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FOREWORD 

This volume contams summaries and references of publIshed 

reports on au-port markmg and llghtmg and related topics It was 

prepared to support the obJectIves of Contract FAA/BRD-13. 

The basic obJectIves of that contract were to brmg together 

results of operatIona tests and evaluations on awport markmg and 

llghtmg, to ldentlfy unresolved problems requrmg lmmedmte and 

future research and development, and to review human factors re- 

search data relevant to problems ldentlhed. 

This Appendix can also be used as a catalogue of mformatlon 

about alrport markmg and llghtmg to ald alrport design engmeers 

and FAA research personnel m ldentlfymg and locatmg reports. 

In order to ldentlfy and locate publxatlons easily and quickly, 

users are advised to first wad the sectlon entltled “How To Use The 

Appendix”. 

The authors wsh to express their appreclatmn to Dr. H. Richard 

Van Saun, FAA ProJect Manager, and Dr. Robert K. McKelvey, both 

of the Human Factors Branch, Operations Analysis Dwlslon, for 

their contrlbutlons to the toplcal orgamzatlon of the Appendx. Also, 

we are Indebted to Mr. C. A. Douglas, Natlonal Bureau of Standards, 

for provldmg copies of many of the reports revlewed, and guidance 

m securmg many others. 



PREFACE 

This report 1s one of three volmesx on au-port markmg 
and lx#.mg system prepared for the Federal Avlatlon 
Agency by Human Sciences Research, Inc. Its mmedlate 
purpose 1s to provide systematw. guidance for operatIona 
mstallat~ons that must proceed with new ccnstructmn 
and cannot wait for the results of the Sureau of &search 
and Development research program. At the same tune, the 
report contams theoretrcal analyses and revu?ws of 
operatmnal requu'ements m support of the extensive 
Federal AnatIon Agency research and development program. 
It IS also written to serve as a basx reference work on 
a:r?oz-t. marking and lightmg design pr~'xx~les. An outlme 
of research and development requrements is mcluded. 

* See footnote on following page. 

- 
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'*The full series consists of* 

vol. I - Lybrand, w. A., Vaughan, W. S., Jr., and 
Robmson, J. P. AIrport Mai?kmg and tightlng 
systems: A Suima~y 01 Operational Tests and 
?3unan Factors. May IY5Y 

vol. II - Lybrand, w. A., Vaughan, W. S., Jr., and 
Robinson, J. P. Airport Markmg and Llghtlng 
Systems: A Smmperatlonal Tests 
&nan Factors. Selected AnnotatIons and 
Blbtio,araphy. May lY>Y 

vol. III - Lybrand, W. A., Vaughan, W. S. Jr., and 
Robulson, J. P. Alrport Markug and Lighting 
Systems: A surmnary oi' Operational Tests and 
Hwnan eport. (This 1s 
a special short version of Vol. I directed to 
the general non-technxal reader). 

- 

- 



Human Sciences Research, Inc. 

TABLEOFCONTENTS 

HOW TO USE THE APPENDIX 

Fmdmg A Study Page 1 

What The AnnotatIon Categorms Mean Page 3 

Comments To The User Page 5 

MATERIALS SUPPORTING CHAPTER II OF FINAL REPORT 

OperatIonal Tests and Evaluations 

Beacons 
Angle of Approach Indicators 
Approach Lights 
Threshold Lights 
Runway Marks and Lights 
TaxIway Signs, Marks and Lights 
Hazard Marks and Lghts 

Components 

References of Selected Standards, Rules and 
Recommended Procedures 

MATERIALS SUPPORTING CHAPTER IIIOF FINAL REPORT 

Studies Focused On Alrport MarkIng and Llghtmg 
Problems 

General Analytic Studies 
Acclaent Analyses 
Transmissivlty, Vlslblllty and Llghtlng Studies 
Miscellaneous Studies and Articles 

Studies Focused on Problem-Related Human 
Capabllltles 

Dynamic Visual Acwty and Movement Perception 
Visual/Perceptual Reactmn Time 
Flashmg vs Steady Light DetectIon 
Retma: Area Sensltlvlty 
PerceptIon of the Postural Vertical 
Color Dlscrlmmatmn m Field Situations 
Miscellaneous Studies 

Selected References m Relevant Human Factors 
Areas 

Pages Marked B 
Pages Marked AA 
Pages Marked AL 
Pages Marked TL 
Pages Marked R 
Pages Marked TW 
Pages Marked H 

Pages Marked C 

Pages Marked S 

Pages Marked GA 
Pages Marked A 
Pages Marked TV 
Pages Marked M 

Pages Marked VA 
Pages Marked RT 
Pages Marked FL 
Pages Marked RS 
Pages Marked PV 
Pages Marked CD 
Pages Marked MS 

Pages Marked HF 

ADDITIONAL REFERENCES 



Human Sciences Research, Inc. 

HOW TO USE THE APPENDIX 

Fmdmg a Study 

Each study has been annotated or referenced on a page marked with 

code letters representmg a topic. For example, the code letters AA are used 

for studies on the topic of angle-of-approach mdlcators. Topic code letters 

are shown m the Table of Contents. In addltlon, with each topic category, the 

studies have been arranged alphabetically by the author’s last name. 

Thus, to find a study, do the followmg 

(1) 

(2) 

(3) 

From the Table of Contents, determine the page 

code letter(s) for the topic or contents of the study. 

Turn to the first page m the Appendz havmg the proper 

proper code letter. rhis page will be the first one that has 

annotated studies on that topic. 

Leaf through the pages in that topic’s section until you come to 

the name of the author of the study for which you are lookmg. If 

an author has more than one article annotated, the annotatlons 

of his studies have been arranged by date of publication, with the 

earller publlcatlons commg first. 

If you have not located the study by this time, then the following posse- 

blllties exist 

(1) The study which you are seekmg covered more than one topic and 

can be located under a topic sectlon appearmg earlier In the 

Appendix. Use the same procedure as above to locate the study in 

the next most likely topic section. 



(2) 

(3) 

(4) 

(5) 

No author was llsted on the publication. Such studies can be found 

wlthm a topic section by leafmg quickly through the section and re- 

viewmg the titles or puhlicatlon mformatlon. These studies have 

been put m among the author alphabetxal ordering, accordmg to 

the first word of the title. 

The study was not annotated, but was considered to be of more than 

passmg mterest to the topic. If so, It may be found in Selected 

Additional References appearmg on the last page(s) of each topic 

sectlon. Studies in these listings are arranged alphabetically bg the 

author’s last name. Note, however, that some topic sectlons do not 

have such llstmgs. 

The study may be listed m the section on pages marked AR. 

These studies were consldered to contam Important mformatlon, but 

were not directly focused on the obJectives of the contract or were 

judged to be out-dated by subsequent studies. 

The study was not reviewed. and thus 1s neither annotated nor ref- 

erenced m this Appendix. 

In summary, there are four (4) bases for fmdmg a study 

( 1 ) BLUE or RED pages 

( z ) Topic code letters 

Author 
(3) 

Title 

( 4 ) Publlcatlon InformatIon (Reference). 

It should be noted that many of the studies annotated contained mforma- 

tlon used in more than one sectlon and/or chapter of the fmal report. Thus, 

studies with given code letters may be referenced in the final report m a number 

of different places. 

2 

- 

- 



Human Sciences Research, Inc 

What the Annotatlon Categories Mean 

Four maJor types of content material were revlewed 

OperatIonal Tests - usually flight tests of some portlon of the 
over-all markmg and llghtmg system. 

Component Developments - usually descrlptlons of the performance 
characteristics of newly deslgned or de- 
velopmental matermls or equipment. 

Analytic Studies - theoretical or empIrIca analyses of, or 
commentaries on, markmg and lighting 
problems and related topics. 

Human Factors Studies - reports of experlmentally determmed 
capabllltles of the human which are rel- 
evant to current critical markmg and 
lighting problems 

The five categories on the first page of each annotatlon are on all re- 

ports. Author and Title are self-explanatory. Reference gives information 

needed to acquire the report. Summary includes a concise general overvlew 

of the report, mcludmg the nature of the study and prmclpal conclusions 

reached. Remarks Includes comments by the reviewer on the relevance of 

mformatlon m the report to marking and llghtmg problems and, occasionally, 

commentary on other aspects of the reporr 

Beyond the mitral page, a different annotatlon form 1s used for each 

of the four maJor types of reports. Categories used are as follows 

Operational Tests 

Requirements Statements of pllot mformatlon, or other task- 
related requirements, In terms of which the 
experlmental design or pattern was evaluated 

Descrlptlon A summary description of the markmg and 
lighting system, sub-system, or pattern tested. 

Recommendations Speclflc recommendations by the author for Im- 
plementatlon of a tested design or for addltlonal 
tests. 

Conclusions Statements of addItIona study results reported 
by the author 

3 



Component Developments No addltlonal categories used. 

Analytic Studies 

RequIrementsi 
Discussion 

Concluslonsl 
Recommendations 

Human Factors Studies 

Human Capabilities 

Influencmg Factors 

Context Condltlons 

ResultsjConcluslons 

Summary of the ms.Jor aspects of the amport mark- 
mg and lightmg problem with which the analysis Vfas 
concerned. 

A restatement of the author’s prmclpal conclusions 
based on the analysis and any recommendations made 
for research or lmplementatlon. 

Speclficatlon of the human performance capablllties 
relevant to the pllot’s task and, therefore, to air- 
port marklng and llghtmg design problems 

Specification of those variables which were mampu- 
lated m the study m order to assess the effects of 
variation of the factor on the capabilities studied. 

Description of the experimental condltlons of the 
study, especially those which pertain to the degree 
of fidelity with which the operatIona sltuatlon, air- 
craft approach and landing, was simulated. 

Statements of relationshlps between varlatlons In 
influencing factors and the human capablllty of con- 
cern. 

Wlthm each type of report, the same categories were used with each 

annotatlon. If no information was avallable on a given annotation category, or 

>lf It was deemed to be not useful by the reviewer, the word NONE 1s Inserted 

after the category title. c 

In your readmg, you ~111 notlce that the line spacmg of the annotatlons 

occaslonally departs from a standard 1 l/2 spaces. Such departures were delib- 

erately planned In order: not to disrupt page contmulty by strict adherence to a 

1 l/2-space format. 

4 
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Comments to the User 

“Annotate” is dctmed by Webster as “to furmsh with notes, usually 

crltxal or explanatory”. We have attempted to be explanatory because the 

breadth of knowledge reqmred to crltxally comment on the very wide variety 

of dlsclplmes and sclentiflc speclalltles represented by the studies re- 

viewed demands a lack of hurmllty which we could not achieve. 

Generally speakmg, we annotated reports of Operational Tests and 

Evaluations of airport marking and lighting systems whxh have appeared 

smce 1946. The Component Development Studies and Human Factor Studies 

which we annotated were of a more recent vintage and were selected on the 

basis of their relevance to current problems. In addition, all reports which 

mcluded Analytic Studies of airport marking and llghtmg problems were 

annotated, with the exception of those primarily concerned with transmis- 

slvity problems. These latter studies were considered beyond the scope of 

the proJect, except for those which helped to identify the nature of some 

marking and llghtmg problems involved with transmissivlty measurement 

and prediction problems. 

Our selection and annotatlon procedures may have introduced certam 

biases m scope and classes of mformatlon included In this Appendix. The 

user, therefore, should not consider thx Appendix as a primary source of 

mformation, but as a time-saving, secondary source catalogue which canbe 

used as a guide to the more detalled information contained m orIgIna re- 

search reports. 

Needless to say, we willingly assume full responsibility for the way 

m which we have structured the primary role of this Append=, and for the 

selectlon of articles considered most pertment to the airport markmg and 

lighting problems We offer our apologies to those authors whose relevant 

work we may have omltted. We vv ould like to express our appreclatlon to al’ 

those authors whose reports we have reviewed. 

5 
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OPERATIONAL 

TESTS AND EVALUATIONS 



Human Sciences F&search, Inc 
- 

CONTRACT FAA/BRD-13 
I-LSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR Hardmg. J H , & Cockrum, R 
TITLE Use of condenser discharge lights as runway-end identlflers 

REFERENCE Indlanapohs Clvll Aeronautics Admmlstratlon, Technical 
Development Center, 1958 (Report No 353 ) 

SUMMARY 

The report describes tests and observations of condenser discharge lights used 

as runway-end ldentlflers Bright flashmg lights on the approach end of the 

runway proved to be of assistance to pilots m determining their position with 

reference to the runway, especially durmg mmlmum circlmg approach weather 

condltlons Previous tests at Andrew6 Air Force Base, however, mdlcated un- 

desirable glare to the pllot and this work explored use of baffles and colored 

filter s to 1 educe glat e The use of a baffle to effect p.trtlal cutofi in the final 

1000 feet of approach, along with other adlustments to the fixture, eliminated 

glare durmg the approach 

REMARKS 

Number cf pilots participatmg in the flight tests and types of aIrcraft 

mvolved were not specified 



REQUIREMENTS None 

DESCRIPTION 

A pair of Sylvama condenser discharge lights was installed at the approach end 
of non-Instrumented Runway 13 at Indianapolis, located 5 feet outslde each end 
of the threshold bar Each could be turned m 5-degree increments from a 
positlon parallel to the runway axis to a toe-out of 30 degrees The mam light 
beam was almed 3 degrees above the horizontal 

A shutter-tl-pe baffle was constructed which could be rotated m the vertical plane 
to Improve dlrectlvlty of the light In order to produce varymg degrees of cutoff, 
the tilt angle of the experimental baffle blades was adjustable The baffle was 
painted black to reduce reflectlon 

The posslblllty of usmg colored filters with the Identifiers, m order to dlsassocl- 
ate them further from surroundmg hghts, was explored Plexiglass filters of 
several colors were obtamed, and a holder was constructed to hold the filters m 
front of the hghtmg fixture 

PROCEDURES 

Plloi observations were made while cn-clmg and while approachmg the runway 
for landmgs The ldentlfler to the left of the pllot as he approached the runway 
for a landmg was equipped with the baffle, while the ldentlfler to the right used 
either clear or colored filters 

The purpose of these observations was to determine 
The optimum angle of toe-out for the ldentlfler light beams (O-30 degrees) 
The optnnum angle of rotation of the baffle for circlmgguidance (horl- 

zontal to plus 15 degrees) 
The optimum angle of tilt of the baffle blades to prevent blmdmg of the 

pllot without reducmg over-all guidance effectiveness (horizontal to 
minus 10 degrees) 

The color of filter which presented clearest ldentificatlon of the runway 
end (red, yellow, amber, and green) 

Results of direct observations were conflrmed by motion pictures taken during 
the flights 

RECOMMENDATIONS None 

CONCLUSIONS 

A toe-out angle of 10 degrees gives maximum cn-clmg coverage 
A baffle rotation of 10 degrees 1s optimum for vlewmg on downwmd and base 

legs 
A minus 5.degree tilt of the baffle blades produces the desired cutoff to reduce 

glare without reducmg the guidance effectiveness of the light 
Some observers prefer avlatmn green-colored rotatmg units as they ldentlfy 

the light as a part of the threshold, otherwlse, there 1s no observed advan- 
tage to colored lights 

Bl-2 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR Hoffman. C S 
TlTLE Evaluation of runway ldentlflcatlon and runway cwclmg guidance 

hghts 
REFERENCE Wrqht-Patterson An- Force Base, Ohlo Wright Aw Develop- 

ment Center, September, 1957 (Techmcal Note 57-262 ) 

SUMMARY 

The obJectlve of the work descrtbed here was to 

Evaluate runway ldentlflcatlon hghts 

Determine lf runway ldentlflcatlon hghts Increased the effectweness 

of clrcllng guidance 

Determine If runway ldentlflcatlon lights, used alone or m coqunctlon 

with clrclmg guidance lights, should be recommended as standard 

Provide crltena necessary for the design of runway ldenllflcatlon llgbts 

It was found that runway ldentlficatlon hghts did not increase crchng guidance 

effectiveness Neither runway ldentlflcatlon nor crclmg guidance lights, m 

any comblnatlon, were satisfactory for adoption as an A*r Force standard 

REhtARKS 

The conclusions are based on the op~r~or.s of 12 pilots Eight of them thought 

the hghts helpful enough to be estabhshed as a natlonal standard No data are 

reported concerning the famlllarlty of the partlclpatlng pllots with the test 

runway 

B2 



REQUIREMENTS 

A satisfactory visual night landing aid system should supply a pllot with visual 

gudance m the approach to a” amfleld during the inltlal penetration and cmclmg 

approach The guidance for establlshmg a traffic pattern entry, downwmd, base, 

and fmal approach, must be supphed by runway ldentlflcatlon lights I” a c1rchng 

approach, the followmg are Important factors 

Distance from, and dlrectlo” of the runway so that the downwmd leg can 

be flown to and at the desmed distance from the runway 

Locatlon of, and dIrectIon of the runway durmg the turn from the down- 

wmd leg to the base leg 

In a survey conducted by the Natlonal Bureau of Smndards for the Au-craft Access- 

orles Laboratory, Wright Air Development Center, It was determmed that 

Pllots desire to locate and ldentlfy the amport and the active runway from 

as great a distance as possible 

The runway hghtmg system, both meduxn and high mtenslty, should be 

sufflclently vlslble to pllots from posItIons off the runway axis when the 

hghts are operated at the clear-weather brightness mtenslty settmg 

Pllots desire more posltlve means of ldentlfymg the runway by means of a 

dlstmctlve runway llghtmg system 

Pllots sometunes lose the runway hghts as reference when turnmg onto 

the downwmd or base leg of the traffic pattern 

The downwmd corner of the runway should be well marked and ldentlfled 

as the pllot’s start of the turn onto the base leg 1s determmed by the 

posltlon of that corner 

DESCRIPTION 

Cmlmg Guidance Light Umts 

The umt tested for cmcling gudance was composed of three standard high-mtenslty 

approach lights This group of lights provided coverage of 180 degrees I” the 

horlzonla.1 and 30 degrees I” the vertical planes Seven umts were Installed at 

lOOO-foot Intervals along the south edge of the runway 

B2-2 
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Runwg Jdentlflcatlon Lights -- 

Two types of runway 1dentlhcatlon hghts were used in the fhght evaluation 

A Pyle National Cyrallte Unit was mstalled on the south corner of the approach 

end of Runway 27, and a Grouse Wnds Unit was sxnllarly placed on Runway 9 

PROCEDURES 

Fhght tests were conducted pnder VFR condltlons to determme the usefulness 

of the lights m locatmg the runway on straight-m approaches, m clrchng 

approaches, and durmg ground maneuvermgs 

SIX cargo pllots three bomber pllots, and three fighter pllots partlclpated m 

the evaluation fhghts Questlonnalre responses were used to assess the test 

hghts 

RECOMMENDATIONS 

The report recommmends that neither runway ldentlflcatlon nor clrchng gutd- 

ante hgbts, m any comblnatlon, be adopted as an Air Force standard Wblle 

8 of 12 pllots reported they would IIke to see both the runway Identtficatlon 

and clrclmg guidance lights as a standard for airfIelds 

CONCLUSlONS 

Runway ldentlflcatlon hghts ald pIlots m the traffic pattern and mdlcate the 

end of the runway 

Runway ldentlflcatlon hghts assist pllots ln locatmg the active runway 

Runway ldentlflcatlon hghts should be Installed on each corner of a runway, 

or wlthln 250 feet of the downwmd end of the runway, and provide 350-360 

degrees of coverage 

The test runway ldentlflcatlon hghts chstracted pIlots during ground operations 

These adverse effects were dmnn~shed by a decrease In the flash rate of the 

hghts 

The Cpouse Hmds hght was more acceptable as a runway ldentlficatlon light 

than the Pyle NatIonal Gyrallte 

BZ-3 



The ald provided by the runway crclmg gudance lights to a pilot III the traffic 

pattern and m locatmg the runway when Inbound to the alrfleld was negllglble 

Runway ldentlfxatlon lights did not mcrease the effectweness of circling guidance 

lights 
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CONTRACT FAAIBRD-13 
I-L% PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Natmnal Bureau of Standards, Photometry and Colormetry Sectlon 

TlTU An approach-beacon system 

REFERENCE Washmgton Author, 1959 (Report No 5902 ) 

SUMMARY 

Thm report gives the results of servme testmg at Arcata, Callfornm, of 

turntables of 6 approach beacons placed 1000 and 2000 feet from threshold 

Test pllots reported that these umts provided useful guidance for stralght- 

m and mstrument approaches, as well as clrclmg approaches, m vlslbllltles 

as low as 1 mile It was also reported that good approach and runway Ident- 

lhcatlon was provided by the beacons 

The foollovnng are mcluded m the report 

Photographs and w,r,ng diagrams of fhe system 

A seckon on equipment mstalIa~on and servwLng of the system 

A se< eon on “se and operat,on of apr>r “a< h beaLons 

PILO? comments and The Idondkons on earh flight 
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REQUIREMENTS 

The pllot needs to ldentlfy the active runway from as great a distance as possible, 

especially under low-sun, twlllght, and moderately-restrlcted dark condltlons 

DESCRIPTION None 

PROCEDURES 

Pllots who flew the system on scheduled flights at Arc&a Alrport submitted comments 

Alrlme pilots, pllots for private busmess Brms, private pilots, and rmlltary pilots 

took part m the evaluatmn Many types of conventional arcraft, but no Jet arcraft, 

were used The beacons were used m VFR and IFR condltlons, under daytlme, twl- 

light, and mghttune condltlons, and with and wlthout slope-lme approach lights 

RECOMMENDATIONS 

The followmg recommendations were made on the basis of this study 

The approach beacon system should be Installed on the approach to any runway 

where addItIona vxual gudance 1s needed 

AddItIonal threshold lights should be mstalled as part of the beacon systemwhere- 

ever threshold mformatlon 1s needed 

CONCLUSIONS 

The approach beacon 1s an effective and low-cost visual ald for both daytnne and 

mghttune use 

A third beacon Installed 3000 feet from threshold can be utlllzed where earlier 

gudance on fmal approach 1s needed. 
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CONTRACT FAA/BRD-13 
IISR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TmLE* 

Burke, F J 
Prelunmary evaluation of the Navy Mirror Landmg Approach 
System. 

REFERENCE* Wright-Patterson Air Force Base, Ohlo Wright hr Develop- 
ment Center, 1957 (Identlficatlon No WCLE-56-46, 
ProJect No 60427 I 

SUMMARY: 

As a potentml means for reducmg the number of undershoot and overshoot 

landing acctdents, the Air Force tested the Navy Mirror Landing Approach 

System as an applmable vmual angle of approach mdmator The system was 

found to provide satmfactory mdmatlon of the glide slope angle durmg clear 

weather and to mcrease the pllot’s capablllty to make spot landmgs 

RErdARKs. 

Data are presented whxrh mdlcate Increased landmg accuracy and reduced 

varlabl?lty m touch-down point w~vlth use of MLS as compared wo’ch no angle of 

approach lndlcator However, these data are based on 18 approaches by a 

smg e Air Force pilot 

An mterestlng phenomenon was reported by the transport pilot who parrx] - 

paled m the flight evaluation to the extent of four touchdowns. He tended to 

apply ghde slope corrections m the wrong dlrertlon, presumably through 

Interference from long practme with ILS mstruments ILS and MLS are slm- 

ilar except that the alrcraft symbol moves m MLS, while the glide slope 

reference moves m ILS. Consequenrly, the transport pllot’s habitual reactlon 

to ILS mformatlon tended to Interfere with the appropriate reactlon to MLS 

mtormatlon 
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REQUIREMENTS None 

DESCRIPTION 

The Navy Mirror Landmg System (MLS) consists of the following optical corn- 
ponents 

Concave nurror assembly 4 feet high and 3 feet wide with a horxzontal 
datum bar for SIX loo-watt green lamps mounted halfway up each 
side Arc of the rmrror 1s that of a cn-cle havmg a g-foot rachus, and 
the mirror range 1s 50 degrees m azxnuth creatmg a ghde path beam 
1 l/2 degrees wide with a 3-degree glide slope 

A source light assembly of eight loo-watt lamps with amber hghts 
These hghts may he varied m mtenslty to suit prevallmg hght condltlons 
Due to the concamty of the nurror, the source light appears to the pilot 
as a smgle hght referred to as the “meatball ” 

PROCEDURES 

A total of 31 landmg approaches, by one Air Force and one transport pilot at 
NAS, Atlantic City, were made htlhzmg the MLS These approaches are de- 
scribed m the followmg chart 

Au-craft Day Night 
wave -off landing wave -off landmg 

F-86 4 10 1 8 

c-131 4 4 0 0 

A smgle day nusslon was flown with the F-86 to obtam comparative spot landmg 
data wlthout the aid of MLS 

All test landlng approaches were made usmg the Navy recommended fhght pattern 
Touch-down palm data were obtamed by lme of sight from the left edge of the run- 
way and were consldered accurate withm plus or mmus 25 feet 

The posltlomng of the nurror defmed an Ideal touch-down spot, and actual data 
were compared to this ideal 

RECOMMENDATIONS 

The IVhrror Landmg Approach System should be subjected to further Air Force 
evaluation by several different aucraft types This recommendation was based 
on pilot comments which mdlcated the MLS 1s not hard to fly, and after a few 
approaches proficiency 1s greatly Increased 

CONCLUSIONS 

MLS provides a satisfactory mdlcatlon of the ghde-slope angle durmg clear 
weather 

MLS mcreases the pllot’s capablllty to make spot landings 

These conclusions were based on data which mdlcated a trend, through practice, 
to&bard more accurate touchdowns This trend was evidenced only by the Ax 
force p11ot 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR Burke, F J 
TmLE Flight evaluatux~ of vxau.1 approach angle mdlcators 

REFERENCE Wright-Patterson Air Force Base, Ohlo Wright Ax Develop- 
ment Center, 1958 (Techmcal Note 56-181, Project No 6061 1 

SUMMARY 

This report summarizes results obtamed m flight evaluatmn of the WADC 

Two-Bar System, the Navy Mirror Landmg System, two types of Trl-colored 

Glide Angle Systems, and the Brltlsh Royal Aircraft Establishment System 

Approxunately 500 landmgs were made with a variety of au-craft Of the 

several systems evaluated, the WADC Two-Bar System and the Navy Mirror 

Landmg System provided the best approach-angle aId to pllots, although prob- 

lems St]!1 exist 1x1 the utlhzatlon of these systems with hgh-performance 

a17 CI aft 

REMARKS 

Test condltlons and resultmg strengths and weaknesses of the systems evaluated 

are presented m detail Although not all test data are mcluded m the report, the 

conclusions seem to be well Justlf] ed 

Some apparent confuslon as to requrements desired In the TX-color Systems 

should be noted Sharp defmltlon between on- and off-course color mdlcators 

was recorded by the authors as a weakness, as was blendmg of colors In the 

margmal area 

There apparently 1s some disagreement on whether the RAE System tested 

actually followed Brltlsh drawmgs and spec~flcatlons 
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REQUIREMENTS 

The pllot must be given not only displacement from glide path InformatIon, but he 

also must be given an adequate mdxatlon of his pate of displacement from the Ideal 

glide path 

DESCRIPTION 

Trl-Color Glide Angle Lights 

This system emlts a trl-colored light beam such that If the pllot 1s on the ghde path, 

he sees a green mdlcatlon A yellow beam 1s vlslble when too high, and a red slgnal 

1s vlslble when too low Two slmllar types, one manufactured by Westmghouse and 

the other by the Cook Electric Company, were tested durmg the program 

WADC Two-Bar System 

This system mcorporates two bars of hght on each side of the runway to xnpart glide 

path mformatlon The rear bar 1s set 11 feet closer to the runway at a predetermmed 

lower level and consists of red lights The front bar consists of white lights The 

pllot’s task IS to control his alrcraft so as to align the bars horlzontally 

Navy Mirror Landmg System 

This system uses a large concave mirror with a horizontal datum bar of green 

lights mounted halfway up the mirror Eight amber source lights are placed 150 

feet In front of the mirror and are beamed mto the mwror When the pllot 1s 

on the glide path, the reflectlon of the source hghts appearmg as a smgle amber 

source (“meatball”) ~111 appear centered wth respect to the green datum bars 

Interim Mirror System 

This system was orlgmally developed by the Navy when not enough sultable mirrors 

could be manufactured for use m the Navy Mirror Landmg System The system uses 

two elevated bars of light as the forward mdlcator The light source (“meatball”), 

composed of four red hghts, is placed 100 feet back of the bars and at a lower level 

The “meatball” sign 1s seen by the pllot through a lC-foot gap m the middle of the 

iront sign The pilot’s task 1s to ahgn the red “meatball” with the bars on each 

side 
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Brltlsh Royal Axcraft Estabhshment System 

The RAE System used for the test was fabricated by the NatIonal Bureau of 

Standards from Brltlsh drawmgs and speclflcatlons Thm system is composed 

of two umts contammg five white lights With red hlters over half of the light, 

these umts give off red and white hght beams separated by a narrow pink 

sector The pmk sector should warn the pllot when he 1s begmmng to pass 

from one sector to another The light beams are set so that when the air- 

craft goes too high, the furthermost bar turns first pmk and then white If 

the aircraft goes too low, the nearer bar turns first pmk and then red 

PROCEDURES 

Fighter, bomber, and transport alrcraft were used m the evaluation A flight 

test engmeer mamtamed contact with the test alrcraft by radio Pilot com- 

ments were obtalned m this manner A rectangular traffic pattern was used 

for all aircraft flymg the test system 

Two pilots were asslgned to each type of alrcraft Touch and go landmgs 

were authorized for all an-craft except the F-100 

RECOMMENDATIONS 

Jt was recommended that where the reqmrement exists for visual approach 

ald to pilots of transport alrcraft, the Two-Bar System should be mstalled 

This was based on the general test results, economic conslderatlons and a 

study of alrcraft performance characterlstlcs 

CONCLUSIONS 

The followmg conclusions are drawn from the test results 

No simple, smgle visual angle of approach mdlcator can provide 

pilots of all AIM Force alrcraft wth adequate visual mformatlon 

for Judgmg approaches easily and accurately Tlus 1s because of 

the differences m the performance and landmg characterlstlcs of 

various types of alrcraft 

The Two-Bar System and the Navy Mirror Landmg System provide 

the best visual glide path present&Ion and the most ald to pllots 
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Pilots of transport alrcraft such as the C-124 and the C-131 derive aid 

from the visual approach angle indicators tested to a greater extent than 

do pilots of military alrcraft 

The WADC Two-Bar System is more desirable than others tested for use 

with transport-type alrcraft on the basis of economx conslderatlons 

None of the systems tested were entirely satisfactory for use with high 

performance aircraft because of their approach and landing character- 

1st1cs 
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CONTRACT FAA/BRD-13 
RSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Cummmg, R W , & Lane, J C. 
TITLE Pllot notes on the double bar ground ald for visual approaches 

at mght 
REFERENCE* Melbourne, Australia AeronautIcal Research Laboratones, 

1957. (Human Engmeermg Tecbmcal Memorandum 2 ) 

SUMMARY 

A double bar ground ald for usual approaches at night 1s described and 

theoretxally evaluated 

REMARKS 

OperatIonal tests were made on the system, but no statistxal results or 

descnptlons are mcluded. Field experiments are referred to which have 

shown that the use of this visual aid reduces osclllatlons of the glide path 

as compared wth approaches usmg runway hghts alone 

A diagram showmg the appearance of the system under different angles of 

approach, as well as notes for pllots on the use of the aid, are mcluded m 

the report 
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REQUIREMENTS 

The double bar ground aid is based on mformatlon requirements defined m previous 

work by the authors Primarily, it is deslgned to provide angle of approach mfarma- 

tion, and secondly, to provide a horizontal reference and rate of approach 

DESCRIPTION None 

PROCEDURES None 

RECOMMENDATIONS None 

CONCLUSIONS 

The aid as described IS designed for mght approaches and clear vlslblllty condltlons 

which constitute the maJority of night operations in Australia 

Elevation relative to the required glide path 1s shown by alignment or mlsallgnment 

of the white and amber bars Rate of approach 1s shown by the relative vertical 

movement of the two bars In addition to provldmg glide path InformatIon, the bars 

form a valuable horrzontal reference which is not often avallable on dark mghts and 

which 1s essential for accurate tracking in azimuth 

In order to warn against the dangerously low approach, two “undershoot warnmg 

lights” are arranged on each side of the runway strip 600 feet from a threshold 

These lights are high-Intensity red flashing to give prommence, and placed so that 

they are only vlslble below a 1 9 degree elevation 
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AUTHOR 
TITLE 

REFERENCE. 

SUMMARY 

CONTRACT FAA/BR&13 
HSR PROJECT MARK 

REPORT ANNOTATION 

Day, R H > & Baxter, J R 
A comparmon of two types of visual approach aid 

Melbourne, Australia Department of Supply, Aeronautical 
Reserirch Laboratories, Research and Development Branch, 
1959 (Human Engmeermg Note 4 ) 

Flight tests were conducted under operational conditions to compare effectlve- 

ness of two principles of providmg glide-path gtudance represented by the 

Australian Preclslon Vusual Glidepath and the British Angle of Approach 

mdlcator P V G defmes a safe glide path by the alignment of bars of 

light A A I defines a safe path by a specific combmatlon of colored lights 

on the ground 

Results mdlcated moderate pilot preference for the P V G but no differences 

in flight path traces were objectively recorded by a Theodollte. 

REMARKS 

PLan and perspective views of both systems are Included Glide path traces of 

the test flights on both systems are plotted m terms of altitude and range to 

threshold 
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REQUIREMENTS None. 

DESCRIPTION 

R. A E Two-Color System 
This system 1s composed of two transverse bars of amber lights located on each 
side of the runway, 500 and 1500 feet from threshold Each bar consists of 3 umts 
which proJect a controlled beam of light. The upper half of each beam 1s white, 
the lower half, red. When the pilot 1s near the glide path, the nearer bar looks white, 
the furthermost bar, red When the pilot 1s too high, both bars appear white, and 
when he 1s too low, both bars appeir red A pmk sector 1s visible when the pllot 
begms to pass from one sector to another 

Precision Visual Glidepath 
This system 1s composed of two transverse bars of light located 400 and 900 feet 
beyond the threshold on each side of the runway The farther bars consist of five 
clear flush lights, the nearer bars cbnsmt df threeamber lights elevated 25 feet 
above runway level A clear retractable light located m the center of the runway 
900 feet from threshold provides an alming point When the pllot 1s on the proper 
2 3/4-degree glide slope, the amber and white bars form a contmuous line When 
the alrcraft 1s above this slope, the white bars appear to rise above the amber bars 
and when the alrcraft 1s below the path, the white bars appear to drop below the 
amber bar Below a 1 g-degree glide slope, red flashing warning lights are vlslble 
to the pilot 

PROCEDURES 

Twelve experienced (7000-12.000 hours) airlme captains participated m the test 
They were given an orlentatlon to the purpose and conditions of the experiment, 
provided with mstructlon m the use of each system, and were shown the actual 
test mstallatlon Throughout the test procedures, the two systems were labeled 
and referred to as the “Red-White” (A A I. ) and “Amber” (P. V. G ) systems 

Each pilot made three successive approaches with a DC-3 test alrcraft The 
three approaches consisted of 

A famlllarlzatlon approach from 6 miles. 
A clrclmg approach from a base leg at 1000 feet altitude and 4 miles 

from threshold. 
A straight-m approach from 7 miles and 1500 feet. 

Durmg the last two approaches, flight proflles were recorded by a Theodollte. 

At the conclusion of each flight test, pllots were de-brlefed through the use of 
a prepared questlonnalre. 

RECOMMENDATIONS None. 

CONCLUSIONS 

The small number of pllots tested llmlts the conclusions to tentative statements of 
trends. Of the 12 participatmg pilots, however, 9 preferred the Australian P. V. G. 
Of the 157 answers received on relative advantages or shortcommgs of the systems, 
63 favored the Australian P. V. G. , 24 favored the R. A E Indxator, 53 favored both 
equally, and 17 stated that neither ald was useful. 

AA4-2 



Human Sciences Research, Inc. 

CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR Kevern, G M 
TITLE An-port llghtmg and markmg 

REFERENCE Wnght-Patterson Air Force Base, Ohm Wright Am Develop- 
ment Center, 1957 (Progress Report, ProJect No 6061 ) 

SUMMARY 

The report consohdates the results of project work at WADC on the develop- 

ment of ground-based visual aids such as lights and markers for navigation, 

approach, landmg, and general operations 

REMARKS None 
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REQUIREMENTS None 

DESCRIPTION None 

PROCEDURES None 

RECOMMENDATIONS 

On the basis of the results of previous tests, It was recommended that addItIona 

studies be nutlated to accomphsh the followmg obJectives 

Develop flush-type marker lights for mstallatlon in the pavement of runways, 

taxlways, and overrun areas The followmg developments on this project 

were reported 

Westinghouse has completed development of a shallow-dome flush 

runway light Tests of these hghts ~111 be included m the two- 

year approach and runway light test program being mltlated by 

SAC at Dow Au- Force Base 

An “expendable top” flush runway hght, developed by the AGA 

Division of Elastic Stop Nut Corporation of America, ~111 be 

included m the two-year test program at Dow Air Force Base 

Prehmmary laboratory and snow plow tests at WADC mdmate that 

another type of shallow-dome flush runway hght developed by 

Multi Electric Manufacturmg, Inc may be more satisfactory for 

Air Force use than the Westmghouse hght 

NACA has completed the scheduled dynamic tests to determine 

effects on alrcraft gear striking different types of flush lights 

at high speed 

Because flush lights have a poor off-runway light dlstrlbutlon, identl- 

flcation lights ~111 be required on runways equipped with flush hghts 

so pilots can readily locate and identify the runway on cn-clmg 

approaches 

Determine deflclencles m exlstmg systems resultmg from the operatIona 

requrements of new alrcraft, and overcome these deflclencles The 

following developments on this proJect were reported 
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NBS has recommended the addltlon of ldentlflcatlon and 
circlmg guidance hghts. 

A study and development program by NBS mcludes a study 

of all visual landmg aids required by alrcraft durmg approach, 

landing, takeoff, taxlmg, and high-speed ground maneuvermg 

from a distance of 100 miles from the alrport until the air- 

craft has reached the parkmg area 

Develop a completely new system of visual taxi alds to faclhtate the 

ground movement of alrcraft and expedltlous clearance of runways 

and taxways The followmg developments on ttns proJect were 

reported 

Laboratory tests on sample electrolummescent panels from two 

manufacturers mdlcated they were mferlor to externally 

hghted signs as taxlway gmdance mdlcators 

Procurement of centerlme taxlway hghts has been approved m 

order to make a servxe test mstallatlon of a centerlme taxl- 

way hghtmg system. 

