

be on both sides of the runway, and for informatIon on runway remainmg 

rather than runway used The slgns generally have been 4 to 5 feet square 

and have been positIoned from 25 feet to 215 feet from the side of the run- 

way (R2, R3, C21) 

In a two-year (1955-1957) study of runway distance markers 

by WADC, eleven different types of slgns were tested The followmg 

characterlstxs of signs were varied size, height above ground, color of 

numeral (white and black), color of the background (white, black, or 

orange), height of numeral, distance from runway, and constructlon The 

recommended sign and Its characterlstlcs are shown m Figure 19 The 

sign would be llghted with a 75-watt lamp for mghttnne use (C21) 

In the WADC evaluation of runway distance markers, some 

pilots expressed a need for a visual mdlcatlon of take-off acceleration 

check point. This check point would be marked 3000 feet from threshold 

by a 3-foot wide stripe pamted completely across the runway A flashmg 

light was suggested to ald night ldentlflcatlon of this point No operatIona 

evaluation of these proposals has been conducted (R3) 
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In September of 1957, signs usmg twotypes of orange back- 

ground pamt were tested at Arc&a by NBS for the Navy, A black 

numeral on an mternatlonal orange marker was found to be beat of the com- 

bmatlons tested, m terms of recogmtlon distance Optimal levels of 

mghttlme illummatlon and location of the lamps also were determmed (R5) 

The main problem with runway distance markers IS that the 

further they are moved into the pllot’s normal field of vlslon, the greater 

hazard they become to aircraft Internally-lllummated signs have generally 

been so large as to be a hazard WADC reports that electrolummescent 

panels have been found Inferior to, and more expensive than, externally- 

lllummated signs, although development of an Improved electrolummescent 

panel has recently been reported (AA5, C41, C43) 

Component Development Inform&on 

Present high-intensity runway edge lights dlstrlbute light as m 

Figure 15 Their output 1s generally adequate Present medmm-mtenstty 

runway lights are reportedly inadequate (C4, c17, c19, c54. C55) 

Lights to be used m the runway surface must fulfill the same re- 

quirements stated m the sectlon on overrun llghtmg Again, three types 

of umts are available flush, semi-flush, and frangible-top The open-grid 

and prismatic flush lights presently appear to be the best umts avallable. 

A prismatic light which would afford full 360-degree coverage had been 

found to lack sufficient candlepower, (C23, C35) 

Both the operatIona tests at Andrews AFB and laboratory tests at 

WADC seem to mdlcate that the open-grid type light 1s deflclent m horl- 

zontal beam coverage Early tentative results from Dow AFB seem to 

conflrm this, although stated somewhat differently Results of tests on 

prlsmatlc lights to date appear promwmg. It IS antlclpated that these 

units ~111 soon be tested at NAFEC, Atlantic City 
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Runway markmg materials are evaluated in terms of the following 

performance characteristics 

(1) Reflectance at required vlewmg angles. 

(2) Capabllity to withstand normal weathering and abrasion. 

(3) A coefficient of friction roughly equivalent to that of the sur- 
rounding pavement 

(4) Resistance to molten rubber depositmg 

No one paint has been found optimal m meeting all or most of these 

requirements. Eight different types of paint were applied to the main run- 

way at Washington Natlonal Alrport and their performance evaluated both 

with and wlthout floodlights Testing was not completed as of February, 

1959 Few clear-cut prelimmary results have been evident It does 

appear, however, that except for use with floodllghtmg, retro-reflectme 

pamts are best Also, due to the relatively large amount of rubber de- 

poslted at the center of the runway m the touch-down zone, the cheapeat 

retro-reflectlvr paint eva..b~ble may tnrn out to be the VJKYS+ solution for 

centerline markings m this zom? (-31, c7, c25-27) 

The use of new marking r;.atcraals (~~fle~~-refLx~i~ L self-?uminoue) 

cm runway aLst~nce wrgns may mcrease the consp~cuou~ne~8 of the num I 

erals, but the fact that the signs must be placed outside tile pilot’s normal 

field of vision is still the mam reason for their lack of acceptance. (CL!, 

c41, C50) 

It may be, however, that runway distance signs are only an mterlm 

measure. It has been suggested that It might be optimal to encode this 

type of mformatlon for the pilot through some sort of an electromc or 

mechanical device linked to the aIrcraft, smce the pilot has little time to 

search for these signs while landing 07 taking off 
22 

- --.- - 
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Design Requirements Used as Standards 

The great number of alrcraft taking off and landing at today’s air- 

ports makes It almost lmposslble for landing alrcraft to come to a complete 

stop on runways. Thus, alrports are bemg designed to link runways with 

parking aprons The sooner an aircraft can turn off a runway onto a taxl- 

way, the greater ~111 be the total volume of traffic which can be handled by 

the airport. Basically. taxiway signs, marks, and lights should simply and 

unequivocally define dlrectlon to the alrport destmatlon of each umt of 

ground traffic 

The design of runway turnoffs and taxlway marks and lights should 

meet the following requirements. 

(1) Provide an mtegrated system of visual aids to allow rapld air- 
craft tnovement between the runway and the parking apron. 

(2) Allow aircraft to leave runway at as high and safe a speed as 
possible 

(3) Unmistakably distmgulsh taxlways from runways. 

(4) Provide ldentlflcatlon of turnoffs and taxiways with sufficient 
lead-time to the pilot 

(5) Provide ldentlflcatlon of taxlway-runway mtersectlons with 
sufficient lead-time 

(6) Be visible under mght and low vlsibillty condltlons 

(7) Be vlslble despite cockpit visibility restrictions (GA22) 

Designs Tested 

(1) Edge lightmg 

(2) Centerline lightmg 

(3) Painted markings 

(4) Taxlway signs 
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Summary of Test Results 

Edge Llghtmg 

A lme of avlatmn-blue lights 1s used on each side of the 

tanway, wth umform longltudmal spacmg of not more than 200 feet to de- 

fme the lateral lnmts and dlrectlon of the taxlway There 1s some feelmg 

that closer spacmg and lower mtenslty of these pomt sources of lights may 

be desirable (ALl, GA22) 

Edge llghtmg was tested at McClellan AFB m 1958 III con- 

Junction with a study of high-speed turnoffs Although the best gmdance 

was provided by a centerlme plus edge llghtmg pattern, the gudance pro- 

vlded by edge lights alone with any spacmg tested was sufflclently adequate 

to pernut the pllot to negotiate the turn wlthout serious dlfflculty (TW2) 

Centerlme Llghtmg 

It has recently been argued that optimum gudance would be 

obtamed from a centerlme system which gives a clear and unmistakable 

path to follow along the runway and tanway At McClellan AFB, however, 

centerlme llghtmg alone was found to leave somethmg to be desn-ed for 

high-speed turnoffs Lack of edge llghtmg caused pllots to be uncertam 

about amount of lateral space avallable to make a correctlon when the air- 

craft was displaced from the centerlme Smce the tests were llmlted m 

scope, only tentative conclusions were reached, It was recommended that 

experlmental mstallatlons be set up to more fully explore centerlme 

systems (TW2, GA.22) 

Centerlme systems have been used m Europe Spacmg of 

lights usually 1s not more than 80 feet on straight sections, with decreased 

spacmg at curves and mtersectlons By litternatmnal agreement, these 

lights are green to prevent confuslon with blue edge llghtmg systems 

(GA22) 
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An experimental centerlme system was Installed at a run- 

way turnoff at Indlanapolls m 1958 No formal evaluation reports are 

avaIlable 

Pamted Markmgs 

The natlonal standard for taxlway markmgs, as of 1953, 

reqmres a smgle contmuous yellow stripe along the centerlme of the taxl- 

way Where a taxlway mtersects a runway, the taxlway centerlme should 

be curved mto the runway centerlme (S25) 

At McClellan AFB, the most effective daytlme guidance was 

obtamed from a l-foot wide, yellow, reflectorlzed stripe on the centerlme 

Some feelmg was expressed that the stripe should be wder (TW2) 

Taxlway Signs 

As the network of runways and taxlways at modern alrports 

has become more complex, a more efflclent method of gmdmg the pllot to 

his alrport destmatlon has become a necessity m both day and mght opera- 

tlons At alrports wth control towers, signs have been used to supplement 

the controller’s mstructlons and to ald the pilot m complymg wth these 

mstructlons 

A 1952 Navy Department study on taxlway markmg and 

llghtmg favored use of Internally-llghted black signs wth translucent yel- 

low letters and symbols The reasons for this recommendation were 

maxmum contrast with other au-fleld light and obJects and maxlmum legl- 

blllty, especially under low vlslblllty condltlons The present natlonal 

standard spells out both of these requrements, m addltlon to standardized 

size, shape, lettermg, and locatlon Work done at TDC, IndIanapolls, m 

1952 on taxlway gudance systems apparently helped m establishment of 

these standards (TWl, TW3, C19, C47, C48, S8, S9, S12) 

Taxiway sign systems consist baslcally of two sign types 

destmatlon signs, which mdlcate the dIrectIon to tax1 to a partuxlar 
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destination on the alrport, and IntersectIon signs, which ldentlfy mtersect- 

mg taxlways and runways. Typical destmatmn and Intersection signs are 

Illustrated m Figure 20 

Component Development InformatIon 

A new gaseous-tube type of edge taxlway light, somewhat slmllar 

to one found adequate at LAES m 1949 has been experlmentally developed 

by the Port of New York Authority and has been installed at IdlewIld Air- 

port. These lights appear more desirable visually than the pomt sources 

of light umts currently used on taxlways. Verbal reports from Idlewlld 

mdicate that the light meets all visual requlrements. however, some 

breakage of the units has been reported. 23 (C12) 

Requirements for flush centerlme taxlway lights are the same as 

those stated m the sectlon on over-run flush lights, with the followmg 

addltlon 

(6) They must supply adequate candlepower with a blue or green 
filter. 

Two types of light umts have been proposed for use m centerlme 

taxlway systems. One 1s a round, gradually-shaped dome type light, the 

other a fluorescent bar type, A light which could be taped on the runway 

was used In the teats at McClellan AFB, however, these lights were con- 

sldered smtable for mterlm use only. The pancake light bemg developed 

by FAA probably will be sultable for taxlway guidance (AA5, TW2, C38, 

c39, C40) 

WADC reported that the dome-shaped light has met all reqmre- 

ments for Its Intended appllcatlon No operatIona results are yet avallable 

on the fluorescent bar type light, but It IS antxlpated that light output may 

not be sufficient at required vlewmg angles. (C40) 
23 

Douglas, op clt 
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A study from 1954 to 1956 on markmg of televlslon towers, con- 

ducted by the Air Coordmatmg Committee, establlshed certam speclficatlons. 

Smce 1956, however, little work has been done to develop lights which ~11 

meet these speclflcatlons Lights now bemg used to mark hazards and ob- 

structlons are apparently satisfactory for night use, but far from Ideal for 

daylight and twlllght condltlons Steady-burnmg red lights are used to 

mark obstructlons, the more hazardous of these bemg marked by red 

lights flashed approximately 40 times per mmute Markmg speclficatmns 

call for alternate red and white pamtmg (H2) 

Battery-powered hazard markers have been developed for Isolated 

hazards or emergency areas on the alrport Itself (HI) 

There 1s a dearth of operational test evidence on hazard markmg 

and llghtmg 
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The operatIona studies revlewed utlllzed a wde range of evalua- 

tlon and testmg practices At best, operatIona testmg 1s dlffxult, 

time-consummg and expensive Safety and economy stakes remam high, 

however, makmg It most compellmg that methods and procedures be used 

which accurately and reliably reflect the effectiveness of a proposed mark- 

mg or llghtmg design 

From the standpomt of economIca and sound testmg procedures, 

the survey has pomted up the need for more careful attention In the future 

to certam aspects of operatIona testmg, which are dlscussed m this 

sectlon 

Economy of Testmg 

An operational testmg program frequently can collect more than 

one type of data at little Increase m cost or time An oblectlve for each 

test should be to collect as much data as can reasonably be gathered with- 

out mterfermg wth sound data collectlon procedures This prmclple has 

two general appllcatlons testmg a proposed design’s effectiveness agamst 

more than Its primary function, gathermg mformatlon that ~11 be useful 

beyond the rejectIon or acceptance of a partxular design 

As an example of testmg a proposed design’s effectiveness agamst 

more than one crlterlon runway llghtmg can be evaluated not only for Its 

primary utlllty durmg flareout and landmg, but also Its secondary utlllty 

m provldmg guidance durmg the fmal stages of approach and takeoff In 

most Instances, test runs ~111 be made with alrcraft taking off from the 

same field at whxh landmg evaluations are bemg made 

The above comments should be Interpreted wth some caution In 

some mstances, testmg sltuatlons can be set up to produce a glut of data 
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which would ultimately t-2 stored, unanalyzed, and unuseful. Operationally 

meanmgful hypotheses should be set up before testmg, as should data re- 

ductlon and analysis plans All data collected should contrlbute to the 

acceptance or rejectIon of speclflc hypotheses of one sort or another 

Operatmnal tests are frequently conducted on prototype equipment 

The pllots partlclpatmg m the tests should be made aware that they are not 

seemg “the pollshed brass” Researchers must be careful to evaluate 

comments m light of this tendency Just as Importantly, researchers 

must be cautious In mterpretmg results, frequently a concept or pattern 

received a negative report which was attributed to the pattern or concept, 

when It appears likely that another variable, such as effective mtenslty, 

was the maJo= determmant of the negative report 

The high cost of operatIona testmg demands that testmg programs 

be set up to maxlmlze wlthm practical llmltatlons the mformatlon collected 

In a test In addltlon to provldmg mformatlon that can be used to reJect or 

accept a proposed design, operatIona. tests can be set up to generate feed- 

back mformatmn for equipment designers Thus, test results can be used 

to specify a set of functlonal design reqmrements which, even If they are 

not met by the hardware operatmnally tested, can be used to helpdeslgn 

future equipment which ~11 be acceptable 

Oblectlve Testing Standards 

Pllot “output” and “mput” performance measures are both essential 

Operational testmg wthout one or the other does not provide the firm over- 

all basis requwed for recommendations which necessarily Involve many 

lives and large expenditures of money 

Instrumentation 1s required which allows an obJectlve record to be 

made of attitude and flight path profiles durmg testmg In the long run, 

these performance “output” measures--flight path deviations, attitude 
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varlatlons, landing Impact force, actual point of touchdown, etc -- 

represent one of the two prx~~~ry crlterla These measures are 

obtauxble and have been used at such places as Natlonal Aeronautxs and 

Space Admunstratlon Ames Research Center and Air Force Flight Testing 

Center, Edwards AFB Use of such measures has been sporachc and in- 

complete in au-port marking and hghtlng operational tests 

SubJectlve reports of pilot opuuon are one type of “input” measure 

and have been used almost exclusively in operational tests Certainly one 

must take account of the “tranqulllty of splrlt” referred to frequently as 

one unportant requrement for an airport marking and hghtmg design But 

pllot “Input” must be defined more broadly to Include all types of pilot 

effort and strain Opuuon collection instruments can be refined in light of 

the knowledge whxh has accumulated in recent years on removing or 

accounting for bias and other such factors in opuxon measurement SpeC- 

lally designed lnformatlon collection Instruments can be used by trained 

observers for on-the-spot-ln-flight record taking (for other than single- 

place fighter alrcraft) as another measure of pllot “input” 

Comprehensiveness of Test Design 

Operational testing procedures must guard against systematuz 

biases and chance results Output and input measures can be expected to 

vary with aircraft performance characterlstuzs and structural factors 

such as cock@ vuublllty, pilot tranung and experience, both general and 

specific, auxlllary aids (electronx or others), weather condltlons, and 

many other factors 

It 1s virtually unposslble to test all possible comblnatlons of all 

factors However, a systematic testing program can focus on the values 

of factors that bracket the range of values that the factor can take For 

example, aircraft representative of particular extreme ranges of control 
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characterlstlcs might be used, Instead of alrcraft representative of all - 
control characteristics Caution must be exercised so that test pllots are 

representative of the pilots who will use the system, continued use of the 

same test pllots can lead to biased results due to their unusual famlllarlty 

with the system bemg tested In addltmn, of course, Inherently unsafe 

conditions can not be routmely programmed as a part of the testmg pro- 

gram But a factorlal design approach, as opposed to random or functional 

approaches, would Insure that test designs are comprehensive 

OperatIonal testmg m the past has been characterized m general 

by use of a relatively small number of pllots and only a few combmatlons 

of the many factors which potentially affect test results 

The Proper Role of OperatIonal Tests 

The cost of operational testing in the future can be expected to be 

higher due to proJected mcreases m complexities of alrcraft and opera- 

t1ons Care must be taken to see that as much prelxnmary screenmg of 

design proposals as 1s possible has been accomplished before the opera- 

tlons.1 test stage 1s reached The use of serm-operatIona screenmg 

techniques, such as simulators with visual presentations, should be m- 

creased These screens can weed out designs that appear to be sound on 

the drawmg board, but whxh have serious deflclencles m the operational 

situation 

In the past, a number of operatIona tests have been conducted on 

designs which were still bemg drastically modified durmg the testing pro- 

gram It 1s most dlfflcult to Justify the use of operational tests as a 

routme experImenta design procedure Operational tests properly should 

be considered as the last step before service lnstallatlon In this role, 

operational tests are vIewed as a provmg grounds for designs which have 

passed thorough analytic and semi-operational evaluations 

64 



Human Sciences Research. Inc 

The precedmg se&Ions have ranged over what “has been”, what “1s” 

and what “may be” in airport markmg and llghtmg operational tests As a 

summmg up, It may be useful to shift this emphasis A picture of what 1s 

likely to be actually installed today at a “typical” heavy traffic airport 1s 

described m this se&on, along with a rev~w of operatlonal tests currently 

underway 

Typxal Anport MarkIng and Llghtmg Installations 

Installation of airport marklng and lighting systems at service air- 

ports has not lmmedlately followed operational tests demonstratmg a 

system’s or component’s effectiveness There has been a built-in time 

lag due to budgetary limitations and attempts to resolve different oplmons 

of mterested groups Above all, there has been a phenomenal rate of in- 

crease m air traffic and In operations under mght and poor vlslblllty 

condltlons These factors have tended to widen the gap between what could 

be done, what had to be done, and what needed to be done The rapid 

development of high-performance alrcraft (which also Increased the dlverg- 

ence of total aircraft performance characterlstlcs that must be handled by 

a common system) has outmoded some systems before they were m wide- 

spread use The net result of all these condltlons has been an Irregular 

mstallatlon of marking and lightmg systems, makmg It dlfflcult to find 

more than a few airports with the same over-all system Needless to say, 

this situation has been the source of wldespread demands for standardlzatlon 

From a practical standpomt, one of the most slgmflcant contrlbu- 

tlons that can be made to the airport markmg and llghtmg system program 

1s a reduction m the tnne required between mtroduction of a design concept 

and Its acceptance or reJectIon The centerllne approach system was first 
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introduced 1” 1948 It was not made the natlonal standard until 1958 

Transmissometers. used to measure atmospheric transrmsslvlty, are 

Just now gettmg mto full use, but have been developed since 1949 A 

reduction in lead tmne can be expected through the use of more obJectlve 

operational testmg procedures recommended In the precedmg sectloos, 

masmuch as data should help resolve differences m opmlon 

One can expect to find the following at today’s “typical” heavy traffic 

amport. 

Beacon Alternate green and white flashes, 12 per mmute (Dual 
white flashes at military alrports 1 

Approach Lights. On instrument approach runways, and used only 
m poor vlslblllty condltlons short left-hand smgle red 
rows, extended runway edge white rows, or white centerlme 
approach systems. There were 14 natlonal standard (NSla) 
centerlme systems m operatmn m June 1957. a total of 89 
were planned for mstallatmn through 1962 Sequenced flash- 
ing lights were programmed for 36 centerlme systems by 
the end of 1958, a total of 83 of the 235 centerlme systems 
planned through 1962 are to have sequenced flashmg lights. 
(GA341 

Threshold Lights A contmuous or split row of avlatlon-green 
lights extendmg across the end of the runway 

Runway Marks White centerlme pamted m 120-foot stripes with 
80-foot spacmg White runway number Just beyond thres- 
hold Eight threshold lmes extending 150 feet down the 
runway Other markmgs vary considerably from alrport to 
amport 

Runway Lights White runway edge lights extendmg along both sides 
of the runway. 

Taxiway Marks Yellow contmuous centerlme 

Taxlway Lights. Avlatlon-blue (In some cases, yellow) edge light- 
mg along both sides of the runway 

Runway and Tamway Signs Vary conslderably from alrport to air- 
port 
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Ongomg OperatIonal Tests 

At the present txne, mayor emphasis 1s bemg focused on the 

f0110w1ng proJecta 

Beacons. The usefulness of beacons as visual alds for locatmg and 
ldentlfymg the active runway 1s bemg actively explored The 
more promlsmg of these appear to be approach-beacons 
recently tested at Arcata and soon to be further evaluated at 
El Toro, C&forma, and Oceana, Vlrgmla, runway-end 
ldentlflers (170-degree coverage) soon to be servxe tested 
at Norfolk 

Runway Lights. This 1s currently the area of most actlvlty The 
flush narrow-gauge system testmg at Dow AFB 1s approach- 
mg an end A narrow-gauge system 1s bemg mstalled on a 
runway at IdlewIld, Floodllghtmg 1s bemg tested at Wash- 
mgton Natlonal Alrport. Both narrow-gauge high mtenslty, 
“pancake” medmm mtenslty, and floodllghtmg systems ~111 
be further evaluated at NAFEC, Atlantic City Centerlme 
“button-1lghts” for runway roll-out guidance were also m- 
eluded m the Dow AFB mstallatmns and ~111 be further 
tested at NAFEC 

Runway Markmg Materials Experiments and tests of runway mark- 
mg materrals, mcludmg retro-reflective pamts, are 
currently under way at Washmgton Natlonal Alrport 

Taxlway Lights New edge lights are bemg service tested at Idle- 
wild Centerlme (flush) taxlway lights are bemg evaluated 
at IndIanapolls and probably ~111 be further tested at NAFEC, 
Atlantic City 
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F’hght Mode Analysis of AML. Funchons 

The survey of operational test results presented m the precedmg 

chapter was orgamzed around hardware systems and components. In this 

chapter, focus shifts to functions served by the AML system. The analy- 

81s 1s presented by fhght modes, which are logically related portions of 

the pllotls tasks m air and ground movement mvolvmg use of the AML 

system Modes are chscussed m the followmg order 

Imtial Approach WFR)--lnclud~ng entry mto traffic pattern 

Cmclmg (VFR)--mcluchng downwmd and base legs 

Fmal Approach- -VFR and IFR. 

Flareout and Landmg- -mcludmg runway rollout. 

Turnoff and Tammg 

Takeoff 

A brief discussion on total AML system functlonmg 1s presented last 

The analysis for each mode consists of the followmg parts 

General Pilot Task Descnptlon. Brief statements are made re- 

gardmg those parts of the pilot’s task mvolvmg the AML system These 

statements are not meant to cover all of the pilot’s tasks m the flight - - 
ITlode For example, his systems’ management tasks (e g , hydrauhc, 

ml systems) and amcraft configuration tasks (e g , operatmn of flaps, 

spoolers, landmg gears, speed brakes) are not Included These tasks 

have lmplxatlons for the AML system to the extent that they place time- 

sharmg demands on the pilot, which m turn place a general requirement 

on the AML system to promde easily and quickly Interpretable mforma- 

tlon to the pilot Our focus 111 this part of the analysis 1s to fmd what 

mformatlon must be presented and how this rmght be best accomplished 
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To the extent possible, task statements have been made as broad 

as possible m order to cover different variants of the task Introduced by 

different types of alrcraft and operatmg procedures The statements are 

based on literature descrlbmg the pilot’s tasks analytlcally and mtervlews 

with commercial and rmlltary pllots The mterested reader 1s referred 

to Techmcal Note 2 for a general technical analysis of the nature of the 

pilot’s task formulated durmg the present study 

Information Pilot Requires from AML System. Statements m this 

part of the analysis form the standard agamst which the adequacy of the 

AML system was evaluated m this study The mformatlon requirements 

were formulated on the basis of a dlstillatlon and synthesis of all opera- 

tlonal test and analytic literature, as well as mtervlews with commercial 

and mllltary pllots Followmg logically from task descrlptlons, the hst- 

mg IS restrlcted to mformatlon the pllot typically recedes from sources 

external to the cockplt The Interested reader 1s referred to Techmcal 

Notes 3 and 4 for a general analysis of the basic mformatlon requirements 

for flight control and the kmds of basic v~ual cues typically utlllzed as 

sources of information 

Inasmuch as mformatlon requirements represent the keystone of 

the analysis, these statements of mformatlon requirements have been 

phrased, not m terms of characterlstlcs of the AML system or other 

sources of mformatlon, but rather m terms of the information content the 

pilot requires To get this mformatlon, he ~111 frequently need to make 

Judgments based on what he sees, but It 1s the mformation which he re- 

qulres, not some particular visual cue. Thus, distance to the threshold 1s 

listed as the requirement and not visual defmltion of the threshold The 

latter 1s too restrlctlve m the sense that It refers to an external visual 

cue that may some day not be required as a basis for the pllot to make a 

dtstance Judgment Distance to the threshold might conceivably be given 

to him by another source of Information, such as the mdlcator provided 
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with Distance Measurmg Equipment (DME) &splays One can see how 

phrasmg functional requirements In terms of external visual cues places 

restrictions on lmagmatlve research and development 

The precedmg dlscusslon leads mto another crltlcal dlstmctlon 

which must be kept in mmd throughout the entire chapter The light 

reflected or ernltted from an obJect at once typically gives the pllot mfor- 

matron about the nature of the obdect, 1 e , identlficatlon of what it is, 

and mformatlon about the relatlonshlp of the pilot to the object, 1 e , 

guidance for flight control Some patterns of marks and lights provide 

these two kmds of mformatlon better or more poorly than other patterns. 