Develop approach hghtmg which ~11 lndlcate to the pilot hi posltlon 

relative to the proper ghde path The followmg developments on this 

project were reported 

A study of new light sources, color hlters, reflectors. and 

lenses to determme optimum approach hght design revealed 

that the optimum umts are the ones already m use 

Flight test alrcraft at Atlantic City NAS evaluated the Navy 

Mirror Landmg System Sultabllity of the Mirror System 

for use wtth Am Force aircraft and landmg techmques 

appeared questionable Prehmmary flight tests have been 

made of three color glide angle lights, and on two different 

hghted “bar” sy@ems deslgned to provide the pilot the same 

guidance as would be obtained from the Mirror System 
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Develop a brightness control which ~11 pernut alrfuzld lights 1x1 the same 

cwcult to be operated at the optimum brightness requwed for each speclflc 

light The followmg developments on this project were reported 

A brightness control system has been developed which consists of a 

method of connectmg special lamps to standard series transformers 

and regulators It requires extra regulator capacity and tends to 

become unstable If more than 10% of the runway lights burn out 

A new IZOO-watt, 115-volt lamp was developed for use m exlstmg 

alrport beacon lights which resulted m sufflcxnt vertical coverage 

to adequately meet requrements 

A task to provide design crlterla for a runway capable of mamtam- 

mg landmg and take-off operations at the rate of two aircraft 

per mmute was termmated wth no slgmficant accomplishments 

CONCLUSIONS None 
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AUTHOR 
TITLE 

REFERENCE 

SUMMARY 

CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

ANC J-andlng Atds Experiment Station 
Fmal Reports 1949 

Washington Clvll Aeronautics Admmlstratlon, Offlce of 
Avlatlon InformatIon, 1949 

This report covers test operations at LAES prlmarlly durmg 1949, but 

also a great deal of the work performed ear-her The report 1s dlvlded mto 

five sectlons Flight Operations, Meteorology, Electronics, Alrfleld 

Llghtmg, and Fog Dispersal Withm the Alrfleld Llghtlng sectlon, results 

are presented of the 1949 evaluation series on various 3000-foot approach- 

hght systems, overrun conhguratlons, threshold-marker lights, runway- 

masker lights, runway-surface marklngs, and taxlway-marker lights 

Conclusions and recommendations m kach of these areas are presented 

REMARKS 

The materlal m this report yields a fairly comprehenslve summary of the 

state-of-the-art In 1950 The material of Interest to alrport design engmeers 

and marking and llghtmg researchers IS so volummous that It defies all but 

the most general annotatlon wIthIn reasonable space The report IS complete, 

mcludmg graphs of results, cost analyses, references, photographs and 

lllustratlons, Installatton and mamtenance procedures, and pllot comments 

The reader 1s advxed to read also the 1947 and 1948 Progress Reports on 

previous work done at Arcata 
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REQUIREMENTS 

Classes of requirements speclfled and discussed were 

Visual gudance 

Visual condltlons 

Aircraft characteristics 

Alrport llghtmg characterlstms 

Material and operating cost comparleons 

DESCRIPTION 

3000-Foot Approach Llghtmg ConfiguratIons 

Slopelme with transverse bars 

Interrupted-sequence-flashmg light system 

Royal An-craft Establishment systeq (Calvert) 

Air Lme Pllots Assoclatlon system (centerlme) 

Overrun Conflguratlons 

OVL - vertical “L” fxtures 

OHL - horizontal “L” fixtures 

FVJB - fixed-wide -bea r 

Threshold Marker Lights 

Clear threshold bar 

Green threshold bar 

Green threshold bar and end zone marking with 

red pre -threshold warnmg 

Green fixed-wide-beam threshold 

Neon-bar threshold 
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Runway Marker Lights 

Flxed-wide-beam 

Runway surface markmgs 

Longltudlnal white stripes 

Runway number 

Transverse bars 

Taxlway Marker Lights 

Gaseous-tube 

PROCEDURES 

Low cellmg and vlslblllty fhght test approaches (394 fhghts, most of them 

$n condltlons below 500 feet and l/4 mile) ObJectlve and subJectlve 

measures utlhzed Criteria Included distance and elevation from 

threshold at first sight distance travelled from first sight to pllot 

contact, distance from threshold at pomt of pllot contact, length of 

strmg carried, au-craft locatlon at pllot contact, approach adequacy YS 

ceilmg and vuxblllty, and adequacy of guidance CAA, commercial, and 

mllltary pllots utlhzed, varymg alrcraft used 

RECOMMENDATIONS 

Approach Light Systems 

More testmg recommended on RAE and ALPA 

Transverse bars to be used with slopelme 
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Threshold Lights 

Red pre-threshold 

Green threshold 

More testmg on remammg component systems 

CONCLUSIONS 

Selected hlghllghts 

Elevation gudance with RAE and ALPA reported Inadequate 

Change H-I conflguration 1x1 last 1000 feet (overrun area) weakens 

effectweness 
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CONTRACT FAAIBRD-13 
BSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE Fmal report on operational sultablllty tests of alrfleld 

approach llghtmg conhguratlons. 
REFERENCE March Air-Force Base, Callforma. Dlrector of Safety, 

Headquarters Fifteenth Air Force, 1957. 

An operational sultablllty test of four approach llghtmg conflguratlons to 

facilitate landmgs on high performance an-craft under mstrument condltlons 

was conducted The criteria for evaluatmg the approach conflguratlons were 

pilot preference and adaptablllty to different types of amcraft It was generally 

concluded that the centerlme system with stroboscopic flashes was the most 

acceptable of the four systems tested 

REMARKS 

The report presents “typical” pllot comments. There IS no detalled breakdown 

by an-craft, nslblllty, or other test condltlon, and no quantltatlve summary of 

the opmlons gathered as evidence on which the recommendations and conclu- 

slons are based 
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REQUIREMENTS 

Pllots should be provided adequate visual reference especially at mght or durmg 

low visibility conditions to assist them m becommg orientated with the runway 

durmg the final approach phase of the landmg pattern 

Approach lights should be quxkly and easily interpretable and should require a 

mmlmum of interpretative declslons 

DESCRIPTION 

Four approach conhguratlons, A.\ B. C, and D were tested at March AFB 

System A consisted of a centerlme of light bars Configuration D was an 

extended runway edge lighting system with roll bars mtersectmg each row of 

extended edge lights Systems B and C were combmatlons of centerlme and 

extended edge llghtmg Specifically, Configuration C totally merged the center- 

line and extended edge systems ConfiguratIon B Included the centerlme and 

Just the roll bars of System D 

PROCEDURES 

Pllots were interrogated via radio lmmedlately followmg each approach and were 

requested to submit a general evaluation of the adequacy of each system -n 

providmg required guidance after completion of a block of approaches AddItional 

lnformatlon gathered from group mterrogatlon after each mlsslon was used in the 

final evaluation 

Pilots of various Air Force commands and experience took part 1~ the test 

They were briefed prior to flight. but not told which conflguratlon was to 

be tested on that fhght The 395 approaches are classlfled according to air- 

craft type, air command, number of approaches, and vlslbillty conditions m 

the followmg table 
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Summary of Fhght Test Conditions 

Air 
Commands 

TAC 

ADC 

ADC 

U S.Navy 

U S Navy 

MATS 

APGC 

JSAF Acad 

CAC,*ATC, 
AUC 

SAC 

hrcraft 
Types 

F-100D 

F-86 
F-102 

F-86 
F-102 

F-4D 

F-3D 
A-5D 
S2-Fl 

c-97 

B-47 
B-57 
KC-97E 

T-29 

T-33 

B-52 
B-47 
KC-97 
c-97 
T-33 
B-25 
c-47 

* mmimums reported 

Number of 
Approaches 

24 

25 

26 

28 

67 

14 

45 

19 

60 

50 

Slant Range 
Vznt&ty” 

1 l/2 mi 

General 
Description 

l-3 IIll 

haze, evemng, twl- 
hght 

dayhght. haze, twl- 
hght and/or mght 
condltlons 

VFB daylight, haze, twl - 
light and/or mght 
conditions 

3/4- evening, twilight, am 
1 l/2 ml. mght 

3/4- evenmg, twihght, am 
2 l/2 ml mght 

1 nu. 

l/2- 
3 ml. 

daylight 1 twihght, 
haze, and mght fog 

dayhght, twilight, ant 
night 

200 ft 
1 ml. 

1 112 n-0. 

daylight, haze, twl- 
hght, and mght fog 

dayhght haze twl- 
hght, and mght fog 

l/2-3!= 

i 
i 

AL2-3 



RECOMMENDATIONS 

ConfIguratIon A, with the addltlon of stroboscopic flashers for the entire system 

and flush light umts wlthm the lOOO-foot underrun area, be adopted as standard 

for Ax Force mstallatlons 

Present semi -flush threshold lights be replaced with J%lfaka flush lights utlllzmg 

green filters to provide a posltlve threshold 

Mimmum runway markmg, for other than instrument runway, consist of flush 

termination bar, elevated red wing bars, and flush threshold bars of Collflgu- 

ration A 

Installation of one narrow-gauge runway llghtmg system be expedited to allow 

complete evaluation of mtegrated visual alds for landing 

Extended red edge hghts, as installed at March AFB, be deactivated. and ground 

fixtures removed to delete unnecessary obstacles protruding mto the overrun 

area 

CONCLUSIONS 

A requirement exists for the addltlon of flush green threshold lights to mark 

the end of the runway Present threshold lights are not as predommant as the 

approach hghts, and they are dlfflcult to dlstmgulsh 

The centerlme system has the confidence of the pllot as it considerably reduces 

the mental hazard cf minimum weather approaches 

The centerline hghts have a tendency to prevent the pilot from landmg short of 

the runway 

It was noted that strobeacon light could be seen at a distance of approximately 

three times that of the reported vislblllty With reported vlslbility of 1 mile, 

strobeacon normally was sighted at 3 miles 
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CONTRACT FAA/m-13 
HSR PROJECT MARK 

REPORT ANNCWATION 

AUTHOR 
TlTLE 

Carbell, M A 
Recent developments III visual low-approach and landmg alds 
for alrcraft 

REFERENCE. San Francisco Garbell Research Foundation, 1951 

SUMMARY 

(AeronautIcal Series No 1.) 

In ths paper the author rewews his objectives and fmdmgs at LAES from 

July 1, 1948 to October 1, 1949 as consultant in charge of testing A brief 

summary of the testing methods employed m the fhght tests is presented 

m the first sectlon Factual conclusions are advanced UI the second section 

The third sectlon deals with methods of meteorological instrumentation and 

application 

The report contams a more concise review of test procedures used at 

LAES than does the Landmg Aids Experiment Statlon Fmal Reports, 1949 
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REQUIREMENTS 

The prmcipal elements of pllot mformation are ldentlflcatlon and guidance 

The concept of “ldentlficatlon” m an airport hghtmg and markmg system 1s under- 

stood to include both the selective dlstmction of a given instrument-approach zone 

or runway from the respective surroundmgs, and an mdlcatlon of the location, 

general dn-ectmn, and sense of orlentatlon of the runway axis 

The concept of “guidance” in an airport llghtmg and markmg system 1s understood 

to include the mformation required by the pllot to visualize the location and 

dlrectlon of motion of the aircraft at any given point of the approach with respect 

to the runway upon which landing 1s intended 

Referring to the examples of either a fog or a uniform ground surface lackmg 

in adequate reference features (“texture”, protrusions of known height. a horizon, 

etc ), the guidance elements expected from the artdlclal usual alds would 

Include the three “location” coordmates 

X - longltudmal distance from the runway threshold. 

Y - transverse &stance from the vertical plane through the runway axis 

Z - elevation with respect to the ground or to an ideal ghde plane, together 

with an mdlcatlon of two “directional” guidance elements 

The directIon c motion of the an-craft m a horizontal plane 

The attitude in bank (roll) of the aircraft -- 

The sixth degree of freedom of the alrcraft, VIZ., the angle of @, should not - 

be defmed through visual guidance with reference to the horizontal ground plane, 

inasmuch as the angle of pitch is strictly a matter of aerodynamic, not geometric, 

orientation The true mdlcated air speed, flap setting, and power setting of the 

alrcraft should be fully stabilized m the early stage of an instrument approach, 

long before transitIon to visual flight Even in clear-weather approaches, the 

experienced pllot refers to the airspeed mdlcator, not to the ground plane, for 

his pitch guidance 

The five visual guidance elements are all part of the one essential guidance 

vector, namely, that of three’-dimensional location and direction guidance 
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Hence, then- respective functions are closely Interrelated, thus, for example, 

while good Z and Y guidance are IndIspensable (yet not, in themselves, sufficient) 

for effectwe directional guidance, roll guidance 1s equally an essential element 

m supplymg dlrectlonal guidance, relative both to the actual, current motion 

of the an-craft and to any antlclpated changes The closely knit Interrelation 

between the five guidance elements makes any attempted llstmg of guidance 

“prlorltles” virtually meanmgless, unless it 1s desired that some of the 

guidance elements be obtamed from alrport visual aids and others from fhght 

mstruments, a procedure (“on-and-off-mstruments”) that has, m numerous 

Instances, led to disaster 

DESCRIPTION 

The following are the various systems evaluated 

3000-foot approach hght system 

Overrun configurations 

Threshold-marker lights 

Runway surface markmgs 

Runway marker lights 

Taxlway marker lights 

PROCEDURES 

Each evaluation approach was recorded via objectwe data (radarscope flight 

paths), and subJectwe comments 

Rellabihty of this method of evaluation was consldered to be corroborated by 

the excellent correlation of the ob]ectwely recorded data (adherence of the 

aircraft to Ideal glide path with mimmum of sharp maneuvermg), factual 

observation of lengths of strings of hghts carried, etc , with comments 

expressed by pilot and copilot at the time of each approach 

It 1s worth notmg that comments expressec by the test pilots after the 

completion of an entlre flight test period, and the opmlons of the fhght 

observers, even though they too might be quahfled and experienced mstru- 

ment pllots themselves, do not exhibit any slgmflcant correlation either wth 

the objective trajectory record or with each other. 
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CONCLUSIONS 

Approach Systems 

In the opinion of the author, the two most effective approach-light systems, the 

Slopeline System and the Calvert Transverse-Bar System, are “competitive” in 

but one respect and complementary In all others. 

The “competitive” eIement is manifested by the preference of some pilots toward 

flying “down a centerhne of lights”, and that of other pilots toward flying “down a 

dark lane”, with an alignment of lights along either flank of the lane 

In every other respect, it appears that the mghly effective elevation, transverse 

and direction guidance afforded by the Slopeline System should be supplemented 

with the excellent bank guidance provided by the Culvert System, and that an 

X-wise guidance element be supplied comparable m effectiveness at least to that 

of the Calvert System 

In order to provide optimal over-all guidance with mnnmal interpretative effort 

on the part of the pilot, the author independently conceived and developed an 

approach-light configuration. He feels that the horizon bars in his configuration 

afford excellent roll guidance and, hence, improved &rectional guidance He 

also feels that transverse location of the horizon bars with respect to the two 

slope-line rows--with the 2000-foot bars contained entirely within the slope-line 

rows, the lOOO-foot bars straddling the slope-line rows, and the runway-thres- 

hold bars placed entirely outside the slope-line rows, thereby forming a 

characteristic “gate” at the runway threshold--affords instantaneous distance 

guidance without any need for numerical counting of coded lights as used in 

other systems 

Runway Marker Lights and Runway Surface Markings 

Day vs Night 

The relative effectiveness of runway-marker lights appears to be affected 

profoundly by the prevailing general brightness of the fog background as 

well as that of the foregrouhd, to a still greater extent than that of the 

approach lights 
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At night the distance at which runway-marker lights are first seen and 

Identified by pllots during an approach was reported as equal to the horlzon- 

tal meteorological vlslblllty distance of a 25-candlepower light. This was 

accounted for by the appreciable mcrease m effective brightness-threshold 

values of pilots. Brightness threshold values were thought to be higher be- 

cause of the relatively high foreground brightness resultmg from the pilot’s 

close proximity to the approach lights over the termmal portlon of the approach- 

light system 

In daylight the visual range of all runway-marker lights tested at LAES was 

reduced to the order of magmtude of the “contrast vlslblllty” on the runway, 

that is, somewhat greater than the meteorological “dayllght obJect vlslblllty” 

reported by the meteorologist. PIlot’s comments reportedly substantiated 

this conclusion. 

It was deduced that in dense dayllght fog (with high prevallmg brightness and 

meteorological visibility less than l/4 mile), lights with runway markmgs are 

more effective than runway-marker lights alone, both m visual range and m 

dlrectlonal guidance 

Flxed Wide-Beam Lights vs Adjustable-Narrow-Beam Lights 

Visual Range 

At mght, the effectiveness of the two types of lights was substantially 

the same The lights were first seen at approximately the same dis- 

tances, and the respective strings of runway-marker lights “carried” 

were approximately of equal length 

In dayllght, the fixed wide-beam lights appeared to be conslatently 

visible at a greater distance than the adJustable narrow-beam lights. 

Directlbnal Guidance 

The reports on the length of the strings of lights “carried” appeared 

also to favor the fixed wide-beam .lghts. In addltlon, it was reported 

that the uniformity of two strings of fixed wide-beam lights afforded 

more effective directional guidance than that provided by the more 

spotty-appearmg sequence of the adJustable narrow-beam lights. 
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Elevation Guidance 

At LAES and elsewhere, the comments of pilots were reported as expllclt 

and speclflc m deplormg the Inadequate dIrection and elevation guidance 

provided by runway-marker hghts alone. A conflguratlon of highly 

reflective runway surface markmgs with easily recogmzable texture was 

recommended to fill this need. 

Taxlway-Marker Lights 

The author taxled over most of the systems In restricted vislblllty 

and tested them on the RAE Cyclorama. He reported that the require- 

ment for clear and unequivocal mdlcatlon of the desired taxiing path, 

especially followmg curves and across wide mtersectlons, was bemg 

currently met by the flush centerlme lights only. 

Meteorologlcal Instrumentation for Use With Visual Low-Approach and Landmg Aids 

The proposed mstrumentation for a completely automatic system of operational 

weather reporting during the summer of 1946 included a short-base rapid-scan 

cellometer, a horizontal transmissometer. a prevallmg brightness meter m 

the approach zone, and a combmed transmissometer/brightness meter m the 

touchdown zone of the runway 
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coNTRAc!r FMIBRD-IS 
IISR PROJECT MARK 

RESORT ANNOTATION 

AUTHOR- Hoffman, C S 
TITLE- New approach and runway lighting system. 

REFERENCE- Wright-Patterson Air Force Base, Ohlo Wright kr Develop- 
ment Center, 1957. (Identification No. WCLE 57-5, 

SUMMARY* 
Project No 6061-60423.) 

The adoption of an adequate standarhzed approach llghtmg configuration has 

been complicated by the conflicting requirements of the )\lr Force, Navy, 

ALPA, and CAA. This report summarizes the effectiveness of the approach 

lighting systems mstalled at March Air Force Base, Califorma. and the run- 

way lightmg systems tested at Andrewe hr Force Baee, Maryland, as solu- 

tlons to the standardization problem. It was concluded that not enough flights 

under poor vlslbllity con&tions were made at Andrew8 or March to warrant 

a recommendation that either be used as a standard. 

REMARWI: None. 
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REQUIREMENTS None 

DESCRIPTION 

Summary descrlptlons of the centerlme approach system, floodlightmg, and 

narrow-gauge runway systems are presented 

PROCEDURES None 

RECOMMENDATIONS None 

CONCLUSIONS 

The followmg conclusions were made on the basis of teat results at March and 

Andrews 

Strobeacon umts are good “attention getters” which assist pllots m locating 

the approach llghtmg, however, they are likely to cause glare to the pllot 

m later stages of the approach 

The light output of Elfaka units was satisfactory for alrcraft on the fmal 

approach, but it needs to be tested under winter conditions 

Runway edge floodhghting is not necessary when aircraft landmg lights are 

used,except in low visibility fog condltlons when landing lights do not pene- 

trate the fog 

Insufflclent approaches were made with the narrow-gauge runway system 

at Andrews to determme then- merit, aIthough the system shows promise 

of elimmatmg the “black hole ” 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE Jomt USN-USAF comparative operational sutability test to 

determme a standard alrfield approach lighting configuration 
REFERENCE* Eglm Air Force Base, Florida Air Provmg Ground Commdnd, 

1955 (ProJect No APG/CSC/800-A ) 

SUMMARY 

This report describes evaluations of several variations m alrfleld approach 

llghtmg patterns which Included the requirements agreed upon by the Joint 

U S Navy-U S Air Force Ad Hoc Committee on hrfleld Approach Llghtmg. 

Three patterns were Judged sultable by pllots of various types of alrcraft and 

the simplest of these was selected for consideration as a standard military 

system. 

REMARKS: 

Specific. detals of the test mstallatlon and mamtenance, mcludmg economic 

conslderatlons, are included m the report 
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REQUIREMENTS 

Pilots should be provided with a vmual reference which will assmt them to orlent, 
vertically and horizontally, with the runway durmg the fmal approach phase of the 
landing pattern 

DESCRIPTION 

Sixteen approach configurations were constructed for operational tests at McGulre 
Air Force Base, New Jersey The general shape of these configurations 1s de- 
scribed by sketches m the report In general, the test configurations represented 
varlatlons m the baelc extended runway edge llghtmg approach system. 

PROCEDURES 

P&t optmon was the basic measure used to evaluate the systems P&t comments 
were collected by means of tape recordmgs of communlcatlons between the pllot 
and the ground controller AdditIonal mformatlon was collected through question- 
naires which pilots completed after every test landing 

Responses were subJected to statlstlcal treatment, with a requirement for a confl- 
dence level at or above 95% as a basis for declslon as to the deslrabllity of any 
feature In analysis, the data were checked to determme dlfferences of oplmon 
between fighter and other pilots, and between pllots who made visual approaches 
and those who made Instrument approaches. 

The test mstallatlon was operated during hours of darkness when the Instrument 
runway was the active runway In addltlon, It was operated durmg daylight periods 
of reduced vlslblllty 

Reports on 666 approaches by Air Force and Navy alrcraft made under varying vlsl- 
bility condltlons were received and evaluated. A total of 81 instrument approaches 
were made under cellmg conditions as low as 200 feet and vlslblllty of l/4 mile 

Pilots were urged to make repeated approaches over the systems in order to per- 
mlt comparison of two or more approach light arrangements Where repeated 
approaches were made, the approaFh light operator changed the light arrangement 
to permit the pllot to form an opinion concermng the deslrabllity of some maJo= 
feature, e g , a system with cr6sSbars compared to the same system wlthout them. 

RECOMMENDATIONS 

While test approach Configuration M was found operationally sultable as a 
mllltary standard, final selection should be wlthheld pending results of 
additional Navy tests 

CONCLUSIONS 

Three of the 16 patterns are rated as good or excellent by 95% of the test 
pllots Repeated comparisons of the three falled to establish a signfficant 
preference, so the selectlon of test Configuration M was made on the basis 
of economy of installation, power, and maintenance conslderatlons. Approach 
System M consists of a single right row, a double left row, four pairs of 
crossbars outboard of the rows, and three pairs of crossbars mtersectmg 
each row 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR 
TTTLLFi 

Naval Air Test Center 
Installation and evaluation of the Navy Composite Approach 
Lightmg System 

REFERENCE. Patuxent River, Maryland Author, 1954 (Report No 2, 
ProJect No PTR AE 10007 1 ) 

SUMMARY 

Effectiveness of guidance provided by the Navy Composite System as compared 

to the slope-line system and others m general use was mvestlgated Evaluation 

fhghts durmg both good and poor vlslblllty condltmns mdlcated that this system 

afforded optimum guidance for all types of Navy alrcraft It was recommended 

for adoption as a Navy approach llghtmg standard 

REMARKS 

No statlstlcal techmques are reported 

Pilot comments evaluating the system are included 
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REQUIREMENTS None 

DESCRIPTION 

Slope-lme umts were combmed with centerlme and cross-bar umts A plan view 

1s presented m the report, as well as low vlslblllty photographs 

PROCEDURES 

Control tower personnel recorded fhght data Pllot comments and addItIona 

questlonnawes fllled out by statlon operators were used 

Cellmg condltlons from zero to unhmlted, and vlslblllty condltlons from l/16-15 miles 

were the observed fhght condltlons 

Twenty-fwe scheduled fhghts were made on the llghtmg system, control tower 

personnel were requested to record data from other flights utlhzmg the system 

Several dlscusslons were arranged at squadron pllot’s meetmgs to famlllarlze 

them with the Composite Approach Light System so that the various guidance 

features would be more readily dlscermble 

RECOMMENDATIONS 

The Composite Approach Llghtmg System was recommended for use at Naval 

lnstallatlons 

Test results mdlcate that the Composite Approach Llghtmg System 1s an improve- 

ment over the present Navy standard slope-lme system and 1s satisfactory for use 

by all types of Naval aircraft 

An evaluation of exlstmg hlgkmtenslty flush-type runway hghts was suggested 

The use of portable runway lights was recommended as an mterlm measure 

Satisfactory flush-type runway lights were consldered necessary to accomplish 

the change over from approach to runway hght guidance 

CONCLUSIONS 

The omission of any of the guidance features of the Composite System, although 

these features are not necessary m all mstances, was not consldered advisable 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE Operational suitablhty test of Jomt USAF-CAA overrun and 

approach hghtmg 
REFERENCE Eglm Air Force Base, Florlda Air Proving Ground Command, 

1956 (Fmal Report, Prqect No APG/CSCI994-A 1 

SUMMARY 

Three approach llghtmg systems were selected for operational fhght test by 

a Jomt USAF-CAA Ad Hoc CommIttee on Underrun, Overrun, and Approach 

Llghtmg Conflguratlon X, a red centerlme system m combmatlon with ex- 

tended edge hghtmg 1x1 the final 1000 feet, was considered to be the best 

system for all types of au-craft. 

Tables showmg a breakdown of pllot preference for approach conflguratlons as a 

function of alrcraft type, approaches on whxh pllots reported confuslon, and 

pomt of dlsappearance of hghts from pllots view are presented 
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REQUIREMENTS 

Pllots need a visual reference at mght or durlqg low vxublllty condltlons which 
~111 assist them m becommg orlented, both vertically and horlzontally, wth the 
runway durmg the fmal approach phase of the landmg 

DESCRIPTION 

ConfIguratIon X was composed of two approach Systems Configuration A was 
the basic centerlme approach system and ConfIguratIon B was the same as X, but 
with the overrun area (the area bounded bythe lOOO-foot bar, the threshold bar, 
and the extended runway edges) clear of lights 

PROCEDURES 

The test was conducted at McGhee -Tyson Airport, Knoxville , Tennessee All 
approaches were made under mght VFR condltlons Instrument appraach as - 
slstance by GCA, ILAS, or ASR/PPI was utlllzed on 95% of the approaches m 
order to simulate as nearly as possible an actual mstrument letdown and approach 
path The remsmmg approaches were made using visual references 

Pllots made a mmlmum of three approaches per test flight In order to get an 
lmmedlate comparison, pllots were Interrogated wa radlo Immediately follow- 
mg each approach After completion of a block of three approaches or a series 
of blocks, pllots were requested to state their first and second choice as to con- 
flguratlon, and their comments on each conflguratlon were sohclted 

RECOMMENDATIONS 

The report recommended that Conflguratlon X be consldered as the most desirable 
approach hghtmg ConfIguratIon for Jomt USAF-CAA alrflelds 

CONCLUSIONS 

All three conflguratlons tested are deemed acceptable as approach hghtmg systems 
ConfIguratIon A, usmg red centerlme lights, 1s consldered sultable for all alrcraft, 
except possibly the RF-84F and F-94C for which It 1s considered margmal 

LImIted testmg usmg white centerlme lights Indicated glare and reflectlon 
are more prevalent for white centerlme hghts than red 

AddItIonal comments from pllots m&c&e that the white lights made the 
transItIon from Instrument to visual and back to mstrument more dlffxult 
than the red lights 

The Inboard threshold hghtmg used on ConfIguratIon A 1s shghtly more de- 
slrable than the outboard threshold hghts used on Conflguratlon B 

These conclusions are based on general pllot opmlons and comments 
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CONTRACT FMIBRD-13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR Pearson, H 3 C 
TITLE Modlflcatlons of the slope lme approach hght system 

REFERENCE Indlanapohs Clvll Aeronautics Admmmtratlon. Techmcal 
Development and Evaluation Center, 1952 (Report No 167 ) 

SUMMARY 

This report describes the results of certam modlflcatlons m the design and 

arrangement of the basic slope -1me approach system The purpose of these 

modlflcatlons was to Improve lateral coverage, provide more effective 

lead-m guidance. reduce glare, improve roll guidance and threshold marking, 

and provide distance markmg 

Service testmg demonstrated that wth the modlflcatlons, effective distance 

markmg was provided, and that material Improvement was achieved m 

lateral coverage, lead-m guidance, roll guidance, and threshold markmg 

Reduction m glare was mdlcated, but had not yet been completely substantiated 

REMARKS 

Some excellent diagrams on beam coverage of approach hghts are Included 
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REQUIREMENTS 

See the study by Pearson (1550) for a detailed presentatkun of operahonal requwe- 

ments for approach lights 

DESCRIPTION 

The modlflcatmns Included changes m horizontal and vertical settmgs of the 

lamps, changes m the lamp wattage, the addltlon of horrzontal bars, and changes 

m the threshold light pattern 

PROCEDURES 

Observation and servlce fhghts were made with the modlfled system, and pllot 

comments solicited 

RECOMMENDATIONS None 

CONCLUSIONS 

Each of the modlflcations was Judged to make the system more satisfactory 

than the unmodified system, and thus was recommended for lmplementatlon 

A problem of threshold light glare was ldentlfled and It was recommended that 

a research and development program be mltlated to solve the problem 
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CONTRACT FAAIBRD-13 
I-ISR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR. Warren, R. E., & Pearson, H. J. C. 
TITLE* 30-degree modlfled slope-lme approach-light system 

REFERENCE* Indianapolls Clvll Aeronautics Admmlstratlon, TechnIcal 

SUMMARY 

Development and Evaluation Center, 1951. (Report No. 137.) 

This report presents the results of an analytic evaluation to determine the 

feaslblllty of wldenmg the spacmg between pax-s of slope-llne lights A field 

mstallatlon was constructed m which the bars at the Inner end of the approach 

path were set at 30 degrees instead of a 45-degree angle with respect to the 

ground plane, while the bars of the outer porkon were left at 45 degrees In 

general, the sensltlvlty of the guidance furmshed by the 30-degree bars was 

found to be less sharp than that furmshed by the 45-degree pattern 

Day and night photographs of the system are included, as well as the pllot’s 

view of the lights from different posltlons In the approach zone 
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REQUIREMENTS 

The regular slope-lme (45degree angle) umts were considered to be an underrun 

hazard to some type of awcraft traffic The 30-degree angle mountings prowde 

added clearance at the approach end of the runway and therefore represent a re- 

duced underrun hazard 

DESCRIPTION 

The standard slope-lme approach system was modlfled by placmg at a 30-degree, 

rather than a 45-degree, angle the hght units on the 1000 feet of nearest threshold 

and mcreasmg the separation between rows of this mner sectlon to 150 feet 

PROCEDURES 

The system was evaluated analytically with the result that horizontal gudance was 

found substantially reduced Flight tests at Arc&a conflrmed the analytic study 

RECOMMENDATIONS None 

CONCLUSIONS 

It 1s concluded that the guidance disadvantages Inherent In the split system out- 

weigh any advantages it contains as a less hazardous underrun area 
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CONTRACT FAA/BRD-13 
H.SR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Pearson, H J C. 
TITLE Tests of threshold llghtmg patterns 

REFERENCE Intianapolls Clvll Aeronautics Admmlstratlon, Technical 
Developmknt and Evaluation Cenier, 1955 (Report No 276 ) 

SUMMARY 

This report describes results of ground and flight observations on six patterns 

of threshold llghtmg One pattern was recommended which incorporated the 

most effective nnprovements 

REMARKS 

The report refers to a long series of fhght tests and ground observations that 

provided the basis for evaluatmg the threshold patterns The details of these 

tests however, are not mcluded m this report 
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REQUIREMENTS 

Durmg clrclmg approaches the pllot must be able to ldentlfy and locate the ap- 
proach threshold hghtmg from the latter part of the downwmd leg, from the point 
at which he turns mto the fmal approach, and durmg the fmal letdown 

The threshold llghtmg must be &stmgulshed from the approach, overrun, and 
runway hghtmg 

The threshold area must be vlslble to the pllot for at least several seconds during 
straight-m approaches under conditions of restrlcted vislblhty so that he does 
not pass It unknowingly 

The llghtmg should not cause uncomfortable glare 

The exit threshold llghtmg must be visible to a pilot on any part of the runway for 
a distance great enough to allow him to take emergency action to stop his aircraft 
or to lift It before he passes the end of the runway 

DESCRIPTION 

Six patterns of threshold hghts were tested 
Two bars of C-l units with 200-w&t series lamps and green filters, normal 

to the runway axis and Inward from the lmes of runway IIghts The umts 
are ou lo-foot centers, and the gap between the bars 1s 136 feet 

The ldentlcal bars as in Pattern No 1, extended outward beyond the runway 
lights to form T patterns with the runway edge hghts Instead of L patterns 
as m Pattern No 1 

Slmllar to Pattern No 2, but mcludmg a lme of ANL-9 flush lights flllmg 
in the gap between the two bars 

Bars with wmgs parallel to the runway ax16 and extending into the approach 
area 

Slmllar to Pattern No 5, but with the wmgs folded back along the lmes of the 
runway hghts Instead of extending mto the approach area 

PROCEDURES 

No tests or other evaluative procedures are reported 

RECOMMENDATIONS None 

CONCLUSIONS 

Pattern No 6 1s reported as the most effective pattern It mcluded two 40-foot 
bars made up of Type C-l light units, plus wmgs extending m along the runway 
and one flashmg hght umt at each end of the runway offset from the ends of the 
bars toward the downwind leg 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Tledemann, A T 
TITLE A llghtmg pattern for runway zone ldentlflcatlon 

REFERENCE* Indianapolis Clvll Aeronautics Admmlstratlon, Techmcal 
Development and Evaluation Center, 1954 (Report No 208 ) 

SUMMARY 

Various methods of providing a pllot with visual mformatlon for determmmg 

his longltudmal posltlon along the runway were mvestlgated 

The recommended runway zone-markmg system employed colored lights 

located m the sectlon at each end of the runway to define a safe touchdown 

area on the approach end and a caution area on the far end 

REMARKS 

The results of this study were revlewed by Wright Air Development Center, 

Ax Research and Development Command The runway zone identlflcatlon 

system recommended here was endorsed by the Air Force agency which 

recommended that the system be adopted as a USAF standard See the study 

by Kevern (1954) 
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REQUIREMENTS 

The primary purpose of a runway lightmg system 1s to define the llmlts of the 
ground area on which alrcraft can safely operate. The system must be easily 
identlflable from the air as a runway, and it must indicate to the pllot the loca- 
tion, dIrectIon, and extent of the runway. 

An optimum runway and threshold llghtmg system should 
Posltlvely ldentlfy the runway. 
Outlme the runway. 
Dlstmgulsh between the touch-down zone, the center zone, and the warn- 

ing zone of the runway. 
Defme the beginning and end of the landable area. 

DESCRIPTION 

Two general sytems of zone markmg the runway through colored lights were 
tested The first system utlllzed extra lights m line with the regular runway 
lights. The second system of zone marklng conslsted of colored llghte, called 
satellites, located adJacent to the regular runway lights on a line perpendicular 
to the runway centerline. Five varlatlons of the general m-line system and 
17 varlatlons of the satellite system were tested. 

PROCEDURES 

The prmclpal criteria used by observers to Judge the value of the various sys- 
tems were the ability of the patterns to mdlcate the zones, the lack of mlsleadmg 
guidance at various angles of view, and the procurement and operatmg economics 
of the system. 

On the basis of flight evaluations one of the satellite patterns was determined to 
be optimal. This pattern was kept in operation for three months during which 
time 29 vlsltmg pllots completed a questlonnalre evaluatmg the system. 

RECOMMENDATIONS None. 

CONCLUSIONS 

The optimal zone marking system from among those tested was composed of a 
pair of colored satellites outboard of the runway edge lights and placed perpen- 
dlcular to the runway longitudmal ax16 along 2000 feet of each runway end. The 
satellites were placed on each side of the runway and at alternate runway lights 
(400-foot intervals). The satellites were flltered so as to be green m the dlrec- 
tion of the approach end and red m the directlon of the takeoff. 