Each type of mformatlon 1s important to the pllot at various tn-nes There 

has been a tendency durmg the historical development of the AML system 

to focus on the ldentifxation function of light and to accept the relatlonshlp 

fun&on as given and dependent upon the “natural” ability of pilots 
24 

A fmal pomt regarding mformatlon requirements 1s related to 

both of the precedmg considerations There are three general ways m 

which the AML system can provide guidance to the pllot 

(1) The AML system can hlghllght “natural” visual characterls- 
txs or provide substitutes to help the pllot make better 
Judgments A Outllnmg the edges of the runway so that they are 
more easily seen helps the pilot make better distance and 
height Judgments on the basis of apparent changes in the size 
and shape of the runway. This has been the conventIona 
approach to alrport markmg and llghtmg 

24 
Because Judgments are involved, accidents mvolvmg faulty judgments 
are frequently attributed to pilot error The lmpllcation 1s plain that 
the pilot should have done better, that It was wlthln his capabllltles to 
have done better While thx labelmg 1s true to the extent that a poor 
Judgment may have been Involved, the Important pomt 1s that the poor 
judgment, m the absolute sense, may have been the best one that the 
pllot could have made, given the visual cues provided him and the 
hmlts of Ins “natural” ablhty Better ways to do the former, and rec- 
OgnltlOn of the latter, should lower the accident rate and go far toward 
reducmg the accidents currently labeled as pilot error The Interested 
reader 1s referred to TechnIcal Note 5 for a rhscusslon of the lmplica- 
tlons of accident data for AML systems design 
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(2) The AML system can change the nature of the Judgment the pi- 
lot has to make by provldmg lnm with a more easily Interpreted 
visual slgnal mcorporatmg standard and error mformation 
The angle of approach mdlcators represent developments of 
this type It 1s easier for the pilot to make a Judgment about 
bemg on, or off, course on the basis of color dlscrlmmatzon or 
separation of two visible bars of light than to have to Integrate 
height and distance judgments and to compare his final Judg- 
ment about his glide slope agamst a standard of what it should 
be stored in his memory 

(3) A third optlon 1s for the AML system to provide control mfor- 
mation directly by visual means. This has not been attempted 
to date It 1s slmllar in concept to the steermg informatlon of 
flight dlrector cockpit displays and to many functions performed 
by the Navy Carrier Landmg Signal Officer (LSO). 

The statements of mformation requirements U-I this chapter have 

been formulated In such a way that they ~111 be most useful for research 

and development m the first two options llsted above, but also serve as 

useful anchors for research and development withm the third optlon 

Agam, requirements have been formulated for the general case in 

the sense that a particular operatmg procedure used by a particular avia- 

tlon group (such as private alrcraft owners) that requires special 

mformatlon has not been Included These kmds of conslderatlons are 

treated m the Dlscusslon under each flight mode as appropriate 

Fmally, It should be noted that this part of the analysis does not - 

l~.t requirements other than those based on the pilot’s information needs, 

nor does it include statements about what the AML system should not do - 

It 1s recognized that such factors as cost, ease of mstallatlon and mainte- 

nance, and safety are Important crlterla Also, It 1s crltlcal that the 

AML system should not Interfere with snow removal procedures or equip- - 
ment, produce glare, or In other ways be mcompatlble with other re- 

qulrements and conslderatlons Focus m the analysis 1s on what the AML 

system should do positively for the pilot 
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Exlstmg AML System Sources of Informatmn. There are two 

categcmes in this part of the analysw The first category, Deslgned for 

Reqmrements, lists those AML systems and components which have been 

developed speclfxally to meet one or mm-e of the flight mode mformatmn 

requlreme"ts The category Includes the present natmnal standard and 

prmr systems St111 1" existence. Other Visible Sources, the second cate- 

gory, lists those characterlstlcs of visible obJects which are present m 

the operatmnal sltuatmn to some degree and which can be used as a source 

of mformatmn by the pllot, although not speclflcally developed or deslgned 

for that purpose 

“Sources of Informatmn”, as used m the title of this part, refers 

to an object, or Its characterlstlc, whmh provides the pllot with a visible 

basis (cue) for making the visual-perceptual Judgments mvolved m con- 

trolling his arcraft 

Relevant AML Components Under Development Thw part lists 

those AML systems or components which are bemg deslgned or evaluated 

speclflcally to meet one or more of the flight mode mformatmn 

requirements Information for this part of the analysis came from the 

operational test and analytic literature, as well as from mtervlews with 

personnel engaged m on-gomg research m clvlllan and military agencws. 

Summary of Reported Pllot Problems In this part of the analysis, 

problems currently bemg experienced by pllots usmg the exlstmg AML 

system are presented briefly Problems were identlfled through 

mterviews with commercml and mllltary pllots This part serves to 

supplement and hlghllght the operational test evidence on the AML system 

presented in Chapter II. 

Dlscussmn Each flight mode mformatmn requmement 1s dls- 

cussed m terms of how well the existing AML system 1s meeting that 

requirement Problems reported by pilots and ldentlfied m operatmnal 
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tests on the exlstmg system are used as focal pomts of the dlscussmn. 

Possible solutmns to the problems are discussed m light of operatmnal 

test evidence on AML system components under development, applicable 

human factors research data, and suggestions made by Interested ama- 

t1on groups 

Recommended Research and Development. The fmal part of each 

flight mode analysis lists research and development proJects which seem 

compelling on the basis of the flight mode analysis Generally speakmg, 

the prodects recommended fall mto three categcmes basic analytic 

studies or development of components, semi-operatlonal evaluatmns, op- 

erational or service tests 

It should be noted that recommendatmns for research and develop- 

ment are made primarily from a pllot mformatmn requirements viewpomt 

Each suggestion IS phrased m terms of Its obJective from that viewpoint. 

The llstmg 1s not meant to spell out the research or development proJect 

in detail. It IS assumed that relevant reports contained m the Techmcal 

Append= to thw report would be reviewed as a matter of course by those 

planning any of the research projects m detail 
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General P&t Task Descrlptmn 

Locate alrport and fly toward It 

Locate duty runway and fly to traffic pattern entry pomt 

Informatmn PIlot Reqmres from AML System 

Identlfwatlon of alrport 

Identlhcation and orientation of duty runway 

Exlstmg AML System Sources of InformatIon 

Designed for Requirements 

Beacons 

Other Vlslble Sources 

Characterlstxs of Azport--Day 

(1) Color or brightness contrast between airport 
area and surrounding area 

(2) Contrast in terrain features between airport 
area and surrounding area (relative absence 
or presence of man-made structures, such as 
i;;lldmgs, and natural features, such as hills 
and trees) 

(3) Color or brightness contrast between runway 
and surrounding airport area 

(4) Runway markings 

(5) Presence of bulldings typlcally associated with 
airports (e g , hangars, tower) 
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Characteristics of Airport--Night 

(1) Threshold and runway edge lights 

(2) Illurmnation of hangars and other airport 
bulldlngs 

(3) Contrast ln llghtlng between alrport and 
surrounding area 

Relevant AML Components Under Development 

Approach beacons on extended runway centerline 

Runway ldentlfication lights (170-degree coverage) at threshold 
corners of runway 

Runway - end identifiers (30-degree coverage) at threshold 
corners of runway. 

Circling guidance lights along edges of runway. 

Summary of Reported Prlot Problems 

It is dlfflcult to ldentlfy some alrports during both day and rnght 

operations because they are not dlstlnct from their surrounding areas 

Present civil beacons are frequently indlstlnguishable from flashing lights 

of supermarkets, drive-In restaurants and sxnllar advertlslng signs 1” a 

city 

Identification of the duty runway 1s very dlfhcult, both ln day and 

mght operations In the day, black-top runways blend with surrounding 

terrain. At night, runway lights and other airport lights blend with city 

street and parklng lights as, for example, at Chlcago Midway 

The new beacon lamp tested at Wright-Patterson AFB should U-I- 

crease the maxxmun dxstance and altitude at which beacons are vlslble, If 

umtalled at civil airports (C36) 
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It 1s apparent from discussions with pilots and researchers, how- 

ever, that at certam airports, the present beacon alone does not provide 

sufficient alrport ldentlflcatmn mformatmn It 1s doubtful whether 

further re-design and development of beacons themselves would help, 

because the problem seems to be less one of beacon conspicuousness than 

alrport area conspicuousness Durmg day operatmns, there does not 

seem to be enough color or brightness contrast between the airport area 

and the surroundmg area at a number of airports At night, the beacon 

and other alrport lights are “lmbedded” amon city lights at some air- 

ports No operatmnal evidence was found which conflicted with pllot 

reports of this problem 

The same problem seems to exist with ldentificatmn of the duty 

runway Durmg the day, there 1s frequently insufficient contrast between 

runways and surroundmg airport terram One study shows that m many 

cases, instrument-measured contrasts of runway surfaces to the surround- 

mg area were less than 0 05, which is commonly accepted as the contrast 

threshold applxable to service conditions When one considers that glare 

and wmdshleld diffraction can even further reduce the contrast figure, 

the basis for reported pllot problems m runway ldentificatmn is clear 

Even with the best contrast measured (white concrete agamst dark earth), 

the runway in day haze was not vlslble until the measuring alrcraft had 

approached to wlthm a l/2 mile when meteorologlcal visibility was re- 

ported to be 1 mile (TV16) 

At mght. threshold and runway lights are not very useful, partic- 

ularly at city-area axports Their beams are dlrected so that maximum 

mtenslty falls along the approach path and runway centerline, respective- 

ly, thus, even m non-&y areas, the utlllty of these lights to pilots of 

axcraft m any other locatmn 1s mmlmal In city areas, these lights 

are agam “lmbedded” and difficult to detect in off-axis approaches be- 

cause of low mtenslty settmgs (to prevent excessive glare when the pllot 

1s in the mam beam) 
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What tends to solve the runway identlficatlon problem at mght may 

solve the amport ldentlfmatlon problem also. Lookmg at runway identi- 

fication for the moment, the use of either approach beacons or runway 

identlfmatlon Rghts (or both) in night operations would form, with the air- 

port beacon, a-pattern of flashmg lights From a human factors 

standpomt, this pattern of flashmg lights would be more easily detected 

by pllots, whether or not “lmbedded” m city lights at night, than 1s the 

airport beacon alone. Because of narrow beam width, the proposed con- 

denser discharge lamps at the threshold corners of the runway are not 

as satisfactory as the approach beacons or runway identification lights 

(HF47) 

Durmg day operations, contrasts between runway and surroundmg 

terram, already demonstrated to be madequate alone at many amports, 

would be supplemented If the approach beacons and runway identifmation 

hghts are used. At mght, partmularly when thought of 111 combination with 

clrclmg guidance hghts (see next sectlo”), the total pattern of flashing 

lights should readily ldentlfy the duty runway for pilots m the mrtial 

approach When considered m combmatlon with the airport beacon, the 

same patternmg of flashing lights should readily identify the airport with- 

out the necessity of relymg on the inherent contrast between the alrport 

area and surroundmg terram (At longer distances, thm mherent contrast 

IS not readily visible m the first place due to the apparent bluish hazing by 

atmospherm transmlsslvlty conditions ) It should be recogmzed that lights 

m general ~111 be useful durmg day VFR operations when visibility condi- 

tlons are margmal (e g., haze, dawn, twlllght), m bright daylight, the 

effective mtensrty required to overcome surround brightness would be most 

dlffmult to attam 

Although colored lights could be used to code identifmatlon mfor- 

matlon, the loss of effective intensity due to color filters makes a 

solution of thm sort prohibitive m cost In addition, there are no 
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slgmflcant haze or fog-penetratmg differences among the colored lights 

For this reason, all of the suggested designs use white lights (TV15, 

TV33) 

Of course, operatmg high-Intensity approach lights with strobe- 

beacons In day VFR condltlons might accomplish the same result, and has 

been suggested From another conslderatlon, namely, gainmg famlllarl- 

ty wth the approach light system durmg final approach and thus mcreasmg 

transfer of trammg to mght and IFR operations. this solution is pre- 

ferred. But for purposes of uutlal approach, this would be a fairly costly 

solution and would be useful only where Installed on IFR runways The 

use of approach beacons and/or runway ldentlficatlon lights 1s relatwely 

mexpenslve 

Pllots frequently have cwxmvented the awport area and runway 

ldentlflcatlon problem by learning the relatlonshlp of other landmarks to 

the alrport and runway At Melbourne, Australia. for example, an area 

of white sandy beach bordermg a fairly large water ml& adJoIns the aw- 

port area. Pllots use the “white beach” as their alrport identification 

Cue The same kmd of process 1s used by pllots for ldentlfymg (and thus 

orlentmg their au-craft to) the duty runway 

If It 1s consldered too costly to operate lights as described m pre- 

cedmg paragraphs durmg day operations, or If mtensity settings feasible 

are not adequate, pllot practices pomt to an alternate solution. Airport 

bulldmgs could be pamted so as to provide maximum contrast with buld- 

mgs and terram m the surroundmg area for alrport ldentlhcation. There 

would be no “operatmg” costs, as such, with such a solution, but imtial 

cost and mamtenance might Introduce serious cost problems 
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Recommended Research and Development 

It 1s recommended that operational tests be conducted on the 

Natlonal Bureau of Standards (NBS)-developed approach beacons and run- 

way ldentlficatlon lights These designs should be tested both agamst 

each other and In combmatlon In both mstances, they should be tested 

alone and with circling guidance lights. 

It 1s further recommended that the tests be concerned with the 

effectiveness of the designs m provldmg both alrport and duty runway 

identlficatlon during both day and night operations For this reason, If 

tested at the Natlonal Aviation Facilities Experimental Center (NAFEC), 

and found acceptable, the designs should be subJected to an early service 

test at a city-area airport, such as Chicago Mldway, before being fmally 

accepted. It is not consldered necessary to use a wide variety of test 

alrcraft, effectiveness of the ldentlflcatlon (and thus location) function of 

the AML system would not be expected to vary sigmficantly because of 

different au-craft performance characterlstlcs 
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General Pilot Task Descrrpbon 

Fly downwmd leg parallel to and at prescribed distance from duty 
runway 

Innlate, mamtam, and roll out of base leg so that resulting posl- 
tlon is allgned with extended runway centerlme at proper altitude 
for mltlatmg approach 

Informatton Ptlot Requues from AML System 

Changes and rates of change m 

Orlentatlon to duty runway durmg downwmd and base legs 

Dmtance from runway edges durmg downwind leg. 

Distance from threshold durmg base leg 

Exlstmg AML System Sources of Informanon 

Deslgned for Reqmrements 

(1) Runway lights 

(2) Threshold lights 

(3) Runway markmgs 

Other Vlslble Sources 

Characterlstlcs of Alrport- -Day 

Color and brightness contrast between runway and 
surroundmg area 

Characterlstxs of Alrport--Night 

Miscellaneous alrport lights (e. g , ramp lights) 
havmg a known relatlonshlp to duty runway 
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Relevant AML Components Under Development 

Clrclmg guidance lights along edges of runway 

Approach beacons on extended runway centerline. 

Runway identification lights (170-degree coverage) at threshold 
corners of runway 

Condenser discharge lights with baffle (30-degree coverage) at 
threshold corners of runway 

Summary of Reported Pilot Problems 

Pilot problems durmg tlus mode are closely related to those re- 

ported for the Initial Approach mode. At many airports, the lack of 

brightness contrast between the runway and surrounding alrport terram 

leads to a lack of defmltlon of the runway durmg day operations Inasmuch 

as pilots typically “trail” the runway edge with some referent on their 

aircraft (e g , wmg tip, side wmdow structure) for dlrectlonal guidance, 

this lack of deflmtmn leads to an irregular downwmd flight path and forces 

the base leg to be “tighter” or “looser” than the pllot desires. Distance 

Judgments are based on apparent SEX and shape of the runway, and lack 

of defimtlon of the runway edges makes this Judgment more dlfflcult With 

blurred edges, actual distances are likely to be overestlmated, leading to 

“tight” downwmd and base legs (HF19, HF36, HF37) 

Durmg mght operations, runway lights are reported by pilots to be 

of mmlmal dlrectlonal or distance guidance assistance during the down- 

wind leg because of having narrow beam widths and being “lmbedded” 111 

city and alrport lights The same Irregular downwmd flight path results 

The green threshold lights do not serve effectively as “anchors” 

for Judging when to mitiate and roll out of the base leg, probably because 

of narrow beam widths. This leads to missing the extended runway 

centerlme on the first roll-out attempt and the necessity for making flight 
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path correctmns durmg the early part of the approach when corrective 

maneuvers should be decreasmg A recent fatal airline accident was 

attributed to a stall condltmn resulting from a vmlent corrective maneu- 

ver after the aircraft had “overshot” the runway centerline rolling out 

of the base leg. 

There 1s no operatmnal test evidence on the existing AML system 

for this mode because no component now m use has been deslgned speclf- 

lcally for guidance within this mode 

The operational test evidence with respect to developmental circ- 

lmg gmdance lights has been favorable in all cases The only mqor 

deflclency found has been, again, that the lights tended to get lost among 

city lights m urban-area airports. although testing condltmns were not 

optimal when these observatmns were made This result, however, 1s 

an ldentiflcatmn problem primarily and may be resolved when circlmg 

guidance hghts are used m ccqunctmn with approach beacons and/or 

runway ldentlficatmn lights The pattern brobably would be visually com- 

pelling enough to ldentlfy the runway guidance lights 

Another possible solution would be a shorter spacmg (1000 feet 

has been used m operatmnal tests) between lights. This would provide a 

more contmuous mdlcation of the runway edge, with the “line” as a whole 

being easier to detect 

From a human factors viewpomt, either of the above solutmns 

would be more desirable than mcreasmg the umt mtenslty of the lOOO-foot 

spacmg arrangement. The problem 1s primarily one of pattern detectmn, 

in this case, the runway edge pattern, Brighter lights would not be ex- 

pected to be significantly easier to detect from among competmg lights m 
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t inch they are “unbedded”, unless perception of a pattern 1s enhanced It 

probably would be prohlbltlve m cost to accomplish this pattern Improve 

ment by mm-eases m light mtenslty alone 

By the same reasonmg, mcreasmg the beam widths of the cmcllng 

gudance lights would not be expected to mm-ease their detectablllty under 

“lmbedded” condltmns Such an mcrease might mcrease the “regmn of 

gudance” which such lights could service. The mmunum beam width re- 

quired should be based on servuxng typlcal entrance pomts on the downwind 

leg to the pomt at which the base leg 1s typically mltlated To the extent 

that more lights would be vlslble from a given pomt on downwmd leg, then 

pattern perceptmn would be enhanced and dlrectmnal guidance unproved 

Agam, the operation of high-mtenslty approach lights with strobe- 

beacons might solve the downwmd and base-leg gudance problems III day 

VFR operations. but them use 1s dlfflcult to justify economically In 

addltmn, day use of strobes has been reported to be dlsturbmg by pllots m 

the fmal approach stage 

The above analysis applies prlmarlly to mght operatmns, but cmc- 

lmg guidance lights also would provide guidance durmg the downwmd leg 

m margmal VFR day operatmns ab well Combmed with the turntables of 

beacons and/or threshold beacons, It 1s probable that adequate gmdance 

durmg the entire clrclmg mode would be avallable 

The 3-foot side stripes (70 feet to &her side of centerlme) current- 

ly specified m the natlonal standard for all-weather runways might be used 

on all runways to increase the conspicuousness of the runway shape m good 

VFR day operations. For this marklng solution, It would seem that the 

turntables of beacons, threshold beacons, or some such slnnlar runway 

ldentifuzr would be required to ald the pllot to locate the duty runway edge 

:n nlargmal VFR day condltlons. The adequacy of any such runway mark- 

mgs 1s open to questlon, however, particularly durmg mmunum VFR 
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conditions, because of the large slant range (distance) between the p&t 

and runway--l/Z to 2 l/2 miles--dunng the downwmd and base legs But 

paint 1s relatively InexpensIve and the width of stripes could be Increased 

m order to Increase their conspxuousness Serious conslderatlon should 

be given to more liberal use of paint for edge stripes, a relatively unused 

portlon of the runway IS involved, thus mamtenance would not be as large 

a problem as it 1s with centerlme stripes and markings on heavily-used 

portions of the runway, High color contrast with each aIrport’s runway 

surface and surrounding terram should be a guide for selecting colors, 

standardlzatlon of color 1s less Important than high contrast, Such con- 

tour outlmmg would be useful m the imtial approach mode, as well as the 

circling mode, by assistmg the pllot ln locatmg runways 

Pllot practices at alrports where cxcling guidance 1s poor, due to 

either poor runway-alrport contrast or low vlslblllty, afford some m- 

terestmg mslghts. At Baltimore FrIendshIp InternatIonal, for example, 

the orlentatmn of Runway 15 to the Calvert dlstlllery complex has led to 

the (visual) use of the distillery for dlrectmnal guidance durmg the down- 

wmd and base legs--the “Calvert Distillery Approach” At New York 

LaGuardla, the “Rlkers Island Approach” to the main north-south runway 

1s so-named because of the use of the Island Itself, and a tall tower and 

prison bulldings on the Island, as dIrectIona cues durmg the base leg 

In short, pilots make heavy use of tall bulldmgs, water towers, and other 

conspicuous non-alrport cues for required guidance 

The basis for the use of these non-alrport cues 1s probably broader 

than the inadequacy of runway-alrport contrast -41though no human fac- 

tors research data are available, It seems reasonable to belleve that 

flying a straight path m a given dlrectmn is easier when the VWXMI -ue 

bemg used 1s along the path of movement, rather than off to the side In 

the former Instance, a flight path can be gun-slghted on a target, m the 

latter, continual parallel Judgments must be made, typlcally on the basis 
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of the apparent size, shape, and edge of the runway and the apparent 

position of the runway edge with respect to some part of the aircraft’s 

structure. 

The analysis m the precedmg paragraphs suggests that markers, 

perhaps lights, patterns of lights, or cleared areas with paint for con- 

trast, strategically placed on the extended downwind path ahead of the 

pllot might provide downwmd leg dlrectmnal guidance by servmg as 

targets. This could lead to an mcrease in VFR traffic acceptance rate 

at high-density airports at whmh a variety of performance characteris- 

tms are involved in the air traffic load Slower alrcraft would fly a 

tight pattern and faster alrcraft a loose pattern, both patterns bemg set 

by the “targets” ahead of the p&t during the downwind leg. This is 

smnlar In prmclple to the final approach entry technique used by con- 

trollers for IFR traffic, alrcraft are brought on to the fmal approach 

heading at various distances from the runway Presumably, this tech- 

mque would still mvolve rotating turntables or threshold beacons for 

base leg guidance. The problem of target lights bemg “embedded”, and 

thus dlfflcult to Identify and locate, would need to be consldered care- 

fully. Also, day use of hghts probably would be restrmted to margmal 

VFR condltlons, m good dayllght condltmns, lights would be difficult to 

detect. 

Recommended Research and Development 

It 1s recommended that operatmnal tests be conducted on the run- 

way clrclmg guidance llghts of the single-fixture type developed recently 

by NBS Specml attentmn should be sven to determinmg optxnal distance 

between umts and optimal beam width settmgs 

It 1s further recommended that these tests be conducted in conJunc- 

tion with the recommended operatlonal tests on use of approach beacons 
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and runway ldentlflcatlon lights for Imtlal Approach mode guidance As m 

that Instance, If found acceptable at NAFEC, the lights should be sublet- 

ted to an early servxe test at a city-area alrport before final acceptance 

Conslderatlon should be given m the testmg to usmg different traffic pat- 

tern techniques 

It 1s further recommended that an analytic feaslblllty study be made 

of downwmd leg “markers” such as described In the Discussion Special 

attention should be gwen to utillzmg different-sized traffic patterns, per- 

haps at different altitudes, for different classes of alrcraft as a means for 

mcreasmg airport acceptance rates of VFR traffic 
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General Pilot Task Descrlptlon 

Imtltlate descent at proper distance from runway to set up an optimal 
approach angle to flare-out pomt. 

Mamtam proper attitude and air speed m order to mamtainoptlmal 
approach angle and rate of closure mth runway. 

Reduce power at proper distance for optimal touch-down air speed 

InformatIon Pilot Requnes from AML System 

Identification of duty runway approach area. 

Distance to threshold when threshold not visible. 

Changes and rates of change in 

Distance between intersection of glide path with runway and 
aircraft--closure (a fun&on of elevation (height), smk rate, 
and ground speed). 

Attitude of aircraft--pitch, roll, and heading-lme of flight 
coordination. 

Glide path (direction of tight path). 

Displacement laterally from extended runway 
centerkne. 

Displacement vertically from optimum approach 
angle with runway--ghde slope (a function of 
elevation). 

Exlstmg AML System Sources of InformatIon 

Designed for Reqmrements 

IFR Approaches 

(1) Configuration “A” Approach System, with 
sequenced strobebeacons. 
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(2) Short single row of red hghts on extended left 
edge of runway 

(3) Rows of whte lights on extended edges of run- 
way. 