A maJorl%y of the 29 pilots completmg the questlonnalres expressed favorable 
attitudes and 15 responded afflrmatlvely to the question of its adoptlon as a 
national standard Five weize opposed, and rune abstamed. 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE 

Hardmg, J H I et al 
A prehmmary evaluation of narrow-gauge runway llghtmg and 
runway surface illummatlon 

REFERENCE Indmnapolrs Clvll Aeronautics Admmlstratlon, Techmcal 
Development Center, 1958 (Report No 338 ) 

SUMMARY 

Prelmunary flight tests were conducted of the narrow-gauge runway llghtmg 

and floodhghtmg concepts as alds to landing m reduced vlslblllty condltlons sss 

The tests were generally conducted to provide mformatlon on capabllltles III 

low vmlblllty landings, and specifically to determme optimum values of gauge 

width, longltudmal spacmg, hght bar length, beam spread, and toe-m angles 

for the narrow-gauge system The optunum system for operation under the 

lowest vislblllty mghttlme condltlons may be a combmatlon of runway lllun- 

natlon for touchdown with a simphfied narrow-gauge or centerlme pattern for 

supplementary gudance durmg takeoff and landmg rollout 

REMARKS 

The report 1s not explicit with respect to the numbers or characterlstlcs of 

the pilots and arcraft used m the test, number of approaches, or the percentage 

of actual landmgs as opposed to passes without touchdown Pllot opimons 

contrary to these conclusions have been publlshed See Robson , Descrlptmns 

of actual test fhghts by four pilots who partlclpated m the test can be Found 

m another study (Little 1957) 
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REQUIREMENTS 

figh mtenslty approach llghtmg has improved guidance up to the threshold, but 

has accentuated the need for comparable improvements in the guidance provided 

by llghtmg systems Runway hghts should provide roll guidance, dlrectlonal 

guidance, and sensitive height guidance 

DESCRIPTION 

The narrow-gauge systems tested consisted of two rows of light bars centered 

about the runway centerlme and extended for a distance of 3000 feet from the 

approach threshold Frangible mock-up umts which approximated candlepower 

distributions of the Elfaka units were used in the test patterns of the narrow- 

gauge system 

The followmg table summarizes the variables examined In the test and the speclflc 

values of each variable of the narrow-gauge system 

Bar lengths 

Longltudmal distances 
between umts 

Gauge widths 

a feet 15 feet 

200 feet 100 feet 

60 feet 90 feet 

Angles of toe-m Inner Light mddle Light Outer Light 
(degrees) (degrees) (degrees) 

4 5 6 

3 

0 

3 l/4 

1 l/2 

3 l/2 

3 

Narrow-beam 

Medium-beam 

Wide -beam 

Beam Width Vertical Spread 
(degrees) (degrees) 

8 2 02-114 

13 8 25- 94 

25 2 25- 94 

Max. Intensity 
(candlepower) 

38,000 

36,800 

36,800 
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Sylvama Electric Products, Incorporated experunental floodllghtmg urnts were 

placed In contmuous rows along both edges of the runway for a distance of 

715 feet, 500 feet from the approach end of the runway The umts produced 

approxnnately a 1 -foot lambert level of ~lluminatlon at the runway center- 

line 

PROCEDURES 

Both clrnlian and military pllots took part in the evaluation They were briefed 

as to the facllitles avallable for guidance, and were encouraged to file written 

reports and comments on their observations 

Test flights were scheduled on late mghttlme periods LOW vlslblllty weather 

condltlons were utlllzed to the fullest possible extent, but It was also possible 

to utilize fax weather fhghts to obtain comparative observations of certam 

test variables 

A motion-picture camera mounted adjacent to the head of the co-pllot was 

used to keep a permanent record of the appearance of the hghtmg system on 

most approaches 

RECOMMENDATIONS None 

CONCLUSIONS 

The narrow-gauge runway llghtmg, when vlslble throughout landing was 

effective m sharpemng dlrectlonal guidance and provldmg roll gudance 

The optimum ConfIguratIons for the narrow-gauge system were composed 

of 8-foot bars of 200-foot longltudmal spacmg a gauge width of 60 feet. 

and toe-m angles of the lights to intersect the runway centerhne at a distance 

of about 700 feet 

A beam width of about 14 degrees was adequate for a r?zSonahJy we!!- 

centered approach 

Low-level lllummation of the runway surface was most crltlcal ~ltkt iughl 

landings m heavy ground fog The floodlights also provided dlrertlona!., 

pitch, and roll gmdance m the touchdown area 
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Height guidance from narrow-gauge pattern was dlsappomtmg Many approaches 

were carried to actual touchdown wth the pllots “feelmg” for the runway surface 

Efforts to enhance the effectwe ~llummatxon of the floodlights by the use of 

pamted checker-board markmgs and by the addLttlon of light reflectmg crystals 

of alummum sylxate were of doubtful’value Apparently, the roughness of the 

pavement itself provided sufficient patterning Effective pavement wdth and 

surface type are subJects for further tests 
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CONTRACT FAA/BRD-13 
BSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Hoffman, C S 
TITLE Evaluation of runway distance markers 

REFERENCE Wright-Patterson Am Force Base, Ohm Wright Air Develop- 
ment Center, 1955 (Techmcal Note 55-588 ) 

SUMhTARY 

Runway distance markers were evaluated to determme their effectiveness In 

provldmg mformatlon to the pllot as to hx longltudmal positlon along the run- 

way Pilots experienced difficulty in seemg the markers durmg dayllght opera- 

tlons and were unable to see them durmg mght operations 

REMARKS 

Although runway distance mformatlon 1s requred by the pilot durmg both take- 

off and landmg, the questlonnalre Items were restricted to vlslblllty of the signs 

during takeoff only 

R2 



REQUIREMENTS 

Durmg takeoff and landmg, the pllot requires lnformatlon about the distance of 

runway remammg or the distance used 

DESCRIPTION 

The marker signs used as test items were wooden frames 4 feet by 4 feet The 

numerals were 22 inches wide and 44 Inches high The markers were Installed 

so that they mdlcated the amount of runway used, rather than the amount of 

runway remammg 

PROCEDURES 

Twenty-three pllots partlclpated m the test using 13 bomber alrcraft (B-47, 29, 

26) and ten fighter an-craft of the 80 and 90 series 

Pllots made normal takeoffs and landmgs, and then completed a questionnaire 

RECOMMENDATIONS 

A lighted “knockdown” type of runway distance marker should be provided so 

that It can be located close enough to the runway to be wlthm the pllot’s visual 

field durmg takeoff 

CONCLUSIONS 

Thirteen df 23 pllots reported not seeing the markers prior to take-off roll 

Seventeen of 23 pilots reported not seemg the markers durmg tahe-off roll 

Pllots prefer markers on both sides of runway, left side, If only one 1s feasible 

PIlots prefer to know length of runway remammg (rather than used) on takeoff 
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CONTRACT FAA/BRD-13 
BSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Hoffman, C S 
TITLE Evaluation of experunental runway distance markers 

REFERENCE Wright-Patterson AZ Force Base, Ohlo Wright Air Develop- 
ment Center, 1957 (Techmcal Note 56-393, Project No 6061 ) 

SUMMARY 

Usefulness of runway distance markers as mchcators of length of runway 

remammg IS exammed General requrements of these markers are defmed 

and a marker design suggested to satisfy these requirements This marker 

design was found satxfactory durmg day operations, but was consldered un- 

satisfactory even when floodlighted for night operations 

REMARKS 

Solution ?o the problem of provldmg pilots wl?h runway d1stanc.e lnformallon IS 

restricted to markers erected along the runway edges The basic problem IE 

not sufflclently explored to pernut the feaslb&ty of other soluxons, e g-+flush 

runway ?Ight,s, runway markmgs, etc A’so, sol,tmne are !Imlted here to 

edge of runway markmg wtnle centerlIne markmg sol&Ions may be of greater 

value Some pilots, for example, expressed the Idea that a take-off duelera 

tlon check pomt be marked by a 3-foot wide stripe 3000 feet from threshold 

The addltlon of a flasher light was also SUE- rsred to mark These lmes for mgbt 

operations 
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REQUIREMENTS 

Pllots need mformatlon as to then- longltudmal posltmn on the runway on takeoffs 
and landmgs On takeoffs, pllots need to know runway used until they pass their 
refusal pomt, and then they need to know runway ren-mmng 

Durmg landing. the pilot requres knowledge of the length of runway remmmng 
m order to deternune how he will apply his brakes 

Markers must be m the pilot’s normal field of vlsmn durmg takeoffs and landmgs 
It 1s crltlcal that markers be visible at mght and during periods of reduced vlsl- 
blllty, as this 1s when the aircraft’s posltlon on the runway 1s most dlfflcult for 
the pllot to determine 

DESCRIPTION 

White numerals mdicatlng thousands of feet of runway remalmng on an mter- 
natlonal orange background constituted the basic marker design The runway 
distance markers were placed on each side of the runway 25 feet from runway 
edge, 175 feet from runway centerlme, and at lOOO-foot mtervals The first 
marker was 1000 feet from the runway threshold The markers mdlcated run- 
way remainmg 

PROCEDURES 

Pllots made normal day and mght takeoffs and landmgs, and then completed 
questlonnalres on the effectiveness of the marker in deternumng the alrcraft 
longltudmal posltlon on the runway after each takeoff and landmg A total of 
52 pllots partlclpated, 19 of bomber-type aircraft and 33 of fighter-type alrcraft 

In some ofthe trmls the markers were lllununated by light futures The light 
fixtures varled mamly in wattage and in color 

RECOMMENDATIONS 

Special emphasis should be given to the development of runway distance markers 
that ~111 be adequate for mght operations 

The addltlon of a border on the present markers should be evaluated as a potential 
improvement ln marker vlslblllty 

CONCLUSIONS 

Based upon proportlons of pllot opimon, which were not subJected to statistical 
evaluation, the following were concluded 

Runway distance markers are satisfactory for day operations 
Runway distance markers are not satisfactory for mght operations 

even when artlflclally lllununated 
Runway distance markers should be as close to runway edge as 

safety conslderatlons permit 
Runway distance marker should mdlcate distance of runway remaming 

and should be placed on both sides of runway 
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CONTRACT FAAIBRD- 13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR 
TITLE 

Hooten, E N 
Brief landmg trials usmg the flush llghtmg pattern m the run- 
way at the Royal Netherlands Air Force St&on at Soesterberg 

REFERENCE London, England Mmlstry of Supply, March, 1957 (TechruT 
cal Note No BL 45 ) 

SUMMARY 

This report describes flight tests of the Calvert approach system extended 

mto the runway Itself by the use of flush umts Although, m detail, far from 

Ideal m provldmg visual gudance during fmal flare and landing, the provlslon 

of a pattern wlthm the runway was considered an unprovement over runway 

edge llghtmg by three of the four pllots who took part m the test 

REMARKS* 

The author pomts out that if visual contact 1s established at a height of IOO- 

200 feet, much of the approach llghtmg pattern ~111 then pass dependmg on 

vlslblllty and downward view, with only one or two bars of the approarh 

paftern remammg to be seen before the runway Itself provides the vltal m- 

formatIon to allow the Landmg to be completed In the majority of thr exlstlng 

alrfleld mstallatlons, the runway edge lightmg 1s the sole source of mfor- 

matlon and such llghtmg is intended only to outlme the landlqg strip Thxs 

would nnply that bars of light snmlar to pt haps narrow-gauge fl~h 11ghtmg 

would be more valuable in provldmg height guidance m the last 100-206 feet 

of height before makmg runway contact 

The author reahzes the need for a reliable method of measurmg pliot concen- 

tratlon and effort when performing a given task 
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REQUIREMENTS 

Any practical runway llghtmg system must ldentlfy the runway centerlme and provlda 
some form of roll guidance 

A dlstmctlon between the approach hghtmg and begmnmg of the landmg area llghtlng 
must be clearly defmed, but It must be done In such a way that no break m the 
guidance occurs between approach and landmg 

DESCRIPTION 

The first 2000 feet of Runway 28 at Soesterberg Airport is patterned m flush 
lights by a centerline and four crossbars which extend the Calvert approach lights 

PROCEDURES 

Two alrcraft (Varsity and Devon) and four pllots partlclpated In the flight tests 

The experimental pattern was evaluated through comparison with the standard 
llghtmg conflguratlon m terms of pllot opinion and flight path descrlptlon via 
radio altxneter 

The weather condltlons for all test flights were good, smooth an-. good vlslblllty, 
and an average wmd The trials were carried out when there was no moonlight 

To sunulate as far as possible all-weather condltlons and also to provide a common 
startmg pomt for each mdivldual run, the airfield GCA radar was used Each run 
commenced at 5 miles range, the pilots revertmg to visual guidance at l/2 mile 
from the glide path reference pomt at a height of 150 feet Each pilot made a total 
of eight recorded landmgs on the test pattern and the standard, makmg a total of 
64 recorded landngs 

RECOMMENDATIONS None 

CONCLUSIONS 

The test pattern 1s unsatisfactory as an aid for final landing because of the excess- 
ive number of lights and the high dlrectlonal propertles of the lights which cause 
glare and dazzle 

Even with such serious lmutatlons, three out of the four pilots preferred 
landmg on the lighted pattern compared with landmg with conventional edge- 
runway lighting The fourth pllot preferred the latter, but admitted that a 
pattern m the runway could prove advantageous in bad weather and restPlcted 
vlslblllty 
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CONTRACT FiU/BRD-13 
HBR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Smeroth, J W ,et 
TITLE Field tests of runway distance markers 

REFERENCE Washmgton Natmnal Bureau of Standards, 1957 (Report No 
5466, Prolect No 0201-20-2327 ) 

SUMMARY 

The pllot’s need for more accurate mformatlon about the length of runway 

remammg or used 1s described Runway markers usmg two types of orange 

pamt for background were proposed as solutmns to the problem Increased 

recogmtlon distance of a numeral resulted from the use of mternatmnal 

orange as background Gptmwn levels of mghttnne lllummatlon and locatlon 

of lamps were also determmed 

REMARKS 

It 1s stated that the visual range of the marker IS greater as a marker with the 

fluorescent orange background than with the mternatlonal orange background 

It might be possible that a marker employing a fluorescent orange numeral wth 

a white background would have a greater visual range than the one accepted m 

this report The feaslblhty of a fluorescent flhl+e numeral models+ also be r ~1 

sldered 

Two of the three measures utlllzed to eval,,arc t:ie marl~z c ~nxol, PC-~ a 

stationary observer and the third employeu a vch~, 1~ othe- :hsrl i,,,e*0 rn:; 

equpment Conclusions of the study, therefore, must be ~enr:ri’?..*,.i 10 

operational condltlons of movement and coc!zplt v131b111?.1~: .v’ii~i: [zrl ;,~t 

have been characterlstlc of the present test condlt,,x-rs 



REQUIREMENTS 

The pllots need accurate mformatlon on length of runway used or remammg 

Markers must be vlslble, but cannot become a hazard through excessive size 

DESCR.IPTION 

Two types of markers were discussed and reJected from conslderatlon Internally 

lllummated markers are so large that they are a potential hazard Retro- 

flectlve markers provide Inadequate mformatlon when the alrcraft has no landmg 

or taxlway hghts, or when the runway 1s wide and m restrlcted vlsiblllty The 

followmg were then tested for operatlonal sultablllty 

Plywood markers with mternatlonal orange background and white 

numerals 

Plywood markers wth fluorescent pamt background and white numerals 

PROCEDURES 

Visual observatmns were made and the followmg were recorded for each test 

condltlon 

DetectIon range - the maxmxnn distance a stationary observer can detect 

the presence of some conflguratlon on the surface of the marker 

Recogmtlon range - maxmmm distance at which the numeral LS legible 

with reasonable accuracy to a stationary observer 

Conspicuous range - the distance at which the driver of a vehicle travellmg 

at a moderate speed can unmistakably read the numeral on the marker 

at a glance 

The average distances for both types of background pamt for each of the 

above ranges were computed and then compared The useful range 

should be between the recogmtlon range and the conspicuous range 

Observations were made under both daytIme and nighttlme condltlons The 

vlslblllty varied from below l/4 mile to over 10 miles 
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The two markers were placed side by side perpendicular to the edge of the 

runway The mternatlonal orange marker was located 20 feet from the 

edge, the fluorescent orange marker was about 25 feet from the edge 

Observations were made from a vehicle along the centerlme of the 

150-foot runway so the markers were approximately 100 feet from the 

lme of observation 

RECOMMENDATIONS 

Markers should be constructed with the mternatlonal orange background 

For darkness conditions, markers should be lllummated by a lamp 

reflectmg bght towards the runway surface 

Further studies should be made of other types of distance markers m 

order to obtam markers which will have a substantmlly greater effective 

vlslblllty range at mght 

CONCLUSIONS 

The effective range of the mternatlonal orange markers appears adequate 

for daytmm use 

For mghttlme use m vlslblllty condltlons of 1 mile or more, an externally 

IlIummated marker provides a satmfactorlly effective range 

The useful range at mght, between 300 and 1400 feet, 1s less than desired 

(especmlly for low vlslbtlltms) 

The liiummatlon on the marker should be between 5 and 20 footcandles 

when the vlslblhty 1s 1 nnle or more When vmxblllty IS 114 mile or 

less, the lllummatlon on the marker should be between 25 and 150 

footcandles 

An ideal lamp for lllummatmg the marker - not avallaole but the type 

75 PAR/FL lamp 1s sultable for this purpose 
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The proposed system of lllummatmg the markers at mght does not cause 

obJectIonable glare on the runway However, special shleldmg to ellmmate 

the glare on nearby taxways ~111 be requred 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TJTLE 

Casperson, R C ,* 
Taxlway lighting, routmg and destmatlon markmg system 
for alrflelds 

REFERENCE New York Dunlap and Associates, Inc , 1952 (Techmcal 
Report 32-l 1 

SUMMARY 

The purpose of this study was to design and test a tamway llghtmg, routmg 

and destmatlon markmg system for arflelds wlthm the bounds of Bureau of 

Aeronautics Speclflcatlon XAE-42 The markmg system which IS recommended 

by the study designates taxlway routes for inbound and outbound traffic on the 

basis of theu- destmatlons InformatIon presented by taxlway markers should 

be standard short words abbrevlatlons, numbers, or smgle letters rather 

than shape codes For optxnum day and night leglblllty, all Inform&on on 

+axlway marker signs should be displayed by yellow figures on a black back- 

ground 

REMARKS* None 
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REQUIREMENTS 

Inbound route or destmatlon guldaoce 
Outbound route or destmatmn guidance to a runway or dispersal area 
Identlflcatmn of particular taxway sectlons so that an alrcraft that cannot 

be seen from the tower can report Its location 
Markers shall be designed for both day and night visibility 
Markers shall be sufficiently dlstmct to attract attentmn prmr to the time 

they are legible 
Markers shall be designed for maximum contrast with other airfield lights 

and obJects, and provide maximum legibility. 
Markers shall be deslgned for mstallatlon adJacent to the pavement edge so as 

to effect a minimum of interference from runway lights 
Distinctive mtersectmn markers are required to provide advance mdlcatlon of 

approach to mtersection 
Markers shall be constructed, masked, or hooded so that they ~111 be wslble 

from only the areas m which taxung guidance 1s requu-ed. 
The system shall consist of advance lntersectmn markers, exit markers, 

destmatmn markers, and section markers 

DESCRIPTION None 

PROCEDURES 

General methods used in approachmg this problem Included literature survey, 
pilot IntervIews and questlonnalres, laboratory and field tests of snformatlon 
codmg, and legiblllty of signs 

RECOMMENDATIONS None 

CONCLUSIONS 

Pllots stress the need for a standardized system of taxlway markmg 
Pllots prefer ground visual aids as opposed to tower radm as a means of 

control durmg the taxi mode 
Pllots prefer selective markmg systems--dlfferentlal codmg of mbound or 

outbound taxiways, for example 
As mllltary au-craft have no landmg lights, mllltary pllots prefer self- 

illuminated signs Commercial pilots prefer reflective material 
Words and abbreviated words are more readily Interpretable than shape- 

coded symbols 
Illuminated letters on an opaque background are more visible than opaque 

letters on lllummated backgrounds 
Black letters on yellow backgrounds are most visible as markmgs on macadam 

surfaces 
Yellow letters on black backgrounds are most vlslble as markmgs on concrete 

surfaces A letter stroke wdth of 3/4 Inch is most effective m terms of 
legibility 

Pllots expressed a preference for open arrowheads as dlrectmnal markers 
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CONTRACT FAA/BRB-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR aHoroqeff, R, et al 
TITLE Exit taxIway locatron and design 

REFERENCE* Berkeley Umverslty of Caiiforma. Jnstltute of Transportation 
and Traffic Engmeermg. August, 1958 

SUMMARY 

The purposes of thm study were to determme the speeds at wmch representa- 

tie CIVIL and military alrcraft could safely and comfortably turn off a runway, 

to drviop exit taxlway configuratmns appropriate to these speeds, to obtam 

~nn~rnatton which would aid the alrport designer m locatmg exit taxlways, and 

to obtam data on visual guidance to indicate desirable lmes of further study 

REMARKS 

The primary purpose of thni work was the determmatlon of struc’rural proper- 

+les I et,uLred of runway exits to handle high-speed turnoffs by e range of 

mti~?ary and commercial aIrcraft The problem of markmg and ?tghtmg 

g~11dsn~e 1s addressed on?y secondartly 

The work m the markmg and ?lghtmg area 1s abstracted here Readers us 

teres<ed in the results of the physlcal analysm are referred to the orlgmal 

C?C,~~Ume~lt 
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REQUIREMENTS 

Visual means must be provided the pllot to enable him to Identify the taxlway location 
in advance, to determme the pomt of turnoff upon arrival there, and then to maneuver 
this turnoff with ease 

DESCRIPTION 

A yellow, reflectorized, 12 -Inch, centerlme stnpe extendmg from the begmnmg to 
the end of the entrance curve was the basic marhmg conflguratmn used for daytime 
pldance The poml of turn was mdlcated by a yellow stripe perpendicular to the 
centerlIne This stripe was placed at the entrance end of the curve and was 3 feet 
wide and 20 feet long The exit centerllne was offset 18 Inches from the runway 
centerlme 

Nlghttlme guidance was provided by two basic llghtmg designs an edge llghtmg 
system, and an edge llghimg combmed with centerlme hghtmg system 

Some varmtlons in light spacing. color, and mtenslty were explored within the test 
patterns Tax1 centerlme spacmgs were 100 and 10 feet, runway centerlme 100 and 
20 feet, taxlway and runway edge llghtmg 100 and 33 feet 

Most of the tests were run with v”hlte hghts, a few runs Included blue hghts 

PROCEDURES 

Comments of pllots and alrlme observers were obtamed Alrcraft -mounted cameras 
recorded devlatmns from taxlway centerlmes 

Test au-craft which Included F-100, Convair 240 and 340, Super Constellatmn, 
Cessna 310, and B-47 maneuvered the exit patterns at speeds varymg between 
58 and 67 miles per hour No aircraft landmg or taxung hghts were used 

RECOMMENDATTONS 

Further study IS requred to determme optunal pattern, color, mtenslty, and spacing 
of lights to mdlcate taxlway exits 

Centerlme taxlway should proJect onto, rather than offset to, runway centerlme 

CONCLUSIONS 

The yellow cross stripe Intended to slgnal the start of the turn to taxlway 1s 
unsatisfactory m the opmlon of pllots 

Centerlme spacmg 1s unsatisfactory when the lights are spaced more than 
40 feet apart Lmear effect 1s apparently lost beyond this spacmg Guidance 
1s best at the lo-foot spacmg 

Turn-off gudance 1s better when the taxiway entrance is not “closed” by 
runway hghts 

Blue centerlme hghtmg is satisfactory for taxlways. except for one pllot who 
confused the centerlme for edge hghts 
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CONTRACT FAA/BRD-13 
I-LSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Greenlee, P H 
TITLE Lights, hazard marker, battery-operated 

REFERENCE- Wright-Patterson Au Force Base, Ohlo Wright Air 
Development Center, 1951 (Memorandum Report No 
WCEEE-656-2115B-1 ) 

SUMMARY 

The purpose of this report was to determme the types of battery-operated 

hazard marker lights which would be most satisfactory for Air Force use. 

and to obtam techmcal mformatlon for preparation of speclficatlons 

Eight lights from 61x compames were subnutted Complete descrlptlons 

of the above hghts together with photographs and test results are mcluded 

in AppendIces B-G of the report 

REMARKS 

St 1s reported that 

T’7e vlsllal effectiveness (equivalent candlepower) of flashmg ilghts 
IS approximately proportIona to the total vlslble energy radlatea 
which ln turn, IS proportlonal (except for mmor varlatlons m 
efflclency) to the energy drawn from the power source 

Battery-operated, flashmg, red lights havmg an equivalent candle- 
power not less than 0 1 and a continuous battery hfe of not less 
than 75 hours islmliar to the Emarco Model AW) are consldered 
satisfactory for markmg hazards to gromd traffic a# moderate 
temperatures 

Battery-operated, flashmg red hghts havmg an equivalent candle- 
power of not less than 2 0 and a continuous battery hfe of not 
less than 75 hours (sxmlar to the McDermott Model 1 F 50-7-751 
are consldered satlsfaciory for appllcatlons requlrlng short range 
vlslblllty from the au such as markmg closed runways soft spots, 
etc , durmg moderate temperature and good wslblhty condltlons 
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REQUIREMENTS None 

DESCRIPTION None 

PROCEDURES None 

RECOMMENDATIONS None 

CONCLUSIONS None 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TlTLE Proposal for markmg and llghtmg tall structures and tall 

guyed structures, mcludmg guy wzes beyond present standards 
REFERENCE Washmgion Air Coordmatmg Committee. August, 1954 to 

May, 1956 (ACC 59/10 12-59/10 12C ) 

SUMMARY 

This 1s a series of progress reports with respect to a detalled plan for 

the development, mstallatlon, assessment, and operational evaluation 

of special hghtmg and markmg systems for tall towers It was recom- 

mended that obstructions be marked with steady burnmg red lights, the 

more hazardous of these with flashmg red lights PhotometrIc specl- 

flcatlons were determmed for these hghts 

REMARKS None 
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REQUIREMENTS None. 

DESCRIPTION None. 

PROCEDURES None 

RECOMMENDATIONS None 

CONCLUSIONS None 
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SELECTED ADDITIONAL REFERENCES 

H3 Alds to Am Navlgatmn & Landmg -- Proposal for markmg and llghtmg 
tall structures and tall guyed structures, mcludmg guy wres beyond 
present standards Wasbmgton Am Coordmatmg Committee, 1955 
(ACC 59/10 12 ) 
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CONTRACT FAAIBRD-13 
HSR PROJECT lVIARK 

REPORT ANNOTATION 

AUTHOR Alcott, W S 
TITLE AIrfIeld approach lights 

REFERENCE Wright-Patterson Ax Force Base, Ohlo Wright AK 
Development Center, 1955 (TechnIcal Note 55-778 ) 

SUMMARY 

Umted Engmeers, Incorporated explored methods for producmg color through 

light sources and filters which would be an nnprovement over present colored 

glass filters Several posslbilrtles were located, mcludmg the use of mterfer- 

ence coatmgs m place of dyes or stams to produce thermally stable filters of 

mereased efflclency, the use of red or green fluorescent sources to ellmmate 

the use of filters, the use of an unfiltered mercury source to produce green 

light 

REMARKS 

The reports mclude extensive blbllographles m such basic fields as magneto- 

optics, polarlzatlon, reflectance, dlsperslon, dlffractlon, hght absorption, etc 

Industrial manufacturers, American and European, Involved m the development 

of filters and light sources are llsted 

Progress Reports of this series are referenced 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR. Baker, C. A , 81 Chmettl, P, J , Jr 
TITLE The use of reflex-reflectwe materials m mlhtary avlatlon. 

REFERENCE Wright-Patterson Air Force Base, Oho Wright Air 
Development Center, 1957 

SUMMARY. 

This report gives the results of usmg reflex-reflectwe materials on 

amcraft for provldmg more posltlve ldentlhcatlon Results mdlcate 

that the use of reflex-reflective materials for ldentlflcatlon numerals 

on alrcraft ~111 at least double the distance at which mterceptors can 

posltlvely ldentlfy alrcraft at mght This material may have possible 

use In runway markers 

REMARKS 

The recogmtlon of Scotchhte dlglts on black background was better 

than any other scheme tested 

Reference is made to mght flight tests made by 4th Troop Carrier 

Squadron using this material on runways Usmg landmg hghts only, 

It was concluded that these markers could adequately outlme the edges 

of runways and landmg areas 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Beggs. E W 
TITLE Optical apphcatlons of mercury short-arc lamps 

REFERENCE Paper presented at the National Techmcal Conference of 
the Illummatmg Engmeermg Society, Atlanta, 1957 

SUMMARY 

The arc of a mercury short-arc lamp 1s a “ball of hght” about 10 times 

as bright as a tungsten filament and approaches the mtrmslc brightness 

of a hlgkmtensity carbon-arc 

This report describes techmcal operatmg characterwtlcs of short-arc 

lamps and how they have Improved the performance of searchhghts 

REMARKS- 

The hghts have high brightness and operate simply and consistently 

Schematic diagrams of the lamp are Included 
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CONTRACT FAA/BRD-13 
BSR PROJECI’ MARK 

Itl!zoRT ANmnATxBN 

AUTHOR: Barbrow, L. E, 
TmLE* Type M-l elevated runway marker lights. 

REFERENCE* Washmgton National Bureau of Standards, Photometry and 
Colorlmetry Sectlon, 1955. (Test 21P-17155. ) 

SuMUY* 

This 1s an evaluation report glvmg results of photometric tests with Type M-l 

elevated runway marker lights The lights were operated with a clear asym- 

metric and with a blue symmetric lens, and with a 45-watt and a 30-watt lamp 

These lamp-lens combinations substantially met required specifications. 

REMARKS: 

Graphs of obtamed intensity dmtrlbutlons are included 

Intensity dlstributlon measurements were made by the use of a photoelectrlc 

photometer employmg a color-corrected photocell at a distance of 50 feet from 

the light when the clear lens was used and 12 feet when the blue lens was used 
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CONTRACT FM/BRD-13 
HSR PROJECT MARK 

REPORT ANNCTATION 

AUTHOR: Barbrow, L. E. 
TITLE* Intensity dmtributlon measurements of a condenser- 

dmcharge approach light Type CD-l. 
REFERENCE* Washmgton. Natlonal Bureau of Standards, Photometry and 

Calorimetry Sectlon, 1957. (Report 21P-6/57. ) 

This report gives the results of mtenslty-dmtrlbutlon measurements of 

one Type CD-l condenser-dmcharge approach light manufactured by the 

Westmghouse Electrm Corporation No conclusive results were reported, 

only photometrm results are given 

REMARKS: 

Results of earller tests on a slmllar light are given m another report by 

the author (1956). 

Effective mtenslty on the axis of the beam was 13,900 candles 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
Tl”rLE 

Barbrow, L. E. 
Intensity distrlbutlon measurements of a condenser-discharge 
approach light Type CD-2. 

REFERENCE Washmgton Natlonal Bureau of Standards, Photometry and 
Colorlmrtry Section, 1957 (Test 21P-20/56.) 

SUMMARY- 

This report gives the results of mtenslty dlstrlbutlon measurements of a CD-2 

condenser-discharge approach light made by Sylvama Electric Products, Inc. 

Only photometric data are presented, no conclusive results are stated 

A rough comparison of the photometrlc curves m thx paper with those of the 

Westmghouse Type CD-1 light shows the CD-2 light has a larger range. The 

effective mtenslty on the axis of the beam 1s 14,lsOO candles 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Barbrow, L E 
TITLE Mechamcal and thermal tests of runway markmg materials 

RJ#FERENCE Washmgton Natlonal Bureau of Standards, Photometry and 
Colorlmetry Se&Ion, 1958 (Test ZlP-15/58 ) 

SUMMARY 

Five typlcal marker materials were subjected to various laboratory 

tests as part of an mvestlgatlve program seekmg to provide mforma- 

tlon on materials and test methods for use m the preparation of a 

Federal Speclflcatmn for alrcraft runway markers Properties evaluated 

m this laboratory program mcluded plastlclty, abrasmn resistance, 

weathermg resistance, effects of temperature cyclmg, Impact resistance, 

and adhesion No outstandmg cnnclus~ve results were reported 

REMARKS 

Implied or assumed requirements ior au-craft runway markers are 

The markers shall wlthstand normal weathermg 
The markers shall have abrasion reslstant propertles 
Markers shall retam their mformatlon content after bemg 

subJected to heavy loadmg, then abrupt load removal 
Markers shall wlthstand the stresses attendant to an air- 

craft landmg, (‘1 e , impact loadmg) 

The more tangible results reported were 

Material T was rated highest on abrasion resistance test 
All materials except C passed laboratory weathermg and 

temperature cyclmg tests 
Material N passed Impact abrasion test (only one tested) 
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ZO-ampere PAR-56 

Photometry and 

CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Barbrow, L. E 
TlTLE PhotometrIc and life tests of eight 500-watt 

approach-light lamps. 
REFERENCE Washmgton National Bureau of Standards, 

SUMMARY 

Calorimetry Section, 1958. (Test 21P-3/58 ) 

This report gwes the results of photometrlc and life tests of seven 

500-w&t PAR-56 General Electric approach-light lamps It was 

concluded that the useful life of these lamps 1s much less than their 

total operatmg life It was recommended that a mamtenance procedure 

be estabhshed which would insure replacement of the lamps at the end 

of their useful hfe rather than operatmg hfe 

RENWLKS 

Various numerlcal data and photometric curves are mcluded 
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CONTRACT FMIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Barbrow, L E 
TITLE Photometrx tests of a feasxblllty model of a flush light 

REFERENCE Washmgton Natlonal Bureau of Standards, Photometry and 
Colornnetry Sectlon, 1958 (Test ZlP-8/58 ) 

SUMMARY 

This report gives the results of photometrx tests of a feasibility model 

of a flush-type, prismatx light manufactured by Outlook Engmeermg 

Corporation The light tested was Intended for mstallatlon m the surface 

of runways or m overrun areas The performance of the light mdlcated 

that lights of this type would be very satisfactory m the overrun area and 

in other locatlons where a umdlrectlonal light is deswed 

REMARKS- 

The umt consists of a sealed-reflector lamp and a specular metal reflector 

located below the runway surface A prismatic cover glass, through which 

light IS dlrected, 1s mounted at only a slight angle to the surface Photo- 

metric curves and a schematlc diagram of the umt are Included 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Barbrow. L- E. 
TlTLE* Photometric tests of three 35-watt and threelOO-watt 

reflector marker-light lamps 
REFERENCE Washington National Bureau of Standards, Photometry and 

Colormetry Section, 1958 (Test ZlP-14/58.) 

SUMMARY 

This report gives the results of photometric tests on three loo-watt 

lamps (for use with reflector markers), manufactured by N V Phlllps’ 

Gloellampenfabrieken No conclusive results were stated 

REMARKS* 

The loo-watt lamps are deslgned for runway distance markers and operate 

wlthout the use of a protective cover Varmus test data and mtensity dls- 

trlbutlon graphs are mcluded 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Barbrow, L. E 
TITPTLE PhotometrIc tests on an Elfaka flush light (USA Model C) 

REFERENCE Washmgton Natlonal Bureau of Standards, Photometry and 
Colorlmetry Sectlon, 1958 (Test 2lP-17/58 ) 

SUMMARY 

This report gives the results of photometrlc tests of an Elfaka flush light, 

USA Model C, manufactured by Structural Concrete Products Corporation. 

These tests were made to determme the effects of the mtenslty dlstrlbutmn 

of a change m lamp design and of variations m construction resultmg from 

manufacturmg tolerances. Improved mtenslty dlstrlbutlon curves were 

noted after these adJustments, but it was stated that optimum adJustments 

would be very hard to make on actual alrfleld mstallatlons 

REMARKS 

PhotometrIc curves are included 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR- 
TlTLE Columnar tamway marker hght 

REFERENCE New York Port of New York Authority. 1958 

SUIVIMARY 

This report describes the techmcal fmdmgs m the expernnental development 

of an nnproved taxlway hght Advantages of the hght are dIscussed 

Photographs and schematic diagrams of the new taxlway hght are mcluded 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Dreher, R C ) & Batterson. S A 
TITLE Landmg and taxlmg tests over various types of runway bghts 
REFERENCE Washmgton Natlonal Advmory CommIttee for Aeronautics, 

1938 (Coordmatlon No AF-AM-65 ) 

SUMMARY 

The purpose of thm study was to obtam data on the landmg-gear loads 
developed during landmg and taxlmg over various types of runway hghts 
The tests were conducted at the Langley landmg-loads track usmg forward 
speeds of 112-167 feet per second with a fighter nose landmg gear, and 
13 8 -143 feet per second with a larger mam landmg gear 

Two landmg gears were used m the tests 
F-94C nose gear, 
B-57 mam gear 

The prmc~pal results mdlcated by these tests are as follows 
Larger vertical loads were obtamed durmg landmgs of the F-94C 

nose landmg gear on the Elfaka and Westmghouse bght than on 
plam concrete 

Yawmg osclllatlons of the F-94C nose landmg gear wheel were 
developed durmg landmgs on the yawed Elfaka hght when mltlal 
touchdown occurred on the gratmg. or less than a foot m front of It 

The loads developed on the small nose landing gear while taxlmg 
over the lights were relatively more severe than those developed 
on the larger mam gear 

REMARKS 

Elfaka 
Rather violent yawmg osclllatlons of the nose wheel occurred durmg tests 
m which the hght umt was yawed, and nut& touchdown occurred on the 
umt or less than a foot m front of It Target loadmg occurred m this con- 
dltlon also 
Westmghouse 
MaxImum vertical load developed durmg landmg impact 1s approxrmately 
the same as for the Elfaka umt 
AGA Expendable Top 
One tax1 test was made with this hght While loads develooed m rhc landmi? 
gear were sbght, some tire damage occurred 

LI 

C-l Edge Light 
One tax1 test was made In which the landmg gear struck .J light uil,t ILgh 
est loads developed durmg the mvestlgatlon occurred at this trral, and d 
considerable amount of tn-e cuttms also resulted 
ANL-9 Light 
One tax1 test was made over this light, resultmg m a bent wheel 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE 

Garbell. M A I & Jones, J R 
Advance report on an evaluation of the effectlveness of three 
types of runway marker hghts tested at LAES durmg 1948 

REFERENCE Arcata, Cahforma: Landmg Alds Experiment Statlon, 1949 
6Memorandum Report NC 49-3 ) 

SUMMARY 

Comparative evaluation of three types of runway marker lights was made at 

LAES Exammatlon of test results revealed a consistent superlorlty of fixed 

wide-beam hghts over adJustable narrow-beam lights 

The two types of hght were fixed, wide-beam runway edge lights (Type 2 of 

CAA speclflcatlon L-819) and adJustable narrow-beam lights (Type 1 of CAA 

speclflcatlon L-8 19) Controllable beam hghts mitlally were consldered a part 

of the test, but too few approaches were made with them to draw comparisons 

with other light types. 

REMARKS 

The details of test procedures are not presented However, an appendix 1s 

mcluded which presents pllot comments and covers some descrlptlve data 

concernmg alrcraft used, pllotq, *nd test tr3z.s 

Effectiveness of runway ilghts 1s a malo 7 result of the brightness level of the 

background 

Contrastmg runway surface markings are more effective than runway hghts 

alone m dayllght 

Effectiveness of the two types of lights 1s equal under mght condltlons 

Effectiveness of the wide-beam 1s cons~s*enl~y superlcr to the narrow-beam 

m dayllght 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR GIlbert, M S , & Pearson, H J C 
TITLE Development of a retractable slope-line approach-hght umt 

REFERENCE IndIanapolls Clvll Aeronautics Admlmstratlon, Techmcal 
Developmentand Evaluation Center, 1952 (Report No 156 ) 

SUMMARY 

This report dmcusses the development and operational evaluation of a slope- 

lme hght bar umt capable of retractmg mto a posltlon on the ground when not 

m use m order to reduce the possible hazard to alrcraft taking off over the 

system A hmged-type umt was selected for fabrlcatlon and test The expert- 

mental model operated satlsfactorlly m various kmds of weather during the 

period of 18 months m which It was used 

REMARKS None 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANIKYTATION 

AUTHOR 
TITLE: 

Gilbert. M S , & Pearson, H J C 
An analysis of the candlepower dlstributlon requirements 
of runway lights 

REFERENCE’ Indlanapolls Clvll Aeronautlcs Admmlstratlon, Technical 
Developpent and Evaluation Center, 1952 (Report No 178 ) 

SUMMARY 

Candlepower dlstrlbutlon requirements of runway lights were speclfled 

through a theoretlcal analysis of the guidance requirements of the pllot, 

condltlons of alrcraft position, and atmospheric transmlsslvlty involved 

ln m-cling and straight-m approaches 

Three lsocandle curves present the major conclusions of the theoretxal 

analysis conducted 
Requirements for clrclmg approaches during 1 mile vlslblllty 

condltlons 
Requirements for day straight-m approaches during l/4 nule 

vlslblllty con&tlons 
Requirements for night straight-m approaches during l/4 mile 

vlslblllty condltlons 

REMARKS~ 

The fundamental approach to the problem of runway light and candlepower 

dmtrlbutlon requirements served as a base for later development and 

flight testmg of llghtmg equipment See later studies (GIlbert, Pearson, 

& Adkms, 1954, Hardmg, Phillips, & Herner, 19571 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Gllbert, M S ,e. 
TlTLJ3 Evaluation of a controllable-beam runway 11&&t 

REFERENCE Indianapolls Clvll Aeronautics Admrmutratmn. Technical 

SUMMARY 

Development and Evaluation Center, 1954. (Report PJo. 238. ) 

Photometric and operational flight tests were conducted to assess the adequacy 

of a newly developed controllable-beam runway light. 