(4) Threshold lights (green) 

(5) Runway edge lights (white). 

VFR Day Approaches 

(1) Runway markmgs 

Threshold marks 

Centerline stripe 

&de stripes 

(2) Navy Mxror Landmg System--AIrcraft Carrier 
Approaches. 

VFR Night Approaches 

(1) Approach lights, where installed onIFR runways 

(2) Threshold hghts. 

(3) Runway edge lights 

(4) Navy Mirror Landing System--Aircraft Carrier 
Approaches 

Other Vlslble Sources 

IFR Approaches 

Depends upon meteorological vlslblllty condltlons 
Ground hghts and texture can be the only sources 
present m mlmmum vlslblllty condltlons. As vlsl- 
blllty Increases, more of the sources llsted below 
for VFR flights become useful 

VFR Day Approaches 

(1) Color or brightness contrast between runway 
and surroundmg terrain. 

(2) Approach area ground texture (e.g., small 
shrubs, trees) 

(3) Runway surface texture, including tire marks 
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VFR Night Approaches 

(1) Taxlway lights. 

(2) Approach area ground texture If landing lights 
are used. 

(3) Mmcellaneous airport hghts havmg known rela- 
tion&p to duty runway 

Relevant AML Components Under Development 

Angle of approach mmcators 

(1) Two-color split beacons 

(2) Double-bar. 

Flush lights in runway surface. 

Floodlightmg of runway surface. 

Approach beacons on extended runway centerline. 

Summary of Reported Pllot Problems 

LFR Approaches 

The most persistent problem mentioned in pilot inter-news 

centered around mtensrty of approach llghtmg, mcluding strobebeacons. 

Glare and very high background bmghtness durmg latter portlons of the 

approach have been frequently experienced, particularlym ramy or snowy 

conditions. This glare and high background brightness ruined dark adapta- 

tion and led to later problems during flareout and landing. 

Some pilots expressed a desire for having approach light 

intensities &mmed and strobebeacons CI t off after imtial contact Others 

felt that timmmg lights led to another problem. These latter pilots 

believed they were usmg apparent brightness of the approach light bars as 

a cue to height Judgments. Accordmg to tms lme of thmkmg, a &mmmg 
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of lights would lead to a visual perceptlon of an Increase m height when 

III fact such an increase would not have occurred 

VFR Approaches--Day and Night 

At a number of airports, the lack of dlstmct landmarks 

makes distance Judgments difficult THIS in turn affects proper lmtlatlon 

of the fmal approach and the mamtammg of optimal glide path. Ralelgh- 

Durham and Savannah were mentloned as typlcal of alrports where this 

condltlon exists 

Irregular terram m the approach area increases the dlfh- 

culty of makmg elevation Judgments, with resultant effects on malntalmng 

an optimal ghde path and landing at the proper place on the runway The 

Wilkes-Barre airport represents an example of this type of problem. 

Related to this, Bmghampton, New York, Arcata, Callforma and Charles- 

town, West Vlrgmla alrports were mentioned by alrlme pilots as examples 

of alrports on+-hlll, making above-runway elevation Judgments most 

dlfflcult 

Wlthout a doubt, gmdance durmg the final approach fhght mode has 

commanded more research, development, study and comment during the 

last two decades than any other function of the alrport marlung and llghtmg 

system This primarily can be accounted for by two factors an Increase 

m mght and poor-weather flymg, and the crlticallty of errors of Judgment 

durmg this phase with higher-performance alrcraft 

In the dlscusslon that follows, IFR and VFR approaches are treated 

separately, although basically the pilot’s mformatlon requrements are 

the same This is necessary because the differences In vunblllty condo- 

tions place qmte different requirements on the positlomng and lntenslty of 

marks and lights for the two types of approaches As might be expected, 
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markmg and llghtmg problems turn out to be quite different for the most 

part. Because Configuration “A” with sequenced strobebeacons 1s the 

current national standard, the dlscusslon on IFR approaches uses that 

pattern as a startmg pomt. 

IFR Approaches 

One of the more crltxal problems In designing llghtmg 

systems for the IFR final approach flight mode concerns posltlomng light 

umts correctly and operating them at proper mtensltles. The pllot must 

see enough lights, at a distance far enough away from the GCA or ILS 

Intended touch-down pomt, to give him txne to properly use the visual 

mformatlon provided by the lights. Much attention has been given this 

problem by natmnal and mternatlonal pllot and transport groups, as well 

as researchers. 

The approach area boundarles m which the pilot should re- 

celve required mformatlon has been labeled the “region of gudance” and 

Its dlmensmns generally determme posltionmg and mtenslty of approach 

lights. Determmatlon of the region of gudance 1s based on 

(1) ILS or GCA accuracy 

(2) Alrcraft and pllot response time characterlstlcs for 
makmg corrective maneuvers. 

(3) Aircraft landing procedures 

(4) Cockplt vlslblllty restrlctlons. 

These determmants of posltmnmg and mtenslty of approach 

lights, as well as consldzratlons of transmisslvlty measurement, are dls- 

cussed more fully m Techmcal Note 6 Although the prunary concern of 

this analysis 1s more in the direction of optxnal visual cue patterns, the 

subject of posltlonmg and mtenslty was considered quite crltxal. It 1s 

Included as a Techmcal Note in order for the report to provide cor.prehen- 

slve coverage of alrport markmg and llghtmg problems, 
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The Use of Strobebeacons 

The use of sequenced strobebeacons with Config- 

uratlon “A” approach lights 1s still a subject of natlonal and mternatlonal 

debate Umted States pllots consistently report a preference for strobe- 

beacons The issue seems to be centered on the attention-gettmg value of 

strobebeacons m low vlslblllty condltlons, smce most pilots lntervlewed 

dlscounted them value for promding dmectlonal guidance (displacement 

laterally from extended runway centerline) after transltmn from mstrument 

to visual flight control 1s made It ~111 be recalled from the summary of 

reported pllot problems that a number of pllots expressed a desire to have 

strobebeacons turned off after visual contact is made. The 14-foot approach 

light bars are evidently quite satisfactory for lateral displacement guidance, 

and most pllots mtervlewed prefer to use them Instead of the sequenced 

strobebeacons 

It has been suggested that pllots feel strobebeacons 

are more conspicuous than approach lights because of differences m beam 

width and angle at which the highest mtenslty of approach-light beams are 

set While the observations about beam width ati dIrectIon may be valid, 

the weight of human factors evidence favors flashmg lights over steady 

lights as attention-getters when factors such as beam width and mtenslty 

are controlled This advantage of flashmg lights apparently is greater at 

low contrast levels (between the light and Its background) and when the lo- 

catlon of the lights in the visual field 1s not known beforehand These 

latter two factors are typically present m the operatlonal IFR situation 

(FL2-FL6) 

In light of these conslderatlons, the use of strobe- 

beacons seems to be Justified for provldmg approach area identlficatlon 

mformatlon and dlrectlon-to-go to the approach area. Their placement at 

each approach-light bar for runway centerlme alignment gudance 1s more 

debatable One possible kind of solution that might be explored IS to place 
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strobebeacons m the outer region of the approach light system only (e g., 

the first 1000 or 1500 feet) Them attention-gettmg value would be utilized, 

but they would not be dlstractmg or affect dark adaptation, during the latter 

stages of the fmal approach mode. It 1s likely that special dmmnng or 

cut-off practices would not be requxed m this mstance Needless to say, 

reduction m the number of strobebeacons must be carefully evaluated to 

see that there 1s no slgnlficant loss of their attention-getting value (See 

Figure 21. ) 

Approach Light Intensity 

Pllot problems with the mtensity of approach lights 

obvmusly can not be handled tn the same way as suggested m the precedmg 

section for strobebeacons There have been three general solutions sug- 

gested for this problem 

(1) Have the tower dnn the lights at the request of 
the pllot 

(2) Give the pllot cockpit control over approach 
light mntenslty,so that he may dimthem hmoself 

(3) Set the mner portlons of the approach light sys- 

tem at a lower mtenslty than the outer portions. 
(TV41 

With respect to the first solution, the tower opera- 

tor already has a fairly heavy work load, as does the pllot when consldermg 

the second solution Thus, both suggestlons build m opportunltles for 

errors, not only with respect to settmg the mtensltles, but In other tasks 

bemg performed on a tnne-sharmg basis In addltlon, both suggestions 

would mvolve a conflict m heavy traffic condltlons when a pllot m the final 

stages of the approach would want the lights dnn, but the next pllot, trymg 

to gain visual contact, would want the lights at maxmu.tm lntenslty 

Furthermore, the comment of one of the pllots mtervlewed that dmnnlng 

might produce llluslons of change m height 1s well taken here. 
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The third suggestlon for havmg different portlons of 

the system at different mtensltles mtroduces fewer operatlonal problems 

and appears least costly There IS a posslblllty that series of “steps” 

might be percewed by the pllot whxh would affect his height Judgment. 

this can be mvestlgated quite easily on the NAFEC simulator. The use of 

wider light umt beams m the outer approach area and a system of separate 

mtenslty controls for the different sections also have been suggested The 

controls would be geared more precisely to prevallmg transmlsslvlty con- 

ditlons These latter developments would further tend to reduce approach 

light glare and discomfort now experienced by pilots m the Inner portions 

of the approach light system (See Figure 21. ) (TV41 

Distance to Threshold Information 

With Conflguratlon “A”, the first unequivocal mfor- 

matlon on distance remammg 1s provided by the loo-foot crossbar of 

lights posltloned 1000 feet from the threshold It seems apparent that un- 

mistakable ldentlty of this point In the approach area must be preserved, 

smce It 1s variously referred to as the “zero error” pomt and, m Config- 

uratlon “A” , as the “declslon bar” By this, It 1s meant that beyond this 

pomt, the pllot 1s committed to land wth higher-performance alrcraft and, 

If not m a condltlon to do so at thw pomt, he should nutlate a go-around 

nnmedlately to avold a probable accident The declslon bar also repre- 

sents a go-no go antlclpatory signal for mltlatmg the flare-out procedure, 

Thus any scheme for provldmg distance mformatlon must not destroy easy 

ldentlflcatlon of this pomt (GA17) 

An addltlonal constramt on provldmg approach dls- 

tance remammg mformatlon 1s that color codmg probably 1s not useful 

because of high power cost and poor penetration m low vlslblllty conditions 

(TV15, TV33) 
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Wlthm the precedmg constramts, the problems 

of provldmg approach distance remamlng mformatlon are as follows 

decldmg what specific distance mformatlon needs to be provided, and 

determmmg the best way of provldmg it. 

Both of the above problems ~111 requme sol&on6 

that compromise some of the many conslderatlons Involved. It has been 

estnnated that the pllot needs to see a source of mformatlon at a mumnum 

of 600 to 800 feet (dependmg on height) m front of hnn If the mformatlon 18 

to do hxn any good, and approach lights are posltloned and operated at In- 

tensltles deslgned to meet this requirement. Thus, If the pllot 1s to have 

dxtance mformatlon provided to him at every Instant after makmg visual 

contact, the light encodmg the mformatlon should not be spaced farther 

apart than 600 to 800 feet for use m mmmmm IFR condltlons. On the other 

hand, It seems likely that as more distance pomts are encoded, discrmx- 

nation time required of the pllot ~111 Increase And, the less “unn-mtakably 

ldentlfiable” ~111 be the declslon bar (GA6, M9) 

Usmg the same basic reasonmg which leads to the 

use of the lOOO-foot declslon bar, It might be most helpful to the pilot to 

have antxlpatory-type distance mformatlon at 2000 feet from the thres- 

hold Dependmg upon his exact approach speed, he would know that he 1s 

3 to 4 seconds from the declslon bar and must make flight corrections and 

adJustments m that time m order to achieve the flight condltlon he wants 

at the “zero error” pomt, or declslon bar 

The way m which distance-to-go mformatlon might 

be presented to the pllot 1s related to the proposed solution to mtenslty- 

setting problems previously discussed The use of strobebeacons m the 

outer portion only of the approach area was suggested m a precedmg 

se&on. Also, operatmg the approach lights at different intensltles m the 

outer and mner portlons was mentioned. Whatever the length of the outer 

portmn (e g , 1000 or 1500 feet), the two suggestlons can be combmed 

so that the same portlon of the approach lights 1s Involved In both If this 
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Instance, the point at which the strobebeacons stop and the mtenslty of the 

approach lights changes would provide posltlve, easily mterpreted dlstance- 

to-go mformatlon at the ZOOO-foot (or 1500-foot) pomt. One unportant 

virtue of the combmed suggestmn 1s obvious--economy A reduction m 

mstallatlon and operatmg costs would be realxzed for strobebeacons, while 

the cost of mstalllng the dlfferentlal mtenslty control system would be ofi- 

set to a large extent by reduced operating costs 

The combmed suggestlon would need to be evaluated 

carefully to msure that visual contact could br malntamed wlthout strobe- 

beacons III the mner portlons of the approach llgll+s m mmm~~rn IFR 

rondltlons When thmklng m terms of all-weather recovery capabIlIty for 

mllltary alrcraft, It might be that the strobebeacons should extend to the 

declslon bar, further enhancmg Its ldentlflcatlon along with ldentlflcatlon 

of the entire approach area It 1s here assumed that one of the develop- 

i,lents ~1 runway llghtmg now under conslderatzon .would be vlslble for 

guidance from the point m the approach a~ which the declslon bar can no 

Iongr-r be sevn (92 F.puY a1 ) 

Glide Path and Attitude Inform&Ion -- - 
OperatIonal test results and pllot preferences clear- 

ly IndILate that Configuration “A” provides adequate guidance to the pllot 

m terms of his lateral displacement from the extended runway centerllne 

Also, there 1s no evidence that pitch guidance 1s Inadequate 

&me pllots report confuslon when maklng the trawl- 

tlon from Instrument to visual flight when the ILS or GCA has built in a 

headmg-line of flight coordmatlon settmg to compensate for crosswmds 

In addltlon, wmd shear, for which GCA or 11,s corrects, cdn create 

serious problems of this type However, this type of problem should not 

be consldered a fault of the AML system It 1s dlfflcult to concelw of ways 

in which any system of marks and lights would compensate for these con- 

dltlons Rather, the solution to this problem should be sought in improved 

procedures Accurate rcportmg of wind dlrectxon and velocity to the 

approachmg pliot, as well as relayed reports of pi:ors who have prev~cusly 
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landmg on the headmg-lme of flight compensatmn they discovered at 

breakout, should alert the pllot to what he can expect to see at breakout 

Evidence wth respect to roll, glide slope, and distance closure guidance 

provided by Configuration “A” 1s not as clear-cut. 

When the lOOO-foot crossbar 18 vlslble, It apparently 

provides adequate roll guidance But assummg that the pllot makes con- 

tact with the outermost bar and that low vlslblllty condltlons llmlts his 

forward vlsual range to 1000 feet, there ~111 be a period of 6 to 8 seconds 

after he makes his transItIon to vlsua: control when he must get his roll 

guidance from the 14-foot approach lights. Two mterrelated cues are re- 

portedly used notmg whether or not the mdwidual bars are parallel to 

some part of the amcraft structure havmg a known relatlonshlp to the am- 

craft’s roll axls (e g , bottom of wmdscreen), notmg whether or not the 

array of vlslble 14-foot bars 1s perpendicular to that part of the amcraft 

structure The latter judgment IS dependent to a great extent upon the 

first, smce a smgle row of lights (Independent of appearance of lateral 

length) would yield no dlfferentmtlon between certam bank attitudes, alto- 

tudes, and lateral displacements. (M16) 

Some pllots partlclpatmg m operational tests on 

Conhguratlon “A” have reported that roll guidance 1s somewhat madequate 

m the mnmnum vlslblllty condltlons assumed m the precedmg paragraph. 

However, publlshed comments by awlme pilots have consistently mam- 

tamed that roll guidance 1s adequate, no pllots mtervwwed mentmned roll 

guidance as a problem (ALl, GA31, GA46) 

On the other hand, lack of cons~~~~s awareness of 

a problem 1s not always a good crlterlon to use for saymg It does not 

exist Among other thmgs, It 1s certam that pllots also are usmg mternal 

body cues Induced by gravity m makmg the roll attitude Judgment. But m 

a movmg axcraft which produces artlflclal g forces, these can not be re- 

lied upon solely Human factors evidence shows that when a conflict 
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occurs between visual lndlcatlons of body orlentatlon and Internal sensa- 

tlons, a compromise judgment somewhere between the two lndlcatlons 1s 

reached When the visual lndxatmns are not very, very compellmg, the 

Judgment tends to favor the mternal body cues Thus, to the extent that 

pllots may be basmg their Judgments about roll guidance adequacy of the 

14-foot roll bars on Internal body cues, the adequacy of roll guidance 

bemg provided visually by Conflguratlon “A” deserves further mvestlgatlon. 

(PVl-PV15) 

AddItIonal support for further mvestlgatmg roll 

guidance adequacy comes from a geometrxal analysis check performed 

1x1 this study Assummg a 15-degree downward vlsiblllty (larger than 1s 

avallable m most alrcraft), a 3-degree glide slope, and a speed of 150 

m&s per hour, the apparent size at the wmdscreen of the 14-foot approach 

light bar varies between 27 of an Inch and 2 Inches durmg the outer por- 

tlons of the approach. No human factors data bear directly on this 

problem but, ratlonally at least, It would seem to be most difficult to 

make a Judgment about whether or not a lme segment 27 of an Inch 1s 

parallel to another lme (bottom outline of wmdscreen), particularly when 

the two lmes are relatively far apart on the wmdscreen The problem 1s 

further complicated by the fact that the pilot’s eye would need to be focused 

at the wlndscreen or on the approach-light bar, with one or the other bemg 

out of focus 

The problem seems most sultable for sxnulator 

mvestlgatlon at NAFEC, masmuch as varymg gravity cues would be ellm- 

mated as an mfluencmg factor m the judgments. In terms of cockplt 

wslblllty llmlts, the approach attitude of some mllltary alrcraft, the 

typlcal lateral displacement errors associated with ILS and GCA landings, 

and the importance of not mterfermg with the mtegrlty of the lOOO-foot 

bar, one suggested pattern would be white wing bars at 1500, 2000, 2500, 

and 3000 feet from the threshold The optimal length of the wmg bars and 
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dwtance from the centerlme could be determmed III the sxnulator From 

the lOOO-foot bar on m, roll guidance can be obtamed from the lOOO-foot 

bar, the pre-threshold bars, threshold lights, the 14-foot flush centerlme 

lights (altitude 1s low enough to make their apparent size on the wmdscreen 

quite large) and patterns of flushlights m the runway surface (If installed 

because of flareout and landing mode considerations) (See Flgure 21 ) 

Glide slope and distance-closure gmdance problems 

are closely related. Their solutions reqmre more analytic understandmg 

of how these Judgments are made by pllots 

During the final approach, after visual contact 1s 

made, photographs of pllots’ eye movements show that most pilots visually 

shift their attention between visual landmarks outside the cockplt and the 

cockplt display Dependmg upon the type of aircraft mvolved, the films 

show that the pilot tune-shares his attention so that for 60 to 85% of the 

time he is lookmg outside of the cockplt and for the remammg time he 1s 

looking at two cockplt displays--air speed and vertical speed. Of the 

time spent looking at the cockpit displays, the air speed mdlcator receives 

the greater proportion of his attention (Al, M5, MZf3) 

The pllot visually mtegrates this cockplt display 

mformatlon with the mformation he receives from outside of the cockplt 

to make fmal Judgments about his angle of approach and rate of closure 

with the surface Before discussing how the pilot utlluzes the visual cues 

outslde the cockplt, a brief word should be said about an ancillary develop- 

ment that might help ease some of the difficulties of the pilot durmg final 

approach. 

Human factors data show that It takes approxlmate- 

ly 2 seconds to complete the shift cycle, that IS, focusmg on an obJect at 

some distance, then focusmg on the cockplt display and reading an mdica- 

tion, then re-focusing to the distant obJect Durmg the shift time, the 
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pllot may be restrmted to makmg any ludgments required on the basis of 

“fuzzy” vmual lmpresslons of whatever vmual cues outslde of the cockpit 

he may be usmg. It may be possible to prolect an Image of the am speed 

and verttcal speed mdmators on the wmdscreen The proJection could be 

a vwtual Image focused at mhmty, such as the retlcles and aimmg dots 

used m mllltary amcraft gun sights, thus reqmrmg no, or very small, 

shifts m the pllot’s lme of sight and eye accommodation and convergence. 

Apparently, even further advances m prolectmg virtual Images have recent- 

ly occurred and are bemg consldered for use m orbltal and space vehicles. 

WADC has sponsored some feasibility research by Mmneapolm-Honeywell 

on a vmual landing aid sight system similar in concept Lane and Cummmgs 

m Australia and Calvert in England have made slmllar suggestions As 

with gun sights, mtensity controls could be provided the pllot. The optimal 

location for the prolectlon would need to be determmed by simulator tests 

(M5, RT41 

We are suggestmg here that many of the pilot’s de- 

mands for havmg AML mformation positioned ahead of them may be more 

a function of problems m shifting focus rather than sensltlvity areas of the 

eye With air speed and vertmal speed more easily momtored, and 

assummg for the moment accurate mformatmn 1s provided on glide slope 

and lateral displacement from the extended runway centerlme, the ptlot’s 

o-rer-all task would be made much less dlffmult 

Gtven Improvements along the lmes suggested above, 

It would be expected that the pllot would reach the decision bar, or pomt of 

“zero error”, with greater tranquility of splrlt, as well as with fewer 

flight path adlustments that may be caused by loss of gmdance while check- 

ing cockplt dmplays. 

With respect to glide slope mformation, accident 

statmtms show that about 80% of landmg accidents are made in condltlons 

wrth vlstbillties 2 miles or greater, and ceilings 400 feet or higher (this 1s 
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not a rate dlfference, but a total number difference) The utlllty of an - 
acceptable angle of approach mdxator, even for a large number of IFR 

approaches, seems obvious The important posltlve feature of an angle 

OF approach mdlcator 1s that It ellmmates the necessity of the pllot makmg 

elevation Judgments on the basns of “enhanced” natural cues, a process 

that seems basmally most dlfftcult from a human factors standpomt, 

probably because man 1s not normally called upon to make such Judgments 

If the pllot 1s on the correct glide slope, as determmed by the mdmator, 

hm height must be correct (wlthm error llmlts of mdmator), if his air 

speed 1s optimal, his rate of closure must be correct (MS5, MS61 

It 1s dlffmult to dlfferentlate, on a human factors 

basis, the relative merits of the various angle of approach mdmators under 

development Those mdmators whmh utilize white ltghts would seem 

preferable to those whmh use colored lights because of power and trans- 

mmsivlty penetration conslderatlons Also, the closer to touchdown the 

mdicator contmues to provide mformatlon, the more preferable It would 

be to others, Fmally, the mdmator that provides mformatlon from one 

location in the vmual field would seem preferable to those that requtre 

lookmg at more than one location to make a Judgment It should be feasi- 

ble to check out the various mdlcators m the approach and landmg 

simulator at NAFEC, If modlfled The cost of provldmg the simulator 

with such an evaluation capablllty would be more than lustlfmd by reduc- 

tlon m the cost of operatIona tests and, to the extent that a successful 

mdmator emerges, expected reduction m accident rate 

Angle of approach mdmators probably would not be useful 

until the flareout and landmg mode, If then, m mmlmum vlslblllty condl- 

tlons. Thus, the pilot would be m the same position m which he fmds 

hlmself at present with respect to angle OI approach and dmtance closure 

Judgments. It 1s commonly accepted that these Judgments are made on 

the basm of vmual lmpresslons of the ground plane Those vmual 
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characterlstlcs of the ground plane which are bellwed to provide the basis 

for the Judgments are apparent distance between approach light bars, 

apparent size of the approach light bars, apparent expansion of the visual 

field(e g, streamer pattern theory) Changes and rates of change m 

apparent size and shape are actually speclflc cases of the expansion pat- 

terntheory (GA3, GA4, GAll, GA12, HF6) 

It seems apparent from the perspective views of the 

centerline system (Figure 7 m Chapter II) that the greatest differences m 

size of, and interval between, approach hght bars occur with those lights 

nearest to the alrcraft. This may account for the tendency of some pllots 

to drop below the ILS or GCA-mltlated &de slope and “come m on top” of 

the lights As a routme practice, this 1s somewhat less than optimal, 

particularly at alrports where approach area terram texture 1s poor (e g , 

over water, airports located on a hllltop. etc ) 

No drrect human factors evidence 1s avallable on 

what kl-ds of visual chnracterlstxs allow the best height Judgments which 

are basic to angle of appi-a.xh esrlmatlons Rectangles have the highest 

amount of shape constancy, that 16, a rectangular figure IS recogmzed as 

a rectangle, regardless of the orlentatlon of the rectangle to the observer 

Thx would suggest that patterns that have regular rectllmear characterls- 

tics with respect to the airport surface may be the best for glvmg 

lmpresslons of the ground plane This suggestlon concurs with the recom- 

mendatlons of IATA and ICAO study groups on alrport markmg and llghtmg 

that equal spacmg of major lateral elements m the approach and landmg 

area would be best It also may account for the poor acceptance of the slope- 

11x system which attempted to encode elevation mformatlon from a series 

of 1~ ,2Und pl lne 5tr:JciU: Z3 WIX 21 vver? net xgular c7r rcct~1~~lea.r with re- 

spect +? tile a.r.7or; L‘s*“’ ‘r ,,.-All>, ?“I’:, 1::7, g34) 

104 



Human Sciences Research, Inc. 

In terms of improving elevation guidance m the final 

approach, then, the following possibilities emerge from a human factors 

standpomt. Use wmg bars every 500 feet, as suggested for lmprovmg roll 

guidance, to make the visual impression of the ground plane more com- 

pellmg In terms of the regular rectllmearlty requirement, the outside 

edge of each paw of wing bars could be located 50 feet from the centerlme 

to match the outslde edges of the declslon bar. When consldermg patterns 

of flush lights wthm the runway surface, lateral arrays spaced at 500-foot 

mtervals along the runway should be seriously considered m addition to 

runway longltudmal axls arrays (See Figure 21. ) Floodllghtmg the run- 

way surface probably would not help much durmg the fmal approach mode 

m mnumum vlslblllty condltlons On the other hand, flush lights, bemg 

pomt sources, would have better transmlsslvlty penetration characteris- 

tics and a portlon of them might be visible during the final parts of the 

approach (dependent upon mtenslty and vertical angle along which their 

maximum mtenslty is directed). 

The above suggestlons also can be expected to im- 

prove distance closure Judgments during final approach because more 

elements would be visible in the expansion (or streamer) pattern No 

direct evidence 1s avallable, but It 1s reasonable to assume that the entlre 

visual field does not need to be seen as expandmg m order to make a rate 

of expansion Judgment However, It may also be reasonably assumed 

that, up to a point, better Judgments might be made with more vlslble 

elements in the expansion pattern This basic questlon deserves further 

human factors research effort 

Simulator study of rhe Nmg bar design already has 

been suggested with respect to lmprovmg roll guidance The experimental 

program could also Include evaluation of how well the wmg bars aid angle 

of approach and distance closure Judgments 
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It should be noted thdt wmg bars can net he ~ustl’l- 

ably obJected to on the basm of bemg outslde of the sensitive portmn of the 

pllot’s eye durmg the final approach mode Them lmearlty would be qute 

compellmg with peripheral vlsmn alone, even If the pllot chose not to make 

the small angular shifts m lme of mght required to center his visual atttn- 

tlon on them The questmn of retmal sensltlvlty 1s dlscussed more fully 

under the flareout and landmg mode 

VFR Approaches 

Accident statlstlcs support the contentmn that the major 

guidance problems m both day and mght approaches are concerned mlth 

angle of approach and distance closure Judgments VFR problems with 

angle of approach and distance closure differ from those m IFR approaches 

in that the exlstmg AML system sources of mformatmn m VFR approactcs 

are located nearer the Intended touch-doan pomt--runway markmgs, thres- 

hold lights, and runway edge lights 

The use of an angle of approach mdlcator and v,mdscreen 

projectmns of the air speed and vertical speed lndlcators has been sug- 

gested m the dlscussmn on IFR approaches Thmr use for both day and 

night fmal approaches seems as x ell Justlfwtl, although for somewhat 

different reasons which are discussed next 

Calvert, Gibson, and Ho&berg al:d Sm.th ham put torlr -rd 

theories of axcraft control based 01, a &rm~eirx analj-61s of the landmg 

situation The several theories lead to the same kmds of conclusmns with 

respect to US? cf the X-spot--the pomt m the pllot’s visual field mhhlch 1s 

the center of an apparent radial expansmn pattern--and with respect tc the 

use of rate of expansmn of this pattern Essentially, both theorws suggest 

that the X-spot can be used as a source of mformatmn for control of the 

angle of approach and that the rate of expansmn can be used for distance 

closure judgments More recently, Calvert has modlfled his posltmn 

somewhat to take account of Inherently dlfflcult height judgments in the 
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flnal approach sltuatmn because of the angle of regard of the ground plane, 

and has recommended the use of an angle of approach mdxator on this 

basis (GAl, GA3, GA4, GA6, GA7, GAll, GA12, M6, HF6, HF9) 

The ratmnale for we of an angle of approach mdlcator 

from a human factors standpomt 1s even mm-e basx. The concept of an 

X-spot requires that a relatively small area of the visual field (the X- 

spot) be dlscrlmmated by the pilot as not movmg, while the area surround- 

mg It expands The best estmxate of the human’s lower lmut for detectmg 

movement mdlcates that an obJect must be movmg at a nummum rate of 

2 to 4 mmutes of arc per second (measured at the eye) m order to be de- 

tected These data were collected under Ideal laboratory condltmns, when 

operatmnal condltmns, such as a bouncmg amcraft, wmdscreen dlstortmn, 

and tune-sharmg attentmn with other tasks are considered, It seems 

apparent that the lower lmmt for the pllot surely must be somewhat higher 

(VAl-VA25) 

However, even usmg this laboratory-determined hgure, a 

geometric analysis of the pllot’s visual field when 4000 feet from touch- 

down on a 3-degree glide slope (mtersectmg the runway 1000 feet from 

threshold) and flymg at 150 nules per hour shows that the X-spot 1s m 

fact quite a large area shaped much like a cigar lymg symmetrically on 

the runway centerlme Thus “lane of no perceptible movement” extends 

between pomts on the runway 500 feet and 1600 feet from the threshold, 

bemg approxunately 150 feet wide mr the most part The mtended touch- 

down pcnnt IS not located m the longltudmal middle of the lane, but 1s 

roughly at the l/3 pomt from the threshold end of the lane (See 

Flgure 22 ) 

Even when the surface wi.ich IS bemg approached 1s per- 

pendlcular to the lme of sight and movement of the observer, evidence 

107 



m the laboratory suggests that errors on the order of 5 degrees of visual 

arc m locatmg the mtersectmn pomt may be the best humans can do 
25 

The hypothesis, then, that the X-spot 1s , m fact, an area of some extent 

and not a pomt- -or even a small area- -seems fairly compellmg. 

Of course, as the pllot gets closer to the Mended touch- 

down pomt, the lane ~111 reduce m size The unportant pomt, however, 

1s the obvmus difficulty of placmg the so-called X-spot on the Intended 

touch-down pomt m order to adJust glide slope or to mtersect the surface 

at that pomt, as some have suggested It seems that such control could 

not be feasible until very close to the runway, probably closer than the 

flareout distance Characterlstlc glide slope osclllatmns durmg fmal 

approach, as shown In photographlc recordmgs of the approaches, are 

understandable on the basis of this hypothesis Only the one geometric 

analysis was conducted m this study for lllustratlve purposes to get at the 

problem, the analysis should be contmued to touchdown usmg varmus air 

speeds 

The unpllcatmn of the precedmg dlscussmn 1s clear It 1s 

unlikely that any system of runway markmgs, runway edge lights, or 

patterns of flush lights will slgmficantly unprove angle of approach and 

distance closure Judgments durmg the early parts of the fmal approach. 

Them utility would seem to be confined prmmrlly to the flareout and land- 

mg mode The value of an angle of approach mdlcator and wmdscreen 

prqectmns of ax speed and vertical speed mdlcators m the final approach 

mode seems more apparent m light of these conslderatmns 

It might be pomted out that the pllot can make height Judg- 

ments on the basx of obdects m the approach area and thus mdlrectly make 

angle of approach Judgments This Judgment 1s exceedmglg difficult at 

night, over water, or over mregular terraln For VFR day approaches 

25 
Personal communxatmn between the authors and Dr W. Carel, General 
Electric Advanced Electromcs Research Center 
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over fairly flat terraln, a suggestion concerning obJects not typically con- 

sldered In the province of the alrport design engineer might be useful 

Lateral rows of shrubs, trees, or other foliage might be placed at 500-foot 

Intervals from 1000 to 3000 feet from the threshold, wth a centerline of 

shrubs extending for the same distance. (This suggestion 1s slnular m 

concept to the line of 011 barrels used In the bay at Nantucket ) SelectIon 

of good hardy shrubs that do not mature to too large a height would make 

operating costs mlnnnal However, this suggestion should only be ample- 

mented as an auxllx~ry aid to the pllot, not as a substitute for an angle of 

approach lndlcator. Needless to say, the shrubs, If placed as suggested, 

would give the pllot distance-to-go Inform&Ion as well as height guidance 

Recommended Research and Development 

Research should be conducted to collect the following data related 

to determnnng the AML system region of guidance required by higher- 

performance alrcraft 

(1) The lateral and vertxal displacement errors at visual contact 
of ILS, GCA, and Flight Director guldeil instrument approaches. 

(2) The muumum flight path correction times for various lateral 
displacements at various altitudes (wlthm flnal approach ranges) 
of newer high-performance alrcraft In order to set the outer 
lateral boundawes, of most maneuverable conventional com- 
merclal carriers to set the Inner lateral boundaries. 

The data would be used for determuung posltlonlng, u&nslty, beam width, 

and maximum-lntenslty angle setting for light units utlllzed In provldlng 

guidance for the venial portlon of IFR final approaches The data would 

be applicable to runway llghtlng design as well as approach llghtlng 

109 



Basic human factors research 1s requmed to determme 

(1) Accuracy of distance closure judgments made on basis of 
seemg only certam portmns of an expandmg visual field 
and as a function of the number and arrangement of ele- 
ments III the visual field Stimulus condltlons should be 
selected on the basis of fields of view provided by differ- 
ent types of cockplt designs, the kmds of light pattern 
varxmts feasible for the AML system, and vIewIng angles 
approxlmatlng the final approach glide slope. 

(2) Dlmenslons of the “lane of no perceptible movement” durmg 
fmal approach to touchdown. 

Results of both studies would have appllcablllty to the flareout and landmg 

mode as well as the final approach mode. 

A feaslbllity study should be conducted on techmques for wmdscreen 

proJectIon, with unage focus at lnhnlty, of air speed and vertical speed m- 

dlcators Recent work conducted at WADC can be used as a starting point. 

Agaln, the technique 1s applicable to the flareout and landmg mode as well 

as the fmal approach mode 

&ml-operatmnal tests of angle of approach mdlcators and sug- 

gested wing bar addltlons to Conflguratlon “A” should be conducted on the 

landmg and approach su-nulator at NAFEC, If feasible If not possible, 

then operatlonal tests should be conducted at the NAFEC faclllty, 

The suggested use of strobebeacons in the outer portlon only of the 

approach light system, dlfferentlal lntenslty of the 14-foot light bars m the 

outer and mner portions, differential beam width settings of the 14-foot 

light bars in the outer and inner portions, and variable lntenslty control of 

each portlon should be operatxmally tested at NAFEC. 
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General Pilot Task Descrlptlon 

Rotate alrcraft to pitch attitude for lan&ng at proper &stance 
from mtended touch-down point so that rate of descent 1s zero at 
touchdown. 

A&n heating mth longltudlnal axis of runway before touchdown. 

Keep urlngs parallel to runway surface (zero roll attitude). 

After touchdown, keep rollout on some prescribed path (typIcally 
nuddle of runway) aligned mth longltudlnal axis of runway. 

Brake aircraft rollout 1n order to be at optunal ground speed for 
turnoff. 

Inform&Ion PIlot Reqmres from AML System 

Identlfxatlon of safe lan&ng area on runway. 

Changes and rates of change m 

Distance between aircraft and lntersectlon of glide path 
with runway--closure (a function of elevation, sink rate, 
and ground speed). 

Attitude of aircraft--pitch, roll, and heating--runway axls 
coortinatlon. 

Glide path (&rectlon of fhght path) 

Drsplacement laterally from runway centerhne. 

Displacement vertically from optimum approach 
angle with runway--glide slope (a function of 
elevation). 

Displacement of ground track on rollout from runway 
longltu&nal axis. 

Runway length remaimng. 

Identification of duty runway exits--prescribed and optional. 
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Exlstmg AML System Sources of Information 

Designed for Requirements 

IFR Approaches 

(1) Threshold hghta (green). 

(2) Runway edge lights (white). 

(3) Runway marlungs. 

(4) Runway &stance markers. 

(5) Runway exit signs, runway and taxlway 
ldentlflcation and mteraectlon wgns. 

(6) Taxlway edge hghts (blue). 

VFR Day Approaches 

(1) Runway marlilngs 

Threshold marks. 

Centerlme stripe, including exit stripes. 

Side atrlpea. 

Distance ma-lungs. 

(2) Navy Mirror Landmg System--Au-craft Carrier 
Approaches. 

(3) Runway dlatance markers (signs). 

(4) Runway exit signs, runway and taxlway 
mteraectlon signs. 

VFR Night Approaches 

(1) Threshold hghta. 

(2) Runway edge hghta. 

(3) Runway markmga (as hated under VFR Day 
Approaches) for use by pllots m arcraft having 
landing hghts. 

(4) Navy h&ror Landmg System--&I-craft Carrier 
Approaches. 

(5) Runway &stance markers. 

(6) Runway exit signs, runway and taxiway 
interaectlon signs. 

(7) Taxlway edge lights. 
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Other Visible Sources 

IFR Approaches 

Depends upon meteorological vlalblllty con&tions. 
Runway surface texture can be the only source 
present m -mum vlaibllity con&tlons. As 
vlslblhty mcreaaea, more of the sources hated 
below for VFR fllghta become useful. 

VJ?R Day Approaches 

(1) Color or brightness contrast between runway 
and runway exit surfaces, and aurroundmg 
terram. 

(2) Runway surface texture, mclu&ng tire marks. 

WR Night Approaches 

(1) Tanway llghta. 

(2) Runway surface texture, mcluchng tire marks, 
If landmg hghta are used. 

Relevant AML Components Under Development 

Angle of approach m&cators 

(1) Two-color split beacons. 

(2) Double-bar. 

Flush lights m runway and taxlway surface. 

Floodhghtmg of runway surface. 

Runway zone hghtmng. 

Summary of Reported Pdot Problems 

The moat consistently reported problem was the difficulty in 

malung elevation Judgments. The problem was reported as eapeclally 

acute on the under runways, on black-top runways--particularly those 

with madequate runway marlungs--on ramy or snowy days even with good 
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runway markmgs, and at mght, when, m IFR approaches, the well-known 

“black hole” cotition exlsta. Limng up Hnth the longitudnal axla of the 

runway under the same conditlona was aho reported by a number of p&ts 

as a moat difficult task. 

Runway &stance remannng information after touchdown 1s the next 

most preaslng need accordmg to the pilots Interviewed. Runway &stance 

markers were reported to be dBxult to read m margmal vlsllnllty con&- 

tiona and at mght because they are located outside of the pilot’s primary 

focus of attention. 

Dlscusslon 

The AML system function currently recelvmg the most research, 

development, and evaluation effort is gmdance during the flareout and 

landmg mode. Thea attention 1s due mostly to an increase m awareness 

of the “black hole” problem m IFR and mght approaches, winch occurred 

mth Installation of l-ugh-intensity approach lights. 

IFR Approaches 

The suggestions in the prevloua se&on on the final 

approach mode regarding lower mtemnty aettmga of llghta and removal 

of strobebeacons in the inner portion of the approach bght system should 

help allevlate the “black hole” problem. To the extent that the strobe- 

beacons and the approach lights have been affectmg the dark adaptation 

level of the eyes, the suggestions will reduce the total light flux reaci-ung 

the pilot’s eyes. Human factors data show that mght visual aensitivlty 1s 

dependent upon adaptation to all stray hght falling on the retma, not Just - 

light from sources m the lme of sight. Effects on adaptation of a steady 

Ilght, or lights flaahmg wlthm a 3-second time mterval (the strobebeacons 

fall wLthin these bounds) are eaaentlally the same. (RTl, FLl) 
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But mamtamng good dark adaptation 1s not a complete 

aolutlon to the “black hole” problem, even If such could be aclneved. 

The guidance problems associated with flareout are esaentlally the same 

as those Identified for the final approach mode. Angle of approach, 

particularly the elevation component, distance closure, alignment with 

the lon~tudmal runway, and roll guidance apparently are lacking m 

mmimum IF’R visibility comhtiona. 

Angle of approach indlcatora may be useful for the imtlal 

few seconds of the flareout part of the mode for maintaining a constant 

angle of approach. However, the pilot can be expected to quickly focus 

hm attention on the runway surface, rather than outalde the edges of the 

runway, as he gets closer to touchdown, at ths point, the angle of 

approach mdicatora lose them utility. In any event, he 1s comrmtted to 

a given angle at this point. Whatever use the pilot can make of runway 

edge lights 1s affected by thla same shift m attention. 

The pllot’s critical problem 1s decnhng when to imtlate the 

flareout. Since this pomt ~111 vary with hfferent aircraft, It 1s difficult 

to Imagine a go-no go algnal (such as the decmlon bar represents for 

some types of an-craft regardmg go-around) that could be used. It would 

be a most dealrable feature, If feasible. But there appears to be a baalc 

confbct between the need for preaentmg contmuous mformatlon about the 

flight path, and the need for a discrete signal for a apeclal actlon, when 

both sources of mformatlon must come from the same source. 

It appears likely, then, that the pilot ~111 have to make ms 

flareout decision on the baam of elevation and &stance closure Judgments 

obtamed from visual lmpreasions of the ground plane. Tms brings the 

AML design problem back to a considerarlon of what visual charactermtma 

provide the best visual impresmons of the ground plane. 

As pomted out 111 the final approach mode dmcuaaion, 

regular rectllmear patterns appear beat from a human factors vlewpomt. 
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When conaldermg patterns of flush lights in the runway surface, thla 

would mean prov-ldmg lateral arrays of light bars as well as bghta ruomng 

along the longltudnral -a. When conaldermg floodllghtmg, runway 

marlungs should have lateral stmpea as well as longitudmal atrlpea. 

On a rational basis, patterns of flush tights appear more 

amtable than flootighting a markmg pattern. In the first mstance, flush 

lights mth amtably wide beams properly angled would be visible during 

much of the final approach (except in O-O weather), as well as after the 

decision bar baa been reached and the flareout mode begun. It is question- 

able whether runway markings illuminated by floodlights would be as 

visible. Perhaps more importantly, there 1s no firm evidence of a slgm- 

flcant breakthrough on development of a runway paint or other materlal 

that would maintain good reflectance characteristlca in rany weather. 

Fmally, because of the determmanta of dark adaptatlon &acuaaed m a 

precedmg paragraph, floodlighting would have more of an undeamable 

effect on dark adaptation levels of the pllot’a eyes than would patterns of 

flush hghta. 

The pomt often made about floodllghtmg regardmg repro- 

duction of so-called “natural” cues for the pilot (those that he uses inVFR 

conditions) should not be considered a virtue uncrltlcally. As tiacuaaed 

In a precedmg section, most landmg accidents occur m vlslblllty condi- 

tions far above IFR nummuma. The “natural” capabibties of the pilot 

regardmg elevation and &stance closure judgments are hmlted as &a- 

cussed in the aectlon on the final approach mode. 

However, operational tests are programmed at NAFEC to 

compare the merlta of the two systems and the ratlonal reasoning present- 

ed here should only be considered a commentary pending the outcome of 

these teats. 

Whether considermg patterns of flush lights or floodhghtmg 

with runway marlungs, the lateral arrays suggested m a preceding sectlon 
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should be spaced at regular mtervals down the runway, probably for the 

first 3000-4000 feet, dependmg on the length of the runway and reqmre- 

ments of heavleat traffic umts. A 500-foot spacmg conformmg to the 

spacing suggested for the approach-light bars would provide a consistent, 

regular frame of reference for the pllot in both the approach area and the 

runway. The requirement of ldentifymg the safe landing area can be met 

by either patterns of flush lights or runway floodllghtmg. 

For the early portions of the flareout part of the mode, the 

lateral arrays would provide visual field elements for the apparent expan- 

alon pattern, thus asslstmg &stance closure Judgments. The width of the 

lateral arrays would be dependent upon the &mensiona of the “lane of no 

perceptible movement. ” A aigmhcant portion of the arrays obviously 

would need to be located outslde of the lane. In ad&tlon, the lateral 

arrays would provide roll guidance to touchdown. 

Height judgments when the pllot 1s closer to the surface 

and is lookmg between the 500-foot lateral arrays would be baaed on the 

apparent size and separation of the light umta in the light bars formmg 

the longltudmal array, or arrays, provldmg dIrectiona guidance It 

appears that two longltudmal arrays (Instead of one) should be used m 

order to clearly differentlate the landmg area from the approach area, 

although the low-mtenslty lights under FAA development, when used m a 

smgle centerline longltudmal array, may appear quite different (narrower) 

than the broader lane of approach hghts Also, there 1s the further prob- 

lem that a centerlme array would always have a large portion m the “lane 

of no perceptible movement, ” dependmg upon aircraft. Unless landmg to 

the side, the centerlme array would not be vlslble to pfiota of some air- 

craft, due to cockpit vlslblllty restrlctlons. This conslderatlon would 

seem to Indicate that the gauge of the longltudmal arrays (distance between 

arrays) should be kept relatively narrow. On the other hand, the arrays 

need to be far enough apart to allow &stance closure Judgments on the 
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basis of rate of apparent expansion of these elements of the visual field. 

The best gauge needs to be determmed through simulator studies. 

With respect to runway markings for use with floodlighting 

(but also useful for VFR approaches). very mde lateral stripes could be 

used to mark the 500-foot Intervals, with smaller checkerboard or cross- 

hatching stripes used In between. As with the flush lightmg, It is suggest- 

ed that tlxs patterning extend for the first 3000-4000 feet of the runway. 

It should be noted that slull in flareout, evenwithanoptimal 

hghting or marking structuring of the ground plane, will have to be 

dependent upon practice. It 1s difficult to envisIon, for the near future, 

an AML system or component that vnll provide gmdance m ths mode by 

other means than provlding a visual impression of the ground plane. 

Given this sltuatlon, the pllot who must flare out on the basis of these 

cues must become fanullar enough with them through actual lamhngs to 

have stored in his memory a good standard for knowing when the visual 

picture he sees appears “right” and when it appears “wrong” 

One other consideration with respect to flush lights 1s 

Important. The beam width of in&vldual light umts should be mde enough 

to provide guidance to touchdown regardless of reasonable fhght path 

displacement errors that can occur. Although It might be useful to have 

beam widths set so that one se&on of the lights “disappears” If the ar- 

craft is laterally off course, tlus design 1s somewhat inadequate from 

other guidance conslderatlons. When the hghts appear “off” the pilot 

loses a great deal of roll, angle of approach, and distance closure gmd- 

ante. Thus, the merits of use of flush lights with such narrow beams 

seems more than offset by Its disadvantages. 

For landing rollout, the centerline array of flush “button” 

hghts tested at San Francisco and Dow AFB ylelded favorable results, 

although limited, and led to the development of the low-intensity center- 

line hghtmg concept which has been suggested as an alternatlve to the 
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narrow-gauge concept The use of “button” hghts for rollout guidance 

beyond the 3000- or 4000-foot point on the runway deserves semi- 

operational or operatIona testmg. 

With respect to the requirement for runway length remain- 

mg lnformatlon, It may be that the rollout button lights may allevlate 

current problems to some extent. Jf runway &stance markers meetmg 

nulltary speclflcatlons are used, showing runway length remammg, It may 

be that the pllot will fmd It easier to use them because he ~111 have come _ 

by hxs dlrectlonal guidance solnewhat easier, thus reducmg hts time- 

sharing load 

The requirement for ldentlfication of runway exits 1s 

&scussed m the turnoff and taxllng mode 

VFR Approaches - 

The suggestions made In the dlscusslon on the fmal approach 

mode vnth respect to an angle of approach lndlcator and wmdscreen pro- 

jections of air speed and vertical speed nnhcators should assmt the pllot 

in the same way during the mmtlal seconds of this mode. As the pilot gets 

closer to the runway surface, the runway marlangs suggested In the pre- 

cexhng se&on for IFR approaches would provide angle of approach, roll, 

and rate of closure gmdance. Using the same pattern on all runways has 

the advantage of buldlng In pllot practice with the patterns. Increased 

slull with the pattern that would be expected to result should prove useful 

in IFR approaches and mght VFR approaches. 

Ahgnment with the longitudinal axis of the runway m VFR 

night landmgs was reported as a serious problem by pilots, both wh& in 

the air and after touchdown. Conslderatlon might be given to use of flush 

button hghts on the centerline of the runway, starting 3000-4000 feet down 

the runway (as suggested for IFR. operation), or perhaps overlapping some 

with the narrow-gauge a centerline llghtmg m the first part of the runway. 
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Use of the proposed runway marlungs and button lights 

would effectively define runway zones for the pilot. For this reason, It 

would not be necessary to consider extending colored hghts down the sides 

of the runway to defme a “sleeve’‘--appearing red on takeoff, and green 

on lan&ng. Using the marlungs and the button lamps has the further ad- 

vantage of mamntalmng the color mtegrlty of the threshold. If the button 

lights are used for mght VFR operations, It would tend to free more of 

the pilot’s time to attend to properly constructed runway distance markers 

The visual acuity of different parts of the eye has been used 

as a Justlflcatlon for suggesting that the AML system sources of mforma- 

tlon durmg the flareout and landmg mode should be located near the center 

of the runway. Suggestions of ths nature have been made regardmg place- 

ment of flush lights and runway distance marlungs. The rationale for such 

suggestlons refers to the “stare” period of pllots believed to occur durmg 

the last few seconds prior to touchdown, and the fact that mslon for fme 

detail during this period 1s located wltmn d small visual angle subtendmg 

the fovea--the most hensltive part of the eye. (GA47, M9, HF16) 

Human factors data show that when the eyes are hght 

adapted, vlslon lust 5 degrees to either side of the line of sight is l/2 as 

acute as it is at 0 degree (straight ahead), It IS l/10 as acute at 10 

degrees. In terms of the absolute size of obJects m a non-dynamic 

situation, an oblect 1 mmute of arc can be seen straight ahead, wh& at 

10 degrees off center an obJect needs to be 10 mmutes of arc to be seen. 