The light did not entirely meet the theoretically Ideal candlepower distribution, 

however, the Ideal requirements were approached to a greater degree than any 

current operatIona light The lights provided effective clrcllng and stralght- 

m guidance m good or moderately restrlcted vlslblllty. 

REMARKS 

The photometrlc analysis of the experimental light was compared to the ideal 

candlepower distribution which 1s calculated theoretically m another study 

(GIlbert & Pearson, 1952) Further operatIona assessment of the light under 

low vlslblllty conditions 1s reported m a later study (Hardmg, Phllllps. & 

Herner, 1957) 

Cl7 



Human Sciences Research, In 

CONTRACT FAA/RRD-13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR 
TITLE 

Hardmg. J. H., et al 
Further evaluation of a modlfled controllable-beam 
runway light. 

REFERENCE Indlanapolls Clvll Aeronautics Admlmstration, Technical 
Development Center, 1957. (Report No. 325 ) 

SUMMARY 

The report describes addltlonal flight testing of a controllable-beam 

runway light developed m 1954 A complete set of experimental fxtures 

was Installed on the Instrument runway at General Mitchell Field, 

Milwaukee, and along l/3 of the mstrument runway at IndIanapolls Under 

mmlmum weather conditions for clrclmg approaches, It was determmed 

that generally the lights gave adequate clrclmg and straight-m guidance 

REMARKS 

Photographs, candlepower dlstrlbutlons, schematic diagrams, and other 

techmcal data of the test light are Included. Particular background and 

results on each test flight also are Included Flights were conducted 

under restricted vlslblllty condltlons along pre-determmed paths usmg 

radar or other distance measurmg equipment for orlentatlon and guidance 

Usmg these systems, It was possible to determme the vmual threshold of 

the lights from pre-selected dIrectIons and, m addltlon, to judge whether 

adequate guidance was realized at these pomts. 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR. Hemelt, B A , & Gllbert, M S 
TITLE The development of an airport taxi guidance system 

REFERENCE. IndIanapolls Civil Aeronautics Admmlstratlon, Development 
and Evaluation Center, 1952 (Report No 17 1 ) 

SUMMARY 

This report discusses the need for and development of a system of signs to 

furmsh guidance by day and by mght to pilots who are taxnng toward a par- 

ticular destmatlon of the airport Basically, the system consisted of a 

number of conspicuous signs properly placed to ldentlfy mtersectlons and 

turn-off pomts to specified destmatlons The system described was recom- 

mended for adoptlon as a Clvll Aeronautics Admimstratlon standard 

REMARKS 

A complete and lengthy number of reCOMMendatlOnS for a taxlway guidance 

system for airports 1s included Diagrams are Included to help in the dls- 

cussion It was felt that as a result of the test program, an integrated and 

very effective taxlway gudance system was evolved 

Cl9 



Human Sciences Research, i 

CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TmLE 

Hoffman, C S 
Evaluation of motifled 24 mch duplex rotatmg beacon 
hght 

REFERENCE Wright-Patterson Au Force Base, Ohlo Wright Air 
Development Center, 1957 (Techmcal Note 57-77 ) 

SUMMARY 

The purpose of this flight te6t program was to determme If a new lamp 

developed for the 24-inch, duplex, rotatmg beacon corrected the de- 

ficiencies of the standard lamp which 1s not vlslble from the altitudes 

at which Jet aircraft are operatmg when mbound VFR to an alrfleld 

It was concluded that the modlfled beacon was much better for alrcraft 

operatmg at above 15, 000 feet, and it was recommended as an Ax Force 

standard 

REhuRKs 

Aircraft were flown inbound to Wright -Patterson Au Force Base, Ohlo 

on a track that was approximately a perpendicular blsector of a line 

drawn between the Wright and Patterson Field beacons These inbound 

tracks were flown at mdlcated altitudes of 15,000, 20, OQO. 30,000, and 

40.000 feet Test pilots noted the maxImum and mlmmum distance out 

from the beacons at whch they were able to be seen 

A chart of the reported distances at which pllots were able to see the 

beacon 1s mcluded, as are photographs of the beacon assembly The 

actual hght dlstributlon 1s plotted agamst ideal dlstrlbutlon 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Hoffman, C S 
TITLE Runway distance markers 

REFERENCE Wright-Patterson Air Force Base, Ohio Wright Am 
Development Center, 1957 (Technical Note 57-142 ) 

SUMMARY 

The purpose of this test program was to determme which type of runway 

distance marker would adequately assist pllots m determmmg their longl- 

tudmal position on the runway durmg takeoffs and landmgs, and to formulate 

crlterla for the design and mstallatlon of a suitable runway distance marker 

for all Umted States Air Force alrflelds In determmmg the optimum 

marker design, eleven runway distance markers of various sizes, colors, 

and light combmatlons were evaluated A 5-foot square sign with a white 

numeral and border on a black background was recommended 

REMARKS 

Pllots made normal day and mght takeoffs and landings, then completed a 

questlonnalre on the effectiveness of the markers m determmmg longl- 

tudlnal posltlon on the runway Requirements for the mstallation of the 

recommended marker are as follows 

Located 65 feet from the runway edge, at even lOOO-foot Intervals 

Llghted with a 75-watt lamp 

Runway remammg indicated 

Various diagrams and photographs of the sign and Its mstallation are Included 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR- Irwm, L K 
TITLE Results of questlonnzure on forces on landmg gears due 

to guidance lights on runways 
REFERENCE* Washington National Bureau of Standards, 1957 

(Report 5676 ) 

SuMbuRY: 

The shape of lightmg equipment which proJected above the runway surface 

not only mcreased the roughness of the surface but also introduced areas 

which may have a coefflclent of frlctlon different from that of the runway 

surface After a prellmmary analysis of the landmg gear loads due to 

taxiing an aircraft over a proposed runway light, It was decided that the 

manufacturers of alrcraft, mcludmg fighter, bomber, transport and cargo 

amcraft. should be asked for comments on the effects of use of proposed 

flush or semi-flush llghtmg equipment The report summarizes replies of 

alrcraft manufacturers 

REMARKS: 

Various diagrams and techmcal data on the effect of flush lights on landmg 

gear of alrcraft are included Positive and negative comments of manu- 

facturers are abridged and presented in the text 
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AUTHOR Kevern, G M 
TITLE Type LR/22-5D flush runway light 

REFERENCE* Wright-Patterson Air Force Base, Ohlo Wright Am Develop- 
ment Center, 1956 (Techmcal Memorandum No WCLE- 
TM-56-76 ) 

SuMmY- 

The Brltlsh-Type LR/22-5D semi-flush runway light was subJected to 

laboratory photometric tests to evaluate its utility as a threshold, 

underrun, or runway light It was concluded that the hght was satis- 

factory for use m runway and underrun areas where British lighting 

systems components are used 

REhuRKs 

Candlepower distributions m both vertical and horizontal planes are 

graplncally presented for the light, with and wlthout green filters More 

specific techmcal data on the light are also included 

The photometric performance of the light 1s satisfactory for a semi-flush 

hght, but the hght output of each beam of the Type LR/22-5D 1s approxl- 

mately 36% of the USAF Type C-l elevated hght 
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AUTHOR Kevern, G M 
TlTLE Visual effectiveness of flush lights 

REFERENCE Wright-Patterson Air Force Base, Ohlo Wright Air 
Development Center, 1958 (Technical Memorandum 
WCLE-TM-58-49 ) 

SUMMARY* 

The purpose of this report ivas to determine the relative visual effect- 

iveness of four types of flush lights intended for use as threshold lights 

and as approach lights wlthm paved overrun areas Requirements of 

flush umts for this purpose are presented, All four lights tested satis- 

factorily met the requirements for overrun and threshold lights, with 

an expendable top light havmg the best candlepower distribution 

REMARKS 

Expendable top lights, bemg unidn-ectlonal, are not as effective when 

used as a threshold light. It 1s stated that the over-all cost of a system 

using the open-grid lights IS ten times that of a comparable system using 

any of the other three hghts Valuable data on the requirements of 

approach lights are included in this report 

The four flush lights tested were 

ZOO-watt, expendable top 

proposed 500-watt, prlsmatlc (1 mch high) 

200-watt prismatic (1 mch high) 

300-w&t, open grid 

Photometric diagrams are included 
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AUTHOR 
TITLE 

REFERENCE 

SuMMAFtY 

Moynihan, L J 
Runway markmg tests report 

Salem, Massachusetts Sylvania Electric Products, Inc , 
January 22, 1958 

This artxle describes tests that have been made to determme the best 

method of marking runway surfaces m coqunctlon with fluorescent strip 

lightmg The tests were to determme 

The best reflective material avallable 

The best type of surface on which to apply the mater-la1 

The tests conducted indicate that of the paint samples tested, standard 

MIL Speclflcation pamt wth glass beads gives the best reflectlvlty at 

low angles of illummatlon and viewmg 

REMARKS- 

Photographs of the five pavmg surfaces are mcluded Because in- 

sufflclent samples were taken and because many variables whxh might 

have had conslderable Influence on test results were uncontrolled, the 

results presented m this article may be far from conclusive, this, of 

course, does not mean that the results obtamed are mcorrect Various 

color fluorescent paints were found to have an outdoor life of only 2 to 

6 months 
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AUTHOR Natlonal Bureau of Standards, Photometry and Colorlmetry 
TlTLE Photometric tests of 36 retroreflectlve samples /Section. 

REFERENCE- Washmgton Author, 1954 (Report No 3789, ProJect No 
0201-20-2301 ) 

SUMMARY 

This report gives the results of photometrlc tests made on samples of 

retroreflectlve devices or materials from several manufacturers All 

but two samples included were colorless, the retroreflected light of these 

was colorless No conclusive results were reported 

The materials tested were from the followmg manufacturers Stlmsomte, 

Scotchhte, Reflexite, Cataphote, Persons-Majestic, Gortelite, and 

Prism0 

RENLARKS 

Much numerlcal data are included. as are graphs mdlcatmg speclflc 

mtenslty per square mch as a function of angle of divergence 

All samples were tested on the 750-foot photometric range at the 

Bureau of Standards by visually matchmg the apparent mtenslty of 

the reflector with that of a calibrated comparison lamp, 
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AUTHOR Natmnal Bureau of Standards, Photometry and Colorunetry Se&on 
TJTLE PhotometrIc tests of 21 colored retroreflectlve samples 

REFERENCE Washmgton Author, 1955 (Report No 4343, Prqect No 
0201-20-2301 ) 

SUMMARY 

This report gwes the results of photometrlc tests made of 21 samples 

of colored (red. amber, green, and blue) retroreflectlve devices or 

materials produced by four manufacturers These might have possible 

use m runway markers The followmg manufacturers materials were 

tested Stxnsomte. Scotchhte. Reflexlte. and Cataphote No conclusive 

results were reported 

REMARKS 

Much numerxal data are Included as are graphs indlcatmg specific 

mtenslty per square mch as a function of angle of divergence 
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AUTHOR Pearson, H J C 
TITLE Test of airway beacons as approach-angle mdlcators 

REFERENCE Indianapolls Clv11 Aeronautics Admmstrat~on, Techmcal 
Development and Evaluation Center, 1955 (Report No 264 ) 

SUMMARY 

A pam of airway beacons, whxh are eqmpped mth red and green hlters, 

was mounted side by side at Wem Cook Amport The zone covered m 

common by them beams was checked to determme whether the area where 

the colors balanced to produce white light was usable to provide angular 

guidance toward the beacons Results mdxated that the beacons do not 

produce a pattern usable for that purpose. 

REMARKS 

Observations were made from alrcraft m horizontal flight for 10 miles and 

toward the beacons The observers visually determmed 

Whether the adJacent light sources appeared to merge 

What color the merged light appeared to the observer 

Whether the area of color balance produced a zone from which the 

lights would appear white 

Whether the zone formed a suffxxently narrow and clearly-defined 

path to be useful as a guldmg means 
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AUTHOR 
TlTLE 

Price, J I I & Irwm, L K 
Static load-deflection relations for 20 x 4 4 and 32 x 8 8 
axcraft tires on an Elfaca (SIC ) Model C runway light cover 

REFERENCE Washmgton National Bureau of Standards, 1957 (Report No 
5403. Prolect No 0201-20-2331 ) 

SUMMARY 

The results of static load tests of two sizes of alrcraft tires on a modified 

Elfaca (SIC ) light cover are reported Results mdlcate that the tires roll 

over the light wlthout slgmflcant damage to either tire or light unit 

REMARKS 

Visual exammatlon of the test wheels and light umt revealed no damage to 

wheels or light 

Static tests have not accounted for the effects of the followmg factors 

Differences m coefflclent of frxtlon between light and pavement 

Vibration in axcraft structure due to perlodlc spacmg of light umts 

Sklddmg tires xnpactmg the light umt 

Reduction m “life” of units as a function of prolonged use 
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AUTHOR Retzer. T C , & Gerung, G W 
TITLIE New developments III short arc lamps 

REFERENCE Paper presented at Natlonal Techmcsl Conference of the 
Illummatmg Engmeermg Society, Boston, 1956 

SUMMARY 

This report describes the Improved short arc lamp Welch has been pro: 

posed to fulfill the need for a brllllant, long-life, bulb-type light source 

for use m searchlights 

REMARKS 

Electrical characterlstxs, arc brightness, spectral energy dlstrlbutlon 

curves and applxatlon of the lamps m searchllghts are presented Photo- 

graphs of searchlights mcorporatmg this lamp are also mclhded 
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AUTHOR 
TITLE Sylvama fluorescent runway strip hghtmg 

REFERENCE Salem, Massachusetts Sylvama Electric Products, Inc , 1957 
(Report No 2 ) 

SUMMARY 

This report describes how fluorescent strip runway llghtmg may be 

utlllzed to elimmate the “black hole” problem This 1s essentially 

the same report as (Peek, 1957) with the addltlon of sections on 

power requrements, mstallatlon requrements, and fixture specl- 

ficatlons Diagrams are mcluded to slmpllfy the dIscussIon of these 

topics 

REhURKS None 
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AUTHOR Wallls, A E 
TlTLE Type MB-2 approach light and lamp, Multi Electric Part No 

694. Westmghouse Electric Corp , Lamp No ZOOPAR 56/6 6 
REFERENCE Wright-Patterson Am Force Base, Ohlo Wright Air 

Development Center, 1955 (Techmcal Memorandum 
Report No WCLE-55-45 ) 

SUMMARY 

This report evaluates a Type MB-2 approach light and lamp manufactured 

by the Multi Electric Manufacturmg Company, and Westmghouse Electric 

Corporation, respectively The light was deslgned for use m the overrun 

area of the centerlme system (1 e , the “centerlme tall”) It was con- 

cluded that the light and the lamp were both sutable for use 

REMARKS 

The Type MB-2 approach light extends about 1 foot above the ground The 

housmg 1s plvoted on the mounting support, so the light can be adlusted m 

the vertical plane through a range of 30 degrees below and 30 degrees above 

the horizontal 

Photometric curves and a photograph of the umt are Included Curves 

showmg the candlepower change caused by temperature rise of red filters 

are Included also 
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AUTHOR Wallis, A E 
TlTLE Type MC-l, semi-flush, runway marker light and lamp, Revere 

Electric Mfg Co Part 7012, Radiant Lamp Corp Lamp ASBI. 
REFERENCE Wright-Patterson Air Force Base, Ohm Wright Air 

Development Center, 1955 (TechnIcal Memorandum 
Report No WCLE-55-48 ) 

SUMMARY 

The report evaluates a Type MC-1 runway marker light and lamp respectively 

manufactured by Revere Electric Manufacturmg Company and Radmnt Lamp 

Corporation The Type MC-1 light was a semi-flush light mtended for use 

as a threshold marker light m high mtenslty runway llghtmg systems As an 

mterlm light, It was consldered satisfactory 

REMARKS 

The particulars of the test procedure are mcluded m the report as are the 

photometric results A sectlon on mstallatlon and mamtenance 1s also 

mcluded 
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AUTHOR Wallm, A E 
TITLE Expendable top, flush runway marker light, AGA Dlvlslon of 

Elastx Stop Nut Corporation of America Part Number 2032-Al. 
REFERENCE: Wright-Patterson Air Force Base, Ohlo Wright Air 

Development Center, 1957 (Technical Memorandum 
WCLE-TM-57-38 ) 

SUMMARY 

The report provides techmcal data concernmg the performance, constructlon, 
mstallatlon, and mamtenance of a flush runway light manufactured by the 
AGA Dlvlslon of Elastic Stop Nut Corporation The lights met photometrlc 
requirements and were found structurally very promlslng, It was recommended 
that they be tested under operational condltlons 

REMARKS 

Important advantages reported are 
The lights provide wide, high candlepower beams which are equivalent 

to those obtained from the standard, elevated Type C-l runway 
marker lights 

The light output 1s not restricted dbring mild snowfalls because of 
the elevated top (and raised reflectors) 

Lamp and dome replacement is readily accomplmhed by mexperlenced 
personnel 

Disadvantages reported are 
The elevated domes of the lights are readily damaged by any aircraft, 

snowplows or other vehicles which run over the light, thereby 
makmg the light meffectlve and a hazard to Jet engme operation 

Quantltles of spare domes are needed as d supply for replacement 
purposes 

Complete sectlons on descrlptlon mstallatlon, test results, and photometrx 
characterlstlcs are Included 
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AUTHOR Wallls, A E 
TITLE Flush type runway marker light Westmghouse Electnc 

Corporatmn Part Number 45A-2194.GO1 
REFERENCE Wright-Patterson Aw Force Base, Ohm Wright Am 

Development Center, 1957 lTechruca1 Memorandum 
WCLE-TM-U-44 E 

SUMMARY 

The report prowdes techmcal data on the performance. constructmn, mstalla- 

tlon, and mamtenance of a newly developed (gradually sloped dome) flush-type 

light manufactured by Westmghouse Electric Corporatmn The lights were 

considered almost structurally Ideal, bdt they did not meet all photometnc re- 

qu1rements 

REMAFtKS 

Photometric curves are mcluded, as at-e sections on technical descrlptmn, 

photographs, mstallatmn, and test results of the light Results of prevmus 

tests on the light also are included 

Important advantages reported were 
The light extends only 7/8 mch above the pavement surface 
The light can wIthstand bemg run over by srmwplaws, amcraft, or 

other vehicles wthout damage to either the light or the vehicles 
Lamp replacement can be readily accomplished by mexperlenced 

personnel 
Disadvantages reported were 

The light output m the mam beams 1s far below that of the standard 
elevated Type C-l runway marker lights 

The very lmuted light output on the off-runv,ay side ~111 be of little 
value to pllots, hence, cwclmg gudance lights and/or ldentlficatmn 
lights ml1 be necessary to assist pllots m locatmg and ldentlfymg a 
runway durmg VFR condltmns 
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AUTHOR Walk, A E 
TlTLE High altitude rotatmg an-port beacon 

REFERENCE Wright-Patterson Air Force Base, Ohio Wright Air 
Development Center, 1957 (Techmcal Memordnrlum 
WCLE-TM-51-12 ) 

SUMMARY. 

This technxal memorandum concerns determmatmn of the optimum 

method of modlfymg the standard rotatmg alrport beacon so that It ~111 

be sultable for high altitude an-craft The report recommended that new 

lamps developed to accommodate high altitude an-craft be mstalled III 

exlstmg beacons Favorable flight test results are reported III a later 

report (Hoffman, 1957) 

REMARKS- 

Extensive photometric data are presented 
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AUTHOR Wallls, A E 
TITLE Runway marker light, flush, Type MC-2, Multi Electric 

Manufacturmg, Incorporated Part Number 950 
REFERENCE* Wnght-Patterson AH- Force Base, Ohlo Wright AU 

Development Center, 1957 (Techmcal Memorandum 
WCLE-TM-57-113 ) 

SUMMARY 

This memorandum provides techmcal data on the performance, construction, 

mstallatmn, and mamtenance of the Type MC-Z flush pnsmatlc runway 

marker light manufactured by Multi Electric Manufqxturmg, Incorporated 

The Multi Electric light 1s a round, bldn-ectlonal, flush light for use m 

overrun, threshold, or runway llghtmg systems The dome extends about 

1 mch above the runway surface It was determmed that the light will not 

cause excessive stresses on alrcraft her cause damage to snow plows The 

lqht output of the umt was reported superior to that of other flush lights 

REMARKS 

AppendIces contam a descrlptmn, dmgram, and photographs of the light. 

test results, photometrlc curves, descrlptlon of snow plow tests, and ap- 

pllcatmns and mstallatlon of the umt Itself 
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AUTHOR Walk, A E 
TftLE Flush, fluorescent, centerlme taxlway light 

REFERENCE: Wright-Patterson Air Force Base, Ohlo Wright Air 
Development Center, 1958 (Technical Memorandum 
WCLE-TM-58-57.) 

This document describes a prehmmary model of a fluorescent, fldsh, 

bar-type light for use as centerlme taxlway mdlcator bemg made by 

Revere Electric Manufacturmg Company No conclusive results were 

stated, e*ept that the lights should be service tested There was some 

questlon of whether the color of the emltted light would conform to 

speclflcatlons 

REMARKS 

The over-all length, width, and depth of the top frame are, respectively, 

53 l/2, 6 118, and 1 114 Inches The over-all length, width, and depth 

of the lower case were 50 l/4, 3 l/4, and 3 7 8 mches, respectively The 

conduit hub at the bottom projects 5 /S Inch 

A 40-watt. blue, rapld start, fluorescent lamp (Sylvama F40T12 /B/RS) 

1s utlllzed In the hghts The lamp 1s held III place Just below the plastic 

cover A trough-type, alummum reflector with a high, specular fimsh, 

IS provided below the lamp A standard ballast for 40-watt rapld-start 

fluorescent lamps 1s located at the bottom of the case The ballast IS 

deslgned for operation from a 118 -volt, 60-cycle source At 118 volts, 

the power to the ballast was 55 5 watts, 1 1 amperes The weight of the 

complete assembly 1s ‘75 lbs 
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AUTHOR Wallls, A. E 
TlTLE Surface mounted, flush, centerlme taxlway marker light 

REFERENCE Wright-Patterson Air Force Base, Ohm Wright Aw 
Development Center, 1958. (Techmcal Memorandum 
WCLE-TM-58-56.) 

SUMMARY 

This report provides laboratory data on the design and performance of 

centerlme marker lights used m the high-speed taxlway turn-off tests 

at McClellan Air Force Base The lights were consldered satisfactory 

for mterrn use or test purposes only Requirements for flush lights 

Intended for use m centerlme taxlway systems at permanent mstallatmns 

are speclfled 

REMARKS* 

A descrlptmn of the test light and Its photometrw curves are Included 

m the appendix 

The lights used at McClellan were small, smoothdome lights which 

were laid on top of the pavement and held XI place by tape 

c39 



Human Sclencee Research. In 

CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Wallis, A E 
TITLE Taxlway marker light, Flush Revere Electric Manufacturmg 

Company Part Number 7701 
REFERENCE Wright-Patterson Air Force Base, Ohlo Wright Air 

Development Center, 1958 (TechnIcal Memorandum 
WCLE-TM-58-6 ) 

SUMMARY 

The report provides techmcal data on the performance, construction, 

mstallatlon, and mamtenance of Revere Flush TaxIway lights The 

lights had satisfactory light output for taxlway lights and were not con- 

sldered a hazard to snow plows or alrcraft 

REMARKS* 

A descrlptlon and photographs of the light, the test results, and mstallatlon 

procedures are delmeated m the appendlces The report states that the 

lights should not be used mdlscrnnmately, smce the standard M-l elevated 

taxlway light has greater 1lgHt dlstrlbutmn and costs leas to Install 
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AUTHOR Wylie, R R. 
TlTLE The Sylvama Panelescent Lamp 

REFERENCE* Salem, Massachusetts Sylvama Electric Products. Inc , 
Commercial Engmeermg Department, 1958 (O-194 ) 

SUMMARY 

This bulletm gives techmcal data on, and discusses possible uses of, a 

new panelescent lamp developed by Sylvama It can be used m the design 

of distance markers This hght source uses the phenomenon of electro- 

lummescence for Its operatmn. The lamp operates through the conversIon 

of electrwlty Into light wlthm a s&d phosphor Due to Inherent construc- 

tmn characterlstlcs of the lamp, light appear-s to come from a plane or 

area source 

REMARKS 

The lamp 1s discussed as to physlcal structure, optxal characterlstlcs, 

brightness, mamtenance and life, and electrIca characterlstlcs and op- 

eratmg clrcults 
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Aerodromes. Montreal, Canada InternatIonal Clvll Avlatlon Organlza- 
tmn, September, 1958 (Annex 14 ) 

Approach llghtmg at land aerodromes Washmgton Air Coordmatmg 
Committee, April, 1958 (AGA-NSla ) 

Clvll Aeronautics Adnumstratmn. Aeronautical beacons Washmgton 
Author, December, 1947 (TSO-~7a ) 

Clvll Aeronautics Admnnstratlon Flxed focus unldrectlonal high m- 
tenslty runway light Washmgton Author, January, 1951 (Speclfl- 
cat1on L-820 ) 

Clvll Aeronautics Admmlstratlon Closed axport, closed runway and 
alrport hazard markmg Washmgton Author, May, 1952 (TSO-N16a ) 

&vi1 Aeronautics Admmlstratlon Runway and taxlway marking Wash- 
mgton Author, April, 1953 (TSO-NlOa ) 

Clvll Aeronautics Admmlstratlon Runway and strip marker light. Wash- 
mgton Author, September 1953 (Speclflcatmn L-802 ) 

Clvll Aeronautics Admmlstratmn Tax1 sign system Washmgton 
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mgton Author, April, i954 (Speclflcatlon L-822 ) 
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Author, June, 1954 (TSO-N24 ) 

Clvll Aeronautics Admmlstratlon Obstructmn light Washmgton 
Author, Apr11, 1955 (Speclflcatmn L-810 ) 

Clvll Aeronautics Admmlstratmn. Alrport tax1 guidance sign Wash- 
mgton Author, October 1955 (Speclflcatmn L,-829 ) 

Clvll Aeronautics Admmrstratlon Obstruction llghtmg basic require- 
ments Washmgton Author, Frbruary, 1956 (TSO-N25 ) 
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merits. Washmgton Author February, 1956 (TSO-~26.) 
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slty runway light Washmgton Author, March, 1958. (Speclfmatlon L- 
810 ) 

Clv11 Aeronautrcs Admmmstratmn Lighted wmd tee Washmgton Author, 
March, 1958 (Specificatmn L-808 ) 

Civil Aeronautics Board, Bureau of Safety Air traffm rules - operation 
on and m the vrcmrty of an amport Washmgton Author, 1058 (Part 
60 ) 

Lead-m bghtmg Washmgton Air Coordmatmg Committee, March, 1054 
(AGA-NS5 ) 

Markmg of servlteable runways and taxlways Unpublished draft Wash- 
mgton An- Coordmatmg Commlttee, October, 1953 

Runway lighting Washmgton Am Coordinating CommIttee, 1955 (AGA- 
NS7. ) 
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Calvert, E S 
Visual alds for landmg m bad vlslblllty wth particular ref- 
erence to the transltlon from mstrument to visual flight 

REFERENCE* London, England InternatIonal Am Transport Assoclatlon, 
1950 (Report of Flight Techmcal Group, Second Meetmg ) 

SUMMARY 

Calvert discusses the need of systematic study for determmmg the best pattern 

for use m provldmg visual aids to the pilot on landmg The nature of the per- 

ceptual problem IS discussed, requirements for visual aid patterns are mdi- 

cated, and an expansion pattern theory of perception IS put forth as the basis 

for optnnal alrport markmg and llghtmg deslgu Implications of the expansion 

pattern theory for alrport marking and llghtmg are presented as recommen- 

datlons 

REMARKS 

Note slmllarlty to Gibson’s approach 
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REQUIREMENTS 

The alrport markmg and llghtmg pattern must contam cues that enable the pllot 

to determme the alrcraft’s posltlon, attitude, angular rotations and directIon of 

motion, and give these mdlcatlons m a form which the pllot can asslmllate m- 

stantly and mstmctlvely in moments of mental stress As a basis for the design 

of an AML system that will be most readily and easily mterpreted, Calve& re- 

fers to the expansion pattern, or streamer pattern, theory of visual Judgment 

This theory IS as follows 

If an observer 1s in motion in a straight line towards a point X 

m a pattern, then all other pomts in the vicinity will appear to 

move radially away from X It is thought that the pllot uses 

this phenomenon to maneuver the aircraft to a position where 

the llghtmg system appears to stream past him symmetrically, 

with the plane of symmetry through the pilot and extended run- 

way centerlme When m this positIon. he stares fixedly ahead 

at the origm (point X) of the streamer pattern (as indicated by 

the stationary pomt about which the pattern expands) and notes 

consciously or subconsciously the rate of radial streamer ve- 

loclty as a cue to his rate of descent. Streamer velocity at a 

given pomt m the visual field 1s Inversely proportional to height, 

provided the forward velocity of the aircraft is maintamed 

constant 
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CONCLUSIONS AND/OR RECOMMENDATIONS 

On the basis of the expansion theory of visual perceptlon, approach llghtmg pat- 

terns and flying patterns should be designed accordmg to the followmg 

requirements 

The apex of the pattern should be at the selected touch-down pomt on 

the centerlme of the runway. 

The pattern should be symmetrical about the extended centerlme of 

the runway With such a pattern, the lights ~111 appear to stream 

symmetrically along lmes drawn through the selected touch-down 

pomt as long as the au-craft 1s movmg along a path which mtersects 

the runway at this pomt. 

Flashmg lights should not be used m the pattern to provide guidance 

because they break up the streamer pattern and make It dlfflcult to 

observe or estimate streamer velocity. If flashmg lights are used 

to help the pllot to ldentlfy the approach llghtmg system, they should 

provide the cues necessary for galdance. The number, spacmg, and 

width of approach pattern crossbars deslgned to make streamer ve- 

locltles more notlceable should be deslgned accordmg to meteoro- 

logIca. vislblllty condltlons Smce these Important visual judgments 

are based on parafoveal vlsmn, the Approach and runway lights, as 

well as marks, should be of large enough sxe to be maxlmally effective. 
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Lights or markings down the middle of the runway ~111 be more effective 

as height mdlcators than lights or markmgs at the edges of the runway 

This 1s because the vertxal component of streamer velocity 1s mversely 

proportional to altitude, while the horizontal component of the streamer 

velocity is mdependent of height 

To avold mls)udgments due to changes of scale m the dimensions, 

runway, threshold, or approach marking and llghtmg system should be 

constant for all airports. 
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REPORT ANNOTATION 

AUTHOR 
TlTLE 

Calvert, E S 
The mtegratlon of the visual landmg aids with particular reference 
to proposals submltted by Captam G J Maloum 

REFERENCE Paper presented at the IATA Fhght Techmcal Group, Fourth 
Meeting, New York, October, 1951 

SUMMARY 

In this paper, Calvert discusses the loss of guidance over the runway, and 

analyzes this loss m terms of the Inadequacy of runway lighting as opposed 

to any madequacy m the approach hghtmg pattern He suggests that runway 

guidance patterns could be xnproved by a good system of white-pamted 

markmgs In the daytnne and flush centerlme lights at night 

REMARKS 

This is an early dlscusslon of the so-called “black hole” problem The 

concept of mtegration IS defined and discussed 
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REQUIREMENTS AND/OR DISCUSSION 

An mtegrated system should have the followmg characterlstlcs 

Easy transltlon from Instrument to visual flight wlthout uncertainty or 
llluslons 

The runway guidance pattern should be good enough to enable the pilot 
to land safely once he has seen enough of the approach light pattern to 
make the transItIon from Instrument to visual flight under poor 
vlslblllty conditions 

The landmg area should be unmistakably dlfferentlated from the approach 
area 

Loss of guidance over the runway 1s not considered due to dazzle from the center- 

line approach lights 

The crltlcal length at which the edge hght runway guidance pattern begins to produce 

llluslons and give msensltlve dIrectIona mdlcatlons 1s greater than the crltlcal 

length for an approach llghtmg pattern The first rule for seeing 1s to pick out a 

stable framework of the ground plane made up of horizontal and vertical lmes and 

contammg obJects of known s1z.e to fix distances 

Ground plane means a visual mdlcatlon of the attitude of the axcraft In pitch and 

roll, combined with an mdlcatlon of Its height 

The basic pattern of visual alds must be some form of regular grid which must be 

symmetrical about the centerlme of the runway 

DIrectional runway edge hghts are msensltlve at low heights, and this 1s probably 

responsible for the “black hole” feelmg The loss of sensltlvlty at a given height 

1s proportional to the square of the distance between the lines, thus, for a 

sensltlve dn-ectlonal mdlcatlon, double lmes- -If used at all--should be used m 

the outermost portlons of the visual aids system 

The centerlme runway hghts ~111 provide height mdlcatlon by the apparent 

downward velocity of the lights as the aircraft passes over them 

CONCLUSIONS AND/OR RECOMMENDfiTIONS 

It was recommended that for adequate runway guidance, the following steps be taken 

A good system of white-pamted markmgs for daytlme use 
Centerlme lights for mght use 
Because puttmg centerlme lights on exlstmg runways IS very costly, serious 

conslderatlon should be given to the use of FIDO at airports and to bettermg 
methods of measurmg vlslbillty 
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REPORT ANNOTATION 

AUTHOR Calvert, E S 
TlTLE Visual Judgments m motion 

REFERENCE* Journal of the Institute of Navlgatlon, 1954, z (3). 233-250 

SUMMARY 

In this paper, Calvert discusses the Judgments utilized by a pllot when landmg 
an aircraft The author discusses a number of aspects of the problem of pro- 
vldmg artificial aids to the pllot which he can utilize as visual gmdance m 
reduced mslblllty and how various systems of alds affect the general levels of 
landmg success and safety Displacements, rate of closure, and rate of change 
of closure Judgments are dlscussed m terms of their utilization during approach 
and flareout and m terms of the v1sua.l mdlcatlons utlllzed to make these Judg- 
ments The cockplt instrument used for presentmg glide-path mformation IS 
evaluated m terms of the type of mformatlon It provides, and Its madequacles 
are dlscussed Recommendations are made for addltlonal visual alds and run- 
way markmgs consistent with the author’s parafoveal streamer pattern theory 
of rate guidance 

REMARKS* 

This artxle describes more of the fundamental human factors assumptions 
utlllzed by Calvert than are found in most of his other publications 
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REQUIREMENTS AND/OR DISCUSSION 

The vx~~al field and the mental world 

The bram mterprets the two-dlmensmnal perspective image on the retina 

selectmg the possible meamng It might have in light of all the other data 

available to It If the wrong meanmg 1s attached to the visual scene, then 

so-called llluslons occur 

The most Important features of the visual field are the plane of the ground, 

and objects of known size on the surface Without these two, humans can 

become dlsorlented and frlghtened 

Texture 1s consldered the most common cue to the ground plane, followed 

closely by vertical and horizontal parallel lmes 

The slope-lme system of approach was not acceptable because It was con- 

trary to the perspective of parallel lmes 

The transItIon from mstrument to VXXKL~ flight 

The pilot constructs a mental world as to his posltlon and attitude from an 

mtegratlon of his flight mstrument mdlcatlons or GCA mstructlons 

Frequently, fatigue makes this mtegratlon dlfhcult, and sometlmes lmposslble 

Simulators might be quite useful m showing what the various pltfalls and 

errors are m makmg the transItIon from the mental world to the visual 

world 

The pllot’s first act In the transition 1s to build up a visual reference plane 

or establish the ground plane This means an ImpressIon of the distance 

of the plane of the ground from the alrcraft wrth an ImpressIon of the m- 

clmatlon of this plane to the aircraft’s longitudmal axis, It 1s an mtegrated 

lmpresslon of height, pitch, and bank 

Runway edge lights are not satisfactory because m bad vlslblllty, three 

llluslons can occur 

The lights appear to float m space 

The lights appear to swmg from side to side 

Durmg an overshoot, the pllot may have an ImpressIon that he 1s 

climbmg more steeply than he 1s and may “level off” and fly mto 

the ground 
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Judgments durmg an approach 

In order to land, the pilot must close two planes - one vertical, and 

one horizontal 

The condltlons for closmg a plane are displacement must be zero, 

rate of closure must be zero, and rate of change of closure must be 

zero 

The pllot must make nme Judgments m all, as well as consldermg 

speed and many other thmgs This 1s because he satlsfles SIX 

end condltlons, three for each plane, by mampulatmg attitude m 

pitch and roll, heading 1s the nmth Judgment 

lndlcatlons used m visual flight 

At high speeds,. pllots - as most humans ~11 m slmllar posltlons - 

hxate straight ahead at a large distance 

The so-called “stare period” has led to the parafoveal streamer 

theory of motion Judgments 

Rate mfonnatlon for an observer m motion 1s obtamed from the 

apparent radlatlon of obJects m the field of view from the point 

toward whxh he 1s moving 

Four conclusions derived from the parafoveal theory are of great 

importance 

The greater the speed of the alrcraft, the smaller the headmg 

changes needed to acquire a given displacement m a given 

time Thus, the higher the speed, the more accurately must 

the pomt of Impact be known Thus, the higher the approach 

speed, the higher ~111 be the mmlmum visual range for given 

levels of safety and approach success 

If there are no defmlte obJects m the foreground, the pomt of 

Impact cannot be found and the pllot runs the risk of flymg 

mto It 

Any fog-dispersal techmque mstallatlons (e g , FIDO) should 

extend mto the approach as well as along the runway 
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In order for the pllot to fmd his pomt of Impact, accurately and 
quickly, the approach llghtmg pattern must extend laterally as 
well as longltudmally The slope-lme system only gave dlsplace- 
ment mformatlon 