It should be recogmzed that this advantage 1s lost when the eyes are dark 

adapted. Visual acdlty 1s poorer generally, with there being very little 

&fference between the acuity of different parts of the retma. In terms of 

sensitlvlty to light, the retrnal area Just outslde of the fovea (about 4 

degrees off center) seems to be the most sensltlve In mght vIslon. (Ms3, 

HFZ, HF16) 
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The patterns of flush lights and runway marlungs suggested 

herem ~11 be m the area of mammum sensltlvlty during the fmal few 

seconds before touchdown. However, the pilot may be makmg ms closure 

Judgments on the basm of the apparent motmn of elements m the peripheral 

portlons of ms eyes (more than 5 degrees off center) because of lack of 

apparent motmn m the “lane of no perceptible movement” As was sug- 

gested, simulator tests are reqmred to see lust how far apart the 

longitudmal arrays of light bars should be on the runway 

Wmle the pllot may be starmg durmg the final few seconds 

before touchdown, &nere 1s no evidence that he does on the landing rollout 

and on takeoff The difficulty of readmg runway distance markers may be 

partially tied up with poor dlrectmnal gmdance. as briefly suggested m a 

preceding paragraph, but also with the time reqmred to smft focus, not lme 

of sight. If the w li screen prolectmns previously suggested are developed 

and button lights are used for better defining dlrectmnal guidance, the pilot 

can keep his eyes focused at mfimty outslde of the cockpit for most of hm 

lamhng rollout (and takeoff). It can be expected that he would fmd runway 

dis a xe markers ar d mtersectmn signs somewhat easmr to read under 

these comhtmns. 

In summary, the Important lmplmatmns of human factors data for 

posltmning of flush lights and runway distance markers are the followmg. 

(1) Areas of dlfferentlal retmal sensltlvlty (and thus smfts 
m lme of sight) probably are less related to pllot 
demands for “centered” positmmng of AMLinformation 
sources than 

a poor alignment gtudance--If tms guidance 1s 
Improved, the pilot won’t have to work as hard 
at gettmg alignment mformatmn, thus freemg 
more of lus attention, 

b. decreased acmty durmg smfts m focus (accom- 
modatmn and convergence) and time required to 
shift focus, 
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c. the so-called “stare” permd as a matter of 
attention habit bult m by factors a and b. 
above 

(2) Rate information must come from peripheral portmns 
of the visual fr&I--outsIde of the “lane of no perceptible 
movement”. 

(3) Use of wmdshleld pro]ectmns of air speed and vertical 
descent rates and the herein recommended patterns of 
flush lights and runway marlungs should help allevlate 
the problems of obtaimng lnformatmn from runway 
&stance markers and Improve rate of closure Judg- 
merits. 

Recommended Research and Development 

AML system design requirements m this fhght mode support the 

followmg research and development proJects previously recommended m 

the se&on on the final approach mode 

(1) FeaslLxlity study of wmdscreen proJectmns of air speed 
and vertical speed mdlcators 

(2) Research to gather region *>f guidance data to touchdown 

(3) Basic human factors research on the chmenslons of the 
“lane of no perceptible movement” 

(4) Operatmnal tests of use of strobebeacons m outer 
portion of approach system only, and hfferentlal 
intensity of approach hght bars m mner and outer 
regions 

(5) Simulator studies of angle of approach m&cators 
(lf feasible--If not, operational tests at NAFEC) 

Different patterns of flush lights and runway markmgs should be 

semi-operatmnally evaluated through simulator studies at NAFEC If 

feasible Special attention should be given to provi&ng lateral as well as 

longltudmal visual arrays along the runway With respect to longltudmal 

arrays of flush lights, low mtenslty smgle centerlme systems and hgh 

mtenslty lane systems can be compared and optimal gauge settmgs for 

the lane system determmed. 
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AML design needs for ths mode also support the operatmnal tests 

programmed for NAFEC on floodllghtmg and flushllghtmg systems. 

Further operatmnal tests at NAFEC of a centerlme system of 

flush button lights for provxbng dIrectIona guidance durmg landing roll- 

out and takeoff seem indicated, particularly with respect to the extent to 

whch such a system aids utillzatlon of runway &stance markers. 
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General Pilot Task Descrlptlon 

Turn off at optimal ground speed at prescribed (or optlonal) 
runway exit 

Guide turnoff through path (typically the middle) allgned with 
longltudmal axls of exit extended onto runway. 

Guide ground movement at optlmal ground speed through path 
on taxlway (typically the middle) allgned with longltudmal axis 
of taxiway 

InformatIon Pdot Requires from AML System 

Identificatmn of duty runway exits 

Identificatmn of safe taxlmg and parking areas and taxlways 

Changes and rates of change 1x1 

Displacement of ground track from longltudmal ax18 of 
taxiway 

Distance of aircraft structures from llmlts of safe taxiing 
and parkmg area. 

Tax1 route mformatlon, particularly at mtersectlons. 

Exlstmg AML System Sources of Information 

Designed for Requirements 

(1) Runway edge lights (white) 

(2) Runway markmgs. 

Centerline stripes, including exit stripes 

(3) Taxlway edge lights (blue) 

(4) Taxiway markmgs 

Centerlme stripes 
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(5) Runway distance markers (signs) 

(6) Runway exit signs. runway and taxiway identlficatlon 
and mtersectmn sqns. 

Other Vlslble Sources 

Color, brightness, and texture contrast between taxiway 
surface and surroundmg terram 

Relevant AML Components Under Development 

Flush lights in runway and taxlway surface 

Summary of Reported Pllot Problems 

Identlficatmn and locatmn of runway exits 1s reported to be very 

dlfflcult at mght when the view from the cockplt has been likened to look- 

mg at a “maze of blue lights” at the larger an-ports The lmearlty of the 

taxlway edge llghtmg 1s not seen until the turnoff IS actually reached-- 

too late to make the turn safely Thus, some pilots expressed a need for 

anticipatory mformatmn about location of the exit, particularly If high- 

speed turnoffs are expected to become routme 

Once on the taxlway at the larger airports, whether coming from 

the runway or after leavmg the parking area, pilots report that It 1s ex- 

tremely dlfflcult to fmd their way to their alrport destination. 

Idlewlld and LaGuardia at New York were mentioned as examples 

of alrports where runway exit and taxiway routes are overwhelmingly 

confusmg to the newcomer, and often time-consuming and dlfflcult for the 

pllot who uses the alrport only occasionally 
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Ideotlficatlon (and thus locatmn) of runway exits at mght and m poor 

vlslbflity 1s a problem that may require solution combmmg a number of 

marlung and llghtmg techmques with different operatmg procedures. 

A recent operational study of runway exits at McClellan AFB sug- 

gests that a lme of flush button lights be used, with the lme of lights 

curvmg from the centerline of the runway through the middle of the exit 

and extendmg down the centerlme of taxways m order to define what has 

been termed “lmear contours”. Exits and taxiways are currently marked 

with a slmllarly-deslgned centerstrlpe which also, by specification, curves 

mto the runway centerlme. Thus, the suggested pattern of flush button 

lights would be famlllar to the pllot and Its mtroduction should not lead to 

any sex-low re-trammg problem Centerlmes are m use at Gatwick and 

London, England, Gatwick also uses retro-reflective edge llghtmg Results 

of the McClellan AFB study mdlcate that taxlway edge lights are reqmred 

to define the lateral limits of the safe taxiing surface 

Color codmg techniques might well be used along the edge of the 

runway to ldentlfy the runway exit From a human factors mewpoint, the 

problem seems to be prlmarlly one of dlscrlmmatlon, the pattern of white 

runway edge lights 1s not sufficiently broken, from a visual standpolnt, at 

runway exits Specially-colored lights, perhaps flashmg to mcrease their 

conspicuousness, could be used at the exit corners to make the exits easily 

discrlmmahle The pilot would not need to percewe the lmearity of blue 

taxway lights to select two runway edge lights between which he should 

taxi. 

A third techmque that might be helpful for provldmg antlclpatory 

mformatlon 1s to asslgn ldentlflcatmn numbers to runway exits based on 

runway length remammg The pllot typically IS checkmg on runway length 

remalnlng durmg his landmg rollout and It would be relatively easy for him 
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to use this mformatlon as antlclpatory signals for a runway exit whose 

locatlon 1s keyed Into the system The fact that more than one exit at an 

alrport would have the same number would be of little concern The pllot 

only uses one runway at a time, for briefing or other purposes, the run- 

way designation can be affixed to the exit number. A pllot who frequently 

uses the axport would rapldly become famlllar wth exit designations for 

maJo= runways, the ltmerant pllot could be quickly and easily gwen the 

deslgnatlon as part of his landmg mstructlons 

Ground traffic guidance 1s largely handled by the tower through 

radio mstructlons But, as one pllot mterviewed mdlcated, the message 

“use Taxiway S” leaves the pllot with a somewhat helpless feelmg when 

he does not know mhere “Taxlway S” 1s located 

A recent study by Franklm Instltute Laboratorles explormg the 

potentml use of various sign techmques for reducmg the amount of radio 

commumcation needed to control departmg ground traffic, provides some 

useful mslghts Lack of a simple confirmatory process was Identified 

as a maJor reason why signs can not be expected to replace voice com- 

mumcatlons completely (GAY/) 

However, the study suggested that use of highway-type signs and 

use of mtersectlon traffic lights would reduce tower commumcations con- 

slderably. It was recommended that hlghway-type signs, reflectormed 

or floodlighted, should be ample m number with relatively simple redun- 

dant text, rather than tricky abbreviations. This would alleviate the 

pilot’s problem of fmdmg and staymg on “Taxiway S”. The tower would 

have simple manual control of the intersection traffic lights in order to 

control movement of traffic over prescribed routes. The suggestions 

above are applicable to both mcommg and outgoing traffic 
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Recommended Research and Development 

Further operational tests of the flush button lights for exit and 

taxiway guidance are in order These should be done In coqunctlon with 

the runway centerline rollout guidance tests recommended m the flareout 

and landing mode discusslon. At the same time, It would be relatively In- 

expensive to evaluate an exit deslgnatlon system based on runway length 

remalmng and the exit light color-coding suggested above. 

Operational testing of highway-type signs and intersection trafhc 

lights should be conducted, and evaluation based not only on a reduction 

of radio commumcations but also on measures of improved guidance, 
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General Prlot Task Descrtpuon 

Posltlon aircraft at prescribed optimal dmtance (typically the 
middle) from sides of duty runway, as close to threshold as 
necessary. 

Imtmte and maintam take-off ground roll through path on run- 
way aligned with longltudmal axis of runway 

Break ground at prescmbed air speed, its safe feaslblllty havmg 
been determmed on the basis of runway length remaining durmg 
grouna roll 

Initiate and mamtam optimal angle of attack for cllmbout 

Informatton Ptlot Requnes from AML System 

Distance of m~tm.1 aircraft position from runway edges and 
threshold 

Runway length remammg 

Changes and rates of change m 

Displacement of ground track on take-off roll from run- 
way longrtudmal axis 

Attitude of alrcraft--pitch, roll, and headmg-lme of 
flight coordmatlon 

Exlstmg AML System Sources of Infonnatron 

Deslgned for Requirements 

(1) Runway edge lights (white) 

(2) Threshold lights (green) 
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(3) Runway markmgs 

Centerlme stripe 

Side stripes 

Distance markmgs 

(4) Runway dnstance markers (signs) 

Other Vmlble Sources 

Color, brightness, or texture contrast between runway 
surface and surroundmg terram 

Relevant AML Components Under Development evelopment 

Flush lights m runway surface 

FloodlIghting of runway surface. 

Runway zone lightmg 

Summary of Reported Ptlot Problems 

A number of pilots pomted out that runway distance remaimng in- 

formatmn needs to be presented by some means other than by runway 

distance markers It 1s especially crltlcal during low-vmlbility takeoffs 

when the end of the runway can not be seen Pllor obJectlons to the run- 

way distance markers are the same as those presented for the flareout 

and landing mode the signs are located outside of the focus of attention 

Staying aligned with the longltudmal axis of the runway durmg 

take-off roll was reported as a problem on wide runways when the take- 

off roll 1s located close to one side Even when the aircraft 1s located m 

the middle, the centerlme stripe 1s dlffmult to see m rainy or snowy 

weather 
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The problem of presentmg runway distance remainmg information 

on takeoff is the same as drscussed in the flareout and landing mode 

With a windscreen proJection of air speed, with image focus at mhmty, 

effectiveness of the present system of runway distance markers would be 

expected to Improve 

It has been suggested that an acceleration check-point should be 

marked on the runway surface. However, adequate runway distance re- 

mammg mformatlon, combined H lth the air speed proJectlon. should 

alleviate the need for this. 

The centerline system of flush button lights m the middle sectlons 

of the runway should improve directional gmdance on rollout at mght and 

m poor vlslbllity conditions For day takeoffs, conslderatlon mrght be 

given to usmg a thin “pencil” stripe located halfway between the wide 

centerline and edge stripes on all runways. The stripes would extend for 

the same length as the button lights and dependmg upon results of the run- 

way marking research suggested in the flareout and landmg mode, might 

be an Integral part of a cross-hatch system in the first 3-4000 feet of each 

end of the runway As recommended in the circlmg guidance mode, wide 

edge stripes might prove useful on all runways. The pencil stripe would 

assist pilots taking off on one side of the runway or the other. 

Recommended Research and Development 

Research and development proIects previously recommended cover 

the distance remammg problem during takeoff Evaluation of the flush 

button lights should include takeoff criteria. 

133 





Human Sciences Research, Inc. 

The nature and amount of traffic at an alrport 1s the principal 

determmant of the kmd of AML system required and Justlflable In tlus 

functmnal analysis, focus has been placed on the heavy-duty general 

avlatmn alrport (commercial, mllltary, clvll trafhc). Suggestions for 

future research and development have been du-ected toward an AML 

system for this type of alrport It 1s hoped, however, that some of the 

relatively less expenswe components, particularly angle of approach 

mdlcators and runway end ldentlfiers, might be suitable for common use, 

much like the beacon, at small civil axports. 

Necessarily, our analysis has not treated every particular need of 

all potential aviation groups usmg a general aviation faclllty. For example, 

small civil airports largely servlcmg light private planes and helmports 

require conslderatlons which were beyond the scope of this proJect’s 

efforts. It may be that the special performance characterlstlcs of some 

mllltary or private alrcraft require particular additmnal components. The 

recommendations do envlslon, however, a common core system, unmodl- 

fmble In the sense that what 1s provided would not be changed so that 

different kmds of visual judgments are required of the pllot for the same 

control task (e g , usmg a left-hand row, then a centerlme row at suc- 

cesslve au-ports for approach guidance) 

It has been suggested many times that standardization 1s a vital 

need However, because of the varymg needs of different aviation groups, 

the standardlzatlon prmclple applied uncritxally would be extremely ex- 

penswe and some group would always be quite unsatisfied Wlthout a 

doubt, some aspects of the AML system should be, and to some extent are, 

standardized Thus, green color-codmg of threshold lights 1s mternatmnal- 

ly standardized But, not all airports requre all possible AMLcapabilltles, 

standardlzatlon 1s not an applicable prmclple across the board 
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Compatlblllty has been suggested as a comparison principle and 

was used as one basis for the recommendatmns made. In Its operatmnal 

sense, compatiblllty prlmarlly means the following an AML component, 

desIgned for the special use of one aviation group, can be included at a 

heavy-duty, general avlatlon alrport, provided that Its functmnmg does 

not Interfere with the functlonmg of other components installed and pro- 

vided that Its functioning 1s critical to the safe performance of the aviation 

traffic for which It was deslgned. With some guidance reqmrements, this 

may mean that some redundant mformatmn 1s presented (e g , more than 

one source of roll gudance) m an absolute sense. But, for any given 

aircraft, only one of the sources may be useful because of factors such 

as cockplt cut-off restruztlons. etc. At a general level, compatibility 

means the avoldance of reqmrmg the pllot to use, as his only alternative, 

fundamentally different visual cues to make his required judgments (e g. , 

left-hand row vs centerlme row for alignment guidance). 

Workmg wlthm the framework of the common core system en- 

vIsIoned, research should be conducted to determme the specific traffic 

needs for an AML system, both current and antxlpated, at each type of 

alrport if such data are not presently wallable This would mvolve analy- 

SIS of the nature and volume of traffic, current and proJected, at each 

airport. A large amount of the survey might be conducted by means of 

questlonnalres 

Concomitant with this, a study to determme what parts of the AML 

system should meet the standardlzatmn prmciple and which should be 

consldered from a compatlbillty vIewpoint should be conducted Criteria 

of compatlblllty need to be developed for application to partwular designs 

suggested for use by various aviation actlvltles 

A mergmg of the results of the two studies would yield a blue- 

prmt for systematically lmprovmg national AML system facllitles at a 

pace consistent wth the projected Increase m use of these facilities 
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Outlme of Recommended Research 

and Development 

In the vast literature on alrport marking and llghtmg, almost every 

possible solution to problems has been suggested at one time or another 

This 1s probably true of the recommendatmns llsted in the followmg out- 

line, a recap of those presented In the different sections of Chapter III. 

The Integrating characterlstlc of the list developed in this study 1s that it 

is based on a frame of reference composed of 

(1) Pilot mformatlon requirements 

(2) Results of operatIona tests. 

(3) Data on basic human capabilities. 

One category of recommendations 1s based on the assumptmn that 

a visual simulator study capablllty ~111 be avallable for research and 

development purposes Such a capablllty for the Umted States was recom- 

mended for studying an-port markmg and llghtmg problems as long ago as 

1948 It can be Justified not only on grounds of flexlblllty and economy, 

both very obvious, but also for the need to get closer to the operatmnal 

situation in studymg the human factors mvolved III airport markmg and 

lighting The basic need is for a variable characteristic simulator--one 

in which certam factors can be controlled and manipulated and from which 

one can get performance measurements Its design requirements are, In 

many respects, quite different from a simulator developed for trammg 

purposes It 1s hoped that an adequate simulator capablllty ~111 be made 

avalable to thoSe charged with the responsiblllty of conductmg research 

and development on awport markmg and llghtmg. (M13) 

As mdlcated m the commentary on operatmnal tests presented at 

the end of Chapter II, operatIona test procedures have varied considera- 

bly durmg the last decade There 1s a pressing need for development of 
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comprehensive standardmed operatmnal measures of AML design effective- 

ness, Such measures must not only mclude pilot opmion, a very crltmal 

measure of “input”, but also analytic, obJective flight control performance 

measures whmh ~111 provrde feedback mformatmn for further development 

as well as testmg of a partmular design Measures of mstallatlon cost, 

power reqtnrements. compatrbillty with alrport operating procedures 

(e. g., snow removal) would need to be included A general formula for 

comparmg mcrease In effectweness. and thus accldent reduction, to gen- 

eral cost needs to be developed. 

Such measures would provide a standard for evalnatlon, rather than 

forcing dependence on the pilot’s prior experience as the only criterion. A 

pllot who has lived through many landmgs In the “black hole” can be ex- 

pected to react favorably to any Improvement in gmdance m that area But - 

the aim from a research and development pomt of view should be to do the 

best Job possible--and the Improvement In guidance favorably received by 

the pilot, because prevmusly he had none, 1s not sufficient evidence, by - 
Itself, that the improvement is the best that can be achreved. 

Relymg solely upon pilot oprmon 1s tenuous because of the natural 

mclmation of pilots to trust what they are accustomed to usmg more than 

mnovatmns. A good case In pomt 1s the dmtance separatmg runway edge 

lights and the reported experience of prlots at Dow AFB with separatmn of 

the flush runway light bars Attempts to change the spacing of runway edge 

lights by 20 feet have met wrth almost universal reJection on the part of 

the pilots Yet, It was drfflcult for pilots to detect loo-foot changes m the 

spacmg of the flush lights at Dow AFB. The answer 1s not found in 

differences in absolute value of guidance received, nor in basm human 

capabllitms, but rather m experwnce. 
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As the ultimate users, pllots must be satisfied that an AML system 

does a good job of provldmg guidance. It behooves the researcher to rec- 

ogmze this and demonstrate to the pilot that he 1s workmg for the pilot’s 

best Interests, even when he 1s not usmg pilot opmmn as his sole standard 

durmg research and development. 

Basic Analytic Studies-Development of Components 

For Clrclmg Guidance 

Analytx feasibility study of downwmd leg “markers” 

For Fmal Approach and Flareout and Landmg Guidance 

Determmatmn of optimal regmn of guidance 

(1) Lateral and vertical displacement from pre- 
scribed flight path at visual contact for various 
types of electromcally-guided approaches. 

(2) Mmlmum flight path correctmn times, at final 
approach altitudes, of representatwe range of 
aircraft 

Determmation of human capabllltles for makmg rate-of- 
closure Judgments 

Determmatmn of dlmensmns of “lane of no perceptible 
movement”. 

Feaslblllty study on techmques of proJectmg am speed and 
vertical speed displays on wmdscreens, with Image focused 
at mfimty. 

For General AML System Design, Evaluatmn, and Installatmn 

Determmatlon of current and proJected traffic loads 
(nature and volume) of each class of alrport. 

Development of criteria of AML system component 
compatlbllity 
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Determmation of which AML system components should he 
standardized and which should be vlewed from a compatl- 
billty crltenon 

Development of comprehenslve, standardized operational 
measures of AML design effectiveness. mcluding both ob- 
Jectlve performance (output) and pllot opimon (mput) 
measures 

Seml-Operatlonal (Sunulator) Evaluations 

For Final Approach Guidance 

Wmg bar addltlons to Configuration “A” 

Angle of approach mdicators (If feasible otherwise, 
operational tests should be conducted ) 

For Flareout and Landmg Guidance 

Patterns of high-intensity and low-mtenslty flush lights, 
and runway markmgs (see Chapter III for recommended 
patterns) 

OperatIonal and Serwce Testing 

For Imtlal Approach and Circling Guidance 

Approach beacons 

Runway ldentlficatlon lights 

Circlmg guidance lights 

For Fmal Approach Gudance 

Strobebeacons m outer 1000 (or 1500) feet only of Config- 
uratlon “A”. 

Dlfferentml mtenslty settmgs of 14-foot light bars on outer 
and mner portlons (1500 feet each, or 3 settings--one for 
every 1000 feet) of Configuration “A”. 

For Flareout and Landing Guidance 

Initial testmg of relative merits of flush llghtmg (high 
mtenslty and low mtenslty) vs floodllghtmg with specially 
marked runways 
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For Turnoff and Taxllng Guidance 

Low-mtenslty cevterline lights (runway, exit. and tamways). 

mghway-type signs and mtersectlon traffic lights 

141 



Human Sciences Research, Inc. 

TECHNICAL NOTES 
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INTRODUCTION 

A study which attempts to present an Integrated, 

state-of-the-art descrlptlon of research results related 

to alrport markmg and llghtmg (AML) mltlally must 

develop a general conceptuallzatlon of the domam The 

conceptuallzatlon must be sufficiently broad in scope to 

ldentlfy primary areas of knowledge which have an Im- 

portant bearmg on AML. It also must be sufficiently 

structured to mdlcate how these relevant areas of knowl- 

edge relate to AML. 

Such a basic structurmg of the problem area 1s 

requred at an early stage m the study so that the crit- 

ical domams of,mformatlon can be adequately sampled 

A more speclflc structurmg then 1s required to place m 

proper perspective the knowledge contamed m a general 

source of mformatlon such as human factors Wlthm 

the general area of human factors, certam types of 

studies, such as reactlon tune or perceptlon of motloq, 

have greater relevance than others to AML problems 

The relevant mformatlon IS Important u particular 

ways Eventually conceptuallzatlon of the AML problem 

area must become developed in sufficient d&all to permit 

appllcatlon of results of speclflc studies to crltlcal AML 

problems 
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AML as System Design 

and 

Research and Development Problems 

AML as a System Design Problem 

In this study, the alrport markmg and llghtmg (AML) problem was 

approached from the pomt of view of the system designer The deslgner’s 

problem consists of decldmg how to arrange the photometric propertles avall- 

able to him mto a pattern which ~111 maxlmally ald pilots m the performance 

of their tasks. At the same time, the demands of operational use must be 

considered In terms of fabrlcatlon, power supply, mamtenance, and safety 

llmltatlons on design optlons The wide range of alternatlves theoretlcally 

or potentially available to the designer are slgmficantly reduced by the prac- 

tlcal considerations mvolved In landmg aircraft, mamtammg runways, and 

other requirements placed upon airport facllltles, as well as the level of 

current techmcal development m llghtmg equipment. After accountmg for 

such restrlctlons, there remams conslderable latitude for decuxon, and the 

AML system designer should have guiderules to ad him 111 dlscrxnmating 

between particularly good and particularly poor design optlons. The basic 

conceptuallzatlon of the present study developed out of a conslderatlon of how 

this AML System Designer’s Handbook might be structured If It existed, or 

how It might be developed to be of maximum use 

Guidance for design of an optimal AML system stems from the pur- 

pose It 1s Intended to serve. Smce the effectiveness of any given AML system 

1s ultimately evaluated m terms of the degree to which Its purposes are 

achieved, an analysis of AML design obJectives provides a fundamental basis 

for the development of design prmclples or gulderules Basically, the func- 

tlon of marks and lights 1s to provide pilots with mformatlon requred for 
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successful control of arcraft durmg fmal flight phases and ground move- 

ment. The obJectlve of an AML system 1s to provide this mformatlon to 

pllots m a form that 1s rnmedlately ldentlflable and easily Interpreted under 

the range of atmospheric condltlons encountered. 

While the current state of the fabrlcatlon art and related mstallatlon 

and maintenance conslderatlons represent one class of restrlctlons on the 

design of AML systems at a given pomt m time, advances m engmeermg 

technology tend to overcome these llmltatlons. 

On the other hand, the basic mformatlon requred by the pilot m the 

performance of his landmg task and the basic capabllltles of pilots which 

largely determine guderules for decldmg how best to provide the mforma- 

tlon are much less subJect to change 

In summary, three kmds of design guidance mformatlon are needed 

by the AML system designer first, knowledge of the inform&Ion which 1s 

required by the pllbt m his task performance. second, the basic capabllltles 

of pilots wlthm whose llmltatlons the system designer must work, and thrd. 

the AML equipment avallable to Implement theoretlcal or potential design 

options. 

AML as a Research and Development Problem 

The concept of an AML System Designer’s Handbook would mclude an 

up-to-the-moment account of knowledge applicable to design declslons As 

technological and sclentifx advances extend this body of knowledge, Im- 

proved guderules can be provided the design engmeer. Furthermore, as 

new developments In airframe design occur, extended and perhaps qualita- 

tlvely different requirements ~111 be placed on the AML system. The system 

may be required to provide mformatlon more quckly at longer ranges and at 
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Increased levels of accuracy. Should landmg techmques change qualltatlvely 

m the future, new kmds of mformatlon may be required by tomorrow’s pllot 

As the frontiers of knowledge are extended m the fields of meteorology, 

physical optics, and optics, new sources of radiant energy and new forms of 

transmlsslon ~111 be at the disposal of the designer as addItIona design 

opt1ons. As research m vlsualjperceptlon functlonmg advances, more de- 

talled knowledge ~111 be avallable as to how best to provide optimum patterns 

for mterpretation by pllots 

Ongomg work by lllummatmg, mechamcal, and electrlcal engmeers 

~111 continue to remove old barriers to the lmplementatlon of potential design 

options 

These examples but brush the surface of the role and challenges of 

research and development m progress toward the solution of AML design 

problems 

I-3 



TECHNICAL NOTE 2 

THE NATURE OF THE PILOT’S TASK 



Human Sciences Research, Inc 

The Nature of the Pilot’s Task 

The fundamental desgm declslons of the AML system planner concern 

ldentlflcatlon of mformatlon which patterns of marks and lights should encode, 

and selectlon of means by which such mformatlon 1s to be encoded and dlsplayed 

The first problem is one of determmmg the kinds and amounts of information 

to display that will allow the pilot to perform his task wlthout overloading him 

with redundant, useless, or confusmg mformatlon The second problem 1s 

one of determmmg, from among all possible options, that encodmg optlon 

which 1s most compatible with the relatively mvarlant visual perceptual and 

motor-response properties of the pllot 

An approach to the solution of the design problem must be based on a 

detailed analysis of the pilot’s task m controllmg an aircraft by visual ref- 

erence Such an analysis should first ldentlfy the human functions mvolved In 

task performance The next step should focus on the question “How well does 

the human perform these functions under task-related conditions”’ As a 

subsequent step, human performance,dlfferences m crltlcal functions then 

must be related to differences in AML design options to evaluate vat~ous solu- 

tlons. The optimal solution will be that system which compensates best for 

the human’s “weaknesses” and takes maximum advantage of his “strengths”. 

The pllot’s tasks, when vlewed m the context of the alrcraft as a man- 

machme system, are generally those of system sensor, evaluator, and 

controller. Assummg conditions of contact flight, the pllot as a sensor re- 

quires mformatlon which mdlcates the arcraft’s response to the combined 

effect of external conditions and control Inputs. As the system’s evaluator, 

the pllot acts as an error detectmg device Sensory Inputs from the ongoing 

sltuatlon are contmually compared to some ideal pattern of “how things should 

look” As controller, the pllot functions as an error nullmg device, makmg 

control mputs which are deslgned to brmg about the eventual matc,hmg of 
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actual sensory Inputs and the Ideal speclfled by the pilot’s trammg and 

experience. 

Basically, the pllot 1s performing a compensatory tracking task. 

He 1s attemptmg to mamtam a desired degree of relatlonshlp between some 

Index of optimal arcraft movement and the actual movement of the ax-craft 

he controls. The nature of this task, however, IS far more complex than 

any two-dlmenslonal trackmg task characterlstlcally experienced by hux+ns 

such as steering a bxycle or drlvmg an automobile. In automoblle driving, 

for example, the path of the vehicle 1s essentially in exact correspondence 

with the heading of the vehicle. No necessary correspondence of this sort 

holds m the control of an alrcraft’s flight path. The method of controllmg 

associated with the two t)?pes of tasks is even more dlsslmllar. Turnmg the 

steermg wheel of an automobile establishes the turn radius for the vehicle. 

When the turn has progressed to the satlsfactvln of fhe driver, b.e “straightens” 

the wheel and the turn IS ended. In the arcraft, however, the pllot must 

Introduce a rate of change in some rotational axls, for example, pitch This 

change in rotatlonal tendency eventually, but not immediately, brmgs about 

a desired change in the aircraft’s pitch position. Thus, the pilot must an- 

tlclpate the time delay required for the given rate of change of pitch to brmg 

about the desired pitch posltlon and then reduce the control change to zero. 

He must further antlclpate the amount of change m locatlon m altitude, which 

the new pitch positlon ~111 bring about through time, m order to begln mtro- 

ducmg a counter-rotation m pitch rate that will produce a levelmg off at the 

new altitude desired. Agam, he must antlclpate effects and return the 

counter-rotation to zero. 
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A desred change in locatlon of the arcraft requres a four-step 

control procedure as follows 

Introduce a rate of change in rotation which eventually changes the 
alrcraft’s attitude 

Reduce the change to zero while desired attitude change is bemg 
achieved 

Introduce a counter-rotational change which eventually changes 
the axcraft’s attitude m the directIon of a return to normal atti- 
tude at the desired locatlon 

Reduce the change to zero while desred att:tude change 1s bemg 
achieved 

As the system’s controller, the pilot directly mampulates four basic 

elements thrust and rate of change of rotation about the three prmcipal axes 

of the alrcraft Mampulatlon of these controls first brmgs about changes and 

rates of changes m the attitude of the arcraft with respect to the surface of 

the earth Eventually, changes and rates of changes m the aircraft’s locatlon 

occur with respect to some pomt on the earth’s surface. In his role as sensor, 

therefore, the pllot potentially can employ whatever visual stlmull of the 

earth’s surface and objects on It which are present in his visual field as cues 

to changes and rates of changes m his alrcraft’s locatlon Smce changes m 

attitude are predictive of changes in locatlon, the pilot who “knows his a~- 

craft”; 1 e., has experience with the control lags and aerodynamic functions 

of the axcraft, can make good use of mformatlon about his attitude and rates 

of change m attitude as cues to his future locatlon When performmg as the 

system’s evaluator or comparator, the experienced pllot can time-sample 

Inform&Ion about his present locatlon and attitude to confirm or deny his ex- 

pectatlons of where he should be at that time and, further, to predict his 

future location. To extrapolate his future posItIon, the pllot 1s requred to 

Integrate location mformatlon through time and in comblnatlon with his present 

attitude and control settmgs. 
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Present locatlon and, more Importantly, future locatlon must be 

evaluated m terms of the degree to which this actual and proJected actual 

locatlon conforms to the pilot’s Ideal flight path. When slgmflcant devla- 

tlons occur, the pllot must estimate which control adjustments and In what 

degree now ~111 effect the desired change In future locatlon. As the pilot - 

approaches the threshold m the landmg mode, It becomes mcreasmgly crlt- 

lcal that he also estimate whether a given correction In future locatlon can 

be effected by present control mampulatlons soon enough to conduct a suc- 

cessful landmg. 

At a general level of descrlptlon, the basic mgredients of mformation 

required for the pllot to function as comparator are these 

Knowledge of the Ideal flight path and of the visual cues that serve as 
an mdlcant of the achievement of an Ideal flight path. (The pattern of 
visual cues which mdicate the antlclpated flight path has been re- 
ferred to as pllot visual “expectancies”. ) 

Information about the present locatlon of his arcraft. 

Information as to the present relationship between actual and ideal 
locatlon, and proJectIons of this relatlonshlp mto the immediate 
future. 

The pllot’s task has been conceptuahzed as a sensor-comparator- 

controller lmk m a closed loop man-machme system (see Figure 1). From 

this frame of reference, the followmg sequence of events describes one 

cycle of the contmuous compensatory trackmg task performed by the pilot 

In response to a required change III the flight program, such as a 
transltlon from downwmd to base leg, the pllot mtroduces an 
appropriate set of control Inputs, 1. e., thrust and rotation changes. 

Followmg a control pesponse lag and then an aerodynamic lag, the 
attitude of the arcraft changes in one or more rotatlonal dimensions, 
1. e. , roll, pitch, and yaw, accompamed by a change m the air- 
craft’s thrust component 

The changed amcraft attitude and thrust results in a change In flight 
path. 
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On the basis of visual stirnull from the external environment accom- 
panymg the system changes, the pllot makes an estimate of his 
arcraft’s actual attitude and flight path Subsequently, the pilot per- 
forms a comparison between his actual attitude or locatlon. and the 
ideal flight path he Intended to brmg about at that time through his con- 
trol mputs. 

The direction and magnitude of the discrepancy between his actual 
path, as estimated from the visual cues avallable, and the Ideal or 
standard, based on a stored-m-the-pllot’s-memory expectancy of how 
the visual world “should look”, forms the basis for new control Inputs 

II-5 



TECHNICAL NOTE 3 

INFORMATION REQUIREMENTS DFRIVED FROM ANALYSIS 

OF THE PILOT’S TASK 



Humari Sciences Research, Inc 

InformatIon Requirements Derived from Analysis 

of the PIlot’s Task 

Based on the abstract description of the pilot’s control task presented 

111 the precedmg Techmcal Note, mformatlon required by the pllot is that 

which denies or confirms correspondence of an Ideal or standard flight path 

with the actual path achieved. This statement lmplles the presence of a 

standard and a means for percelvmg It (or recallmg It from memory), an 

Index of actual performance, and a means by which the two can be compared 

to permit estimates of magmtude and dIrectIon of errors. 

What, then, are the ways m which the pllot can be m error and how 

can the nature of these errors he “displayed” to him by alrport markmg and 

llghtmg systems? At a basic level, flight error can occur m two aspects of 
* 

aircraft performance location and attltude. The present locatlon of the 

arcraft can be in error with respect to locatlon prescribed by an Ideal flight 

path. The present attitude of the alrcraft can be m error with respect to the 

Ideal attitude requred to brmg about future correspondence with the Ideal 

flight path. Since the flight control of an arcraft occurs under dynamx con- 

dltlons only, the basic mformatlon requirements are as follows- 

Attitude control mformatlon requxements. 

Changes and rates of changes In pitch and roll with respect 
to the earth’s surface. 

Changes and rates of changes in heading with respect to the 
aircraft’s previous dlrectlon of flight. 

* 
Attitude 1s used here m Its broad sense covermg pitch, roll, and headmg- 
lme of flight coordmatlon. 
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Location control lnformatlon reqlnrements. 

Changes and rates of changes m dlrectlon of movement over 
the earth’s surface with respect to a task-related pomt or 
area on the earth’s surface (e. g., the duty runway). 

Changes and rates of changes m altitude with respect to the 
earth’s surface. 

The means by which error m attitude or locatlon 1s “displayed” 

through markmg and llghtmg systems potentially may take one of several 

forms. Cues to mformatlon requirements present m real world oblects may 

be hlghllghted--an enhancement of natural cues--as visual stimulus inputs to 

the pllot. On the basis of apparent changes in the cues produced by control 

mputs. the pilot can estimate his current attitude or location. This estimate 

1s then compared to ideal attitude and location values stored m the pilot’s 

memory and an error estimate results. This has been the conventional 

approach to airport markmg and llghtmg design. 

Part of the pilot’s mtegratlon requirements can be reduced through 

the use of a partially Integrated dmplay. This class of display encodes in- 

formation about the ideal as well as the actual and may provide the pllot with 

an mdlcatlon of magmtude as well as directlon of his error. Examples of 

this display type are found in the several angle-of-approach mdlcators that 

have been developed. 

A fully mtegrated display would program the response of the pllot as 

a result of present locatlon error. As yet, no airport markmg and lightmg 

design has achieved this level of display sophrstlcatlon. The carrier 

Landmg Signal Officer (LSO) who prolects future location of the aircraft as 

a result of Its present location and signals corrective control action to the 

pilot 1s an example of visually encodmg control commands. Another exam- 

ple 1s the flight dlrector concept utlllzed m certam cockplt displays m which 

guidance on “where to steer” 1s presented. 
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Visual Cues to Requred Information 

Basic PropertIes of the Visual Field 

The visual field is contamed wlthm the angle defined by the array of 

light, reflected or emltted from physlcal obJects, which enters the eye. 

Brightness dlfferentlal (mtenslty) among elements of this array of light 1s 

basic to seeing a physxal object. A surface 1s seen when the brightness 

dlfferentlal of small elements IS umform or regular over the entlre visual 

field, or patches of it. This property of the visual field IS optical texture. 

Contour 1s seen when there 1s an extended sharp break m brightness differ- 

entml. If the contour 1s closed, a form 1s seen. Color tends to Increase 

contrast. (HFl, HF2, HF6, HF7, HF13, HF17) 

When an observer IS m motion, his forward visual field “expands” 

from a “zero pomt” m the visual field at which he will collide with a surface 

or object If he mamtams that mstantaneous dlrectlon of motion. The ele- 

ments of the field expand radially from this “zero pomt” at a rate related to 

the speed of movement and the distance from the observer to the obJects 

reflectmg or emlttmg the array of light entermg his eyes The movement 

of elements or “rate of flow” III the observer’s visual field 1s directly i-e- 

lated to both the dlrectlon m which he 1s lookmg and the dlrectlon m which 

he 1s movmg. This fundamental property of motion perspective 1s basically 

a geometrical transformation, with both variants and mvarlants, between 

the obJects emlttmg or reflectmg light and the light entermg the eyes. 

Famlllar obJects are not necessary to give a perceptlon of movement, un- 

familiar textured proJectlons have been utlllzed to give a compellmg 

lmpresslon of movement through space (GAl, GA3, GA4, GAll, GA12, 

M6, HF6) 
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Correlated with the fundamental property of motion perspective, 

famlllar oblects, or classes of obJects (e. g., trees, houses) ~111 change 

m sue, shape, mterposltlon, light reflectance (shadmg), and aspect -- 

(perspective view) m the visual field. (GA1 1, HF6) 

Vux~al Field PropertIes Related to Required Information 

Unfortunately, there 1s no one-to-one relatlonshlp between mforma- 

tion requirements and propertles of the external visual field A given visual 

property can yield more than one type of mformatlon, the same type of mfor- 

matmn can be gotten from many different visual properties. The followmg 

dlscusslon relates the basic propertles of the visual field to the primary 

classes of mformatlon required by the pllot. 

Pitch and Roll 

Texture gradients provide mformatlon about the slant of the 

surface with respect’to the pllot. The texture elements of a recedmg sur- 

face appear closer together at the far end of the surface and farther apart at 

the surface location nearest the pllot. When texture elements are equally 

spaced in the center of the visual field, and appear more closely spaced m 

the penphery, the surface plane 1s orlented 90 degrees to the pilot’s lme of 

vision. Because roll and pitch mformatlon derived from texture gradients 1s 

dependent upon position of the pllot’s head, It can only be used by an obser- 

ver If his line of sight 1s comadent with the au-craft reference axis of 

Interest. 

Contours on the earth!s surface, part~ularly the horizon, are 

used with reference to some structural aspect of the au-craft for roll and 

pitch orlentatlon. When usmg visual contours other than the horizon, the 

relatlonshlp of the contour to the horizon must have been learned previously. 

In each instance, however, the arcraft structure 1s used as an mdex for 
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allgmng the arcraft In some relatlonshlp with the horizon or other contour 

such as may be provided by marks and lights. 

The orientation of natural and man-made surface structures, 

ordmarlly built up at a go-degree angle to the earth’s surface, also provides 

a basis for Judgments about roll. In this Instance, allgnment 1s made verti- 

cally with the constructed structure and the pllot assumes that the surface 16 

m its expected relatIonship to the obdect. 

Headmg-Line of Flight Coordination 

Perhaps the most useful heading-lme of flight coordmatlon 

lnformatlon comes from the dlrectlon of visual pattern flow “under” or 

“over” the wlndscreen. If tlie line of flight colncldes with the fore-aft axis, 

the flow will be allgned with the axx+! To the extent that the fore-aft ax16 of 

the vehicle 1s not orlented with the dlrectlon of movement, the flow ~111 

appear slanted In one dlrectlon or another with respect to the fore-aft axis 

or some structural Index of the axis such as a windscreen support. To the 

extent that partxular obaects (e. g. , approach lights) are learned to be 

associated with dlrectlon of movement, their posltlon m the visual field 

(essuming for the moment that lux of sight and the fore-aft ax16 of the ve- 

bxle are comadent) and flow “under” or “over” the pllot yields reliable 

heading-lme of flight coordlnatlon lnformatlon. 

Elevation (Height) 

The apparent relative size of familiar objects 1s probably the 

most commonly used source of both distance and elevation Inform&Ion. 

Apparent relative internal length between adJacent runway lights. and appar- 

ent relative brightness also can be used as cues to height above ground 

level, providing that the pllot has had sufflclent prior experience with the 

particular stunull mvolved. 
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Rate of Closure 

Apparent movement velocity of visual field elements (rate of 

pattern expansion) 1s a function not only of speed of movement, but slant 

range to the object or surface as well. As might be expected, changes m the 

apparent relative size and shape of a task-related object (e. g., runway) along 

the proJected dlrectlon of movement are frequently utilized by the pilot as 

the source of mformatlon of elevation and distance changes. Agam, some 

.structure of the arcraft (e. g., wmdshleld or nose structure) can be used as 

an mdex for estunatmg the crltux.1 apparent size of the familiar object bang 

used as the source of control declslon mformatlon. 

DIrection of Movement 

Researchers have angled out the “zero pomt” of the visual 

field expansion pattern as the most direct source of mformation of movement 

dlrectlon. By posltlonmg the “zero pomt” on the obJect or the surface area 

toward which movement 1s desired (e. g, , touch-down point), the pllot pre- 

sumably has very reliable mformatmn about his dlrectlon of movement. 

While the “zero pomt” concept IS sound geometrxally, recent studies suggest 

that It may not be easily plcked out by the pllot unless he 1s very close to the 

surface or object. At further distances, there is a large number of elements 

m an area which move at a rate slower than the typical pilot’s capabilIty to 

detect movement (See Chapter III ) Errors m location of the “zero pomt” 
* 

averagmg about 5 degrees visual angle have been obtamed m the laboratory. 

When the duectlon referent 1s not m the proJected movement 

path, or 1s out of vlsua.1 range (e. g., downwmd leg of landmg pattern) then 

extended contours of natural or man-made structures (such as rivers or 

landmg strips) havmg a known spatial relatlonshlp to the d$rection referent 

* 
Personal communication between the authors and Mr. W. J. Carel, 
General Electric Advanced Electromcs Center. 
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can be used as dmectlonal guides. Typmally, some aircraft structure will 

be used as an mdex for “tracmg” the dmectlonal referent or to align move- 

ment along a surface contour such as a runway centerlme. 
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The Inform&on Required for the Visual Control 

of Aircraft Landmgs 

James J Gibson 

Cornell Umverslty and Institute for Advanced Study 

In order to land an axcraft, the movements of the controls have to be 

m a very exact relatlonshlp to the mformatlon the pllot receives through his 

sense organs But just what 1s this “mformatlon”? What 1s the best way to 

specify It7 What parts of It are essential and what merely mcldentalv Are 

some aspects of It more trustworthy than others? It 1s clear at least that, 

among all the different sensory channels, the optlcal 1s more important than 

the others Consequently this paper ~111 be concerned entirely with vlslon 

But the same questions have to be asked about the optlcal input as about the 

others The light which enters the eyes must somehow contam most of the 

mformatlon which a pllot uses, and the questlon 1s how to describe and class- 

1fy It. 

Visual stxnull or sensatmns are usually described as cues for the 

perceptmn of objects and of space The cues for space perception have been 

classlfled and listed as an explanatmn of how we see the depth of objects It 

1s assumed that if the pilot can see all the obJects of the earth at their prop- 

er distances he can then learn to make the necessary responses for landmg 

The accepted list of the cues for depth, however, comes from a long hlstory 

of special problems in psychology and phllpsophy mstead of from a direct 

conslderatlon of the problem of landmg It 1s better to make a fresh start 

In the followmg account, therefore, the classical descrlptlon of visual sen- 

satlons and the theory of visual perceptlo, ~111 be omltted We are mterested 

only in the optical informatIon necessary for flymg 
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I. The Field of View of a Pllot WIthout gomg Into all the complexltles 

of optics and of bmocular v~lon, It can be safely asserted that a man sees 

his envronment only because light, travellmg m straight lmes, converges 

from all dlrectlons to the posltlon of the man’s head. The rays of light must 

not be diffused (e. g by fog) or Intercepted (by an opaque barrier) and, of 

course, the environment must be lllummated If the rays of light are to exist 

at all. The man can move his eyes and his head so that he can explore this 

complete field of view If he needs to, in a few seconds of time. At any one 

moment of time he can take m roughly a hemisphere of rays, but he can reg- 

lster fme detail only m a very slender cone of rays at the center of the 

hemisphere So he moves his eyes, or looks around, m order to see the 

complete Beld. The focussmg and flxatlon of the eyes on either stationary or 

movmg details of this array, the form&on of retmal Images, the excitation 

of the mosaic of cells, and the use made of the slight dlsparlty between the 

two retinal Images--all these are amply mechamsms by means of which the 

mformatlon m the field of YEW 1s picked up 

What, then, 1s the particular field of view of a pilot llkev Conslder- 

mg only the hemisphere m front, which he can take m wlthout havmg to turn 

his head, the upper sector 1s made up of light commg from the environment 

through the wmdsbeld, the lower sector 1s made up of light commg from the 

cockplt and the Instruments. Now the mformatlon m the upper sector 1s of a 

quite different sort from that in the lower sector, that 1s. from the mstru- 

ments. The former may be called natural mformatlon, whereas the latter 1s 

coded mformatlon The pattern of the light commg from the world depends 

only on the shape of the world, whereas the pattern of the light commg from 

the mstruments depends on the way they were deslgned, and on the codes 

adopted for Instrument readmg The remainder of the paper ~111 be con- 

cerned manly with natural mformatlon, that 18, with light commg directly 

from the physxal environment to the pllot’s eye. 
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The questlon, then, IS this. What are the stlmull or cues, or what- 

ever one wants to call them, which are contamed m the array of light-rays 

from the sky and the earth, and which provide the mformatmn necessary for 

the performance of landmg? 

II. What Does the Pilot Need to See? Before attemptmg to answer this 

question m the exact language of optics, It would be well to ask a prellmmary 

question m commonsense language what does the pllot need to see in order --- 

to maKe a successful landmg 7 Admittedly, different pllots emphasize differ- 

ent thmgs when asked about this, but they might agree on the followmg general 

statement 

First, the pllot needs to see the layout of the earth. This comprises 

the overall layout of the terram, that of the alrheld, and that of the runway, 

in a sort of descending order. This assertlon ~111 be expanded a little later 

on 

Second, the pllot needs to see at all times where he 1s gomg relative 

to this layout This means the momentary dlrectlon of flight, or the pomt of 

am, relative to the terrain, the airfield, and the runway Obviously he 

needs to see this so that he can control where he 1s going. 

Third, in the fmal approach the pllot needs to foresee the moment of 

impact with the ground for the present du-ectlon of flight. He needs to see 

this, of course, so that he can avold the Impact He does so m a fixed wmg 

arcraft by changing the direction of flight, 1. e. levellmg off, and 1n.a 

rotary wmg arcraft by decreasing speed We here assume that the “fore- 

seemg” of collision 1s in fact a kmd of “seeing”, and the evidence for this 

psychological assumption ~~11 be given 

If these three types of perceptlor are possible, a landmg can be 

made In the most general sense, all one needs to do m order to get to a 

certain place 1s to see it m relation to other places, to see where one 1s 
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going at any given moment, and to avert colllslons. These are the essen- 

t1a1s Other kmds of perceptlon are of course Important, but they are 

supplementary A knowledge of altitude, groundspeed, a~ speed, headmg, 

wmd-dlrectlon, glide angle, angle of attack, etc , are very helpful. It 1s 

better to have redundant than msufflclent mformatlon. Of these supplemen- 

tary kmds of knowledge some are given by mstruments (e. g. air speed and 

heading) some are given by combmatlons of &mull (e g. angle of attack or 

altitude), and some are equivalent to the former (e. g. glide angle to the dl- 

rection of flight). But the former kmds of perceptlon are the fundamental 

ones for locomotion. And they are given directly m the light from the earth 

to the eye, as can be shown. 