The use of rate mformatlon m a visual approach 
The pllot satlsfles his end condltlons with respect to closmg the planes by 

establlshmg a desred ground track, and establlshmg an acceptable 
descent path 

Instrument presentations for ILS approaches 
The needles utlllzed for showmg displacement from glide slope and locallzer 

plane provide very little rate mformatlon 
With this type of mformatlon, the pllot has no power of antlclpatlon 
Instruments which combine displacement and rate mformatlon are known as 

flight dlrectors 
Effect of rate mformatlon on landmg success 

In general. the higher and more adequat& the rate mformahon glven the 
pllot by both Instruments and visual alds, the higher the probablhty of 
successful landmgs for given meteorologlcal vlslblllty and runway vz.ual 
range 

Mmxnum visual range requxed for guidance 
The mmlmum visual range requred for guidance depends on the partx- 

ular ground pattern and on the approach speeds utlllzed 
The vxual range requn-ed for complete visual gmdance at the end of the 

Instrument approach is proportlonal to height 
Operatmg hmlts for the cross-bar system 

If the visual range falls much below 1500 feet, the exposure time - the 
time from gomg contact to flareout - 1s very short With an altitude of 
50 feet and rate of descent at 10 feet per second, the pllot ~111 have com- 
plete gmdance for 7 seconds prior to that 

The author is convmced that however good the instrument alds, 1500 feet 
IS below the visual range at which visual landmgs should be made m clvll 
operations This 1s because reductions below that deprive the pllot of 
too much exposure time below his crltlcal height If approach speeds 
contmue to Increase, of may be more desirable to cut out visual landmg 
altogether and make the entlre approach automatlcally 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Safety m landmg can be mcreased by addltlonal visual aids on the runway such as 
surface markmgs for day use and centerlme lights and stub-bars for mght use 

Accidents mdlcate that condltlons which are margmal for crclmg approaches are 
also dangerous Lead-m llghtmg callmg for a strmg of lights 1s consldered 
dangerous inasmuch as It does not provide ground plane 

Where the runway ends at the edge of the sea, or where approach lights cannot be 
Installed, an angle of approach mdxator should be mstalled 
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TITLE Visual alds and their effect on landmg success and safety 

REFERENCE Farnsborough, England Roy?1 Arcraft Establishment, 1955 
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SUMMARY 

C‘xlvcl t discusses the approach and landm,rr problem m terms of the pllot’s 

task requirements, the visual guidance that ihe pllot requres, and the 

process b) which the pilot obtams mformatlon (dIrectIon. roll) from his 

visual field 

REMARKS None 
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REQUIREMENTS ANDIOR DISCUSSION 

Durmg fmal approach, the pilot’s task 1s to control his aircraft, so as to meet 

two general requirements 

The axcraft’s angle of approach must be wlthln safety llmlts 

The amcraft’s alignment with respect to the extended runway centerlme 

must be wlthln safety lunlts 

Ideally, the pilot desires to follow a path m space defmed by the mtersectlon of 

two planes the approach slope and the vertical plane through the extended run- 

way centerlme In order to fmd and hold thx path, the pllot must brmg to zero 

at the same moment and subsequently hold on zero. SIX quantltles These are 

his dmplacement from the plane, his rate of closure relative to the plane, and 

the rate of change of the rate of closure to the plane - for both the approach plane 

and the centerlme vertxal plane Fmally, when the amcraft has descended 

along this path, the pilot reduces his rate of descent which means that the SW 

quantltles he 1s controllmg at zero must be contmuously adjusted The pllot’s 

task mcludes two very basic Judgments - the slope of his approach path, and the 

pomt at which this path Intersects the runway 

A lme of lights on the left side of the approach area 1s a widely-used pattern for 

an approach aid An analysx of the wsual gudance problem created by this 

conflguratlon mdlcates that the pllot’s task 1s to mamtam a constant perspective 

angle between his posItIon and the lme of lights on the ground at some distance 

to his left A problem 1s created, however, smce the lme ~11 appear to the 

pllot to rotate with respect to the horizon for changes m altitude as well as for 

changes m lateral dmplacement so that he 1s left to guess the value of the angle 

which 1s correct for any given height The posltlon of the lme of lights projected 

on the p&t’s side wmd screen ml1 appear to move higher and higher as the pllot 

either Increases his lateral displacement from that lme or decreases his altl- 

tude with respect to the surface Furthermore, m the absence of a defmed 

external horizon, the same phenomena of the lme of lights appearing to clunb 

the left-hand wmdow ~111 occur as a function of roll If the left-hand wmg of the 

alrcraft dips, the lights ~11 appear to clnnb the left-hand wmd screen The 
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usefulness of the left-hand lme approach light 1s perhaps more of a hazard 

than a help, smce this confusmn between height, lateral error, and bank 

angle cannot be resolved through reference to the approach lights alone 

Fwst, the extended runway centerlme approach llghtmg system resolves 

the problem of confusmn between changes m height and changes m lateral 

displacement, smce the pilot’s task as far as alignment 1s concerned 1s to 

hold the perspective angle at zero regardless of his altitude Secondly, the 

use of transverse bars m combmatlon wxth the centerlme resolves the con- 

fusion between height, lateral error, and bank angle, smce to the pllot 

looklng along the centerlme the bars always appear to be parallel to the 

horizon In bad vlslblllty, where the p&t has no reference to the actual 

horizon his task 1s to keep the centerlme perpendicular to the transverse 

bars, Just as m good vlslblllty he would keep the centerlme perpendxular 

to the horizon 

The p&t’s vital field 1s defmed as an expansion pattern m which all obJects 

III his fueld of vww appear to move along paths which have the common prop- 

erty that at any moment the tangents of their paths meet at the pomt m the 

visual field towards whxh the arcraft 1s proceedmg at that moment This 

Pomt X 1s the center of the expansion pattern and 1s defmed as a statmnary 

or non-movmg area, from whrch pomt all dx?.crlmmable stIrnull appear to 

be expandmg 

Rate of closure with the ground IS estnnated on the basis of the angular 

distance of thas Pomt X below the horizon 

Rate of closure \nth the vertical plane through the centerlme 1s estimated 

on the basis of the angular distance of the Pomt X from the runway center- 

lme 

A change m rate of change with respect to closure with the horrzontal plane 

1s estxnated on the basis of the movement of the X pomt along the horizon 

Change in the rate of change with respect to closure wth the vertical plane 

1s estrnated on the basis of the movement of the X pomt perpendicular to the 

horizon 
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Factors affectmg accuracy of rate Judgments 

The expansion effect occurs only when the pllot looks along the centerlme 

m a flxed dlrectmn In space This 1s why pllots stare straight ahead 

durmg the fmal portmn of their approach and durmg landing Dlstractmns 

of any kmd which cause bun to move his pomt of visual fix&on ~11 there- 

fore reduce the accuracy of his rate Judgments 

The second factor which affects the accuracy of these Judgments 1s the 

nature of the terram m the approach area and the degree of texturmg 

m the presence or absence of markmgs on the runway The accuracy of 

rate Judgments 1s a functmn of the presence of defimte objects in the 

foreground which permit an expansion pattern In sufflclent detail 

Calvert clauns that the cross-bar pattern not only resolves amblgultles between 

vertical displacement, lateral displacement, and angle of bank, but also provides 

sufflclent patternmg In the approach area to pernut a more marked streamer effect 

than might occur under natural condltmns or with a less-patterned approach con- 

flguratmn 

CONCLUSIONS AND/OR RECOMMENDATIONS 

As approach speeds Increase, the pllot must more accurately and more quickly 

Judge his track headmg on fmal approach m order to keep his displacement wlthm 

acceptable lmnts 
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AUTHOR Calvert, E S 
TITLE Vmual alds for non-Instrument runways 

REFERENCE Paper attached to IATA Special Meeting. Amsterdam, 
November 14-22. 1955 

SUMMARY 

The pomt 1s made that an Instrument runway 1s normally used In substantially 

the same way as a non-Instrument runway, on the condltmn that the vlslblllty 

1s good enough for visual approaches to be possible Therefore, non- 

Instrument runways should be provided with high-mtenslty lights, not operated 

at full mtenslty, and the pattern utlllzed should be slmllar to instrument 

runway patterns, wth at least one bar located near the threshold for an 

aunmg pomt 

REMARKS 

Calvert makes a cogent plea for adequate and compatible llghtmg of non- 

mstrument runways 
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REQUIREMENTS AND/OR DISCUSSION 

The mam requrement IS for a dlstmctwe land mark visible over a side angle 

The surface of the runway must be easily distmgulshed from Its surroundings 

CONCLUSIONS AND/OR RECOMI~JUXNDATIONS 

A centerlme pattern extending to a mlmmum distance of 1500 feet beyond the 

threshold, wth ommdirectlonal low-lntenslty llghtsutlllzed, would permit the 

pllot to become accustomed to the pattern which he will have to use m bad 

vlslblllty 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Calvert. E S 
TlTLE The theory of visual Judgments In morlon and Its apphcatlon 

to the design of landing alds for alrcraft 
REFERENCE Paper presented at RAE Society, London, April, 1957 

SUMMARY 

This paper represents the latest (to date of this report) comprehenslve review 

by the author of his thmkmg regardmg axport markmg and llghtmg The 

prmclpal pomts dlscussed are the need for bgtter guidance m the vertical 

plane (height or elevatmn), the beam spreads of approach hghts, and runway 

llghtmg The paper Itself 1s followed by an account of the dlscusslon which 

occurred after the present&on The account of the dxcussmn also contams 

many mterestmg comments from both an operatIona and techmcal vlewpomt 

REMARKS 

In this paper, the author does a very effective lob of pin-pomtmg areas of 

controversy and areas m which more defmltlve knowledge would be most 

useful from an alrport markmg and hghtmg design standpomt 
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REQUIREMENTS AND/OR DISCUSSION 

Although approach aids were orlgmally developed for bad-weather landmgs, the 

accident statlstlcs of the past 5 years mdlcate that they are required in vlslblllty 

conditions above the mmlma orlgmally Intended 

The p&t’s task consists of matchmg heading agamst displacement, so that at the 

moment when his displacement becomes zero, the relative track headmg and the 

rate of turn have also become zero This task occurs In 2 planes with the pllot 

controlling these 3 degrees of movement freedom with respect to each plane 

through rotation of his aircraft about Its 3 axes The mformatmn the pllot gets 

from his visual environment can be consldered as feed-back mformatmn for his 

matchmg task 

Psychologists working on visual perceptmn habitually discuss visual guidance m 

terms of about a dozen cues, fallmg to dlstmgulsh between those required for rec- 

ogmtmn and those required for guidance and control Furthermore, they complicate 

the problem by mlsusmg terms such as “parallax” and “orlentatmn” 

How mformatmn 1s obtamed from the visual envx-onment 

Displacement mformatmn 1s given by the shape of the perspective Image m 

the horizontal plane The perpendlcularlty of go-degree bars provides this 

mformatmn. In the vertical plane, the displacement of the almmg pomt be- 

low the horizon provides the Inform&Ion 

Rate mformatmn 1s given from the posltmn of the orlgm (X) of the streamer 

pattern m the perspective picture. Rate m the horizontal 1s the apparent 

distance between the apparent vamshmg pomt of the centerlme and a vertical 

line through X In the vertical plane, rate 1s given by the apparent distance 

between X and the desired almmg pomt above 100 feet At heights below 

100 feet, the rate 1s obtamed from the vertical distance of X below the 

horizon In order to fmd X at all, there must be numerous objects m the 

field of view, and the streamer velocity wlthm a certam angular distance 

from X must be above a certam value In the real case, the pllot 1s always 

surrounded by a framework and 1s able to deduce where the alrcraft IS 

going by the relatmnshlp of this framework to the horizon, by his 
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Lno~ledge of the control conflguratmn, and by readmgs of his mstruments, 

thus, a horizontal cut-off lme of the cockpit cowlmg 1s a useful 

framebork structure 

Crossbars can replace the hormon for gudance in the horu.ontal plane, but not 

in the vertical plane Thus, when the p lot leaves he mstruments after he 

sees lights, he 1s wlthout adequate guidance m the vertical plane for a much 

longer time than he should be With the cross-bar pattern, If the ax-craft 1s 

flymg mto the ground, the apparent decrease of the size Intervals between the 

bars and the increase in streamer velocity warn the pllot of danger This 

starts to be effective at a height of about 100 feet 

In very poor vlslbllltles, the point X 1s dlfhcult, If not lmposslble. to ascertam 

because of the lack of a deflnltlve object 

The 2 -umt angle of approach lndlcator wll provide addItIona vertical guidance 

mformatlon Instantly and mstlnctlvely 

The following addltlons to the ground pattern would be useful 

MarkIng the axrung pomt 

Establlshmg a m~nunum length, and mterval separation for approach 

and runway patterns 

DeEmIng a landing mat with flush llghtmg 

Research and development should be mltlated for developing an optlcal settmg 

device provldlng a transverse line and a dot which the pllot may use for vertical 

gudance This was felt necessary because It IS not bellwed that better rate 

mformatlon can possibly be obtained from any ground pattern 

The vertical beam spread of any steady approach llghtmg fixture should be 

wide enough and dwected In a satisfactory dn-e&on so as to Increase Its 

consplcuty wlthm the vertical region of gudance The precxe beam width 

requred should be determlned empu lcally 

The region of gudance in the horizontal plane 1s dependent upon two factors 

lateral crI-ors at the end of lnstrurnent portlons of the approach ,>nd the latest 

GA6-3 



pomt m the approach at wh-ch a visually-controlled maneuver must begln lf the 

landmg IS to be accomphshed safely 

The ICAO recommended region of guidance at 3000 feet from threshold of plus or 

mmus 250 feet 1s somewhat narrower than would seem requred for manual ILS 

with cross-pomter type approaches, assuming that a 95% success figure 1s an 

acceptable risk 

The length of the visual segment which the p&t must see is determmed by 

vlslblllty condltlons, 1 e , visual range, angle of cutoff, and the type of approach 

pattern used In the Umted Kmgdom, this 1s computed to be 800 feet at heights 

around 250 feet and 1s 1000 feet at heights around 120 feet 

In order to cover the region of gudance for manual ILS with cross-pomt needle 

type of approaches, the horizontal beam spread of approach hght flttmgs 

m the approach pattern must have a umform mtenslty over about plus or minus 

15 degrees from centerlme. falling to a few per cent of maximum mtenslty at an 

angle about plus or mmus 26 degrees from the centerlme A side effect of this 

would be to Improve gudance durmg turn m from a circling approach in moderate 

and better vlslblllty conditions 

Clrclmg hghts posltloned along the side of the runway for circlmg or “square- 

clrcult” approaches should have a spread up to 170 degrees in azimuth, and be 

supplied from a separate clrcut 

The author reports that Douglas,of the U S Natlonal Bureau of Standards, has 

suggested that wth an angle in elevation of from 2-8 degrees, the lntenslty dls- 

trlbutlon In azimuth should vary between 5000 and 600 candles, varymg on the 

azimuth values 

The Brltlsh designed flush runway light is consldered to give the same advantages 

as the Dutch Elfaka umts at a tenth of the cost The poor-beam spread of the 

Dutch Elfaka umt IS consldered unsatisfactory because roll and height guidance 

~111 be lost If the alrcraft touches down with a very large lateral error, thus 

defeatmg the purpose of the whole mat 
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Comments on dlscusslon 

Captam Woodman describes the lgtter stages of an mstrument approach 

m an lmpresslve way, makmg the reader aware of the problems 

facmg the pht 

Captam Humphrey expressed Interest m 

Domg somethmg to enable the pllot to grasp the slgnlflcance 

of the pattern more quickly 

Achlevmg a greater degree of standardlzatmn than at present 

Furthermg the battle to elmnnate extraneous hghts 

Mr StalLbrass suggested that the angle of approach mdlcator be 

named the “safe descent path lndlcator” 

Mr Holmes pomted out that the problem In provldmg for faster 

arcraft landmgs m misty daytlme condltmns by callmg for bigger 

and brighter hghts mvolves a logarlthmlc Increase m mtenslty at a 

correspondmg rate of mcreased expense He pomts out that It doesn’t 

look as If more than 10,000 candles are required If the light comes 

from the right place and 1s accurately controlled in the right 

dlrectlons 

Mr Sparke commented that the weakness of visual guidance m the 

vertical plane compared wth guidance m the horizontal plane 1s 

true m all vlslbllltles, however good or bad, because In the vertical 

plane, the nommal glide path 1s not associated with any symmetry In 

the perspectwe Image or In the streamer pattern, and the pllot must 

rely solely upon prewous experience 
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In his reply to these comments, one of the slgmfxant thmgs that Mr Calvert 

pomted out 1s that he 1s not in accord with the U S belief that sequence 

flashing lights have better guidance or fog penetratmg quality He also 

pomts out that a visual landmg sxnulator would be useful m the U S as 

a means of checkmg new Ideas quickly under controlled condltlans 

Mr Calvert feels that the maxlmum mtenslty of approach llghtmg fittings 

should be 20,000 candles with a spread of 10 degrees vertically and 30 

degrees horizontally The author also comm,ented that floodllghtmg of the 

runway creates pools of light and darkness Inasmuch as the fittmgs cannot 

be put up high enough Also, floodhghtmg consumes power enormously, 

compared wth flush llghtmg Mr Calvert pointed out that the difference 

m vertical and horizontal guidance pm-pointed by Mr Sparke 1s the mayor 

reason why visual guidance derived from a pattern can never be as good 

m the vertical plane as it is m the horizontal, even when the weather is 

perfect thus, the need for an angle of approach mdlcator effective both 

day and mght 

CONCLUSIONS AND/OR RECOMmNDATIONS 

See Requirements and/or Discussion 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Calve&, E S 
TJTLE The posslbilltles of ImprovIng visual guidance durmg the approach, 

wth particular reference to an-craft with poor downward views 
REFERENCE Report prepared for meetmg of NATO Alrfleld Standardlzatmn 

CommIttee, Parls, November, 1957 

SUMMARY 

The author reviews requirements placed on pllots by increased approach 

speed, low-speed handlmg characterlstlcs, and reduced cockplt field-of- 

view, with each new generatmn of alrcraft, partxularly Jet-propelled 

aircraft It 1s pointed out that mcreasmg the width of stub bars along the 

approach conflguratmn ~111 not slgmflcantly mcrease altitude guidance 

On the basis of the ratmnale developed, the author established the need 

for a visual &de path mdlcator for use m moderate and good vlslbllltles 

REMARKS 

There 1s certamly a fwm view by the author that height guidance from 

centerlme systems now In use, even v&h a number of crossbars, 1s 

somewhat less than adequate 
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REQUIREMENTS AND/OR DISCUSSION 

Azimuth and height devlatmn mdxators from the contmuatmn of the ILS or GCA es- 

tabllshed glide path down to touchdown 

CONCLUSIONS AND/OR RECOMMENDATIONS 

With new types of aircraft, havmg Instrument approach speeds as high as 180 knots 

and downward views as low as 5 degrees, the pllots ~111 see httle of the approach 

llghtmg pattern at heights below 300 feet even m good vlslbillty The vmual 

guidance obtamable from the runway alone 1s poor, particularly In the vertical 

plane 

Addmg stub bars, or mcreasmg the~ldth of crossbars to centerhne systems would 

not slgnlflcantly Increase height guidance 

The lxmtmg visual range ~111 be Increased by poor downward views Inasmuch as the 

pllot must get lower to secure enough guidance to complete his landmg 

The threshold 1s always vxnble wlthm the hmlts of the llmltmg slant range required 

for the new generation of aircraft, therefore, a visual glide path mdlcator placed at 

that posltlon glvmg vertical guidance ~111 be vlslble In moderate and good vlslblllty 

The 3- sector mdlcator suggested for use as a glide-path mchcator has been found 

unsatisfactory because 

The pllot sooner or later receives an mchcatmn that he 1s too lngh or too 

low when m fact he IS not 

The sectors tend to become amber due to condensatmn on the lens or dlffusmn 

m radlatmn fog (Amber 1s a fly-down mdlcatmn ) 

The bl-color Indicator satisfies the requirements for visual height guidance down to 

threshold and 1s not affected by condensatmn and dlffuslon m rachatmn fog 

The 2 units of the bl-color mdlcator give adchtmnal ghde path InformatIon by virtue 

of the shape of the perspective Interval between the bars 

The bl-color mdlcator 1s cheap, easy to mamtam. and can be made to give any 

desxed mtenslty 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE 

Calvert, E S 
Safety m landmg as affected by the weather mmlma and by the 
system used to provide visual guidance m the vertical plane, 
wth particular reference to jet alrcraft 

REFERENCE Farnsborough, England Royal Alrcraft Establishment, 1958 
(TechnIcal Memorandum No EL 1827 ) 

SUMMARY 

The author reviews accldent statlstlcs from the vlewpomt of speclfymg the 

special types of visual alds which might accomplish the best over-all benefit 

at the least expenditure Inasmuch as about 80% of all approaches made m 

both Great Brltam and the Umted States by ~1x4 axcraft are m vlslbllltlgs 

above 2 miles, It 1s suggested that a visual gllde-path mdlcator, glvmg em- 

proved guidance In vertical plane m these vlslbllltles ~111 have a slgnlflcant 

effect on the accident rate The extent to which such Improved guidance m 

vertical plane might Improve safety 1s illustrated The author recommends 

that a long-term program of operatmnal research be mltlated with the ob- 

Jectlve of collectmg the kmd of data which would permit a more accurate 

assessment of the effects of expenditures for addItIona approach alds 

REMARKS 

A very convmcmg argument for the use of angle approach mdlcators In mod- 

erate and good vlslblllty 
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REQUIREMENTS AND/OR DISCUSSION 

About one-quarter of all mllltary landmg accidents m the USAF durmg 1953-54 

were attrrbuted to prlot error The author considers that thus sort of error needs 

to be analyzed and that the failures should be thought of as mformatlon-response 

farlure 

The mcldence of let alrcraft system farlure was 7 l/Z tnnes greater than for pro- 

peller-driven aircraft Both of these pomts are based on the Directorate of Flight 

Safety Research Report put out by the USAF 

In Great Brltam and the Umted States, about 80% of the approaches made by clvrl 

ax-craft are m vlslblllty condltlons above 2 miles 

Two suggestions for nnprovmg the general level of safety are 

The lnnrtmg Runway Visual Range should be related to the aircraft’s 

crltrcal height m such a way as to account for both the ground pattern 

and the types of margmal weather found at a particular arrfield 

Methods of measuring and reportmg margmal weather conditmns should 

be utlllzed, based on the way in which the portron of the ground pattern 

seen by the pilot changes dnrmg the approach 

(The above two suggestlons would affect only about 10% or so of the landmgs made 

in bad weather conditions ) 

Runway Vzhnal Range 1s the maxmnnn distance along the runway, measured m 

the dIrectron the arrcraft ~11 approach, at which markers or lights delmeatmg 

the runway are vlslble 

The Crltlcal Herght is the height above xx-port elevatron at which an approach to 

landmg can be contmued vnthout vxsual reference to the ground 

Vnsual guidance III the vertical plane depends mainly on ground plane, I e , on a 

cotnbmatron of texture and horizon 

In the analysis conducted by the Directorate of Flight Safety Research, it was found 

that the probabrllty of an accident due to a vital mis3udgment was 2 l/2 times 

greater by mght than by day 
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The author suggests a re-defmltlon of CrItIcal Height SO that It would require 

seemg at least one cross-bar of the ground guidance pattern 

The Instrument Control Loop 1s defmed as the electronic ground aid from 

which guidance 1s received, the method of computmg the control movements 

required, the method of makmg these movements and response of the alrcraft 

to these movements 

The combmation of computation and control 1s known as the Coupler Thus, 

the ICL 1s the electromc ground ald, the Coupler, and the aircraft 

Devlatlon from the optimal glide path for any particular control loop can be 

determmed and drawn to mclude a given percentage of approaches Allowmg 

some clearance below this envelope, any object which penetrates this clearance 

surface 1s an Obstacle, and the surface can be called the “Obstacle Clearance 

Surface” for that particular Instrument Control Loop 

At some height, the Instrument Control Loop 1s discarded and the pilot goes 

to his Visual Control Loop The height at which this change 1s made is called 

the Change-Over Height 

The poorer the vlsibillty and the higher the Change-Over Height, the worse 

the vertical guidance that can be obtamed from ground patterns by the Visual 

Control Loop 

Durmg the correctlon of a lateral error, visual guidance m the vertical plane 

1.5 virtually non-existent 

The accident rate m better vlslbllltles ~111 depend much more on the system 

of visual alds than on the vlslblllty and even In margmal condltlons, the vis1- 

blllty 1s not m Itself a good measure of the dlfflculty or the pllot’s task IP. the 

vertical plane 

A visual glide-path mdlcator which 1s effective down to s. vlslbllity of 2 miles 

would prevent about 75% of all accidents attributed to visual mlsJudgments 
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It can be assumed that 

Beyond a certam pomt, ralsmg the mmlma Runway Visual Range has no 

appreciable effect upon the overall accident rate 

If the lnnltmg Runway Visual Range 1s correctly chosen, the accident rate for 

a given type of alrcraft ~11 be determmed almost entirely by the total 

visual guidance avallable In short, a poor system cannot be compensated 

for by raismg vlslblllty mmlma 

The author feels that the enthusiasm for s.equence-flashing lights m the TJmted States 

1s due to the faci that the fixed-approach lights have very narrow beams and the 

beams are set far too high 

There are theoretlcal reasons for bellevmg that sequence-flashmg lights m the m- 

termr zone of the approach sector will interfere with the streamer pattern, and 

thereby impair visual rate information m the vertical plane Thus, it may be 

probable that sequence-flashmg lights would Increase accident rates in margmal 

vlstbllltles, particularly with Jet-engme alrcraft 

Any proposed glide-path mdlcator must be sufficiently sensltlve at long ranges (over 

5 miles) to deal with obstacles and have sufficient latitude at short ranges (less than 

1 mile) to enable It to be used down to threshold The author feels that only the 

RAE one-color mdlcator meets these requirements 

Length of the portlon of ground-guidance pattern which 1s visible at any height 1s 

called the “V~,ual Segment” and that portlon which is just sufflclent to enable the 

average pllot to continue his approach and landmg 1s called the “Mimmum Visual 

Segment” Utlllzmg a Standard Visual Pilot (a statlstlcal average), the length of 

the Mnnmum Visual Segment can be determmed The Mmimum Slant Range re- 

qulred for an axcraft landing at 125 knots, usmg the Standard Visual Pllot as the 

determinant for 

Crltlcal Height 
111 feet 

.-- .“-_-.-_ 
200 
250 
300 
350 
400 --___--- 

* Downward vie\ 

e Mmlmum Visual Segment required, 1s 1x-1 the followmg order --__ 
Mmlmum s --.- 

No approach 
pattern 

4500 
5800 
7000 
8300 
9600 

15 degrees- - - 

3550 
4600 
5700 
6900 
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The table mchcates that there 1s a large advantage m bemg able to achieve 

a crltlcal height of the order of 250 feet, but not much advantage m 

gomg below this At the Dlscontmulty Height, an mcrease m critical 

height means an mcrease m the mmimum slant range required Dls- 

contl?ulty Height 1s a function of 

cockpit cutoff, 

angle of the glide path, and 

the length of the pattern 

Shallow fog 1s dangerous because the change m the visual segment may 

be Interpreted as a change m pitch m the nose-up sense in wtnch case the 

pIlot may steepen his rate of descent 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The largest improvement m overall safety m landmg can be obtamed 

with the use of an effective ghde path mdlcator The author feels that 

only the RAE two-color mdlcator meets requirements 

On the relatively few occa~lons when landmgs are made m margmal 

condltlons, safety ~11 be Increased by 

Relatmg llmltmg runway visual range to crltlral height so as 

to take account of both ground pattern and type of weather found 

at the particular airport 
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Using improved methods of classlfymg, n-easurmg, and reportmg 

weather condltlons (the author suggests a four-category system) 

A small standmg group should be set up to make a yearly review of accldeti 

statmtlcs and determine the amount by whxh the accident rates and regularity 

of the traffx would be affected by given expenchtures on adchtlonal aids This 

should be done on an mternatlonal level 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Clvll Aeronautics Admlmstratlon, Offlce of Axports 
TlTLE Exit taxways and holdmg aprons 

REFERENCE Washmgton Author, 1957 (AIrport Engineering 
Bulletm No 6 ) 

SUMMARY 

This report discusses considerations mvolved m the location, spacmg, 

and configuration of exit taxlways and the locatmn and confumatlcn of 
- 

holdmg aprons The speclflc recommendatmns psesented%$&ir~&ir? 

are based upon prlbr studies and physical laws of motion Factors 

consldered were air frame stress and passenger discomfort m deceleratmg 

and negotiatmg a turn at various forward velocltles and turn radn 

REMARKS 

Plan view diagrams are presented showmg the location, spacing, and 

conflguratlon of exit taxlways recommended m the report and the locatlon 

and ConfIguratIon of the holdmg aprons recommended Graphs are presented 

showmg the relatlonshlp between the tax1 velocity and turn radll Plots of 

the per cent of touchdowns at varying distances from the runway thresholds 

are Included 
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REQUIREMENTS AND/OR DISCUSSION 

The acceptance rate of a runway 1s one of the more crltlcal elements affectmg 

the ablllty of an airport to accommodate a given volume of their traffic Rapld 

clearing of the runway and reduction m runway occupancy time wll mcrease the 

runway’s acceptance rate 

The location of runway exits will be a function of the distance from the threshold 

to the touchdown pomt and the distance from pomt of touchdown to the pomt of 

acceptable turnoff velocity 

When turns are to be made at relatively higher velocltles, posltwe ldent&flcatlon 

of the runway exits must be provided m sufficient time to alert the pllot to the 

presence of an exit The problem is particularly crltlcal under condltlons of 

low vlsiblllty 

The size of the holdmg apron should be determmed by the types of aircraft and the 

volume of traffic serviced by the holdmg apron 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Modern commercial propeller-drive axcraft can negotiate turns of approximately 

a 550-foot radius while travellmg at 40 miles per hour 

Optimum locatlons for runway exits are 2500, 3500, and 4500 feet from the runway 

threshold based on the landmg speeds, deceleration rates, and range of touch-down 

pomts characterlstlc of modern propeller-driven commercial aircraft 

Exit taxways spaced at 5500 and 6000 feet from threshold should.be installed 

at those alrports which would be required to service the large Jet-propelled 

alrlmers such as the Boemg 707 

Exit taxlways should be orlented at an angle of 30 degrees to the runway This 

angle produces a turn radms of approximately 560 feet on a runway 150 feet wide 

Holdmg space requirements for aprons ~111 vary from approximately 150 feet for a 

twin-engme alrcraft to about 250 feet for a large 4-engme alrcraft 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TRLE 

Douglas, C. A., et al: 
Development of optimum runway lights for Jet axcraft. 
Interim Report No. 1. 

REFERENCE Washmgton National Bureau of Standards, June, 1956. 
(Report No. 4741. ) 

SUMMARY 

This report 1s the first of a series descrlbmg NBS work on development of 

runway lights for Jet aircraft. The report includes statements of the visual 

guidance requirements of a total visual landmg aids system (excludmg 

approach lights), notmg that runway lights can not be considered mdependent 

of the total system. A summary of mtervlews with pilots, focused on the 

effects of Jet alrcraft on visual guidance requirements, 1s presented. Then, 

lntenslty dlstrlbutlon, beam width, and other speclfxatlons (as applicable) 

are dlscussed In light of the pilot mtervlews and visual guidance requlre- 

ments for each of the followmg beacons, runway ldentlflcatlon lights, clrclmg 

guidance lights, and threshold llghtmg. 

REMARKS 

The report Includes lllustratlons of mtenslty dlstrlbutlon requirements for 

clrclmg guidance lights, regions of guidance of runway lights, and required 

beam spread of threshold lights. The report 1s thorough, proceedmg from 

functional requirements to equipment speclflcatlons m all Instances. It 1s 

the most deflmtlve report avallable to date on the topics covered. 
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REQUIREMENTS AND/OR DISCUSSION 

Pllot mformatlon requirements 

Durmg mltlal penetration 

Location and ldentlficatlon of alrport 

Locatlon and ldentlflcatlon of runway 

Durmg a clrclmg approach 

Distance from and dlrectlon of runway, so that the downwmd leg 

can be flown parallel to and at desired distance from runway, 

Locatlon of and distance from threshold and dlrectlon of runway 

durmg turn from downwind leg to base leg, on base leg, and 

durmg turn from base leg to fmal leg of approach pattern 

On fmal leg 

Locatlon of and distance from threshold. 

Locatlon of horizontal plane through threshold. 

Locatlon and dlrectmn of runway axis 

Height above runway or distance above or below a preferred 

glide path 

Durmg flareout and touchdown 

Height above runway. 

DIrection of runway 

“Horizon” 

Lateral boundarles of safe landmg area. 

Durmg rollout 

Lateral boundarles of runway surface 

DIrectIon of runway axis 

Location of turnoffs 

Distance from and location of upwmd end of runway. 

The report also states that durmg takeoff, visual guidance required of 

runway lights 1s essentially the same as the visual guidance required 

m the last phase of the approach and m the rollout. 
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It 1s lmposslble to annotate the dlscusslons of the following topics wlthout 

complete reproduction of the report. Thus, the interested reader 1s re- 

ferred to the report for the followmg topics 

Summary of pllot mtervlews assessmg current visual landing alds 

system m light of Jet aircraft performance characteristics and 

operations 

Requirements for alrport beacons. 

Problems of location and ldentlflcatlon of runway 

Speclficatlons for runway ldentlflcatlon lights 

Beam spread. 

Intensity dlstrlbutlon 

Flash frequency. 

Speclflcatlons for clrclmg guidance lights 

Intensity dlstrlbution 

Region of guidance. 

Intensity control 

Spacmg 

Speclflcatlcns for threshold lights 

Plac -lent of bars 

Beam spread. 

Spacmg of light m bars. 

Length of bars. 

Color. 

Umdlrectlonal vs. bldlrectlonal. 

Recommended threshold llghtmg systems 
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CONCLUSIONS AND/OR RECOMMENDATIONS 

Twelve (12) conclusions and ten (10) recommendations are made m the report, 

covering all of the topics discussed. AbstractIon of any would be unwise, be- 

cause the conclusions and recommendations should be perused m the context of 

one another The mterested reader 1s referred to the report for the complete 

llstmg. 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR 
TITLE Fmal approach and landmg 

REFERENCE Record of dxxussmns of factors affectmg fmal approach and 
landmg. held durmg Fifth IATA Tecbmcal Conference at 
Copenhagen, May, 1952 

SUMMARY 

Tbm report summarizes the requrements placed upon amport visual alds III 

terms of the mformatmn they must provide the pllot 

REMARKS. 

A farly comprehewlve summary of the 1952 thm!xmg of a responsible 

operatmnal group 
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REQUIREMENTS 

Genera!. 
Visual alds should be Integrated The runway guidance pattern should be developed 
wlthm the context of the approach llghtmg pattern Runway and approach lights should 
be developed so as to be compatible with the taxlway llghtmg system 
Approach Llghtmg 
Requirements for beam widths of the mdlvldual units which comprise the approach 
system are guided by the followmg conslderatlons 

The beam should be as narrow m Its vertical and horzontal spread as 
consistent with the region of guidance so as not to produce an excess of 
light m the upward dlrectmn and, therefore, glare and reduction in the 
dark adaptation level of the pilot 

In the presence of fog, narrower beam lights are preferable to wde beam 
lights m terms of their ablllty to be vlslble through fog 

Wide beam umts consume more electrIca power than those of narrow beams 
of the same maxxnum mtenslty 

In order to specify precisely the requirements for umts m the approach system, the 
followmg mformatmn needs to be generated 

The shape and dmxenslons of the region m space m which gutdance from 
visual alds are required 

Characterlstlcs of the alrcraft on which guidance requirements are based 
should be the highest performance commercial amcraft to be serviced by 
the alrport 

The \ndth of the region of guidance should be suffxlent for a maxmxun 
recovery maneuver “S” turn m the event the a-i-craft IS laterally dls- 
placed off the centerlme 

The height of the region of guidance should be based upon the maxnnum 
maneuver to the touch-down area 

In order to obtam guidance from the visual aids, slant range from the 
approach lights 1s required 

Runway Llghtmg 
The problems m the current design of runway conflguratmns are msensltlvlty to 
changes m dlrectmn, and Inadequate nnpresslon of the ground plane upon which 
Judgments of proxmuty to ground and mclmatmn of the flight path to the horl- 
zontal are estimated It was recommended that pllots can be asslsted m estlmatmg 
height by accentuatmg or standardlzlng perspective angle performed by the edge 
lights, and by glvmg texture to the surface The threshold m the touch-down area 
should be clearly defmed, and accurate dIrectIona guidance m the horizontal plane 
should somehow be provided It was recommended that a lme of low mtenslty lights 
along the runway would be of value m asslstmg height Judgments and provldmg 
dIrectIonal guidance 
Taxlway Llghtmg 
There 1s a requirement for adequate taxlway access lights 
Mefeorologlcal Information 
The visual aid system should mcorporate m Its design a means of enablmg the pilot 
to assess slant visual range 

CONCLUSIONS AND/OR RECOMMENDATIONS See Requirements 
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REPORT ANNOTATION 

AUTHOR Gibson, J J ,et 
TITLE Parallax and perspective durmg alrcraft landmgs 

REFERENCE Amer J Psycho1 , 1955 E2 (3), 372-385 

SUMMARY 

The purpose of this study was to analytically examme the performance of 

successfully landmg an alrplane Dlscussmn proceeds from an exammatlon 

of exlstmg defmltlons of motion parallax to the formulation of a prmclple 

called motmn perspective The prmclple 1s then apphed to the problem of 

percelvmg the ground and one’s relatlonship to It during landmg Formulae 

are presented for a mathematical analysis of motmn perspective 

REMARKS 

The formulae presented should be most useful to any program of research 

m which motmn perspective 1s to be consldered an Independent variable 
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REQUIREMENTS AND/OR DISCUSSION 

Motion parallax 1s inadequate fcr drawmg conclusions about the real distance of an 

object because the apparent angular velocity 1s not only Inversely proportional to 

distance, but also varies with direction from the observer’s line of movement 

(dIrectIon 

Diagrams of motion perspective ocrurrmg during straight and level fhght and the 

landmg glide are Included to Illustrate the expansion pattern and the zero expansmn 

pox-it 

With movement not parallel to a plane surface, the apparent velocity of visual 

elements not only dxnxush toward zero at the horizon of the surface, but also where 

the lme of movement Intercepts the surface 

Movement mformatlon can be found wlthm the dlstrlbutmn of angular velocltles in 

the sheaf of light rays reflected to the eyes 

There are two dlstlnct characterlstlcs of the flow of the visual field when In m&on 

gradients of amount of flow and radial patterns of dlrectmn of flow 

For landmg an alrcraft, the fundamental visual perceptlon 1s that of approach to a 

surface This perceptlon speclfles the observer’s posltlon, movement and dlrectlon 

as much as It speclfles the location, slant and shape of the surface The dlscrxmnable 

features of perceptlon are probably altitude, speed, dlrectlon of ghde, distance and 

txne on the present path to the ground, and distance and time on any other path to 

the ground In actual sltuatlons, the perspective of s1z.e and density of the visual 

field elements contains useful InformatIon 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The formulation of monoculkr motion parallax as a cue to distance 1s lnsufficlent 

A more general descrlptlon of the phenomenon has been called motion perspective 

The variables of this flow pattern of motion perspective are specific not only to 

the depth of the surface, but also to the movement of the observer 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Gibson, J J 
TITLE The optlcal expansion-pattern In aerla.1 locomotion 

REFERENCE. Amer J Psycho1 I 1955, E, 480-484 

SUMMARY 

The author revlews the general theory of the optlcal expansion pattern as 

contalnmg mformatlon which the pllot may utllvze for controllmg his aerial 

movement The author suggests that the discrepancy at any txne between 

what the pllot would hke to achieve, and the state that he 1s In, represents 

the stnnulus for his actlons 

REMARKS 

Gibson pomts out the sxnllarlty of all locomotion control tasks to so-called 

tracking tasks, and notes that servo-systems operate on slmllar basic 

prlnclples 
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REQUIREMENTS AND/OR DISCUSSION 

Changing optical stimulation is governed by the principle of motion perspective 

Motion in the retinal image provides at once information about space and about 

the movements of the observer 

Pure expansion in the field of view is a sensory symptom of approach It implies 

future contact 

Pure flow in field of view is a sensory symptom of progression, 1 e , covering 

ground 

The ceasing of flow or expansion in the field of view is an indicator of coming to rest 

Focus of flow or expansion in the visual field is an indicator of direction of locomotion. 