The layout of the earth 1s given by the overall pattern and sub-patterns 

of the light--by the “optical texture” m the field of view. The momentary 

direction of flight 1s given by the posltlon of the focus of radial expansion in 

this textured array. And the degree to which colllslon 1s lmmment 1s given 

by the relative rate of expansion of the pattern surroundmg this focus These 

three assertlons ~111 be taken up m order. 

III. The Inform&on for Percelvmg the Layout of the Earth. The pilot 

needs to see the country at large, and the parts of It, and the details wlthm 

these parts. He needs to H attention only to the parts and details whxh are 

slgmficant for his Job, It IS true, but he needs to see the whole. Now. the 

terram, the alrheld, and the runway are at different levels of SKX Taking 

all these shapes together at the different levels of size, the result 18 an 

enormously complicated physlcal structure. Nevertheless, however compll- 

cated It may be, the complete structure 1s represented exactly m the light 

which comes to the pilot’s posltlon m space, at least m clear daylght. The 

light 1s textured, as It were, Just as the ground IS textured, and It 1s formed 

as the countryslde 1s formed Mathematically speakmg, the physical struc- 

ture 1s proJected to a statlon pomt in the ar The kmd of prolectlon 1s not 
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that of a blueprmt, It 1s a perspective proJectIon, but It 1s nonetheless exact 

and the physlcal structure of the earth 1s no less well speclfled by it As 

modern geometry has demonstrated, the essentials of a structure or a form 

are unaltered or mvarxmt from one proJectlon to another This 1s the m- 

formation on whxh the perception of the earth is based. 

When the flier loses altitude, the optlcal structure 1s magmfled The 

enlargement or expansion Increases as the eye approaches the earth Any 

given form In the structure keeps Its geometrical Identity, the difference 1s 

that forms previously too small to be reglstered by an eye now become vlsibie, 

and other forms previously vlslble get too large to see all at one time During 

a let-down and landmg, the pllot LS orlented first to the alrfleld m its sur- 

roundings, a little later to the runway In the alrfleld, and still later to the 

landmg spot on the runway. The corresponding optlcal form gets big enough 

for the eye to pick up at Just about the time when the percelver needs to pay 

attentmn to the obJect, and eventually gets too big for the eye to pick up after 

It 1s too late to pay attention to the object 

It 1s as If the human eye had on the one hand, a certam acuity for 

reglstermg small forms in the over-all structure of light (If they are not too 

small) and, on the other hand, a kmd of sensltlvlty to large forms m the 

structure of light (If they are not too large). The forms of mtermedlate size 

are reglstered bq the optlcal system, and any one of them can be attended to 

If It 1.5 silfflclentlj mterestmg. The psychological basis of “paymg attention” 

and “arousmg Interest” 1s still a mystery to psychologists, but that need not 

concern us here We are only Interested m descrlbmg the potential mfor- 

matmn about the face of the earth which comes to the eye And It is now 

evident that this consists of a sort of hierarchy of forms wlthm forms This 

1s what the v~ual qstem 1s adapted to register The hierarchy of forms 1s 

related to the actual face of the earth by what mathematlclans would call a 

perspective or proJectlve transformation The laws of this relationship are 
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the laws of perspective geometry, although they have to be referred not to a 

flat picture-plane, as the books on perspective do, but to a hemispherxal 

optic array. 

IV. Optlcal Transformations and Motion Perspective. We must now con- 

slder an Important fact, not often emphasized m treatises on visual percep- 

tlon. When a man moves, the patchwork of forms changes In the course of 

the maneuvers preparatory to landmg, each of the forms referred to above 

undergoes a contmuous series of projective transformations The form 

representmg a patch of forest, that representmg the alrfleld itself, of the 

runway, of any particular bullding, and of any one of the wmdows m the 

bulldmg--each 1s contmually changmg. A rectangular obJect, for example, 

1s represented over time by a contmuous family of trapezoidal forms, of 

which the rectangle Itself is only one member Another way of puttmg this 1s 

to say that there are dlfferentlal motions over the whole field of view, that 

1s. motions of all the parts of all the forms They arIse, of course, because 

the pllot 1s movmg and his pomt of view 1s moang Consequently, there 1s 

a different parallax, as the astronomers say, for each of the different ele- 

ments of the earth’s texture at different distances from the observer A 

transform&Ion can be analyzed as a set of dlfferen+lal motmns of the pomts 

which make up the form. 

Now m the study of perceptlon It has been considered very dlfflcult to 

explam why a trapezodlal form should lead to the perceptmn of a rectangular 

obJect. The usual answer 1s that there has to be depth perceptlon for the ob- 

Ject And this means that we must take mto account all the tradltmnal cues 

or clues for depth before we can finder stand the puzzle But the whole puz- 

zle can be bypassed If we take a new approach to the problem of space 

perceptmn and make a sample, lf unfamlllar, assumption- Let us suppose 

that the prmcipal s+lmulus for the perceptIon of an obJect is not Its proJected 

form but its faml?y of transformations--more exactly the mathematical mua- 

lant of Its family. Strange as this hypothesis may seem at first, It clarlfles the - 
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old puzzle The InvarIant property of the tune-series constltutes mforma- 

tion about the object, the variant property of the tune-series constltutes 

mformation about locomotion, that IS, about the change of posltlon of the 

observer relative to the object This formula ~111 explam both object per- 

ceptlon and the perceptmn of one’s own motion m space at the same time 

If now we consider all the forms III rn array of light to a movmg pomt - 

of VPYW, It 1s evident that there are subfamllles and superfamllles of contm- 

uous transformations m the total array. They are all interlocked geometrlcally. 

Now the fact 1s that for any given super-transformation, there 1s one and only 

one movement of the point of VEW m space whxh ~11 correspond to It 

Strange as It may seem, the transformation speclfles the movement of the ob- 

server The total array yields mformatlon not only about the unchangmg face 

of the earth but also about the changing point of view of the observer hlmself 

Consldermg these famllles analytically, as a set of dlfferentlal motions 

of pomts over the greater part of the whole field of VEW, one can describe 

them m terms of angular cpordmates In this analysis, the forms as such 

disappear as it were and leave only the motions of their elements The re- 

sult 1s what the writer has called “motion perspective”, that IS, the set of the 

parallax motmns of all elements on the face of the earth as proJected to an 

observer movmg relative to the earth A mathematical statement of the law 

of motion perspective was derived and publlshed by the author and his col- 

laborators a few years ago It says that the momentary angular velocity of 

any pomt proJected from the surface of the earth 1s a function of two con- 

stants and three variables The formula makes It possible to plot the 

pattern of velocities as vectors on a hemlspherlcal array around the head 

of the flier This pattern will be the same whether the flier be an awplane 

pllot, a bird, or an Insect Such a plot has very interesting characterls- 

tics, which differ for different circumstances of aerml locomotion Several 

of these plots are shown m the paper referred to The pattern of velocltles 
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1s more easily visualized, however, if less convemently speclfled, on a 

plane, that IS, by a picture The dlrectlon and speed of each optical velocl- 

ty can be represented by a vector. Such pictures can be found m the 

writer’s volume of research on aviation psychology or in his book on visual 

perception. Three of them are reproduced here. 

In general, the over-all pattern of velocities in the total spherical 

field of view 1s one of centrifugal flow from a focus m the dlrectlon of loco- 

motion and centrlpetal flow to a focus in the directlon opposite to locomotion 

One can observe the latter from the rear end of a tram The magnitude of 

any velocity m the field vamshes at the optlcal horizon. Hence the angular 

velocity of any pomt m the array 1s an mverse mdlcator of the distance away 

of the corresponding element of the earth’s surface It 1s a clue to the dls- 

tance of the object, In classical terms, but this way of consldermg optical 

mformatlon 1s laborious and clumsy. A percelver does not have to see all 

the velocities In his field of vow, one at a time, and then put them together 

Instead, his eyes register the pattern of velocltles, that IS, the gradients of 

optlcal flow and the parameters of optlcal transformation. These mdlcate 

the actual layout of the environment m Important respects. And, as a bonus, 

the flow pattern also tells the percelver important facts about his own 

locomotion 

V The InformatIon for SeemgWhere One 1s Gomg In addltlon to seemg 

the face of the earth, we suggested, the flier must be able to see where he 

1s gomg relative to the face of the earth, Only so can he choose where to 

go. The pomt of aim at any time during locomotion is given, In the pattern 

of optical velocities described above, by its focus The center or orlgm of 

the centrifugal flow of the elements 1s the dIrectIon of one’s movement In 

!evel flight, this 1s on the horizon, m a glide or dive it 1s at some angle down 

from the horizon The form within which this center falls represents that 

ff,ature of the earth toward which the pilot is heading Assummg that he can 
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ldentlfy a city, an alrheld. or the upwind end of a runway from Its (changmg) 

form, all he needs to do m order to get there by the shortest path is to keep 

the focus of flow on that form. If he turns, the focus sweeps over the features 

of the earth, If he dives the focus moves downward from the horizon to a new 

feature of the earth. This pomt of aim 1s given unmistakeably m the field of 

view, it 1s a pomt of no optical velocity and, moreover, the vectors of all the 

velocltles m the field pomt exactly away from It It is always there to be seen, 

whether or not It IS attended to 

As every flier knows, the axis of the aircraft 1s no mdlcator of the dl- 

rectlon of flight The angle of attack and the angle of “crabbmg” m a 

cross-wmd are variable But the focus of flow 1s an mdlcator of the dlrectlon - 

of flight, and a perfectly r&able one. Moreover, it 1s directly visible The 

ablllty to see the pomt of aim relative to the ground, rather than to conceive 

It or to mfer It, 1s important to pilots, for It 1s trustworthy mformatlon. This 

fact explains the dlssatlsfactlon pllots feel for all blind landmg systems medl- 

ated predommantly or wholly by mstruments. 

One does not have to look directly at the focus on the ground m order 

to apprehend It, since all vectors m the field of view, wherever one looks, 

radiate outward from the focus and lme up with It In the customary round- 

about approach to an aIrfield necessitated by traffic, wmd and other 

conslderatlons, the cone of Jlght rays commg through the side window in- 

stead of the front may r&celve the most attention This 1s the case, for 

example, durmg the downwmd leg. But this picture is Just a part of the 

whole melon-shaped pattern of optlcal velocltles m the total flow of the face 

of the earth. And all velocltles pomt to the pole of the melon. The whole 

pattern can be vlsuallzed by combmmg the pictures shown. 

Durmg the fmal approach, of course, the focus must be watched 

with care so as to keep It Just above the lme representmg the near edge of 
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the runway Here 1s the case where vxnon for details 1s necessary If the 

focus IS too high there 1s danger of overshootmg the runway, If too low, of 

undershootmg As this sltuatlon approaches Its climax, there 1s less and 

less time for lookmg around. The pllot begms to antlclpate the touchdown. 

VI. The Inform&Ion Needed to Foresee the Moment of Impact. Colllslon 

with the ground, In a flxed wmg axcraft, IS avolded by levellmg off. This 

consists physlcally of changmg the dlrectlon of the path until It 1s tangent to 

the ground. It 1s quite a trick, however, and there 1s a danger of levellmg 

off either too late, whxh results m xnmedlate n-npact, or too soon, which 

results m eventual Impact The dlrectlon of flight, or the pomt of aim, must 

be altered by Just the right angular amount and over just such a period of 

time that the wheels touch when the path 1s parallel to the ground. In terms 

of motion perspective, this means that the focus of flow must be shifted up- 

ward from the begmmng of the runway to the horizon of the earth, and must 

comclde with the horxzon at that moment when the wheels touch. The shift 

is easy enough, It 1s accomplIshed by pulling back on the stick What 1s diff- 

lcult 1s the txmng of the performance The mformatlon for pullmg out of 

the glide 1s contamed In the pattern of vectors relative to the horizon. Is 

there also mformatlon m It for the txnmg of the pullout? 

The answer 1s yes. Iq the mathematxal statement of the law of 

motion perspective referred to, It can be shown that the pattern at any 

moment of time gives the txne remammg before colllslon with the earth, for 

the speed and headmg of that moment. An attempt ~111 be made to put this 

fact Into ordmHry language 

When approachmg any obJect or patch of surface at a constant speed, 

the visual angle Intercepted at the eye mcreases. It reaches 180° when the 

eye touches the surface. This 1s the angular size of the obJect. The m- 

crease of size per unit of txne 1s accelerated as the distance of the obJect 

lessens Visually, It seems to “loom” m front of the percelver as he gets 
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closer. When this happens, he blmks, or dodges, or ducks. The effect can 

be demonstrated experimentally with a harmless shadow on a translucent 

screen m front of his face Now It is easy to prove that the relative increase 

of srze per umt of time 1s Inversely proportIona to the length of time remam- 

mg before collision. If a silhouette Increases m diameter 10 per e&per sec.,, 

coll~slon 1s 10 seconds m the future. If It mcreases 50 per cent per set , 

collision 1s two seconds off And If It mcreases 100 per cent per set , col- 

llslon 1s one second off This rule holds whatever the absolute physlcal size 

of the obJect or the absolute angular size of Its proJectIon may be Calling the 

shortness of time before colllslon the degree to which colllsmn 1s imminent, 

we may now assert the law that the rate of increase of relative size, the rate 

of magmflcation, is an exact mdlcator of the immmence of colllslon 

Note that the rate of magmfacatlop 1s not simply one event which slg- 

nals a future event, m the same way that a dinner bell enables us to expect 

dinner, It IS more than a “cue” or a “signal”. Colllslon 1s contmuously fore- 

seeable, and Its closeness m time 1s literally visible If the rate can be 

registered by the eye. It 1s possible to say that the pilot can theoretically 

perceive at all times the moment of Impact durmg his final approach to a 

landmg Foreseemg of this sort 1s more like seemg than it 1s like expectmg 

or predlctmg 

The continuous change m the rate of magmflcatlon of the runway or 

of Its details IS, therefore, mformatlon by which the pilot can time the per- 

formance of levellmg off. He does not have to know the width of the runwsy 

in yards or his altitude above the ground m feet m order to do so. In short, 

he does not have to depend on an estimate of depth or distance based on the 

tradlttlonal cues, although he may, of course, make such an estimate 

There 1s one reservation whxh must be made, however, m the appllcatlon 

of the foregomg theory. The pllot does not land on his own feet, but on 

wheels, which may be 10 or 20 feet above the surface of the runway, 
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dependmg on the axplane he 1s flymg. He has to know where his wheels are, 

as a sort of extension of his own body Or, to put It m another way, he has 

to know what the absolute perspective of a runway looks like when the wheels 

are on the ground In short, he must know the alrplane 

In the case of a vertical hellcopter landmg, the performance 1s slm- 

pler The pilot has only to slow down his rate of approach to the ground so 

as to just to cancel the magmflcatlon m the field of view when the landmg 

gear touches. The operation of deceleratmg as one approaches an obJect 1s 

one at which we all have had conslderable practxe m everyday life--when- 

ever, In fact, we wish to get close to somethmg or someone without collldmg 

with It. 

It 1s worth notmg, mcldentally, that birds and Insects make success- 

ful landmgs onvarIous surfaces of the world, and have done so for mllllons of 

years longer than man has. Some creatures land by hovermg, and some by 

glldmg, or by both The mformatlon they need for landmg 1s the same as a 

man needs Their eyes differ but the light entermg the eyes 1s the same for 

them as it 1s for us Presumably the rules for success are also essentially 

the same 

VII. The Special Character of Contmuous Feedback Information. The 

pllot needs to see three thmgs, the earth, his pomt of aim, and his future 

moment of Impact. The latter two depend on the fxst In other words, he 

cannot see the pomt of aim or foresee the moment of impact except m rela- 

tlon to the earth But not only that, these two differ m still another way. 

The mformatlon for pomt of aim and moment of impact depend on motion In 

the light, the mformatlon about the face of the earth depends on what remams 

constant m the light despite motion. There are qvarmnts of the energy mput 

as well as contmuous varlatlons of the Input, or transformations of pattern. 

The fact to note 1s that the transform&Ions are produced by locomotion and 

also serve to control locomotion The mvarmnts are simply a constant 
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background of Inform&Ion. The transformations are examples of contmuous 

feedback InformatIon. 

The focus of centrifugal flow shifts when the flier turns, and thus 

serves to control the turn. The rate of magmflcation Increases as the flier 

approaches and thus serves to control the approach These two are “cues” 

for perceptlon or “stimuli” for behavior only In a special sense of those 

terms, Inasmuch as their actlon 1s circular 

The Invariant propertles of an optic array, on the other hand, provide 

cues or stlmull In a more familiar sense These enable the percelver to re- 

spond to permanent objects, large or small, m the world The flier, of 

COUl-Se, must have cues for both the world and for his flight, but the analysis 

of the cues must be different for the two kmds The one 1s envlronment- 

produced stlmulatlon The other IS response-produced stlmulatlon The 

traditional analysis of the cues for depth perception falls to make this dlstmc- 

tlon, and thereby loses much of Its relevance to avlatlon 

The commonsense theory which says that If the pllot can see the earth 

he can land the axplane 1s not enough It falls to explam how he can land the 

airplane The mformatlon which specifies locomotion and provides for Its 

control IS necessary for that The pilot may be unaware of this kind of mfor- 

matlon and quite unable to say how he uses It It 1s apt to be regxtered 

unconsciously. In learnmg to use it, practice 1s more important for the 

novIce than verbal mstructlon This would be expected, since the words avall- 

able to describe the motions and transformations which occur In his field of 

view are dlfflcult and unfamlllar, as may have been noted 

VIII The Inform&Ion Required for Low Vlslblllty Landmgs We have said 

that the pilot needs to be able to register the over-all pattern and subpatterns 

m the light, the posltlon of the focus of radial expansion In this over-all 

pattern, and the relative rate of expansion of the pattern around this focus 
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This structure, &he patchwork of color-differences and mtenslty differences 

m the light, obvmusly depends on the presence of light. The countryslde, 

the alrport, and the runway must either be lllummated by the sun or llghted 

by artlflclal sources. More exactly, they must be sufflclently lllummated or 

suffiaently llghted to fix these surfaces m perceptmn and to defme at all 

times the posltlon of the pllot relative to them The questlon of just what 1s 

sufflclent mformatmn III the way of patterns and transformatmns of light 1s 

an extremely complxated and dlffxult one 

At mght, It 1s possible, of course, to supplement natural light with 

artlflc& light, either “direct” llghtmg by lummous sources embedded m a 

surface or “mdlrect” llghtlng which sends reflected hght from the surface 

In either case the important parts of the structure of the earth, although not 

the whole of It, can be represented m the light to the pllot’s posltmn m 

space. The greatest dlfflculty arises when the aIrspace 1s filled with haze or 

fog. The light 1s then sad to be “diffused” and the pattern at the eye 1s sad 

to be “veiled” or “blurred” and to lose “contrast”. In the extreme case of a 

dlffusmg substance m front of the eyes (e. g spectacles of frosted glass), 

there 1s no pattern m the entermg light at all, and the percelver might as 

well be blmd In cases of par&al dlffusmn of light, only one thmg 1s certam 

the mformatlon about the external world 1s reduced. 

No one seems to know, at present, a good way to measure the loss of 

mformatlon produced by the dlffusmg or blurrmg of light or by reducmg Its 

contrast. In practical avlatlon, “vlslblllty” has a defmlte meanmg. But It 

1s measured only by a rule-of-thumb method, that LS, by measurmg the dls- 

tance at which oblects are detectable through haze or fog. The kmd of 

Inform&Ion we are consldermg, It should be remembered, 1s what we have 

called natural. There are newly developed methods for measurmg coded m- 

form&Ion, as m speech commumcation, but they do not seem tb be approprl- 

ate for the quantlflcatmn of the mformatmn about the world which 1s carried 
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by light. InformatIon theory has not yet been successfully applied to this 

problem, and It may be that a different mathematxal procedure 1s requred. 

The problem of defmmg optlcal mformatlon cuts across several differ- 

ent sciences, psychology, visual physmlogy, optxs, physics, and lllummatmg 

engmeermg. A great deal of research has been carried out which 1s more or 

less relevant to the problem but not centered on It--work on vlslblllty, visual 

detectlon, visual contrast or brightness dxcrlmmatmn, visual contour per- 

ceptmn, visual acuity m relation to ~llummatmn, form perception, surface 

perceptlon. brightness constancy, and perhaps still more The problem of the 

defmlteness of an optx array should not be confused, of course, with the 

problem of the defmltmn or, clarity of a retmal Image. The latter depends not 

only on lllummatmn and dlffusmn m the a~ but also on the anatomical condo- 

tmn of the eye, with which we are not here concerned. 

The practxal problem for flymg at mght or with fog or both 1s how to 

mark and lllummate alrports and runways m such a way that the light reachmg 

the pilot carries at least the essential Information for landmg the axcraft 

Accordmg to the present analysis, the essential mformatmn consists of a 

“sufflclent” degree of patternmg of the light--sufflclent to carry the geometrl- 

cal mvarlants and the transformatmns of pattern which enable the pilot to see 

a surface and to control his flight relative to the surface But we do not know 

what degree of patternmg 1s sufficient for this purpose, and we are not even 

sure how to defme “patternmg”. Various systems of alrport markmg and 

llghtmg can be deslgned, but they ~11 be based on guesswork until these basic 

questmns are clarified. 

Part II Recommendatmns for 

Research on Alrport Markmg and Llghtmg 

The reason for the present confusmn about alrport markmg and light- 

mg systems 1s simply that we do not know enough about how light enables us to 

IV-15 



see thmgs. The accepted theories of perceptmn have hmdered rather than 

helped by concentratmg on the stale phllosophlcal questmn of how the mmd 

constructs a picture of the outer world. or If not the mmd, then the bram. 

The theories and experiments of physics and optics have been concerned with 

light, but not with the kJnd which makes visual perceptmn possible. The 

visual physmloglsts have concentrated on the cells m the retma of the eye 

but not on the way the whole system works. The only remedy for this sltuar 

tlon 1s basic research. 

ExperImental work 1s needed m at least three areas, Brst, studies 

of the patternmg of light proJected to a statmn point m an environment, 

second, research on m&lo& or contmuous transformatlans m such an op- 

tIca1 array, and third, an effort to fmd a method for quantlfymg the 

mformatmn carried by the array under unfavorable condltmns In each of 

these areas, cooperatmn 1s required between physics on the one hand and 

psychology on the other. The light has to be mampulated and controlled, and 

then Its effect on a percelver or a pllot has to be determmed. 

Studies of the Patternmg of Light. This area Includes a great variety 

of experiments on vlslon which have been treated as separate problems but 

not as parts of an over-all problem--experiments on acuity, form-perception, 

brightness-dlscrlmmatlon, contrast, etc. This dlverslty 1s IIIustrated by 

the different terms used m the present paper to describe the InformatIon- 

carrymg capacity of light structure, texture, form, pattern, or a “patch- 

work” of mtenslty differences and wavelength differences. Some experiments 

m the area which seem to be especially relevant to alrport llghtmg and mark- 

mg are as follows 

1 Research to determme the stimulus condltmns for the perceptmn 

of a surface This mvolves experiments on optlcal margms and textures. 

It 1s related to older work on him-colors vs. surface-colors, on the hgure- 

IV-16 



Human Sciencks Research, !nc 

ground phenomenon, on the constancy of surface-color under varymg llluml- 

natlon, on brightness contrast, and on the relatmn between acuity and 

illummatmn 

2 Further experiments on the optical condltlons producmg sharp 

contour3 III perceptlon (e. g. Mach bands) and the condltmns producmg a 

shadowy transltmn or penumbra 

3 Further experiments of the type now performed on vlslblllty, 

vmual detectmn, and several kmds of v~+ual acuity targets. 

4 Research to determme how the variables of natural obJects and 

lummous sources do m fact determine an optic array This 1s a new and un- 

coordinated field of study which the writer has called “ecological optics”. 

It mvolves studies of lllummatlon, reflectance, the dlrectmnally reflectmg 

properties of surfaces, and the geometry of perspective 

Further Studies on Contmuous Transformations or Dlfferentlal Motmns 

m an Optic Array There are few exlstmg experiments m this area except 

those from Cornell Umverslty carried out recently under contract with the 

Offlce of Naval Research Most of the early experiments on visual motmn 

are not relevant. Some proJects that would be profitable are as follows 

1 A further mathematical study of motmn perspective or the ges- 

erallzed formula for the parallactlc motmns of pomts on the surface of the 

earth. Also the applicatmn of this method to the analysis of particular arrays 

encountered durmg alrcraft landmgs This method should be compared to 

that advocated by Calvert m England for analyzmg the apparent motmns m the 

field of vrew durmg an approach glide 

2. Psychophyslcal experiments III which the varlatlons m perceptmn 

aroused by varlatmns of optical transformatmn are determined This XI- 

valves the producmg and controlling of artlfical arrays such as those from 

displays, simulators, motmn picture screens, or shadow-prqectors Re- 

search m this field has been handicapped up to the present by the dlfflculty and 
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expense of wide-screen presentatmn. 

3 The constructmn of optlcal simulators, Intended wholly for re- 

search rather than for trammg, for the study of two abstract control 

mechamsms m a human operator steermg and makmg contact wlthout 

colllslon 

DIscovery of Methods of Quantlfymg the Informatmn m Optical 

Structure The mformatmn m ordmary visual stlmulatmn has to do with the 

places, objects, and events of an environment, and with the actlvlty of get- 

tmg about in the environment It is not coded mformatmn as the mformatmn 

m speech sounds and wrltten symbols 1s As the Gestalt psychologists have 

emphasized, there 1s great danger m trymg to fmd elements or units m 

visual forms and patterns But umts of some kmd are necessary for quantl- 

hcatmn, and the questmn 1s whether appropriate ones can be dlscovered 

which do not do vmlence to the facts of perceptmn 

An exploratory collaboratmn between a perceptual psychologist and a 

mathematlclan might be useful m attackmg this problem. 