The continuous and symmetrical expansion of a shape In the field of view until it 

reaches a critical rate or until its size extends over a critical area of the visual 

field is an indicator of mnnment collision 

Hypotheses accounting for the choice of certain pilot actions 

Control of the landing guide action to keep the optical focus of expansion at 

the point on the ground which the pilot wants to approach 

Leveling off as imminent colllsmn stimuli grow more intense, actions to 

move the optical focus of expansion from the ground to the horizon 

Helicopter landing as imminent collision stimuli grow more mtense, actlons 

to cancel the expansion pattern 

Avoiding obstacles actions to keep the focus of the expansion or flow away 

from the expanding shapes in the field of view, but between the area of 

expanding bounded shapes 

Pursuit of another aircraft actions to keep the optical focus of expansion 

in coincidence with the shape of the oblect 

The statements above are all based on the assumption that movement is behavior 

with an end or purpose 

The discrepancy at any time between the desired spatial condition and the present 

spatial condition is the adequate stimulus for action control 

4ctions tend to cancel discrepancies, 1 e , they are compensatory in nature and 

cease when stlmulatmn reaches a sort of equilibrium 

CONCLUSIONS AND/OR RECOMMENDATIONS 

See Requirements and/or Discussion 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE 

Jenks, A E 
Report of the actlvltles and fmdmgs of the high mtenslty 
approach light evaluation committee 

REFERENCE Washmgton U S Department of Commerce. Clvll Aeronautics 
Admml&atlon, June, 1952 

SUMMARY 

This report presents an excellent and well-detalled dlscusslon from an 

experienced pilot’s vlewpomt of pllot mformatlon requrements durmg v1sua.1 

approach and landmg 

Five types of high-mtenslty approach hghtmg conflguratlons presently m use 

m the Umted States were evaluated m terms of the degree to which they satisfy 

these requirements 

REMARKS 

An excellent.operatlonally-oriented dIscussIon of the hlstory of problems 

encountered m visually controlled landmgs from 1930 to 1950 1s mcluded 

These problems stem from the development of heavier, faster arcraft, 

wth higher landmg speeds, wider turnmg radll, and the consequent changes 

m landmg techmques and wxal distance required by the pllot for safe 

landmg 

The pilot’s v~sus.1 world IS described as an Inverted cone, with the pllot at 

the apex, carrymg the cone wth him through space 

The operatIona functions of ILS and GCA are defmed and evaluated ln terms 

of the pilot mformation requwements these devices satisfy, as well as those 

requrements not satisfied (Contmued on next page ) 
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An appendix to the report presents photographs of the light traces of 17 regularly- 

scheduled transport approaches to Natlonal Alrport, Washington, D C The hght 

trace data are analyzed to provide the followmg summary statistxs 

Average descent angle (2 79 degrees) 

Distance from threshold where stablllzed approach occurred (1000 feet) 

Distance from runway where ahgnment stablhzed (2000 feet) 

Refer to another study (PerreaJt, 1952) for subsequent reaetlon to this report 

REQUIREMENTS 

The following table summarizes pilot information requxements for successful 

approach and the elements of approach configurations most promment m provldmg 

each requx-ement 

Requirements 

Posltlve ldentlflcatton 

Defmltlon of extended 
runway centerlme 

Roll gludance 

Distance from threshold 

Height mdlcatlon 

Identlfxatlon of threshold 

ConfIguratIon Element 

Dlstmct pattern of hghts 
Flashmg hghts 

Extended centerlme lights 

Transverse bars 

lOOO-foot bars 

Perspectwe angles m the 
pattern 

Contrast m pattern and 
color 

Approach conhguratlons evaluated included the followng 

Slope Lme 

French 

Calvert 

ALPA Centerlme 

Left Hand Row 
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Controlled experlmentatlon and simulation were ruled out on the basm of trme 

and runway restrictions Consequently. perspective photoprmts were prepared 

for each of the five systems Seven views of each system were prepared from 

“on course and on path” posItions begmnmg 3500 feet from threshold and 

successively closer by 500-foot mtervals 

Pilots of multi-engmed aircraft were shown each series of photoprmts and 

asked to Judge the adequacy of each system in provldmg the required items 

of mformatlon The evaluations were made from on course and left and 

right of course viewing 

CONCLUSIONS AND/OR RECOM,JENDATIONS 

Approach lights should extend the runway centerline 

Configurations tested are equally usable under good vlsibihty 

A flight simulator 1s requmed for practical, controlled evaluation of 

approach conflguratlons 

Approach light systems should be compatible with runway lightmg conhgu- 

rations 

Slope Lme 

Thm system provides the most complete information m good vlsibllity, but 

1s confusing and difficult to mterpret under poor visibihty, especially when 

only a few units of one row are visible 

Roll guidance is poor 

Left Hand Row 

This system provides the greatest amount of erroneous mformatlon 

Alignment mformatlon 1s especi&y poor 
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ALPA Centerlme 

Tbls 1s the easiest system for a pllot to mterpret and, therefore, least time 

consummg 

All Items of required mformatien are previded Condensep drseharge lights provide 

quick identification 

Calvert 

All Items of required information are obtamable quickly and unmistakably 

French 

The left hand row feature of this system 1s dlstractmg 

The center lights lack contmulty 

Perspective 1s dlfflcult to interpret 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TmLE 

Landmg Alds Experiment Statmn. 
Operatmnal requirements for awfleld llghtmg and marking 
systems 

REFERENCE Arcata Author, 1948. (Memorandum Report No. 48-5. ) 

SUMMARY 

This report presents some mformatlon on photometrlc and operational re- 

qulrements for markmg and llghtmg systems Requlrementb are speclfled 

for approach conflguratlons, threshold conflguratlons, runway configurations, 

and taxway conflguratlons The requirements resulted from a prellmmary 

evaluation of approximately 600 flight tests performed at the L A. E S. , Arc&a, 

Callforma, from June through December, 1948 

REMARKS None 
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REQUIREMENTS 

General 

Airport markmg and llghtmg systems must meet requirements for straight-in 

as well as circling approaches 

The mtenslty of the lights must be sufflclent to afford easy ldentlflcatlon without 

excess of concentration on the part of the pilot. and at the same time shall not 

be so great as to be intolerable or glarmg to the pilot 

The llghtmg equipment and fxtures must be deslgned so as not to be a general 

obstruction hazard to general flight requirements or to snow removal and other 

alPport operations 

Approach requirements 

Pilot information 

The approach confIguration should be promptly and unequivocally ldentl- 

fiable as approach lights and not confused with other airport configurations 

Position of the pilot relative to the desired glide path The approach config- 

uratloncshould indicate to the pilot that he is to the left or right of the 

region of guidance, and If he 1s above or below the region of guidance and 

should, therefore, Indicate to hnn direction to go toward the longltudmal 

axis of the runway 

Longitudmal distance of the axcraft from the threshold 

Direction of the track of the axcraft relative to the line of flight required 

The attitude of the aircraft with respect to the horizontal plane, that is, 

pitch and roll 

Photometric 

Approach configuratIon ldentlflcatlon must be effective at the distance 

interval between the “far distance” at which meteorological obstructlon 

to vision dims the lights (attenuates light signals below threshold), and 

the “near distance” where the lights disappear below the structural cut- 

off to downward vlslon of the aircraft’s nose 

The mformatlon coded m the approach configuration should be vlslble to 

the pllot wlthm the defmed llmlts of the region of guidance for both 
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straight-m and circling approaches The region of guidance for 

straight-m approach 1s defined by the volume of air confined wlthm 

the region 3500 feet from threshold between 2 and 10 degrees 

angle off the horizontal and about 500 feet horizontal width at the 

outer extremity Region of guidance for circling approach 1s de- 

fmed by radms extendmg out from the runway threshold 314 mile 

The height of the region of guidance m this semi-circle IS to be 

equal to the celling when the ceiling has a minimum of 1000 feet 

The approach light system should be deslgned photometrically so 

as to afford guidance along any path approach wlthm these defined 

regions of guidance 

Threshold requirements 

The threshold ConfIguratIon should provide ldentlflcatlon of the location of the 

runway thresholds and should not be confused with other elements of the AML 

system 

Threshold lights shall be ldentlflable from any point outslde and above the 

threshold within the region of guidance The mtenslty of the threshold 

lighting system shall be sufflclent m condltlons of low vlslblllty to be dls- 

crlmmable wlthm 1200 feet of the threshold 

For clrclmg approaches in limited vxlblllty, the threshold should be ldentl- 

flable within 3/4 mile from the threshold 

Runway requirements 

Prompt and unequivocal ldentlfxatlon of the runway so as not to be confused 

with other alrport configurations 

Posltlon on the longltudmal axis of the runway The author suggests three 

sub-dlvlslons the first third of the runway to be designated as the safe 

touch-down zone, the second third of the runway should be designated as the 

central zone, and the remammg third of the runway to be designated as the 

termmal warnmg zone The runway ConfIguratIon shall afford mformatlon 

as to the vertical elevation of the pllot above the runway surface The run- 

way ConfIguration shall provide adequate guidance as to the angle of bank to 

the alrcraft with respect to the horizon and horizontal axis of the runway 
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Runway configuration shall provide mformatlon relative to the direction of the 

course of the aircraft during terminal glide, flareout, touchdown, and rollout 

The runway ConfIguration shall be dlscrlmmable from any pomt above the run- 

way and wlthm 200 feet of horizontal displacement from the runway centerline 

The mtenslty of the runway lights shall be equal to the approach lights The run- 

way configuration shall be designed so as not to expose the pilot to glare when 

the lights are set for maximum penetration 

For circling approaches the runway lights shall be vlslble from the point above 

the surface and at a distance of 3/4 mile. 

As a brakmg conslderatlon, runway markmgs shall be designed so as to provide 

the same coefficients of static and sliding friction as those of the surrounding 

runway surfaces 

Taxlway configurations 

Taxlway configuration shall be promptly and unequivocally ldentlfled and not con- 

fused with other AML conflguratlons 

The ConfIguration shall provide direction in the ground plane at mtersections, at 

taxlpath turns, and withm the central ramp area 

The taxlway configuration shall provide information as to the specific location of 

entrances and exits from runways 

The taxlway ConfiguratIon shall be dlstmgulshable at a minimum distance of 500 

feet 

The taxiway system shall be clrcuited so as to provide a one-way path to the destl- 

nation of each alrcraft so that no mtersectmg taxlpaths or mtersectmg runways 

and taxipaths are open for use simultaneously ProvIsions should be made for 

“stop” or “hold” signals on all taxiways 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Studies should be undertaken to define the most desrrable length of subdlvlsions 

along the longltudmal axis of the runway on the basis of a careful study of ar- 

craft take-off and landmg requirements 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Lane, J C , & Cummmg, R W 
TITLE The role of visual cues m fmal approach to landmg 

REFERENCE- Melbourne, Australia AeronautIcal Research Laboratories, 
Research and Development Branch, 1956 (Human Engmeermg 
Note 1 ) 

SUMMARY 

Evidence 1s reviewed on the fact that errors m estlmatmg range of the location 
of touch-down point m landmg accounts for a substantial number of accidents to 
transport and mllltary alrcraft The authors review the kmds of visual cues 
avallable for makmg the Judgments requn-ed durmg this flight mode Four cues 
are speclfled as bemg avallable for required Judgments These are distance 
between landing lights, shape constancy of the outlme of the runway, H distance 
(distance between almmg pomt and horizon), and center of expansion The 
authors make a number of practical suggestlons for trammg m the use of these 
cues and suggest that certam displays may deserve development to assist the 
pilot m his trackmg task The paper concludes with a suggested program of re- 
search deslgned to answer more defmltlvely many of the questions raised m the 
paw- 

REMARKS 

The rather unique feature of the Australian terram, namely, relatively flat ex- 
panse, must be taken mto account m appraisal of the report 

Most alrports have very few urban areas around them,thus, the height judgments 
have always been a most critical factor in landmgsgenerally, m Australia 

The appendix contams an mterestmg reference to one of the reasons why a 
pllot, when he goes visual, undercuts the glide path he has been followmg on 
Instruments It is stated that he does this m order to get more ground guldance- 
and undercuts are consldered dangerous 
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REQUIREMENTS AND/OR DISCUSSION 

Approxnnately 10 l/Z% of all aircraft accidents revuewed were due to the pilot’s 
mablllty to estabhsh and mamtam a satlsfactxx-y glide path on final approach 

The task of the pllor 1s to position the aircraft in line with the extended center- 
lme of the runway, close to a preferred height above runway level, wlthm a fan 
of angles of elevation with the apex at the runway threshold Position wlthm this 
fan ~111 vary dependmg upon such thmgs as power settmgs, alrspeeds, controllablllty. 
etc Observations at Melbourne Alrport mdlcate that this fan goes as low as 
2 l/2 degrees and as high as 6 degrees, with an average of 4 degrees 

The selectIon of the startmg point for fmal approach 1s considered more difficult 
for a straight-m approach than for a clrclmg approach 

It IS dlfflcult to malntam a satisfactory approach because 
The flight path 1s not comcldent with the longltudmal axis of the aircraft 
The task Involves almmg m a vertical plane whereas all normal alming 

by humans 1s m a horizontal plane In short, heading and track do not 
comclde 

The so-called naturally available visual cues are 
The apparent distance between successive runway lights (night only) 

Through size constancy, the perceived gap length between lights 1 and 2 
appear not to change If the an-craft 1s overshooting. the gap ~11 seem 
to get bigger, If It 1s undershootmg, the gap ~11 seem to get smaller 

The shape of the figure formed by the first 2 pairs of lights (night only) 
Shape will be perceived as constant, m terms of the height -width ratlo 
of the trapezoid formed by the first 2 pau-s of lights. If pllot IS followmg 
correct glide path If the aircraft 1s overshootmg, the shape seems to 
get thxker, If the aircraft 1s undershootmg, the shape seems to get thmner 

The distance of the amung pomt below the horizon (for both day and mght) 
This 1s the so-called H distance If the approach 1s constant and correct, 
the aimmg pomt ~111 stay at a constant distance from the horizon If the 
au-craft 1s overshootmg, the distance gets longer, if undershootmg, shorter 
The authors point out there 1s no evidence regarding Its sensltlvlty They 
pomt out that the sensltlvlty of the Judgment might be quite good If the aiming 
pomt, which must be at the threshold, is “lmed-up” on the wmdshleld or 
other visible part of the aircraft, such as the radio antenna 

The center of the expansion field Th1.s refers to the pomt in the visual 
pattern that 1s apparently stationary, winle all other parts of the pattern 
appear to move radially away from it 

The angular velocity of the desired almmg pcnnt for an overshoot or an undershoot 
varies Inversely as the square of the distance to threshold, and thus increases 
very rapldly in the latter part of the approach path In the earher part, however, 
the velocity may be qute small Assummg a threshold of perception of movement 
at somewhere between 2 and 4 minutes of arc per second, the movement of the 
threshold lights would not be perceptible for an overshoot or an undershoot until 
the pilot 1s somewhere between 3000 and 4500 feet from threshold 
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The authors suggest that the H distance be used to select the angle of approach, 

to control trackmg m the early part of the approach, with a transltlon to 

center of expansion cue as this becomes useful 

The authors belleve that the almIng point m practice 1s often the runway 

threshold 

CONCLUSIONS AND/OR RECOMXENDATIONS 

It 1s recommended that 

Pllots be tramed to make better use of avallable cues 

A flnal approach snnulator be utlllzed 

Ground visual alds, such as a clearly-defmed almmg pomt 

and angle of approach mdlcator (trl-color or Navy Mirror) 

be utlllzed 

Attention be given to axborne visual aids mcludmg an angle of 

depresslon sight and an alming pomt sight 

The followmg research programs be curled on 

Survey present pllot beliefs and practices 

Laboratory studies to determme the sensitlvlty of various types 

of cues and their usefulness 

Development of a sunple sunulator for studymg factors Involved 

Development of a simulator for trammg 

Flight measurements of the last 5 m&s of approach be made 

1‘1 order to get data on accuracy of alrcraft almmg, width, 

and shape of error dlstrlbutlon about Ideal flight path, 
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proportion of mqxent undershoots, reliability of pilot’s angle of 

depression Judgment. 

Various studies to check out the suggestions for providing a visible 

aiming point and airborne aids and ground glide-path aids 

GA15-4 



Human Sclencee Research, Inc. 

CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT AN-NOTATION 

AUTHOR Maloum, G J 
TlTLE Proposal for an integrated visual landmg system 

REFERENCE Paper attached to InternatIonal Air Transport Assoclatlon 
Special Meetmg, Amsterdam, November 14-22, 1955 

SUMMARY 

The problem of landing m low-vlslblllty ranges 1s analyzed by the author 

from a “cockpit” vlewpomt, and requirements for visual alds speclfled 

The obJect of this combmed operatlonal-techmcal study was to determme 

the maJor factors influencing various aspects of all-weather flying and to 

give design guidance to engmeers for a wholly mtegrated visual aid system 

yxeldmg continuous guidance and mformation 

REMARKS 

A drawmg of the proposed Integrated system 1s attached This 1s an early 

paper from the operatlonal vlewpomt callmg for an mtegratlon of axport 

markmg and lighting 
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REQUIREMENTS AND/OR DISCUSSION 

Some factors consldered in the design of the proposed system were 

Maneuvermg lnnltatlons of the most lnnlted transport alrcraft m a given 

stage of approach or landing procedure 

Guidance requirements need to be complementary among various guidance 

zones and have special compatible guidance features within particular zones 

Guidance zones specified Zone A - maneuvering zone, Zone B - stablllzmg 

zone, Zone C - landing zone, Zone D - deceleration zone 

Visual guidance common to all zones ldentlfication, dIrectIon, and distance 

All zones shall be of basic equal dimensions with the exceptlon of Zone D, m 

order to cater to the pilot’s sense of timing, anticipation, and tempo 

Other factors consldered were t threshold treatment, landing zone, visual comfort, 

apparent mtenslty, visual go-no go indications, mtenslty control, lmear signal sources, 

mtegratlon with non-visual alds, capablllty of partml u-nplementatlon. multi-purpose 

operatlonal features system symmetry, allowance for development posslbllltles, and 

certam advance requirements 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The system proposed 1s offered as one type of design that can result from m- 

corporatmg mtegratmg features A system along this or similar lines IS suggested 

as a basis for an approved standard fcr air llghtmg aids usable m all-weather 

operations 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TmLE Report of the AGA Study Group of the Flight Technical 

Group 
REFERENCE Report presented at IATA Special Meetmg, London, 

July, 1952 

SUMMARY 

This paper 1s a summary of the dlscusslon and recommendations made by 

the study group on the “sculptured channel” concept The concept, as 

developed by KLM for Constellation L749 ax-craft was used as a basis 

from which an optimum shape was determmed The developed shape 

took mto account performance and maneuverablllty of other relevant 

types of axcraft Recommendations to IATA are made with respect to the 

channel developed 

REMARKS 

The maxmum acceptable rates of descent utilized by the study group for 

defmmg the region of guidance between altitudes of 1000 feet and 50 feet 

were 1200 feet per minute at 1000 feet, 600 feet per mmute at 50 feet 

The paper gives a good mdication of the factors which this operational 

group considers crltlca.1 m setting the “sculptured channel” or region of 

guidance 



REQUIREMENTS AND/OR DISCUSSION 

The solutmn to the problem of provldmg sultable hghtmg umts, glvmg sultable 

gudance for visual approach and landmg systems, Involves 

region of gudance 

performance and maneuvermg hmitations 

operating requrements for approach and overshoot 

pllot llmltatlons and techniques 

runway and threshold design requirements 

The most practxal way of determmmg the dlmenslons of the region III which visual 

aids are requred would be to utilize the requrements posed by a typlcal modern 

large am transport arcraft m flymg an advanced type of Instrument approach system 

All lateral displacement errors should be resolved at a pomt m the approach path 

called the “zero error point” The “zero error pomt” should be located on the 

extended centerlme of the runway at a distance 2000 feet from the ILS reference 

point or approximately 1000 feet from runway threshold 

The visual reference “portal” was consldered to be at a &stance of 3500 feet from 

the “zero error pomt” 

The approach region of guidance should extend to a pomt 1000 feet beyond the 

reference point (down the runway) 

The composite type arcraft used was as follows 

approach speed 140 miles per hour 

bank angle maximum 12 degrees 

rate of descent, maxlmlm 1200 feet per mmute at 1000 feet down to 600 

feet per mmute at 50 feet 

A meteorological vlsiblllty of 300 meters (1000 feet) was assumed 
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Variability of Instrument approaches should be allowed for on the followmg 

order 

half-scale deflection on the devlatlon sensltlvlty mdlcator of the glide 

path, 

a full-scale deflectlon on the devlatlon sensltlvlty mdlcator of the 

glide path 

Maxmum displacements that can be corrected at distances of 2500 and 3500 

feet from “zero error pomt” for varymg approach speeds, bank angles, and 

mfmlte rates of roll were consldened 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Region of guidance should be defined as follows 

Lateral Dnnenslons 

width at the portal 275 feet on each side of the extended centerlme, 

width at the “zero error pomt” 100 feet on both sides of the 

extended centerlme 

Vertical Dnnenslons 

height at the portal of lower bounds 300 feet above the arport 

elevation, 

mmlmum height of lower bounds at a pomt on runway located 

1000 feet beyond the ILS reference pomt 50 feet above the 

runway 

Cross-sect1on 

The cross-section should be such as to encompass the lateral 

and vertical dnnenslons given m lateral and vertical above 

Mmlmum length of the contmuously visible segment of the approach and 

runway areas should be at least 600 feet 
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The tolerable lateral displacements of an au-craft from the approach beam, when 

2500 feet from the pomt of “zero error”, are 90 feet when the mltlal heading 

1s parallel to the runway and 175 feet when the mltlal heading 1s towards the 

“zero error point” 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE Report of the Flight Techmcal Group - fourth meetmg 

REFERENCE New York International Au Transport Assoclatmn, October 
1951, 10-21 (DOC OPS 1096 ) 

SUMMARY 

This report exammes requu-ements for pilot InformatIon to guide design of 

visual aids for approach, threshold, and runway areas and suggests designs 

to provide these mformatlon requrements 

REMARKS None 
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REQUIREMENTS 

Approach llghtmg 

Posltlve ldentlflcatlon 

Alignment and bank mformatlon 

Distance mformation 

Altitude 

Indlcatlon of the lmrmnence of the threshold 

Photometric requirements m the approach 

The system shall be vlslble through 360 degrees of azimuth 

The mtenslty of the approach, threshold, and runway lights shall be pro- 

portloned so as to provide the best possible visual balance between the 

elements of the system 

The mtenslty of the lights shall be capable of variation to permit adJustment 

to the varlatlons and vlslblllty condltlons 

Runway llghtmg 

The system must provide posltlve ldentlflcatlon of the runway threshold 

Itself 

The landmg sectlon of the runway should be well-defmed, and distance m- 

formation should be provided which defmes the first and last 2000 feet of 

the runway 

Taxways to which the pllot must turn off should be clearly defined in two 

ways 

An antlclpated slgnal which warns the pllot of the temporal lmmmence 

of the turnoff 

The mdlcatlon of the turn-off path Itself 

CONCLUSIONS AND/OR RECOMMENDATIONS None 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE Report of study group meetmg on runway llghtmg 

REFERENCE IATA Meetmg, Montreal, March 11-16, 1955 

SUMMARY 

This report summarizes the IATA study group recommendations regardmg 

operatIona requu-ements and design prmclples which should be used for 

Improved runway llghtmg The malor problem attacked m the meetmg was 

the “black hole” problem In addltlon to design requirements and prmclples, 

an example of appllcatlon of the prmclples 1s given, and conslderatlons lymg 

behmd the prmclples are discussed At this point, the results of the study 

group were subJect to IATA approval and were not official IATA policy 

REMARKS 

Graphs and lllustratlons are presented m appendlces to the report to lllus- 

trate the prmclples mvolved One interesting graph refers to the heights 

at which wide and narrow visual gauge runway llghtmg patterns give optimum 

height sensltlvity 
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REQUIREMENTS AND/OR DISCUSSION 

The flare zone must satisfy the followmg requirements 

height guidance 

roll guidance 

alignment guidance 

dmtance mterval mformatlon 

opportumty of assessmg slant visual range 

Height guidance requirements should be met over a distance out from the ILS 

reference pomt, whxh 1s governed by 

the performance of critical amcraft, mcludmg approach speed, length 

of flare, deceleratmg characterlsltlcs, atkltude change at flare, etc , 

and vertical devlatlon errors due to glide path and couplmg deflclencles 

The followmg requirements must be satlsfled by landmg mats 

height guidance, with slgnal contmulty from approach llghtmg 

alignment guidance, with slgnal contmulty from approach llghtmg 

distance mterval mformatlon 

assessment of visual range 

Landmg mat requirements should be met over a distance down the runway from 

the ILS reference pomt which 1s governed by 

arcraft performance mcludmg approach and landmg speed, deceleratmg 

characterlstlcs. etc 

operatmg mmlma and correspondmg amount of exposure time available 

to the pllot 

human llmltatlons, particularly the reactlon time of the pllot 

It was consldered necessary to provide a conflguratlon change In the approach 

llghtmg pattern to give the pilot an Imminence of flare slgnal at the appropriate 

stage 
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Prxnary lmes of guidance for runway llghtmg and markmg are 

a pair of longltudlnal guidance lmes 150 feet apart which defme the 

width of the visual ald system,, 

an addltmnal pair of longltudmal guidance lmes, 

60 or 80 feet apart, symmetrically located relative to the pair of 

150-foot lmes, 

a longltudmal guidance lme defmmg the center of the system, and 

transverse lmes 500 feet apart which defme the length of a “block” 

of the visual alds system, and 

addltmnal transverse lmes 100 feet apart wlthm each “block” 

When consldered m an Integrated form, these lmes form a grid with es- 

tabllshed dlmensmns 

The prmclples utlllzed are deslgned to provide guidance for landmgs m 

visual ranges of 300 meters 

The only known method of provldmg good height gutdance by visual alds IS 

through a pair of parallel lmes 

The optimum gauge of the parallel lmes should not be Influenced by runway 

width 

Flush-type lights m their existmg state-of-art were consldered to have 

certain llmltmg dlfflcultles, such as 

lmxted beammg characterlstlcs, 

posslbllltles of snow obllteratmn, 

fuzzmess of range, 

tire scuffmg on grids, and 

lack of comprehensive dynamic strength testmg results 

Flare zone and landmg mat should be located relative to the path actuall:, 

flown by alrcraft under margmal weather c ndltlons 

It was recommended that varmus components of the visual alds proposed 

might be mstalled m progressive OI- par teal units where technic al or eco- 

normc constderatmns do not allow mstallatmn of the entlre system 
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CONCLUSIONS AND/OR RECOMMENDATIONS 

It was recommended that configurations conformmg to the prmclples laid out be 

mgtalled experlmentally and their sultablllty flight-tested under representative 

operating condltlons 
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REPORT ANNQTATION 

AUTHOR 
TITLE Vxual alds to approach and landmg 

REFERENCE Montreal, Canada International Am Transport Association. 
Unpubhshed report presented at a Special IATA Meetmg, 
New York, 1955 

SUMMARY 

This paper 1s a brief summary of the Special IATA Meeting on fmal stages 

of approach and landmg which was held in New York early in 1955 The paper 

briefly reviews the problems mvolved in the termmal flight modes and pre- 

sents recommend&Ions to ICAO for their conslderatmn These recommenda- 

tmnswere termed by IATA at that tune as representmg operatmnal advrce 

based on the best avallable judgment 

REMARKS 

One of the attachments to the memorandum is the U S National Standard 

on lead-m llghtmg requrements 
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REQUIREMENTS AND/OR DISCUSSION 

The followmg requirements apply speclflcally to other than Instrument runways 

Impressmn of ground plane 1s necessary, m order to get guidance m 
both vertical and horizontal planes 

Approach and runway lights must overcome the false horizon frequently 
perceived because of other lights and obJects m the area, partxularly 
when there 1s no clear defuutlon of the horizon m the vlcmlty of the 
threshold This dlfflculty is accentuated in ram, partially through 
refractmn 

Alignment and roll gudance are crltlcal after clrclmg approaches at night 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Pilot’s tasks have grown progressively more dlffxult as evidenced by the number 

of serious accidents m recent years. Increased flight training can not entirely 

rectify this sltuatmn 

Factors mcreasmg the dlfflculty of the pllot’s tasks are 

Higher wing-loadings 
Increased approach speeds 
Poorer response to controls and power appllcatmns m high drag configurations 
Wmd-screen obscuratmn of visiblllty 

For runways where It 1s lmpractlcal to Install approach aids, the following should 

be added 

Threshold llghtmg bars 
Threshold warnmg bars 
Runway sttib bars at 500, 1000, and 1500 feet from the runway threshold 
Threshold markmgs 
Centerline markmgs 
Day markers dupllcatmg the stub bar llghtmg 

Visual alds recommended where some alds can be mstalled m the approach area 

Threshold llghtmg 
Threshold warning bar 
Lead-m lightmg extendmg (If practxal) for a distance of 3000 feet with 

crossbars of 150 feet at 500-foot Intervals 
Stub bars 
Threshold markings 
Centerline markmgs 
Day markers duplxatmg the stub bars 
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REPORT ANNOTATION 

AUTHOR 
TITLE Visual alds to flare and landmg 

REFERENCE March Am Force Base, Callforma DIrectox of Safety, 
Headquarters Fifteenth Air Force (Date unspeclfled ) 

SUMMARY 

This article reviews the requirements for all-weather operation The 

paper represents an attempt to resolve the differences between ei?Y’F and 
5-t- 

a mlhtary requirements for overrun llghtmg and pomts out that Elfaka ush 

lighting umts are the possible answer It 1s a background paper for the 

March AW Force Base operatmnal evaluatmns conducted m 1956 Appended 

to the article are two reprmts (Jenks, 1955 & 1956), these are annotated 

separately m the present annotatmns 

REMARKS 

The extensmn of narrow-gauge llghtmg to the runway wlthm a 3000-foot 

landmg mat and Its proposed testmg at Dow Ax Force Base are mentmned 
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REQUIREMENTS AND/OR DISCUSSION 

The most crltlcal demand upon the pllot’s sklll and attention 1s durmg transItIon 

from mstrument to visual flymg durmg low cellmg and restricted vlshllty 

Reaction to light patterns must be automatic and natural, requrmg a mimmum 

of effort and mterpretatlon 

Guidance requirements are 

Length of light pattern standardized 

Centerline hghts leading directly 50 the tbresboid 

Lights of color and conflguratlon so as not to be confusing wth other lights 

Lights to provide pllot reference and establishrunway perceptlon 

Variable control mtenslty on bar lights 

Sequence flashed condenser-discharge hghts an essential part of a center- 

lme system 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Implementation throughout the Au- Force of the approach and runway llghtmg 

systems bemg suitability tested at March An- Force Base and Dow Air Force Base 

~111 be a major contribution to safer air operations, particularly under all-weather 

conditions 
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AUTHOR Walter. C E , & Roggeveen, V J 
TITLE Alrport approach, runway and taxlway llghtmg systems 

REFERENCE Journal of the Air Transport Dlvislon, June, 1958 (Paper 1659 1 

SUMMARY 

The authors develop a set of alrport llghtmg design criteria, based on 

principles of required pilot guidance, and evaluate the various systems of 

threshold, approach, runway, and taxiway lights which have been developed 

The authors conclude with a plea for an Integrated airport llghtmg system 

By this, It 1s not meant that a system needs to be standardized, but only 

that It be Integrated III the sense that a systems approach be used as a design 

basis 

REMARKS 

This 1s a well-wrltten and concise analysis of approach and llghtmg systems 

lncludmg a blbhography of 63 artxles and many mformatlve diagrams The 

Interested reader is referred to the article masmuch as annotation wlthout 

complete reproduction would be most dlfflcult The design crlterla utilized 

by the authors are generalized and thus not specific to unique requirements of 

the mllltary, clvll, or commercial 
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REQUIREMENTS AND/OR DISCUSSION 

See report 

CQMCLUSIQNS AND/OR RECOMMENDATIONS 

The authors urge that a systems approach be used m the design of au-port hghtmg 

It 1s recognized by the author? that the Integrated alrport llghtmg system which seems 

to be emerging in the U S ~111 probably form a very expensive package and will 

not be installed on all awports. They suggest that a liberal pohcy be establlshed 

so that the natural development of better approach systems ~11 not be stifled 

due to “standardlzatlon” 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

SUMMARY 
(Publlcatlon Xo 13 -57 j 

This report analyzes Am Force accident statlstlcs m terms of pxlot task re- 

qulrenlents mlposed by the perceptual problem of transltlon from cockplt to 

external v~sua. signals, and from mcreasmg demands on the pllot made by the 

;n&acterlst,cs 31 high performance axcraft 

REMARKS- None 
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REQUIREMENTS AND/OR DISCUSSION None 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Rate of closure mformatlon must be provided m the ground visual aids conflguratlon 

or should be presented on the wmd screen of the alrcraft so that the pilot’s shift m 

attention can be facllltated The author also discusses the higher approach speeds, 

faster sink rates, and Increased lack of engme response to throttle all of which tend 

to reduce the tnne avallable to the pllot for performing the required mformatlon- 

gathering, Integrations, declslons. and reactions required to make a safe landing 

A large maJorlty of non-emergency accidents occur under contact condltlons and m 

70% of these accldents pllot error was responsible for the accident All unsafe acts 

committed by the pllot m the pattern and on the ground are primarily perceptual m 

nature Present runway llghtmg does not adequately present the visual cues required 

for the pilot to make a Judgment of rate of closure This 1s especially crltlcal at 

mght and requires that the pllot shift his visual attention from the llghtmg pattern to 

his air-speed mdlcator In a conventional type alrcraft, it IS found that during con- 

tact landings pllots made an average of 17 fixations per mmute outside the cockplt 

and 15 per mmute on the air-speed mdlcator The mean length of outslde flxatlon 

was 2 66 seconds and the mean length of fixation of the air-speed mdlcator was 

69 second Of the total time avallable to the pilot. 73% was spent looking outside 

the aircraft, 1751, lookmg at the air-speed mdlcator, and only 10% attenting to the 

remammg Instruments 
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CONTRACT FAA/BRD-13 
IBIt PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Moseley, H. G 
TITLE An analysis of 2400 pllot error accidents. 

REFERENCE Presented at the 27th annual meetmg of the Aero Medlcal 
Assoclatlon, Chlcago, 1956. (M-40-56 ) 

SUMMARY 

The author classified Air Force accidents mto unsafe acts and unsafe con- 

dltlons. He classified pilot error, mamtenance error, and supervisory 

error under unsafe acts Under unsafe conditions he lists material failure, 

alrbase and airways, weather, and miscellaneous. Approximately 48% of 

all accidents, with known causes, were derived from pilot error. He then 

discusses the nature of pllot error In terms of various psychomotor re- 

quirements of the pllot, descriptive characterlstlcs of the pllot such as age 

and experience, and aircraft type and phase of flight. 

REMARKS- None. 
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REQUIREMENTS AND/OR DISCUSSION 

Successful flight requires that the pilot perceive his posltlon, attitude, and velnc:t., 

In space or on the runway In every pllot error accident review, the reqlllr~~~* 

for perceiving, decldmg, and reactmg could be ldentlflrr’ lF I L i/r> irr 6 ‘ii .i ,,% A 

ceptual deficiency delineated 

Inadequate perceptlon and mterpretatlon of condltlons outsldr the ~octip,~ 

Inadequate perception and mterpretatlon of condltlons mslde the cockplr 

Failure to perceive external condltlons (more speclflcally, rate of closure with 

the surface) was a more frequent cause of alrcraft accidents than failure to per- 

ceive condltlons wlthm the cockpit 

CONCLUSIONS AND/OR RECOMMENDATIONS None 
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CONTRACT FAAIRRD-13 
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REPORT ANNOTATION 

AUTHOR Moseley, H. G 
TlTLE Human limltatlons and aircraft accidents 

REFERENCE Presented at the Meetmg of the NACA Subcomnuttee on Flight 
Safety, Air Force Mlsslle Development Center, New Mexico, 
15-E October 1957. (M-22-57.) 

SUMMARY 

MaJor Air Force aircraft accidents of 1956 are categorized as to the general 

source (cause) of the accident and the phase of flight m winch the accident 

occurred Interpretation of the underlymg factors which contribute to errors 

IS discussed 

REMARKS 

The primary cause of Air Force accidents 1s pilot error, approximately 45% 

of accidents are III this category of cause In terms of flight modes, the 

landing and takeoff contain the highest proportIon of pilot error accidents. 
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it~:$UIREM~NT,S AND/OR DISCUSSION Pione 

I’ONCLUSLONS AND/OR RECOMMENDATIONS 

PJot-controlled flight 1s absolutely dependent upon the pilot’s ability to 

Perceive the external world and the mternal environment and recogmze 

the meanmg and slgmficance of what he perceives. 

To decide from such observations the course of a&on which will best 

guarantee successful flight 

To react In a manner which ~111 implement those declslons 

The author discusses the questlon of the adequacy of the human to perform his 

complex task wlthm the llmlts of time requrements Imposed upon him as a 

function of higher landing speeds, faster smk rates, and mcreasmg aerodynamic 

mstablllty at low aliltudes of high-performance mllltary alrcraft, 
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CONTRACT FAA/BRLP-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Leiler, A F, 
TIT LIE I-hman factors 1x2 an-craft a< c1dents 

REFERENCE Data presented at Air Cornm,nrl Staff School Acr:i, 913 

SUMMARY 

rhe author duxusses the human error component of arcraft accldents 

as a function of the fact that the pllot 1s placed m a sltuatlon m which he 1s 

xnable to respond adequately to the tune demands ot the sltuatlon He 

<II scusses the general Inherent design hmltatmns of tne human m the light 

I’ l-r, ar Cl‘ rim&~ 0.8 tne dot by advanied an-u-& 

REMARKS None 
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REQUIREMENTS AND/OR DISCUSSION 

The human bemg has three basic design llmltatlons which set requirements for aldmg 

tis performance The first are his physlcal-sensory llmltatlons, second, his 

physIologIca llmltatlons, and third, his psychologlcal hmltatlons The speclflc 

llmltatlon on which the author focuses IS response time characterlstlcs of humans 

m terms of the response time reqmrements of landmg operations He states that 

the mechamcal transmission of a light stimulus from the eye to the bram and the 

Integrated response which results from mterpretatlon of such a transmlsslon 1s a 

time consummg process which can vitally affect the successful operation of an 

alrcraft The time lapse of ths process 1s on the order of 30 mllllseconds to 

three-tenths of a second In terms of the importance of this delay to control of 

alrcraft, the delay 1s translated Into 8 8 feet of &stance for an alrcraft landmg at 

60 m&s per hour When speeds of 600 miles per hour are consldered, such a 

txne lag becomes of much more crltlcal importance for durmg one-tenth of a second 

the aircraft travels 88 feet This time delay of 30 mllllseconds to three-tenths of 

a second describes the transmission of nerve impulse from eye to bram, we have 

In addltlon to this delay a recogmtlon time of perhaps one-half second or more 

Beyond recogmtlon time, the mformatlon must be evaluated and interpreted and 

a decision reached as to the actlon to be taken This addItIona delay may be on 

the order of a second or two seconds Followmg the declsmn, response time reqmres, 

at a mxnmum, several tenths of a second Two other time factors then have to be 

taken mto conslderatlon 

The time required for the alrcraft to respond to the control input 

The time requlredforfhe aircraft to deviate from a given fhght path once 

Its control surfaces have been mampulated 

CONCLUSIONS AND/OR RECOMMENDATIONS None 
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REPORT ANNOTATION 

AUTHOR Zeller, A F 
TTl?LAE Human factors in selected m&l-engine jet alrcraft accidents 

REFERENCE Paper presented at the Aero Medxal Assoclatlon Meeting. 
Denver, May 6-6, 1957 

SUMMARY 

The author presents summaries of accident data analyzed on 3 multi- 

Jet alrcraft types over a 4-year period Accidents were analyzed according 

to phase of fhght in which they occurred, causative factors, prrmary unsafe 

act) or acts, which preclpltated the accident, and InformatIon as to pllot 

age and hours of experience 

REIkURKS 

Graphs are presented which mdlcate the acceleratmg proportion of total 

aircraft flymg time accounted for by multi-engme jet aircraft durmg the 

period 1946-1956 Multi-engme jet are compared with non-Jet alrcraft 

m terms of malor acctdents and in terms of fatalltles The graphs mdlcate 

the mltial predommance of accidents and fatalltles for multi-Jet operations 

which then declmed until the 1953-1954 period, durmg which the statistxs 

for both an-craft types were essentially identical 
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REQUIREMENTS AND/OR DISCUSSION 

The mcresse m alrcraft performance has placed an increased requx-ement upon the 

human operator m terms of a reduced time for vieual perceptlon, analyels of the 

situation, and selection of an appropriate response Generally, greater demands 

have been placed upon a human’s perceptual-motor system Particular require- 

ments exist for an mcreased capablhty m estlmatmg distance and makmg rate of 

closure Judgments 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The malor proportlon of accidents occur durmg landmg and takeoff phases of 

alrcraft operations 

Pllot error 1s a predominant source of aircraft accidents Of the accidents revlewed, 

44-45s are categorized as pllot error 

The most frequent unsafe act commltted by pllots which contributes to accidents 

is poor techmque m the landmg pattern 

Poor landmg techmque 1s mamfested prlmarlly by stallmg due to poor coordmatlon 

of fhght controls, mlsJudged dlstaxe, and excessive speeds 

No clear-cut trends exlsted m terms of the relatIonship between pllot age, expert- 

exe, and accident rate 
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AUTHOR Zeller, A F 
TITLE. Search for human causes of an-craft accidents 

REFERENCE Presented at the An- Force/ An-craft Industry Conference 
at Santa Barbara., Callforma, May, 1957 

SUMMARY- 

This paper proposes a basic sequence of mformatlon gathermg, declslon 

makmg, and actlon as a framework for mvestlgatmg sources of pllot error 

to which an-craft accidents can be attributed 

The author has a great deal of practxal farmllanty wth the accident 

records from which his paper stems 
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REQUIREMENTS 

Information Requirements 
The pllot has a requirement for mformatlon from a variety of sources Some of 
these sources are background m nature and derive from experience and trammg 
This Includes more recently experienced pre-flight mformation wth respect to 
weather, flight requirements of the speclflc profile, and mformatlon regardmg 
characterlstlcs of the speclfx type alrcraft A second category of sources are 
XI-flight derived Information presented to the pilot durmg flight 1s Integrated 
with the background mformatlon previously stored 111 the pilot’s head In-fllght 
information 1.5 of several types 

One classlficatlon system 1s with respect to the cockplt - Internal versus 
external to the cockplt 

Another classification 1s m terms of the nature rather than the sources 
of mformatlon For example, the pllot receives mformatlon about the 
workmg condition of his alrcraft. fuel supply, etc , and mformatlon 
about the posltion of his aircraft with respect to the earth’s surface, 
and the nature of the change of that relatlonshlp through tn-ne All of 
this mformatlon 1s required unth respect to tnne conslderatlons He 
must receive, process, decide, and respond to mformatlon m time for 
the alrcraft to accomplish the Intent of the pllot as a function of his re- 
celved mformatlon 

Decxnon Requirements 
The author talks about declslons as Judgments and stresses the human’s inabIlity 
to Judge vertical distances and his mablllty to Judge rate of closure The fact 
that the time allotted for control declslons m the landmg phase 1s so restricted, 
combmed with the human’s lack of precision m estlmatmg vertxal distance and 
rate of closure, 1s dlscussed as a primary source of accidents m the landmg phase 
Actlon Requirements 
The prnnary problem dlscussed m this sectlon 1s the tune delay from the mltl- 
atlon of control Inputs by the pllot and the eventual reactlon of the alrcraft m 
space In general, the author sees the pllot task requirement as 

Recelvmg and mterpretmg visual signals, mtegratmg those mterpretatlons 
with mformatlon previously stored m his head, 

decldmg upon an appropriate control Input, mltiatmg the control mamp- 
ulatlon, after which axcraft aerodynamics determme addItIona “actlo”” 
time required for aircraft response to control/mput 

CONCLUSIONS AND/OR RECOMMENDATIONS 

See requirements 
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AUTHOR 
TITLE 

REFERENCE 

SUMMARY 

Calvert, E S , & Sparke, J W 
The effect on weather nmuma of approach speed, cockpit cut -off 
angle and type of approach coupler for a given landmg success 
rate and level of safetv 
London, England Mmlstry of Supply, 1957 (Techmcal Note 
No El 130 ) - 

In this paper, the authors attempt to develop curves which wll be useful to 
operatIona pllots for decldmgwhether or not to attempt a landmg with a 
given slant range vlslbhty and cellmg height The curves lndlcate the 
mmxnum distance and altitude from the ILS reference pomt at which 
maneuvers deslgned to correct ghde path errors of various srzes must be 
mtlated If the arcraft 1s to be ahgned with the runmy safely The effect 
of varymg approach speeds and cockplt cut -off are taken mto account, as 
well as the accuracy of the vamous types of mstrument approach alds, 
mcludmg GCA and length of ground pattern aVaIlable The authors pomt 
out that them curves are only m the nature of worked examples, but they 
feel the approach used may be useful for determmmg mmnna under which 
landmgs can be attempted with an acceptable level of risk 

REMARKS 

The report has a famly comprehensive set of graphs and curves 

From an approach and runway llghtmg design standpomt, the analytic 
attack on the problem utlllzed by Calvert and Sparke might be used by 
consldermg the mtenslty and posltmnmg of approach hghts as the 
dependent variables and flgurmg out the requirements they need meet 
for given values of the other factors mvolved 
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REQUIREMENTS AND/OR DISCUSSION 

An operator needs to know the landmg success m given meteorologIca condltlons 

for an alrcraft with a given cockpit cut-off angle, when this alrcraft JS landmg 

at an alrport with a given pattern of visual alds and width of runway, 

Usmg the concept of Standard Visual Pilot, a family of curves can be generated, 

glvmg amount of pattern whch the average operatlonal pilot ~111 be required to see 

at given heights m order to be able to make a fmal permlsslble maneuver 

The fmal maneuver permlsslble on landmg approach seems to depend more on 

the psychological capabllltles of the pllot m mterpretmg the visual alds and 

bemg able and wlllmg to make the maneuver than the Inherent manevverablllty 

characterlstlcs of the alrcraft This accounts for the fact that although studies 

have shown that automatx couplers have been assessed as glvmg an approach 

success of 100% at heights of about 100 feet, operational results show that this 

percentage does not occur until about 200 feet 

Flight tests illustrated that time taken to correct a given displacement was nearly 

the same for all types of alrcraft tested (propeller driven) Although these had 

dlffereni approach speeds, maximum roll rates, maxImum roll accelerations. 

etc , It would appear that the violence of the fmal maneuver 1s llmlted by what 

the pllot 1s prepared to do, rather than the capabllltles of the aircraft 

The time-distance relatlonshlp for correcting maneuvers was found to be as mdlcated 

m the table below 

Lateral Displacement Time Taken To Correct 
feet seconds 

0 0 

40 10 

100 12 5 

200 15 0 

330 17.5 

500 20 0 

Same track headmg at end of maneuver as at begmnmg 

Wmgs level at begmnmg and end of maneuver 
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Snnulator tests mdlcated that the quahty of visual guidance from the center- 

lme cross-bar pattern was nearly perfect for aznnuth, but very poor In 

elevatmn at all heights above 100 feet 

Simulator tests also ylelded the followmg conclusions 

The pilot must be skillful enough In mstrument flymg to be able to 

establish and hold a plane of descent close to or comcident with 

mstrument glide paths 

The aircraft control system must be engineered to let the p&t, after 

he goes vmual, know by feel of the elevator control that he 1s 

contmumg the plane of descent prevmusly estabhshed This 1s due 

to the fact that critical heights below which landmgs are not to be 

attempted m clvll operatmns are usually between 200 and 300 feet 

and that adequate visual guidance m the vertical plane does not 

become adequate until about 100 feet The time Interval between 

these two distances may be anywhere between 10 and 20 seconds 

This loo-foot altitude maneuver txne IS thought to be near the margm of 

safety for propeller-driven an-craft, but It may not be sufflclent for future 

alrcraft Three reasons for this are 

Increased approach speeds and smkmg speeds, thus requlrmg more 

height to atop the alrcraft from smkmg (height required 1s pro- 

portmnal to square of speed) 

At speeds near stall, Jets have less potential lift lmmedlately avallable 

because of the absence of slipstream effect over the Wang 

Plan forms, such as the pure delta, result m an mcrease m time taken 

to achieve a given mcrease m hft by means of elevator control 

For the above reasons, If guidance and procedures are not Improved, the 

under shoot rate can be expected to go up 

The process of correctmg errors m the horizontal plane lmpalrs the pllot’s 

capacity to Judge the sltuatmn and make adJustments in the vertical plane 
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It 1s assumed that the fmal maneuver should be completed at a height such that the 
amcraft 1s 6 seconds from the ground, with the normal smkmg speed for the 
approach 

It 1s assumed that the pllot ~111 attempt a landmg If the alrcraft 1s not less than 
50 feet from the runway edge, with wmgs level, parallel trackmg, and the runway 
IS long enough so that he 1s satisfied to touch down near the annmg pomt 

Although the greater accuracy of fhght dn-ectors and automatic couplers IS 
advantageous at high speeds and with short approach hghtmg patterns, the 
mam argument for their use rests on the fact that they enable two matchmg 
processes to be properly cam-led out without overloadmg the pllot. The 
processes are “nullmg” vertical and horizontal displacement from ghde path 

The “feel” elevator control 1s a matter which may requme careful investlgatlon m 
the near future 

It 1s suggested that after the pilot goes visual and the co-pllot turns over control 
to hn-n, the co-pllot should contmue to momtor the elevation from altnneters to 
about a loo-foot elevation 

For GCA landmgs, It 1s recommended that the pllot give the controller his crltlcal 
height at the begmung of the talk-down When he reaches this height, and there- 
after, the controller should announce the fact and thereafter give ghde path 
mformation only m terms of elevation The pllot should have range and amnuth 
mformatlon from hm visual contact, If he does not, he should not be going around. 
This procedure elmunates “noise” from the system, allows a more rapid rate 
of descent for the pllot, and elmunates the posslblllty of the controller makmg 
an error through changmg back and forth from one scope to another 

It 1s recommended that pllots have perlodlc trammg on a landmg simulator masmuch 
as some long-haul pilots make, on the average, only one mstrument let -down per 
y%X 

If approach speeds mm-ease and/or downward mews decrease, then the weather 
mmnna when usmg the less accurate couplers ~111 rme 

When flymg m ram, there may be a conslderable difference m the maxnnum distance 
from which the ground pattern can be seen from the cockplt compared with the 
distance which It can be seen by a static observer 

CONCLUSIONS AND/OR RECOMMENDATIONS 

See Requrements and/or Dlscusslon 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR de Boer, J B 
TITLE Vlslblllty of approach and runway llgh(s 

REFERENCE PhIlIps Research Reports. 1951, B (3), 224-239 

SUMMARY 

The author reviews relevant data collected by other mvestlgatlons, and 

supplements these with data from some of his own expernnents. all 

focused on the problem of lummous mtenslty and proper dlstrlbutlon m 

space required of approach and runway hght conflguratlons Conclusions 

based on the data presented m the paper specify the lux needed at the pIlots’ 

eyes from a pomt source, with the addltlonal modlflcatlons necessary be- 

cause of “sue”, “shape”, and ‘lrow” factors 

REMARKS 

The author’s calculations are based on the least favorable pllot vlewmg 

condltlon (also verlfled by data) which 1s taken to be daytlme m fog I+2 

reported that the Influence of color 1s neghglble Blacl,well’s data were 

utlhzed 



REQUIREMENTS 

The author considers the fo113wmg factors as determinants of lllummatlon on the 

observer’s eyes (point light source) 

Background brightness 

Size of source 

Apparent shape of hght-emlttmg surface 

Light sources In the neighborhood 

Color of light 

Character of light 

Tnne available for observmg the light 

General condltlons of observation (time-sharmg, relative movement of 

visual field elements, visual search, etc ) 

The formula for determmmg mmimum eye-illummation used by the author was 

E 
I =- t 

nun =z. v= 

where E 
mm 

= mmxnum eye-~llumlnatlon (In lux) 

I = lummous mtenslty of hght (cd) 

r = distance from observer 

t 
Y 

= transmlsslon of the atmosphere 

CONCLUSIONS AND/OR RECOMMENDATIONS 

In dayhght fog and the practical condltlons of flight, a pomt source must produce 

10 
-3 

lux at the pilots’ eye This value needs to be multiplied by the “sxe” and 

“shape” factors derived by the author and presented III the report For composite 

hght conflguratlons, the total candlepower of composite light sources determmes 

their vlsibillty The mfluence of color of light 1s negligible 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR de Boer, J B 

TITLE Light -beacons to ald landing aircraft 

REFERENCE PhilIps Techmcal Review, 1955, 16 (lo), 273-286 

SUMMARY 

This article summarzes the hlstory and function of approach, threshold, and 

runway hghts The required hght dlstrlbutlon of each hght IS speclfled Based 

on the review, lights deslgned by the Phlllps Company to fill these requirements 

are dlscussed 

REMARKS 

This article contains excellent data on the technical and vlslblllty conslderatlons 

of axport hghtmg Candlepower dlstrlbutlon curves and other useful diagrams 

and photographs (mcludmg the approach conflguratlon at Schlphol Axport, 

Amsterdam) are mcluded An earher and sumlar presentation of this In- 

form&Ion 1s contalned m (de l3oer. 1954) 

TV3 



REQUIREMENTS 

To make possible the prowslon of mformatlon to the pllot on his posltlon III relation 

to the runway and the pomt at which he has to aim to make his touchdown, a 

sufflclently long segment of the approach and runway hghts must be vlslble at any 

moment This segment must not only be seen when the alrcraft approaches the 

runway along the proper ghde path, but also when, owmg to maccurate mdlcators 

of Instruments which guide the awcraft, it follows a path that deviates from the 

proper one 

Alrcraft must be enabled to land not only In day or mght when vlsiblllty 1s good, 

but also In bad wslblllty at mght and. most dlfflcult of all, under conditions of 

mist or fog in the daytime In these latter circumstances, It 1s unpossible to make 

oblects other than light sources vlslble at a sufflclent distance 

The prmclpal alms of the designer should be 

To reduce the peak lummous-mtenslty in beams as far as possible, and 

so hmlt glare 

To mlmmlze the amount of hght radiated outslde the prescribed beam, smce 

the hght so “spilled” not only constitutes a loss m Itself. but owmg to 

fog or mist, increases the over-all background lummance and so produces 

a higher level of eye lllumlnatlon For the same reason, It 1s necessary 

to ensure that the amount of hght radiated upwards 1s no larger than 

strictly necessary 

Proposed hght beams were mstalled at Schlphol Axport for testing under actual 

flight condltlons and for determmatlon of their worth via pilot mterviews 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Lights were deslgned to meet the specifications developed on the basis of the 

analysis presented In the report 

TV3-2 



Human Sclencee Reeearch. Inc. 

AUTHOR 
TlTLE 

REFERENCE 

SUMMARY 

CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

Douglas, C A 
Problems in the control of glare in approach- and runway-light 
systems 
Washmgton National Bureau of Standards, 1958 (Report 
No 5747, Project No 0201-20-2331 ) 

The author revxws current practices for controllmg glare from approach and 

runway lights and points out that the use of light-beam restrlctlons and re- 

ductlon of mtenslty lead to problems of reduction of region of guidance and 

effective visual range of the lights involved Certam modlflcatlons of the 

systems were suggested These were the use of higher mtenslty and wder- 

beam lights m the “outer”regmns of guidance, that is, further from threshold, 

and control settings for different relative mtenslty settmgs between Inner and 

outer regions in condltlons of restricted vlsibillty Suggestions also are made 

for lmprovmg control of mtenslty for varymg vlslblllty conditions 

REMARKS 

The relatively low cost mvolved argues for an experImenta mstallatlon to 

operationally test the suggestlons made The report helps pinpomt one mayor 

factor in the “black hole” problem Maxunum useful mtenslty/viewing 

distance and visual range/mtenslty graphs are Included 



REQUIREMENTS 

Maxxmnn useful lllummatlon to a pllot (Just below glare) is consldered to be 

about ZOOO-mile candles Mmimum useful illumination (Just above threshold) 

1s consldered to be about 01 mile candles 

When vlewmg distance 1s small (50-100 feet) the maxmxn-n useful Intensity 1s 

low, even m fog However, maximum useful mtensity mcreases quite rapldly 

as vlewmg distance is Increased, e g , 100 candles at 200 feet, 1000 candles at 

3000 feet, both when vlslbality is rated at 400 feet For lOOO-foot visiblllty, the 

mmlmum useful mtensity in the outer approach zone is about four txnes the 

maxImum useful intensity m the Inner approach zone 

Control of mtenslty setting requires first a knowledge of the sultable mtenslty 

and some means of Insuring that the system 1s set at this Intensity 

CONCLUSIONS ANP/OR RECOMMENDATIONS 

Use of highest beam mtenslty possible m outer regions consistent with required 

beam spread and permlsslble power consumption (color ruled out) 

Use of lamps of different mtenslty and beam pattern in inner and outer regions 

Adjustment of two sets of lamps to different relative mtensltles m poor vlslblllty 

Use of any one of a number of ways for Improving settmg of proper mtenslty 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE 

Douglas, C A 
Some factors affecting the relation between reported vlslblllty 
and vlslbillty from alrcraft 

REFERENCE Washmgton Natlonal Bureau of Standards, 1953 (Report No 
2715. ProJect No 0201-20-2301 ) 

SUMMARY 

The author focused on analyzmg the dlfflcultles a pilot ~11 have In predlctmg 

the slant vxx~al range durmg landing under poor vlsibllity condltlons Factors 

ldentlfied and discussed Include tnne and location varlablllty In transmittance. 

cockplt cutoff, search time, effects of terrestrial background, alrcraft 

fhght path, and mtenslty dlstrlbutmn of lights used Recommendations for 

practical steps to Increase the accuracy of predlctlon are Included, as 

well as for certain research and development proJects axned at the same 

objective 

REMARKS 

The analysis IS supported by many graphs, formulae, and other visual aids 

lllustratmg the influence of the factors Involved, mcludlng examples of 

thew mteractlons 
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REQUIREMRNTS 

Vnslbllltres reported to the pilot on the basis of ground weather observations should 

approxnnate, as nearly as possible, the p&t’s actual vlslblllty 

CONCLUSIONS AND/OR RECOMIMENDATIONS 

Choice of landmg dIrectIon The simple expedmnt of not landmg in the up-sun 

dn-ectmn under crltlcal condltnms can slgmfmantly increase the pilot’s vmibllity. 

Greater use of the lightmg aids m hazy weather particularly when the sun is low. 

Installation of high-mtenslty range hghts to Indicate the extended centerline of 

the runway 

Use of a sufflclent number of hghts m an approach-hght system spread over a large 

enough area so that the time of search would be reduced 

Provlslon for runway marlungs of high contrast and of sufficient angular swe 

which would be effective at dwtances as great as 3 miles 

Makmg vlsibillty observations more representative In time and place 

Apphcatlon of the vlsiblllty factors discussed m this report and of other slgnlficant 

vmlblhty factors to the reported vlslbilitles m order to obtam a measure of the 

vmual guidance the pllot can expect 

An operational study on requirements for accuracy of measurement of vlslblhty 

parameters 

Much greater emphasm be placed upon developmg means of lmprovmg the gwdance 

gwen the pllot than m the development of mstruments whmh can do no more than 

tell how bad the vlslblllty 1s 
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CONTRACT FAAIBRD-I3 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Douglas, C A 
TITLE Some problems in approach llghtmg 

REFERENCE Washmgton Natlonal Bureau of Standards, 1958 (Report No 
5753, ProJect No 0201-20-2331,) 

SUMMARY 

The author discusses the followmg approach lightmg problems standardlzatlon, 

field testmg. elevation gudance. and control of glare The author concludes 

that compatlblllty of hghtmg systems appears a more feasible goal than 

standardization, service testmg appears more satisfactory than flight testmg, 

more sensltlve elevatmn mformatxm ~111 be required m the future, and glare 

In approach lights may be overcome by reducing the mtenslty of the hghts m 

the Inner zone 

REMARKS 

This 1s a competent review and evaluation of the general worth of past 

operational tests and offers valuable suggestlons for future tests 

The conclusions are based on the author’s personal observations and opmion 
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REQUIREMENTS 

An Integrated visual gudance system. 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Standardlzatmn 
Standardlzatlon of approach systems encounters several obstacles as follows 

Different views as to the relative Importance of the different types of 
guidance to be supplled by the approach light configuration. 

Differences In the accuracy of the couplmg to the Instrument landmg 
system. 

Differences m the capabllltles of puots and m the characteristics of 
aircraf? 

RestrIctIons placed on the length of the system and on the pernusslble 
location of lights whxh are based on requrements other than gudance 

Differences m opmlons as to the value of the various components which 
might be used to buld a system. 

The principle of compatlblllty should provide sufflclent flexlblllty m the design 
of conflguratlons m order that differences m operatlonal requu-ements, dlffer- 
ences m thmkmg, and lmutations because of terram can be met 
Field Testmg 
Past evaluations of approach systems have generally been based upon either 
pllot opnnon or the appllcatlon of arbitrary criteria as a measure of perfor- 
mance. Neither of these alternatlves has been found to be entirely satisfactory. 
Other factors which have tended to mvalldate or give mlsleadmg results In the 
testmg are 

Failure to dxtmgush among relevant variables. 
Use of special or highly homogeneous test crews. 
Lack of sutable controls m the design of the expernnent. 
Extrapolatmn of results to condltmns other than those in which the 

tests were made. 
Deflclences in reportmg such weather data as vislblllty and ceilmg. 

It would be highly desirable that a Jomt test faclllty, avaIlable to all agencies, 
be established. Such a faclllty could be equipped so that systems can be easily 
and cheaply mstalled for prelunmary and operatmnal sutablllty testmg 
Elevatmn Guldance 
The posslbllltles of systems of elevation guidance based upon new prmciples 
should be explored. The followmg factors should be considered 

Knowledge of the rate of change of displacement from the glide path or 
height above the runway 1s perhaps as Important as knowledge of the 
displacement or height. 

An mdlcatmn to the pllot that his present course ~111 lead to a safe 
touchdown, an undershoot, or an overshoot, seems preferable to an 
mdlcatlon that he 1s on, below, or above the glide path. 

Glare 
The solution to this problem might be the use of lights of different types m 
the outer and Inner approach zones and settmg the mtensity of the lights in the 
outer approach zone one step higher than those m the mner approach zone. 
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Human Sclences Research, Inc. 

CONTRACT FAAiBRD-13 
BSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Duerfeldt, C I-I 
TlTLE Installatmn and test of automatic light mtenslty control 

system for approach and runway lights 
REFERENCE Patuxent River, Maryland Naval Air Test Center, 1954 

(Report No 2, Fmal Report ) 

SUMMABY 

This report covers an automatic brightness control system and vlslblllty 

mdlcator developed by the National Bureau of Standards, which was 

evaluated m connectlon with runway approach lights at Naval Air Statton, 

Patuxent River The system, responsive to horizontal vlslblllty, pro- 

vided good control of approach light mtenslty Recommendatmns are made 

to nnprove the equipment from the standpomt of mamtenance and to add 

a cellometer to the system m order to obtam vertxal transmlsslvlty data 

FtESfARKS None 
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REQUIREMENTS 

The control of mtenslty of approach and runway lights and vlslblllty mformatmn 

furmshed pllots are rnportant faetors m effectmg safe landmgs and takeoffs at 

arflelds durmg low-vlslblllty condltlons 

The equpment was used to control the mtenslty of the lights of three approach 

systems under test for at least 100 of the 200 test flights, and pllots’ comments 

were recorded Also, recordmgs of day-by-day vlsiblllty were complied and 

checked with serology reports 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Results of tests mdlcated that use of transmlssometers and associated mtenslty 

rontrol equipment were an aid m supplymg accurate vlslblllty data and m con- 

trollmg mtenslty of approach lights dur mg low-vlslblllty condltlons 

Pilots’ romments on intensity control, made durmg approach light evaluation, 

mdlcated that light mtenslty was much nearer an optimum settmg when lamps 

were automatlcally controlled than when manually controlled The only unfav- 

orable comments were m connectIon with the lack of vertical transrmsslvlty 

mformatlon 

A brightness control umt modlfled to functmn with fast-actmg voltage regu- 

lators, was recommended for mcorporatmn m the system A cellometer was 

recommended so that vertleal transmlsslvlty mformatlon can be obtamed for 

mcorporatlon m mtenslty control 

Smce the automatic mtenslty control system and vlslblllty recorder tested 

showed promlsmg results, further work along those lmes was recommended 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANN(yTATION 

AUTHOR G111, J F 
TTTLLE Angle of fovea1 cone of vlslon under dynamic condltlons 

REFERENCE Report presented at the Fhght Techmcal Group, IATA, 
Fourth Meetlpg, New York, 1951 

SUMMARY 

This paper rewews operatlonal evidence which sets a reqmrement for 

determmmg the actual angle of fovea1 vlslon which can be utlllzed as a 

human capablhty m the design of alrport markmg and llghtmg systems 

REMARKS. 

This paper would mdlcate that research had not been conducted at that date 

on the determmatlon of the fovea1 vlslon of humans 
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REQUIREMENTS AND/OR DISCUSSION 

Pllots depend upon direct acute fovea1 vx%on gu:dance from approach lights, therefore, 

evidence 1s needed regardmg the lmmts of fovea1 vlslon under dynamle condltmns 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Factual data are needed on the angular coverage of fovea1 VS.IOR under dynamic 

coaditlons of restrlcted vlslblllty approaches and under the operational condltmns 

mvolved m the pilot’s task 
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Human Sciences Research, Inc. 

CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE 

REFERENCE 

SUMMARY 

Halg, T 0 ) & Morton, W C 
An operatlonal system to measure, compute, and present 
approach vlslblllty mformatlon 
Bedford, Massachusetts Air Force Cambridge Research 
Center, Atmospheric Devices Laboratory, 1958 (ProJect 
7694,) 

This report covers modlflcatlon to the equipment and methods utlllzed by 

Sperry m order to determme slant range wsiblllty more economically 

Derlvatlon of mformatlon from this eqmpment, factors affectmg It, and Its 

utlllzatlon m mllltary and clvll air operatmns are dlscussed Instructions 

for nnplementmg the system on an mterlm basis are presented Further 

research is recommended to bracket alrcraft havmg smaller cockplt cut- 

off angles than were utlllzed m the aircraft partlclpatmg m the study 

REMARKS 

The analytic basis used In this report 1s quite slmllar to that utlllzed m 

Great Brltam by Calvert, m which more meanmgful measures than cellmg 

and vislblllty are bemg sought 
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REQUIREMENTS AND/OR DISCUSSION 

The equipment utllrzed by Sperry was used m determmmg values of threshold 

vlslon range as verlfled by threshold contact heights reported by pllots 

OperatIonal experience at Newark mdlcated that the Sperry system, while glvmg 

satisfactory results, was much too cumbersome and expensive for general use 

Crlterla for a sunpllfled system were 

the results must be Just as good as the Sperry system, 

it must be applicable ulthout extensive mstallatlon work to any alrfleld 

havmg mstrument landing facilltles, 

It must be compatible with clvll and mllltary arcraft operations, 

It must be economical, and require a mmlmum of manual attention, u?th- 

out requring expensive or special equipment, 

At the suggestion of Douglas at the National Bureau of Standards, the Sperry 

equations were slmpllfled by assummg a homogeneous atmosphere below the 

base of the clouds, and using range computations based on sighting of lights 

(Allard’s law) These assumptions were verlfled by actual operational data 

Factors mvolved in seemg 

the target, 

the atmosphere, 

the observer 

Clouds were recorded m the study as an “effectwe cellmg” - a height determmed 

so that 20% of the pilots gam vlsual contact above the level, and 80% below the 

level 

The equipment used m the mterun system included 

a cloud height set 

transmlssometer 

llluminometer 

contact height tables 
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Legal minima are establlshed to maxmuze traffic flow and mmlmlze 

accidents The visual range of the pllot 1s the crltlcal factor m de- 

termmmg landmg SUCCESS 

For establlshmg a legal mmlma runway visual range, two factors must 

be taken into account safe rollout, and the acceptable percentage of pllots 

who must see the minimum distance 

For conventional commercial aircraft, and the crews that fly them, safe 

rollout takes anywhere from 1500 feet to as little as 700 feet Allowing 

for a safety factor, 2000 feet might be used It can then be determined, 

usmg a probablllty basis for a luminous threshold (the number of pllots 

who have a threshold equal to a less than a given emplrlcally derived 

threshold) at what range pilots might expect to see the lights 

Determining the visual contact height mmima IS more complex and m- 

valves a statistical dlstrlbutlon of at least three factors which are not 

available The duxtrlbutlon of lateral and vertical position of different 

type of au-craft usmg different type of Instrument approach systems, 

varying distances from the runway almmg pomt, and different heights at 

break-out are required Knowing these statistical distributions and the 

critIca operatmg altitude of the aircraft, then a correspondmg crltlcal 

height can be establlshed below which it would be unwise to attempt a 

landing Again, this ~11 have to be based on a probablllty basis, at an 

acceptable level of risk In all Instances, the pllot should be given the 

critical height and allowed to make his own declslon as to whether or not 

he wishes to go around when he reaches It 

Jet aircraft pose special problems because of their high fuel consumption 

at low altitudes, and the frequent necessity for makmg a landmg once 

committed from high altitudes 

Better measurement of visual range does not improve the pllot’s ability 

to see, this 1s dependent upon adequate views from the cockplt and/or 

adequate approach light systems 
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CONCLUSIONS AND/OR RECOMMENDAlIONS 

VLWEI~ contact heights and runway visual range better describe pllot visual range 

than do cellmg and vlslblllty 

Pilot, cockpit, and airfield lightmg system are mseparable components of the 

approach vislblllty problem Maximum utllizatlon of an alrfleld durmg mstrument 

weather conditions depends, to a large extent, on ablllty to give the pllot direct 

and accurate vlslblllty mformatlon 

It IS possible to describe the pilot’s visual range to an acceptable degree of 

accuracy by combmmg measurements of target light intensity, cloud height, 

ground lllummanee, atmospheric transmlsslvlty, experimentally determmed values 

of visual luminous threshold 

The VLCXI~~ range of an observer IS a statlstlcally distributed parameter 

The most useful form of slant visual range to a pllot IS to give him height above 

ground on the instrument glide path at which he ~111 obtam mmlma visual guidance 

There is a logical basis for determmmg the numerical value of a legal llmlt 

An adequate llghtmg system 1s required at all alrflelds handlmg mstrument traffic 

inasmuch as vxx~~I. range mformation is useful only If the pllot can receive ade- 

quate guidance from what he can see 

The mterlm system should be implemented at all alrflelds where an adequate llghtmg 

system 1s installed and where expected a~ traffic 1s composed of aircraft havmg a 

cut-off angle of 8 degrees or more 

Further studies should be made to determme how the system should be modified for 

alreraft mth cut-off angle less than 8 degrees 

Legal mmlma for runway visual range should be determmed followmg the procedures 

described m the report 

Further studies should be mltlated to determme parameter values for establlshmg 

legal mmlma for visual contact height. 
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AUTHOR: 
TITLE 

REFERENCE 

SUMMARY 

CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

National Bureau of Standards, Photometry and Colorlmetry Section. 
Determmatlon of the effective mtenslty and the visual range 
of flashing lights in restrlcted vlsiblllty 
Washmgton Author, 1958. (Report No 5905, ProJect No. 
0201-20-2327.) 

Field tests, m fog condltlons, of four types of flashmg lights (compared to 

steady light) were conducted to assess their effective mtenslty anci visual 

range. No slgmficant devlatlons from the Blondel-Rey law resulted. The 

apparently greater visual range attributed by pllots to condenser-drscharge 

lights over approach lights is discussed, and related to differences in m- 

tenslty (dIrection of view and settmgs), visual range of glow, and ease of 

ldentlficatlon. 

REMARKS None. 



REQUIREMENTS 

The requirement underlymg the present study is early contact with approach 

system lights 

Llghtmg umts mvestlgated m this study Included the followmg 

Westinghouse type FGL-1 krypton flash tube set for 40 flashes per 

minute 

Sylvania type R4336 flash tube adjusted to 60 flashes per minute 

Beacon conslstmg of SIX 120-volt, 300-watt, PAR-56 type lamps 

which provided a flash rate of 72 per minute 

Beacon conslstmg of SIX 115-volt, 400-watt, PAR-56 type lamps 

which provided a flash rate of 72 per mmute 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The value of the constant a of the Blondel-Rey law was found to be 0 35 for - 

night conditions and 0 15 for daylight condltlons. The Blondel-Rey law 1s 

t2 
I = s 

E 
Idt = - e 

tl 
a +t 

a + (t2-t,) 

Where 

Ie = effective intensity 

E = energy per flash 

a = visual response factor 

t = flash time in seconds 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Sperry Gyroscope Company 
TITLEi A fhght mvestlgatlon of the performance of low cellmg/ 

vlslblllty meteorologxal equipment 
REFERENCE Great Neck, New York Author, December, 1954 

(Report No 5245-4059, Contract No. CCA 29773,) 

SUMMARY 

This report describes the results of a flight test program to evaluate 

operatlonally the cellometer-transmlssometer system of measurmg low 

cellmg/vlslblllty weather for predlctmg what the pllot ~11 see from the 

cockpit durmg actual weather approaches It was concluded that the 

cellometer -transmlssometer system provided a sound method for re - 

motely measurmg weather m the runway approach zone However, 

supplementary photometrlc data are required for the optimum mter- 

pretatmn of these weather observations 

REMARKS 

The test data are presented and analyzed m detail The report 1s also very 

complete In supplymg necessary photographs and diagrams of test equipment 

and facllltles and In glvmg necessary background and dIscussIon of all phases 

of the test program Data are presented separately for each of the 468 fhghts 

A summary report of this document 1s avallable (Sperry Gyroscope Company, 

1954) 
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REQUIREMENTS 

The visual detectlon and/or recogmtlon of obJects, or patterns of obJects, m the 

approach and landmg areas of an aIrport are required as a basis for conduct of 

a visual contact landmg. Visual reference with the runway threshold from the 

aircraft results from the recogmtlon of one or more of the followmg visual con- 

flguratlons 

The runway proper as vlewed agamst the background formed by the 

surroundmg terrain 

Runway threshold lights agamst a terrestrial background. 