There are various ways of blurrmg, weakenmg, lmpoverlshmg, re- 

ducmg, or otherwlse attenuatmg visual patterns. Many of them have been 

tried experlmentally m psychological laboratorles, and they occur naturally 

when fog or dapkness mtervenes. Efforts should be made to measure the 

reduction of mformatmn m these experiments. 

There have been recen’t efforts to defme “regular” as compared to 

“irregular” visual patterns m a mathematlcal way, and to dlscover what 

difference this makes for perceptmn The regular are superlor to the lrreg- 

ular stIrnull by several crlterla But regularity 1s by no means a simple 

mathematical variable and further work 1s necessary to clarify the concept 

The only thorough gomg dlscussmn so far publlshed of the possible ways of 

concelvmg the amount of mformatmn m a pattern undergomg contmuous 

magmficatmn 1s that of Hochberg and Smith, and even this treatment IS con- 

fmed to small patterns with a llmlted number of elements 
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Impllcatmns of Accident and Pllot Reactlon Tune Data 

for AML Design 

Accident analyses are one source of mslght mto problems associated 

wth pllot control of an alrcraft havmg lmpllcatlons for airport markmg and 

llghtlng design. A summary of accident statlstlcs presented m the reports 

revlewed III this present study mdlcates that a maJorlty of mllltary and com- 

merclal au-craft accldents occur where vlslblllty and weather are far above 

mmlmal condltlons, although there 1s not much difference m accident rate 

between VFR and IFR condltlons. However, the maJorlty of accidents oc- 

curred when 

the pllot 1s m final flight phases associated with landmg his aircraft, 

he has transltloned to visual contact as the mformatlon source for 
flight control, 

It IS mght, and 

vlslblllty 1s greater than 2 miles 

In a recent speech, the Director of Flight Safety m the Air Force re- 

ported the followng concermng 235 cases of maJor undershoot accidents. 

All except four (4) occurred In VFR operations 

All except 15 occurred with vlslblllty greater than three (3) miles 

The data on whxh these conclusions are based have been gathered 

over a period of several years. The experiences of both the Umted States 

and Umted Kmgdom rmlltary and commercial aircraft are Included (GA6, 

GAB, AZ-AlO) 

This descrlptlon of the condltlons associated with the major percent- 

age of accidents suggests that the accident problem is not solely a matter of 

poor vlslblllty, or other performance-dzgradmg condltlons. Rather, there 

appears to be a basuz failure m the mformatlon-response system whlcb lmks 

the alrport markmg and llghtmg system with the pilot. (GAB) 
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Approach speed, smk rate, and alrcraft response lag to pllot control 

mputs (throttle, flight controls), all combine to place a time demand on per- 

formance of the pllot’s task. As these dlmensmns of amcraft performance 

have mcreased through recent years, mcreased demands have been placed on 

the pllot’s reaction time. A basic problem appears to be the fact that, while 

mcreaslng axcraft performance characterlstlcs are placing heavier reactlon 

time requirements on the pllot. these response characterlstlcs of the pllot 

remam relatively fured As alrcraft-generated response requirements 

approach the upper bounds of pllot performance, and pllot “band width” 1s 

used to capacity, the probablllty of lmkage fallure, somewhat erroneously 

termed “pllot error”, mcreases (GA8ts) 

Assummg a contmumg Increase m approach speeds and smk rates of 

alrcraft, and contmued use of the pllot as prmclpal controller of such ax- 

craft, there 1s a consequent necessity to compensate for the relatively fixed 

upper llmlts of the pilot. In this context, the requirement for Improved aw- 

port marking and llghtmg systems 1s paramount. The mformatlon utlllzed by 

the pllot m the landmg phase must be provided at a time and level of clarity 

concomitant with the demands of the landmg task. The pilot soon will be un- 

able to compensate for airport markmg and llghtmg systems which provide 

him visual mformatlon which 1s either madequate or ambiguous in the sense 

that It takes the pllot a relatively long time to mterpret and react successfully. 

(Al, A4) 

With the mcreaslng demands of high-performance amcraft m mmd, 

consider the mformatlon processmg time requirements of the pllot as de- 

scribed by Zeller 

Whatever the mformatlon encoded by the alrport markmg and llghtlng 
system, the light fallmg on the retina must be transrmtted to the 
bram. 30 mllllseconds to 3/10 of a second. 

The stimulus pattern must be recogmzed. l/2 second. 
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The stimulus pattern must be Interpreted and a declslon reached as 
to the appropriate response lndxated by the Interpreted InformatIon 
1 - 2 seconds 

The declslon must be translated mto a control response. l/l0 - 
5/10 second. 

The control responses, In turn, affect alrcraft control surfaces and 
eventually an aerodynamx response of the alrcraft occurs. 

Each of the first four steps must be performed in visual contact flight 

and each step ImplIes a function or process of the pllot whxh 1s relatively 

fixed by his physiology, musculature, etc. Total time required by the first 

four steps thus appears to be somewhere between 1.5 and 3 seconds. Jenks 

also has estimated this time to be about 3 seconds. However, It may be that 

this time 1s shorter If the pllot 1s “set” for a stimulus whxh. when seen, 

triggers off a sequenced response. (A4, M7) 

For all five steps, total time has been estimated by Jenks to be on the 

order of I seconds Cornell Aeronautical Laboratory also has estimated 

total lag time for the first five steps to be about 7 seconds. In this calcula- 

tlon, the followmg breakdown was used 

Time for pllot to receive and asslmllate command 1 second. 

Time to advance throttle. l/Z second 

Time to move stxk. l/2 second 

Time to develop power, comeldent with amcraft response time 
5.0 seconds (GA45) 

Emplrlcal data specifically collected to measure pilot-alrcraft re- 

sponse lag txne m the final approach mode have not been systematically 

collected. However, data on total time required for various corrective ma 

neuvers have been collected m the Unlted States and m England. Although 

more directly to the pomt with respect to alrport markmg and llghtmg sys- 

tems, the English data do not allow extrapolation to new types of arcraft. 

(GA8) 
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A summarlzatlon of accident statlstlcs In terms of lmpllcatlons for 

alrport markmg and llghtmg design lndlcates the followmg 

The pllot’s task III the landmg phase imposes the most strmgent time 
requirements for mformatlon on the an-port markmg and llghtmg 
design. 

The alrport markmg and llghtmg design which provides mformatlon 
needed by the pllot In performance of the landmg task must be guided 
by the nature of mformatlon requirements m poor vlslblllty condltlons 

The most critlcal mformatlon items that must be represented m air- 
port markmg and llghtmg design seem to be rate of closure with the 
surface and projected pomt of closure with the surface. (Al) 
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Determmants of Intensity and Posltmnmg 

of Approach and Runway Llghtmg 

While many approach llghtmg conflguratmns to ald the pilot m poor 

vlslblllty condltmns have been designed and tested, only a few have been 

adaptable to the wide variety of operatmnal conchtmns under whxh the sys- 

tem must functmn 

To make possible provxzon of lnformatmn to the pilot on his posltmn 

m relatmn to the runway and the pomt at which he has to alrn to make his 

touchdown, a sufficiently long segment of the approach and runway lights 

must be vlslble durmg the approach and landmg Tius segment must not only 

be seen when the alrcraft approaches the runway along the proper glide path, 

but also when It follows a path that deviates from the proper one 

This Techmcal Note 1s concerned with a dlscussmn of operational 

conchtmns which deterrome specific values of two fundamental design charac- 

terlstxs of approach Ilghts. namely, posltmmng and mtenslty 

Posltmn at Pomt of TransItIon from Instruments to Visual Contact 

This variable 1s. of course, highly correlated with atrriospherx con- 

dltlons The poorer the atmospherx transrnlssmn, the closer to threshold 

the pilot ~111 be before seemg a given set of approach or runway lights. 

Assummg a more-or-less lmear glide path, this lmpl~s that for each m- 

strument approach, values of the followmg factors ~111 vary widely regardmg 

the pomt at which the pllot mltlally obtams v~ual guidance. 

Height 

Distance from threshold 

Horizontal and lateral displacement from proper glide path. 

Headmg. 

Rate of change of each of the factors llsted above 
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A recent report from an ICAO meetmg m Montreal gives the following 

data on lateral displacements at 4000 feet from threshold The data bracket 

95% of Instrument approaches with the electromc alds and approach speeds 

listed. (M30) 

145 mph 175 mph 

ILS automatx approach 110 feet 140 feet 

ILS flight drector 220 feet 280 feet 

GCA 250 feet -_-___- 

ILS crosspomter 440 feet 560 feet 

Some data have been complled both m the Umted States and England 

on the posslblllty of a successful landmg with transport class alrcraft as a 

functmn of horizontal departures from the extended runway axm (TV1, 

TVll) 

Small errors m headmg at greater distances from threshold are 

usually unimportant, but this factor becomes very Important If heading 

errors become slgmflcantly large at distances closer to the runway 

In Judgmg the relative nnportance of lateral and vertical dlsplace- 

merits, It has been said that lateral deviatmns result m mlssed aproaches 

while vertical errors cause accidents. 

It 1s realized that mformatlon on rates of change of the four basic 

factorg IS crltlcal also Once precxe mformatlon on the momentary value 

of the four factors 1s complete, It would seem advisable to study the much 

more mtrlcate effects of their rates of change. 

Arcraft and Pilot Response Characterlstlcs 

It has been e&mated that approximately 3 seconds are required by 

the pllot m the approach zone to appraxe his sltuatmn, apply the necessary 
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correbtlon, and observe that the correctlo” IS takmg place. This value can 

vary selreral tenths of a second either way, accordmg to the mdlvldual p&t 

and condltmns When only edge runway lights can be seen, It has been estl- 

mated that the comparable time for this actlon IS 6 to 9 seconds. (GA22, M7, 

M9, M19) 

It has been estunated by Jenks that the time needed by an au-craft to 

show a measurable departure from track after a turn has been uutlated 1s be- 

tween 4.5 and 7 seconds. The time then required to spot a displacement and 

complete a corrective maneuver 1s at least 9 to 11 seconds, although the 

time may be slightly shorter for very small displacement errors. Calvert 

reports that tests conducted by the RAE m 1955-56 showed that the time taken 

to correct a given displacement was nearly the same for each of a wide 

variety of tested alrcraft (mostly propeller driven). The followmg values 

were given for the munmum time required to correct (m one maneuver) the 

lateral displacements given below. (TVl, MB) 

Lateral displacement Mmlmum time to correct 

40 10 

100 12. 5 

200 15 

330 17.5 

500 20.0 

It should be noted that due to the unstable aerodynamic characterls- 

tics of alrcraft at lower speeds requred for landmg, mamtenance of an 

absolutely straight-lme flight 1s practically lmposslble unless the pilot can 

“gun-sight” the arcraft toward a certam pomt. As can be lmagmed, the 

task of properly correetmg mlsallgnments 1s a much more complicated task. 

The aircraft does not respond to mmute :urns or correctlons at the Instant 
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of application. The mass of the alrcraft contmues along a balllstx path 

wlthout sigmflcant devlatlons until the corrective forces become of suffxlent 

quantity to deflect the mass in the desired dire&Ion (MN 

For the reasons described III the precedmg paragraph, the pllot ~111 

often over-correct or under-correct since he 1s estlmatmg the future effects 

of his control mput. He does not have lmmedlate feedback due to aerody- 

namlc lags. (It may be that “quxkened” mdlcatlons, showing where the 

alrcraft ~111 be at some future pomt m tune, would be a useful developmental 

program. ) Thus, it is seldom that a pllot can correct a large displacement 

In one maneuver Instead, the aircraft follows a more oscillatory track with 

the osclllatloxis gettmg progressively smaller. This track holds not only for 

lateral and vertical displacements, but also for oscillations of the alrcraft 

around Its own axls as well In addltlon, lt has been reported from England 

that durmg the correctlo” of a lateral error m poor vlsiblllty conditions, 

visual guidance m the vertical plane from approach and runway lights 1s prac- 

tlcally non-existent. (GA7, GA15) 

Alrcraft Landmg Procedures 

The particular aerodynamic characterlstxs of each type of aircraft 

will prlmarllk determme the alrspeed and the type of approach which the air- 

craft should follow for the safest possible landing. 

The FAA requires that landings be made at 1 3 times the stallmg 

speed for all approaches. For a typical modern commercial alrcraft, this 

speed 1s approximately 130 to 140 miles per hour. This figure may vary 

between 120 and 210 miles per hour for other large aircraft 

Civil and military transport alrcraft ~11 usually try to follow a lmear 

glide path at an angle of approximately 2 l/2 degrees This angle may vary 

from 1 5 to 3.6 degrees. (GA151 
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Groundspeed ~111, of course, be the determmmg factor m how much 

time the pllot has avallable to spot an error, make the required correctlon, 

and still land the aircraft Under the followmg condltlons, the pllot will have 

4800 feet remammg to his touch-down pomt. 

Cockplt cutoff of 15 degrees 

Pilot dbtammg visual guidance to make glide-path correctlons needed 
at the point at which the outermost bar of the 3000-foot approach con- 
figuration 1s cut off by the structure of the alrcraft 

A straight-m approach path 2 l/Z degrees above the horizontal with 
mtersectlon at a pomt 1000 feet down the runway. 

In the above sltuatlon, the maxlmum time remammg for various ground- 

speeds would be 

120 mph (176 ft/sec) 27.3 seconds 

150 mph (220 ft/sec) 21.8 seconds 

180 mph (264 ft/sec) 18 2 seconds 

210 mph (308 ft/sec) 15.6 seconds 

(GA22) 

As has been discussed previously, at distances closer to touchdown, 

mamtammg a proper glide path becomes much more crltlcal Accordmg to 

Calvert, the time required to make a lateral correctlon (excludmg “sllppmg”) 

of only 40 feet requires 10 seconds It can be seen that as the approach 

speeds of alrcraft Increase, the problem of performmg these necessary 

corrections m the allotted time approaches the limit of what the human pllot 

can be expected to do (TVl) 

Cockplt Vlslblllty Restrlctlons 

The structure of present commercial aircraft is such that only about 

15 degrees (measured from the alrcraft longitudinal axls) of downward view 

1s available to the pilot Some military alrcraft have as much as 5 to 8 

VI-5 



degrees less downward view avallable. Some of these aircraft, however, 

have a slimmer fuselage which allows greater side vision. It is possible 

that in some future mllltary axcraft, forward vlslblllty may be reduced to 

as low as 5 degrees. (GA7, TVl) 

In England, the RAE has collected some valuable data from flight 

tests and experiments on the kmematlc sumulator about cockpit cut-off angle 

effects on aircraft landmg procedures. From these studies, guidance re- 

qulrements of visual alds for aircraft with from 5 to 20 degrees of cut-off 

angle have been established. Although the results are much too complicated 

for our present discussion, it 1s recommended that the mterested reader 

become famlllar with them. (TV11 

The prevalent feeling today 1s that cockplt cutoff does not become an 

Important factor until the threshold is reached, except under very poor visl- 

blllty condltlons. The cutoff conslderatlon 1s Important, however, in mllltary 

Jet flare-out procedures. In some modern high-performance alrcraft, the 

forward vislblllty cutoff 1s above the horizon. 

Runway Width and Length 

The dlmenslons of the runway defme the tolerance llmlts with:” which 

the pllot must touch down. The adequacy of these llmlts varies according to 

the type of alrcraft being consldered. (TV11 

bngltudmally, higher-speed aircraft require more runway to com- 

plete the touch-down and roll-out maneuver. Runways rangmg from 3000 to 

13,000 feet In length have been constructed. Most of today’s civil runways 

fall mto the 5900 to 8000-foot class Present feeling seems to be that for 

future alrcraft, at least an 8400-foot all-weather runway ~111 be required. 

Most mllltary (and NATO) runways conform to this standard (M30) 
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The amount of lateral tolerance 1s mamly a fun&on of arcraft Size 

and headmg at pomt of touchdown (This last factor varies from landmg to 

landmg. ) Runways may differ m width from 150 to 300 feet. The 150 and 

200-foot widths are most common, wider runways are bemg used where there 

1s more mllltary traffic 

Atmospheric Condltlons 

For approach lights, the most Intense part of the light beams should 

Ideally be dlrected at the pllot at the most distant pomt from which he ~111 

view the light durmg the operatlonal maneuver. Conversely, he should be m 

the less Intense portlons of the light beam as he approaches It to prevent 

glare. (TV2, TV3, TV4, TV5, Mll) 

Approach lights have been developed which can meet these requwe- 

ments when vuxblllty 1s unrestricted, but when the weather becomes a little 

“soupy”, the problem of meetmg the requrements becomes almost Impossl- 

ble Under these weather condltlons, the character of the atmosphere IS 

seldom homogeneous so the probablllty that the pllot ~111 be precisely in the 

peak of the beam of the approach light when the light 1s first seen IS very low. 

Not only 1s the atmosphere non-homogeneous, but Its character varies con- 

slderably accordmg to posltlon and time. (TV5) 

The non-homogeneous condltlons of the atmosphere m such Instances 

often results m the followmg 

lntermlttent loss of gudance, 

some glare (as a result of trymg to make all lights vlslble), and 

dlfflculty m mformmg pllot what his visual contact height and range 
~111 be. 

Ram, snow, and other forms of precipltatlon further mtenslfy the 

problem, especially by causmg dlstortlon on the windshield (M17) 
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The character of the atmosphere 1s not the sole determmant of when 

the pilot can expect to make visual contact with the approach lights. Back- 

ground brightness 1s also an important consuleratlon. The least favorable 

condltlons for observmg approach lights IS consldered to be daytlme fog, 

when approach lights have little contrast with the atmospheric hue (TV2, 

TV241 

Increasmg the mtenslty of approach lights will mcrease their visual 

range. There 1s a pomt. however, at whxh this prmclple becomes imprac- 

tical. For example, when day vrslblllty is l/l6 of a mile, a 10,000 candle- 

power light can be seen for a distance of approximately 1100 feet while a 

100,000 candlepower light can be seen only for a distance of about 1300 feet. 

(‘X6) 

Size of the light source also Influences the visual range of approach 

hghts. For a given mtenslty, the source of smallest size ~111 give the far- 

thest visual range. However, for a given candlepower per umt area, the 

light of largest size ~111 give the greatest vlslblllty. Shape of the hght, or 

groups of hghts, has some effect on visual range. Smgle sources of light 

are usually kept as circular as possible. There seems to be little effect due 

to the shape of a group of lights, provided the number of umts 1s kept con- 

stant. It should be noted, however, that at greater distances from threshold 

the mdlvldual lights, grouped as (for example) m the bars of the centerlme 

system, have an addltlve effect m provldmg mcreased visual range. (TV2, 

TV35, M27) 

For lights of equvalent mtenslty, the mfluence of light color on vlsl- 

blllty 1s negllglble. However, the addition of any colored filter to a light 

source will sigmhcantly reduce the visual range of the light. For this 

reason, clear lights are usually used 111 approach and runway hghts. (C42, 

TV32, TV33) 
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A flashing light of given effective intensity 1s generally more conspm- 

uous than a steady-burning light of an equal intensity. However, the two will 

have an equal visual range. With a given amount of energy, the flashing 

light with the shortest flash duration will have the greatest visual range. 

Continuation of this principle becomes unpractical at time intervals of less 

than 0.01 seconds. Peak candlepower and frequency of flashalso influence 

the conspmuity of flashing lights. (TVlO, TV40) 

Visibility Measurement 

The accurate reporting of atmospheric conditions is a prominent fac- 

tor m laodmg an aircraft for two reasons. Primarily, it allows ground 

personnel to determine whether the pilot should follow an instrument or visual 

approach, or should not approach at all. If an instrument approach is recom- 

mended, ground personnel can use information on visibility conditions to 

Judge the proper brightness control setting on approach lights which allow the 

pilot to see the required number of lights at a required time and will avoid 

glare at distances closer to threshold. An automatic brightness control de- 

vice has been developed by NBS whxh varies the brightness settmgs of the 

approach and runway lights according to transmmsometer readings, and 

sky-brightness measurements. (TV?‘) 

In addition, the pilot wes vislbhty mformatlon as an indlcatmn of how 

many lights he can expect to see at a certain point m time or space, and how 

these lights will appear through the particular atmospheric conditions which 

exist. 

Two pieces of equipment have been predominantly used to measure 

vlslbllity conditlons. the transmissometer and the cellometer The trans- 

mlssometer measures the transmlssmn of the atmosphere, determmmg the 

amount of light whmh is received at a certam horizontal distance from a light 
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source of given mtensity. The cellometer measures cloud height by measur- 

mg the angle of light reflected by clouds from a light source at a given pomt. 

The LAES Foal Report for 1949 reported mured results after usmg 

a combmatmn of fixed-beam cellometers and transnussometers. Thm feelmg, 

however, apparently was not shared by a great many of the meteorologmal 

personnel connected with the tests. In November 1946, LAES recommended 
* 

further developmental and research work with the equipment. Tests were 

continued at National Airport wmch ultimately led to the testmg by Sperry 

discussed next. 

In a flight test program iomtly carmed out by the Air Navigation De- 

velopment Board and Sperry Gyroscope Company at Idlewfld and MacArthur 

Fields from 1951 to 1954. It was concluded that the combmation of a rotating- 

beam cellometer and transmmsometer provided a satisfactory method for 

remotely measuring routme weather condltons m the runway approach zone. 

Supplementary photometric data were thought to be reqlnred for the optunum 

mterpretation of these weather observations. (TVll, TV14) 

Subsequent data gathered by the same organizations from 1955 to 

1956 essentially supported this conclusion. Satmfactory equipment and tech- 

mques which supplemented the transnnssometer and cellometer mformatlon 

were found. An alternate method, however, was proposed for evaluatmg 

fog-smoke-haze weather condltmns, because it was thought that the assump- 

tmn of a homogeneous atmosphere (basic to transrmssometer and cefiometer 

measurement) could not be Justified for these conditions. (TV121 

* 
Stocher, G H. Prelimmary plan for an obJective system of reporting 
ceilmg and visibility in adverse weather conditions. Arcata, Califorma 
Landing Aids Experiment Station, Meteorology Department, 16 November 
1946 
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OperatIonal experience soon mdlcated that the proposed alternate 

system, although glvmg satisfactory results, was much too cumbersome 

and expensive for general use A slmpllfled evaluation system was tested 

at Newark Alrport m 1957 and comparisons of computed altitudes based on 

this system and the system proposed m 1956 revealed no operationally slg- 

mflcant differences between the two methods (TW 

The feasiblllty of determmmg visual range along the approach path 

by use of measurement of light back-scattered by the atmosphere (pulsed- 

beam transmltted light was used) was mvestlgated theoretically and 

experlmentally by Motorola 111 1957 The experlmental equipment did pro- 

duce useful signals in the range of 1000 to 2000 feet. Although this range 

1s not adequate, extrapolation of the data mdlcate the posslblllty of assemb- 

lmg a larger system as a means of securmg large ranges (TV13) 

In England, It was suggested in 1956 that margmal weather condo- 

tlons be reported accordmg to one of the followmg categories cloud base 

condltlon, umform haze, fog, or shallow fog (GA’3 

The problem m effectively determmmg what vlslblllty condltlons 

the pilot ~111 encounter lies m the fact that m most cases atmospheric con- 

ditions vary markedly accordmg to posltlon and time. These unpredictable 

varlatlons m the atmospheric transmlsslon and m the posltlon of the air- 

craft llmlt the accuracy with which guidance can be predlcted For these 

reasons, It appears that development of equpment whxh ~111 precisely de- 

termme the pilot’s slant visual range or height 1s either lmposslble or 

lmpractlcable (TV5) 
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Flareout and Landmg--- height guidance over the runway to 
touchdown III mght and IFR opera- 
t1on.9, runway distance remammg 
information 

Turnoff and Taxlmg- -- - antlclpatory ldentlflcatlon mforma- 
tlon of high-speed turnoff exits, 
taxlway route ldentlflcatlon for air- 
port ground movement 

Takeoff--------------- runway distance remammg mforma- 
tlon, dlrectlonal guidance on runway 
durmg take-off run m mght operations 

Total AML System----- a resolution of the apparent conflxts 
between standardxzatlon goals and 
economic realltles and among dlf- 
ferlng requrements of mllltary, 
commercial, and ~1x4 traffic 

Many of the problems ldentlfled are the focal pomts of current 

research and development For others, analysis has progressed to the 

point where semi-operational or operatIona evaluatmns are III order 

St111 others ~11 reqwre lmtlatlon of research and development m order 

to determme basw facts and data on which solutions can be based An 

outlme ldentlfymg the areas m which further work 1s necessary 1s pre- 

sented m the report 

Techmcal dmcusslons and analyses supportmg the flight mode 

functional analysis are attached to the report as Techmcal Notes A 

catalogue of markmg and llghtmg literature 1s presented m a separately 

bound Appendix In the Appendix, annotatlons and blblmgraphles of 

published materials revlewed durmg the study are organwed m a form 

easily usable by alrport deslgnengmeers andresearch personnelengaged 

in airport markmg and llghtmg work 