Runway threshold markmgs agamst the runway surface background. 

Under Instrument flight conditions, detectlon range 1s a fun&Ion of the followmg 

factors 

Meteorologxal constltutlon of the atmosphere affectmg the transrnlsslon 

and scattermg of lummous energy m the spatial region affectmg the 

airport and the cockplt of the approachmg alrcraft 

Photometric dlstributlon of sky lummance in the approach zone of the 

alrport and the dlstrlbutlon of spatial lummances mall dlrectlons as 

viewed from the axrcraft cockpit. 

Geometrx and photometric conflguratlon of reflectmg terrain and self- 

lurnmous sources In the approach and landmg area. 

Alrcraft characterlstlcs such as air speed, cockpit cut-off angle, and 

cockpit lllurnmatlon. 

PIlot visual characterlstlcs such as ~llummance thresholds and bright- 

ness contrast thresholds. 

Special meteorological equipment was ms?alled at the test sites as follows 

Transmlssometer adjacent to the touch-down end of the mstrument 

runway. 

Cellometer at the rmddle marker site and In the approach zone. 

Terram lllummometer at the threshold of runway 
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Meteorological vlslbllity targets and lamps used to determme day and 

mght vlslblllty. 

Runway vlslblllty markers to determme runway visual range durmg 

dayllght. 

Alrborne mstrumentatlon Included cockplt motion picture camera to 

record the pIlot’s wmdshleld view. 

A vlslble terram cimera to record lummance measurements. 

A photo theater to record axcraft outputs such as air speed, altitude, 

roll, pitch, headmg, etc. 

A NACA cloud detector. 

Two alrborne photometers to record lummances of the pilot’s field of 

view and center of the vlslble terram camera field. 

A DC-3 alrcraft was used for all flight tests and crews were drawn from five 

pllots, all employees of the Sperry Gyroscope Company, who held Alrlme 

Transport Pllst ratmgs. 

Durmg the test period January 1953 to February 1954, actual weather In- 

strument qproaches were tlown. The tests emphasized weather below 

500 fpet cell:np and 1 mile vlsiblllty. Three significant points m the approach 

were reported by the pllot or co-pilot. These were vertical contact, approach 

light contact, and threshold contact. 

When either the pilot or co-pIlot first saw terram below the alrcraft, he 

stated it over radio rommunlcat~on. Slmllar atatemcnts were made upon 

obtammg v rsi.11 reference we th approach lights or other promment terrain 

features m the approach zone and with the end of the runway. All of thel;e 

observations were transmltted irom the aIrcraft and rerorded on the tape 

recorder located in the ground statlon. 

CONCLUSIONS AND/OR RECOMMENDATIONS: 

A program of field tests at scheduled alrline terminals with particlpatmg air- 

lme aircraft should be xnplemented to check the ceilometer-transmlssomrter 
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techmques for determmmg how well pllots can see from the cockplt, as developed 

m this proJect 

The followmg conclusions are based on a detalled statistux.1 analysis of the data, 

Transmlssometer and rotating-beam cellometer combmatlon provided a 

sound method of remotely measurmg weather in the runway approach zone 

Supplementary photometrlc data are required to mterpret weather obser- 

vatlons m terms of what the pllot ~111 see from the cockplt 

The determmatlon of what the pilot ~11 see from the cockpit under weather 

and photometric condltlons measured with a cellometer-transmlssometer 

system can be expressed only as a probability function 

The manner m which the weather 1s reported to the pilot should be modl- 

fled If the performance of the cellometer-transmxsometer system 1s to 

be most useful to the pllot This report could Include the following pre- 

dictions vertical contact height, approach light contact height, threshold 

contact height, and runway v~.~al range 

The cellometer-transmlssometer system requires a human observer to 

account for specml weather condltlons such as radlatlon fog and snow 
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CONTRACT FAA/BFiD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Sperry Gyroscope Company, Aeronautical Equipment Dlvlslon 
TITLE An operational flight evaluation of an approach zone slant 

vlslblllty measurmg system 
REFERENCE Great Neck, New York Author, May, 1957 (Report No 

3245-4080 1 

SUMMARY 

Flight tests were conducted to determine the relatlonshlp between actual pilot 

observations of visual contact with threshold lights and cockplt visual range 

as computed by a cellometer-transmlssometer weather-measurmg system 

REMARKS 

The report contams a complete breakdown of all flights on which data were 

collected Graphical presentations of the data, subdivIded accordmg to day 

or night flights and brightness settmg of approach hghts, are given The 

prmclpal crlterlon utlllzed was lmtlal runway threshold contact 

-. 

TV12 



REQUIREMENTS 

Durmg the terminal flight modes, the pllot needs to establish visual contact with the 

runway hghts m sufflclent time to conduct a safe landing In low vlslblhty condi- 

tlons, the pllot can use mformatlon about the visual range he can expect to encounter 

m the approach zone as a basis for decldmg whether or not he can carry out a safe 

approach and landmg. An effective weather-measuring system, therefore, should 

translate its data into slant visual range mformatlon 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Slant vlslblllty can be expressed only on a probability basis, therefore, a range 

of values should be provided to the pllot 

The mtenslty settmg of an approach light system affects the lllummance thres- 

hold of the pilot and must be eonsldered in determmmg slant vlslblhty based 

on threshold lights 

A maxmum of 58% and a minimum of 42% of the recorded approaches obtamed 

threshold contact prior to reaching the altitudes predicted by the meteorological 

and photometrx data 

The fog-smoke-haze weather condition at mght produces a heterogeneous at - 

mosphere m irllllch the atmospheric slant transmission 1s not measured accu- 

rately by the transmlssometer and cellometer 

Displacement of the aircraft from the ILS ghde slope on course mtroduces 

addItIona varlablllty m the actual threshold contact height 

Aircraft type does not have any slgmflcant effect on slant vlslblllty to the run- 

way threshold durmg daylight approaches, but does at night 

Meteorological equpment for the direct measurement of slant transmlsslon as a 

function of range should be developed to replace the cellometer and transmlssometer 

in the slant vislblllty measurmg $ystem 

Optimum slant visibility forecastmg procedures require the direct predIction of the 

meteorological and photometric quantltles Involved as a function of time 
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CONTRACT FAAIBRD-13 
I-LSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Stevens, N. B , et al 
TITLE The determmatmn of atmospheric transmlsslvlty by back- 

scatter from a pulsed-light system 
REFERENCE Rlverslde, Callforma Motorola, Inc , RIversIde Research 

Laboratory, 1957 (Contract No AF 19(604)2213 1 

SUMMARY 

The feaslblllty of determmmg wsual range along the slant path by observation 

of light scattered by the atmosphere from a pulsed beam of transmltted hght 

was mvestlgated experlmentally and theoretlcally Three conflguratlons 

were consldered, m which the receiver and transmltter were coaxial, 

separated laterally, and separated III range The experxnental equipment 

did produce useful signals m the range of 1000-2000 feet Although this 

range IS not adequate, extrapolations of the data mdlcate the posslblhty of 

assemblmg a larger system as a means of covermg larger ranges 

REMARKS 

Most of the text 1s quite theoretical Much mathematical data and many 

diagrams are Included 
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REQUIREMENTS 

The fundamental requirement, basic to this proJect, was pllot must recogmze 

the runway lights while sufflclent altitude remains to permit course correctlon 

The research problem of this work concerns predlctmg, in hazy or foggy weather, 

at what altxtude and range a pilot ~11 see and recogmze the approach hghts 

This measurement was made by proJectmg a short (microsecond) duration 

pulse of vlslble light up the glide path, and measurmg as a fun&Ion of time, 

the hght scattered from the beam Accordingly, fundamental elements of the 

system (of whatever size or conflguratlon) are the transmitter, conslstmg of 

pulsed-hght source and optics, and the receiver, conslstmg of optics, Beldstop, 

and multlpher phototube 

The mam aspect of Interest was a relative comparison of pulse shapes at the 

source, and of resultmg slgnal current pulse shapes at the recewmg equipment 

gecause of the newness of the system, only hmlted experImenta data were 

cited at date of report 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Coaxal arranged equipment yielded very httle useful mformatlon Usmg a 

separated transmitter and receiver, some mformatlon beyond 500 feet was 

recewed, but the useful range of such equipment was consldered small It 

was recommended that mcreased range capabihtles be sought through contmued 

work on hght sources 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR U S Weather Bureau 
TITLE Fmal approach vlslblllty studies 

REFERENCE Washington Author, 1955 

SUMMARY 

This fmal report Includes all pertment materlal on a 3 l/2 year 

(1951-1955) prolect to detwmme cellmg and vlslblllty factors which 

affect the operation and control of alrcraft durmg final approach and 

landmg, particularly under low cellmg and low vlslblllty condltlons. 

Equipment utilized mcluded transmlssometer, hxed-beam cellometer, 

rotatmg-beam cellometer, pulped-hght cloud range meter, and television 

The study was conducted partially m conJunctIon wth the Sperry study on 

slant range vlsiblllty A dlscusslon and analysis of the problems Involved 

are Included, as well as certam conclusions and recommend&Ions on the 

use of the equipment employed to measure wslblllty condltlons. 

REMARKS. 

The report is most complete m supplymg background, diagrams, and 

photographs of each Item dlscussed Graphic presentations of pre- 

vlous operational test results also are gwen A very good report on the 

state of the art See the Progress Reports on this proJect for addItIona 

dlscusslon. (June, 1952, March, 1953, November, 1953, and January, 1954) 
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REQUIREMENTS 

Visual alds are required to assist pllots In locatmg their posltlon and orlentmg 

their alrcraft with respect to the duty runway 

Probabihty of fmdmg and usmg a llghtmg system depends upon several factors 

such as 

Characterlstlcs of the alrcraft which determme cut -off angle, response 

1% 

Atmospheric transmlsslvltles per elevation angles. and dlrectlons 

Intensities, designs, orlentatlon of the alrport lights 

Brightness contrast and texture contrast of runway with respect to the 

surround 

Background brightness which governs the adaptation level of the pIlots’ 

eyes 

Pllot characterlstlcs search procedure, declslon and reactlon time, 

and thresholds of brightness contrast 

The transmlssometer used 1s Illustrated m the text The various mstruments 

used m the rotatmg-beam cellometer and the fixed-beam cellometer also are 

shown m the text 

CONCLUSIONS AND/OR RECOMMENDATIONS 

In Its present state of development, the rotating-beam cellometer used offered 

several advantages over the flxed-beam type 

It was much faster in that It operates on a speed glvmg an mdlcatlon every 

6 seconds whereas the conventional flxed-beam cellometer 1s deslgned 

to give two mdlcatlons every 12 mmutes The hxed-beam cellometer, 

because It scans at a relatively slow rate, does not give an mdlcatlon of 

short term or random fluctuations m cloud height, whereas the rotatmg- 

beam presents discrete measurement of nearly all cloud fragments 

passmg over the detector 

Because the alternate clrcults are less comphcated the umt was a 

httle less expensive, required less mamtenance, and was more easily 

mstalled 
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The power requirement 1s about 500 watts or one quarter that of the 

fIxed-beam, thus showmg more economical operation. A dlstmct 

disadvantage of the rotatmg-beam 1s that no permanent record IS 

made of the cloud mdlcatlons at the present time 

A scatter diagram of the results mdlcates that the two systems are 

comparable and compatible, m that there was no systematic difference 

between their measurements 

The conclusions reached m part with Sperry were 

The transmmsometer-cellometer combmatlon provides a sound 

method for remotely measurmg weather m the approach zone, but 

that optimum mterpretatlon of the data requires supplementary 

photometrlc measurements 

Celhng 1s usually a conservative estimate of vertical contact height 

When low clouds are present, reported vlslblllty 1s usually greater 

than threshold contact range Jn 91% of the cases this condltlon 

prevalled 

When radiation fog 1s present, threshold contact range and reported 

vislblllty agree fairly .vell m the average 

Comparisons showed that there 1s ample Justlflcatlon for the rather common 

belief that meteorological observations, as routinely made at present, do not 

accurately mdlcate condltlons the pilot ~111 experience if. as is frequently 

done, cellmg is interpreted as vertical contact height and vlslblhty 1s 

Interpreted as threshold contact range or other slant vlslblllty 

AddItIonal conclusions were 

The transmlssometer and the rotatmg-beam cellometer arc service- 

able mstruments sultable for routme aperatlonal use 

A meter calibrated In vlslblllty umts is practical for control tower 

mstallatlons 

The pulse-hght cloud range meter 15 not sultable for determmmg 

heights of low clouds or for determmmg slant and visual range 
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Televlslon enables an observer to determme vlslblllty at remote locatlons 

fairly well In daytlme, but not satlsfactorlly at mght 

A field test be conducted, at a busy commercial or military alrport, of 

the method of estlmatmg slant v~ual range developed as a result of the 

MacArthur fhght project 

Investigations be conducted with the view to developing new or Improved 

methods of estimatmg slant visual range 

A research proJect dlrected toward precme. short period forecasts be 

Inaugurated Development work contmue on various methods for 

dlsplaymg mformatlon obtamed by the rotatmg-beam cellometer There 

1s need for a simple, more easily Interpreted. longer persistence display 
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CONTRACT FAAIBFtD-15 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Blatt, R C. 
TlT’LE* Are present llghtmg aids adequate for private flymg? 

REFERENCE- Paper presented at the National Techmcal Conference of the 
Illummatmg Society, Washington, August, 195 1. 

SUMMARY~ 

The author presents the results of a survey he conducted assessmg the adequacy 

of airport hghtmg, focusing on Class 1, the smaller type airport. He concludes 

that the llghtmg aids at that time were not adequate for private flymg. and that 

the inadequacies are restricting utilization of private aircraft 

One of the few analyses of the requirements of small private amcraft 1s in this 

report. Most students of airport markmg and hghtmg have focused their 

attention on mllltary and commercial carrier requirements 
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REQUIREMENTS AI’JD/OR DISCUSSION 

The opmmns of 50 private pllots. each havmg considerable mght flymg experience, 

were sohclted on questions concermng the followmg 

amway beacons 
airport wmd Indicators 
alrport hghtmg 
lighted dwectlonal taxnng signs 
alrcraft llghtmg 
navlgatlon lights 
cabin lights 

The underlying assumption appears to have been that each of these were crItIca 

to private alrcraft operations 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Llghtmg aids were not adequate for private flymg. Including arway llghtlng, airport 

hghtmg, and aircraft lightmg 

The future of private flying depends on adequate hghtmg. Ths would brmg about more 

utllltles for private alrcraft, more demand for private aircraft, and more business 

with increased profits for small airport operators. 

Small lighted fields would aid national defense by provldmg Civil Air Patrol with round 

the-clock flymg facilities and the mllltary service mth emergency field facllltles. 

Amway beacons are helpful and are bemg used by most private flyers, therefore, 

they should not be removed 

Wlule some of the private planes have radio equipment, it does not ellmmate the need 

for adequate aIrway and airport lighting, including wmd socks, tees, and tetrahedrons 

Wmd socks are not adequately llghted or located. 

Navigation lights should be flashmg type 

There is a need for a low cost standard hghtmg system, perhaps $500 or less, 

for small or private operators unable to get government or local fmanclal aid 

There IS a defmlte lack of knowledge among private and commercial pilots of the 

meanmg and identification of various llghtmg ads on the alrways and airports 
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REPORT ANNOTATION 

AIITHOR~ Bressey. P. E. 
TITLE* The undershoot problem. 

REFERENCE* Paper attached to IATA Special Meetmg, Amsterdam, 
November 14-22, 1955 

SUMMARY* 

The author makes the point that a visible foreground 1s vital m order for the 

pilot to make the Judgments reqmred of him. He recommends that approach 

hght systems be utlllzed even m good weather, or else that an angle of 

approach mdlcator, at least mdlcatmg a position below a safe angle of 

approach, be made avalable. 

REMARKS: 

The underlymg xnpllcatlons of the author’s remarks are that altitude, &stance, 

motion parallax, and motion perspective Judgments are much easier when the 

objects are closer to the pilots’ eyes. 
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REQUIREMEWTS AND/OR DISCUSSION 

A visible foreground, as close to the pllot as allowed by cockpit cutoff, needs to 

be provided m good v~sibilityl&uhngs as weli as in poor visibility landmgs. 

CONCLUSIONS AND/OR RECOMlMENDATIONS 

There 1s a general all-weather reqmrement for an approach light system and, If 

not feasible, at least a “dangerously low approach warning indicator” 
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CONTRACT FAA/BRD-13 
IiSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR cocquyt, P 
TITLE Sensory illusions 

REFERENCE Shell Aviation News, 1952 (No 1’78.) 

SUMMARY 

The author, an operational pilot, reviews the probable contrlbutlon of 

optlcal illusions to aircraft accidents as related to pilot error The 

analysis 1s based upon his own experience m the an-, hs mvestlgatlons 

of a number of accidents. and trlgonometrlc analysis of landmarks or 

references to the position of alrcraft in various roll and pitch attitudes 

The author concludes that research on llluslons is critical and that a 

trammg film lllustratmg such llluslons should be prepared and dxitrlbuted 

for showmg to pllots to warn them agamst such llluslons 

A very good analysis of the kinds of problems that can arise m operations 

due to inadequate roll and pitch guidance 

. 
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REQUIREMENTS AND/OR DISCUSSION 

The pilot needs to orient hlmself in space with respect to his aircraft’s posltlon 

and its three degrees of rotational axes. 

CONCLUSIONS AND/OR RECOMMENDATIONS 

NIlsJudgment of height 1s very easy over a level surface or water. 

A pllot frequently has the sensation of flying horizontally while in fact his aircraft 

is banked. 

Illusions do not last long once the pilot has good visual stimuli of ground reference. 

Many illusions arxe with respect to the roll and pitch axes. 

At mght, when the ground plane is not easily vlslble, the pilot determines his rela- 

tive height by estimation of the distance to a landmark, and the angle between the 

direction of the observation of his landmarks and his horxzon. If his horizon is ob- 

scured, and he does not have a good perception of the ground plane (e. g., over 

water), errors m the assumed angle can account for roll and pitch errors and thus 

undershoots and flymg into the ground. 

Most optxal illusions occur when the observed reference pomts are represented 

by obJects without relief, 1. e., elevation or height. 
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REPORT ANNOTATION 

AUTHOR Eastburn, M W 
TITLE The black hole 

REFERENCE New York Fhght Safety Foundatmn, 1955 (Pilot’s Safety 
Exchange Bulletm 55-108 ) 

SUMMARY 

This paper hlghllghts the “black hole” problem and renews the evidence 

avallable for corrective procedures The author concludes that a famlllar 

vertxal surface stlckmg out of the ground 1s requn-ed for vwual landmg 

REhMRKS: 

The author draws heavily upon the work at the U S Am Force School of 

Anation Medlcme for background materials 
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REQUIREMENTS AND/OR DISCUSSION 

The approach area must provrde adequate cue.s to orlentatlon and space, namely, 

depth perceptlon 

Motion parallax and size of famlllar obJects are the two most Important requirements 

CONCLUSIONS AND/OR RECOMMENDATIONS 

L-shaped alds, one on each side of the runway, with the horizontal segment 90 

degrees to the ams of the runway and pomtmg toward the runway will provide the 

motion parallax and famlllar sme objects needed for optimal pllot Judgments 
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REPORT AN-NOTATION 

AUTHOR Elhs, W H B , & Allan, R M 
TlTLJ3 PIlots’ eye movements durmg visual approaches and landmgs 

REFERENCE Royal New Zealand Air Force, Royal Air Force Institute of 
Avlatlon MedIcme, September, 1954 

SUMMARY 

Thx study reports on an expernnent conducted to analyze the pllot’s eye 

movements durmg the latter stages of an approach It was determmed that 

the sublects spent on an average of 45 per cent of the last 30 seconds not 

lookmg outslde the cockplt Varlatlons In blink rate, taken as a measure 

of visual concentration, are also dlscussed 

REMARKS, 

The author quotes a figure of 2 seconds for focusmg m and out of the cockplt, 

1 e , a complete cycle This would seem to correlate with other evidence 
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REQUIREMENTS AND/OR DISCUSSION 

It 1s unportant to know ho% pilots use their eyes durmg the approack especially 

m vuew of ever-increasing approach speeds 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Apprommately 45 per cent of the landing Approach txne was spent readmg the 

amspeed mdlcator 

Evidence avallable shows that with an alternate method of an-speed present&Ion, 

such as an audltory one, the pilot spends almost 100% of his tune looklng out of the 

cockplt 

With the standard alrspeed mdlcatnr, there 1s a disruptIon of normal blmk rate 

When the audltory channel 1s utlllzed, there is a near-normal blmk rate 
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AUTHOR Hochberg, J , & Smith, 0 
TITLE Landing strip markmgs and the “expansion pattern” I 

Program, prelxmnary analysis, and apparatus 
REFERENCE Perceptual and Motor Skills, 1955, 5, 81-92 

SUMMARY 

The problems faced by a pllot in approachmg a carrier deck are analyzed 

theoretically on the basis of relative changes of posltlons and rates of 

movement of pomts In the perceptual field The paper 1s an initial paper 

m a program of research focused on defmmg optimal landmg strip markings 

The general theory 1s discussed, terms are defmed, laboratory apparatus 

descnbed, and initial tasks In the research laid out 

REhxARKs 

This paper represents the best appllcatlon of a theory close to Gibson’s 

to the operational problem of runway markmg The dlscusslon 1s clear 

for the most part and makes Important dlstmctlons which need to be con- 

sidered m a program of research of the sort contemplated All in all, the 

study 1s a “must” for anyone preparmg to do fundamental human factors 

research on an-port markmg and hghtmg design problems 
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REQUIREMENTS AND/OR DISCUSSION 

A dlstmctlon needs to be made between the stimulation to which the observer 

responds, 1 e , the proximal stlmulatlon, and Its source or reference, the target 

The target 1s the physlcal object reflecting light energy to the eye of the observer 

The proximal stimulus 1s the pattern of reflected hght at the eye of the observer 

The proximal stimulus 1s a fun&Ion of both the target and the relatlonshlp between 

the observer and the target, and as such 1s a potential source of information 

concerning both, although to start wlrh, both are unknowns 

No analysis m terms of the proximal stimulus alone can correspond completely 

to what the observer does when faced with actions dependent upon depth Judgment 

Typically, one makes an environmentally-favored assumption about the nature of 

the target This fixes one of the two unknowns, allowmg mformatlon to be assessed 

regardmg one’s relatlonshlp to the target 

The entlre expansion pattern may not be necessary for provldmg required mfor- 

matlon, but regions of maximal and mmimal changes may be sufhcient 

Factors which might limit the potential information avallable are acuity, effect- 

iveness, assumptions regardmg the target, attention, set, and learmng 

Visual acmty of several sorts may act as llmltmg factors, e g , mmlmum 

separable stimuli, mmlmum motion acuity, mmlmum shape deformation acuity, 

and varymg degrees of different’lal motion acuity thresholds (lust notlceable 

differences) 

Although the testmg sltuatlon is designed to mvestlgate specific psychologlcal 

processes, It will--withIn limits--be conducted in conditions as snmlar as 

possible to the real situation 

CONCLUSIONS AND/OR RECOMMENDATIONS 

See Requirements and/or Discussion 
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REPORT ANNOTATION 

AUTHOR Hochberg, J , & Snuth, 0 
TlTLE Landmg strip markings and the “expansion pattern” I 

Program, prehmmary analysis, and apparatus 
REFERENCE Perceptual and Motor Skills, 1955, L, 81-92 

suMMARY 

The problems faced by a pilot m approaching a carrier deck are analyzed 

theoretlcally on the basis of relative changes of positions and rates of 

movement of pomts In the perceptual field The paper is an mltlal paper 

m a program of research focused on defmtng optunal landmg strip markmgs 

The general theory 1s discussed, terms are defmed, laboratory apparatus 

described, and mltial tasks In the research laid out 

REMARKS. 

This paper represents the best appllcatlon of a theory close to Gibson’s 

to the operatIona problem of runway markmg The dlscusslon is clear 

for the most part and makes Important dlstmctlons which need to be con- 

sidered m a program of research of the sort contemplated All m all, the 

study 1s a “must” for anyone preparmg to do fundamental human factors 

research on awport markmg and hghtlng design problems 
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REQUIREMENTS AND/OR DISCUSSION 

A dlstmctlon needs to be made between the stimulation to which the observer 

responds, 1 e , the proximal stlmulatlon, and Its source or reference, the target 

The target is the physical obJect reflectmg light energy to the eye of the observer 

The proximal stimulus 1s the pattern of reflected light at the eye of the observer 

The proxnnal stimulus is a function of both the target and the relatlonshlp between 

the observer and the target, and as such 1s a potential source of mformation 

concernmg both, although to start v&h, both are unknowns 

No analysis m terms of the proximal stimulus alone can correspond completely 

to what the observer does when faced with actlons dependent upon depth Judgment 

TypIcally, one makes an environmentally-favored assumption about the nature of 

the target This fixes one of the two unknowns, allowmg mformatlon to be assessed 

regardmg one’s relatlonshlp to the target 

The entlre expansion pattern may not be necessary for provldmg requn-ed mfor- 

matlon but regions of maximal and mmnnal changes may be sufflclent 

Factors which might limit the potential information available are acuity, effect- 

lveness, assumptions regardmg the target, attention, set, and learnmg 

Visual acuity of several sorts may act as llmltmg factors, e g , mmlmum 

separable stlmull, mmimum motion acuity, mmnnum shape deformation acuity, 

and varymg degrees of d;fferenPLal motion acuity thresholds (just notlceable 

differences). 

Although the testmg sltuatlon is designed to investigate speclflc psychological 

processes, it will--wlthm limits--be conducted m conditions as slmllar as 

posslbIe to the real situation 

CONCLUSIONS AND/OR RECOMMENDATIONS 

See Requirements and/or Dlscusslon 
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REPORT ANNOTATION 

AUTHOR Jenks, A E 
TITLE Time concept of wsual distance 

REFERENCE Report presented at Flight Techmcal Group, Fourth Meetmg, 
IATA, Montreal, 1951 

SUMMARY 

The author reviews the concept of reactlon time and its Importance In 

determmmg the posltlonmg of airport runway and approach marks and 

lights 

The author states that experience shows that 3 seconds LS about the mmlmum 

normal reactlon txne that can be assumed m determining the posltlon and 

lntenslty of approach lights. 
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REQTJIREMENTS AND/OR DISCUSSION 

Normal mmlmum reactlon time 1s defined to include 

analysis and appraisal of corrective action required, 

the time to apply the control movements, 

time for the alrcraft to respond, 

time to observe that the corrective force or actlon IS takmg place 

At the runway surface, the mimmum vlslbility dimension, plus cockplt cutoff 

distance, approximates amount of runway surface used for visual reference 

under normal VFR condltlons This is used for texture and alignment appreciation 

durmg flare and touchdown--the so-called “stare period” 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The mmlmum &stance concept for visual flight should be calculated on a 3-second 

basis at the approach speed employed This amounts to 660 feet for an alrcraft 

travellmg at 150 miles per hour 
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CONTRACT FAA/BRD-13 
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REPORT ANNOTATION 

AUTHOR Jenks, A E 
TlTLE Alrcraft approach tolerances 

REFERENCE AeronautIcal Engmeermg Review, 1953, 12 (8) - 

SUMMARY 

The author discusses problems which the pilot faces durmg the last 3 

minutes of a successful all-weather approach and landmg In the paper, 

he discusses the approach mstruments utlllzed. the flight characterlstlcs 

of straight-lme fhght, turn correctlow m mstrument approaches, the 

turnltnne lag of modern alrcraft both m fairly large and mmute corrections, 

and the time factor m transltlonmg from mstrument to visual fhght He 

offers a number of conclusions which would help remedy the problems facmg 

the pilots 

RENLARKS 

Of particular mterest 1s the mformatlon regardmg turn/txne lag The author 

quotes stu&es showmg that from 4 l/2-7 seconds, dependmg upon the lmtlal 

bank employed, are required for an aircraft to show a measurable departure 

from track after turn has been mltlated These turns were made by auto- 

pllot over a ground speed range of 129-171 miles per hour 

M8 



REQUIREMENTS AND/OR DISCUSSION 

Straight -in flight means the continual employment of mmute corrective turns 

Bank amounts requn-ed for correctmg displacements on an instrument approach 

must not place the wmg tip lower than the landmg gear in the extended position 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Turn/time lag measurement should be made for each type of “T” category aircraft 

Precision approach paths must be as straight as possible, particularly m the final 

stabihzmg zone 

Heading mstrumentatlon m the-cockplt should be Improved by reducing lag or lead 

Approach hght lanes should be lengthened, otherwise, the runway space wll be 

used for fmal correctlons of the heavier and faster axcraft, and not for their 

Intended purpose, 1 e , landmg and takeoff of alrcraft 

When suitable means of knowmg posltlon on approach becomes avallable, pilot 

technique xnprovement ~111 be in order after procedural change 

GCA controllers should be acquamted with the turn/time lag and allow for It m 

GCA procedures 
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REPORT AN-NOTATION 

AUTHOR Jenks. A E 
TITLE The black hole 

REFERENCE The Ax Line Pllot, April, 1956. 

SUMMARY 

The author reviews requirements for low vlslblllty approach and landmg with 

special attention to visual flight requirements and the capabllltles of the human 

=y= On the basis of this kind of dlscusslon. the advantages of narrow-gauge 

flush llghtlng for all-weather operations are revlewed. 

REMARKS 

Thw 1s probably the most comprehensive analytic justlflcatlon for the narrow- 

gauge runway lighting systems 
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REQUIREMENTS AND/OR DISCUSSION 

Basic requirements for visual fhght in the approach zone are identlflcatlon, 

ahgnment, roll guidance, fhght guidance , distance , and posltlve threshold 

defmltlon 

Basic requirements for vxx~al fhght for flare, touchdown, and landmg roll are 

ldentlflcatlon. alignment, adequate defmltlon of surface plane (precise height 

sensltlvlty), roll guidance, anddlstance 

Runway lighting should not produce an abrupt change at the runway threshold, but 

should afford contmulty of elements on which flight Judgments are based 

Visual flight can be mamtamed with a mmlmum visual segment equivalent to 

3 seconds of time at the aIrcraft’s forward velocity, (1 e 660 feet) 

Dlfflrulty 1s experienced on the runway m landmg If the visual segment ahead of 

the aircraft 1s less than 1400-1900 feet, dependmg on runway width This 1s 

equivalent to 6-9 seconds time 

Visual aids systems should be considered as only requlrmg 3 basic umts approach, 

threshold, and landing mat 

Instmctlve mterpretatlon, meanmg that one of the umts cannot be mistaken for the 

other whether vlslble or not, 1s vital 

Review of how requirements are met, with centerline approach system and runway 

edge hghtmg 

In lower vislbllltles. this change from approach area to runway area 1s 
noted by the transition from a solld visual reference (approach Ilghts) to 
somethmg vague and mdefmlte m lower vlslbllity condltlons (runway 
edge hghts) 

Ahgnment In good vlslbllltles 1s obtained from the defmltlon of the landing 
surface llmlts In lower vlslbllltles this 1s dlfflcult because the runway 
centerlme 1.5 not clear Ahgnment must be gotten from the runway edge 
hghtmg 

For roll guidance in poor vlslbhty, there 1s no simple horizon mdlcatlon 
and the pllot must get this m secondary form from objects or combmatlons 
of objects, that are vlslble The height guidance 1s afforded by runway 
edge hghtmg and dynamic appearance of the runway surface texture below 
the alrcraft The eyes of the pllot durmg fmal flare and actual touch- 
oo~n employ no saccadlc movement but stare dn-ectly ahead- This 1s 
hnown 2s the “‘stare period” 
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Crltlcal deficlencles Inherent ln present systems because of eye capabilltles 
are- 

The angular separation between the lights on the runway edge at the 
extreme visiblllty limits when the runway visual range IS below 
1400 feet 1s a little more than 5 degrees. The area of fovea1 vision 
when the eye IS focused on mflmty is 5 degrees or less. 

There 1s no flxatlon pomt at the place where the pllot needs It, 1. e., 
the runway centerlme touch-down point. 

The mam visual assistance 1s derived from parafoveal streamer vision. 

Under visual ranges of less than 2000 feet, the pllot may “go visual” while far 

out on the approach system, lose altitude until he obtains maxImum height sens- 

ltlvlty from ground reference, and then check his flight path descent and fly his 

axcraft In over the tops of the hghts. This 1s considered a perfectly safe pro- 

cedure as long as cushions of speed or power are maintained. 

Analysis of the proposed narrow-gauge llghtmg with respect to reqmrements. 

Identlficatlon--the closely spaced double-bars are a clear configuration 

break from the approach system. The break 1s from posltlve to nega- 

tive, 1. e., the centerline is there in the approach, but 1s not there In 

the runway. 

Alignment is obtamed by estimating the middle of the two light rows. 

Roll guidance--1s provided by the horxzon contmulty formed by the 

paired light sources. 

Runway surface plane--1s defined in the area In which the pllot looks 

for height guidance. 

The endmg of the guidance elements (3000 feet from runway threshold)-- 

avoids the use of added elements for pilot drstance mterpretation 

along the runway. 

Limitationa of the human eye: 

There is only a very small area of sharp, clear vision, the fovea1 

area, representing 3-540 of the entire field of VISIOII, located in the 

center of the vieual field when looking straight ahead. 
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V~slon deteriorates rapldly m the remaimng area to practically nothmg at the 

extreme edge 

Vlslon 1s founded on experience as much as anythmg else 

The bram may be consldered a computer, takmg visual information f,ed to It, 

analyzmg It, and sending the appropriate muscle impulses out for required 

actlon 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The proposed narrow-gauge configuratlon will provide visual aids in the fovea1 visual 

field down to visual ranges of less than 1300 feet Below tks, the system will 

provide strong and adequate signals in the parafoveal visllal field and leave a dark 

spot for fovea1 vision fixation down to the lowest operatlonal range 
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REPORT ANNCX!ATION 

AUTHOR: MaJendle, A M A 
TlTLE* Seeing and believing. 

REFERENCE Paper attached to IATA Special Meetmg. Amsterdam, 
November 14-22, 1955 

SrnMARY 

The author reviews the evidence bearing on mterpretatlon of optlcal Images 

of the external world impinging on the retina The physiological and 

anatomical basis of the functioning and structure of the eye are reviewed, 

with areas of differential sensitivity pomted out The author’s most Important 

point 1s that serious visual mqudgment can arise because the pilot can 

mistakenly judge what IS being looked at 

It appears that the author is calling for a reduncancy of information mcludmg 

an obJect of known size and shape to be included in visual aids 
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REQUIREMENTS AND/OR DISCUSSION 

An accurate perception of what one sees 

CONCLUSIONS ANP/OR RECOMMENDATIONS 

In the presence of limited visual information, It 1s quite possible for a pllot to 

build up an entirely Mistaken belief of what It 1s that he 1s lookmg at, particularly 

if It 1s not a famlllar visual obJect. 

If a familiar obJect of known size and shape can be easily recogmzed or positioned, 

the possibility of a mistaken belief about what 18 being seen will be reduced 

A pilot’s visual performance can be impaired by fatigue, m that he ~111 not impose 

as much perceptual constancy on what he sees as he does in non-fatigued states 
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REPORT AhWOTATION 

AUTHOR Pearson, H. J C , & Gilbert, M S 
TITLE Some conslderatlons of high mtenslty approach lighting 

REFERENCE Indlanapohs Civil Aeronautics Admlmstration, Techmcal 
Development Center, 1948 (Report No 60 ) 

SUMMARY 

The report discusses problems of high mtenslty a&roach llghtmg and various 

types and appllcatlons of lights that are being offered as solutions 

REMARKS: None 
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REQUIREMENTS 

Region of guidance 1s that space wlthm which It 1s essential that visual aids be 

sufficiently visible to the pilot to provide adequate guidance for safe approach 

and landmg. At all points wlthm this region the following requirements obtam 

Vlslble lights shall be lmmedlately ldentlflable as part of the approach 

light system. 

Lights on either side of the extended centerlme axis shall be unmedlately 

distmgulshable from any lights on the other side of the axis and any 

lights on the axis shall be recognizable as such 

Visible approach lights shall lmmedlately mdlcate to the pllot that he 

1s left or right, and if possible, above or below the region of guidance 

Sufficient lights shall be vlslble to indicate the location and dlrectlon of 

the extended runway centerlme 

Location of the threshold shall be posltlvely identified for a mmimum 

distance of 500 feet. 

Sufficient lights shall be visible to mdlcate the height above the runway 

or vertical departure from the glide path, the distance to the threshold, 

and the attitude of the aircraft with respect to the horizontal plane, both 

longltudmally and laterally. 

The ill~mmatux visible at points on or above the level of the glide path 

shall not be excessive so as to produce glare 

The number of different colors used m approach- and runway-light sys- 

tems should be kept to a mmlmum. 

CONCLUSIONS AND/OR RECOMMENDATIONS 

CAA Standard Neon Approach Light System -~ 

This approach light system is adequate at mght under vlslblllty conditions of 

3/4 mile or better, but inadequate under condltlons of more restricted vlslblllty 
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Present standard neon approach lights cannot be considered an example of 

adequate high-m?enslty approach llghtmg. 

Bartow Lights 

The candlepower dlstrlbutlon of these lights was deslgned so as to appear of 

equal brightness to a pIlot on the correct approach path. However, on many 

occasions m bad weather, pllots mwsed seeing the approach lights entirely 

Smgle Row Approach Light Systems 

Perspectwe Effect 

As a pllot sees the approach marker lights from several hundred feet distance, 

his bmocular depth perceptlon 1s practically useless, and a perspective analysts 

of the patfern seen by him gwes an accurate representation of what he can see 

and use. Furthermore, although he has been approachmg on mstruments with 

his wngs level * any maneuvering to adjust his course after he pxks up the 

lights necessitates his departure from level. Hence, to enable him to regam a 

level attitude it 1s necessary 

(1) to be able to readJust his eyes from the bright approach lights to 

the mstrument lllununatlon 1 eve1 1 and correct his attitude by 

reference to the Instruments, or 

(2) to be able to see some llgh+s or marks on the horizon for a ref- 

erence, or 

(3) t3 have one man watch for Ilghts whole the other stays on instruments 

and adlusts the ai+ltude of the alrcraft, or 

(4) that he be given suffxclent mformatlon by the approach light palter? 

to determme a horizontal reference, and to correct his attitude 

by the appearance of the lights. 

Of these alternatives, (1) Involves a delay III eye addustment at a very critical 

time. (2) IS impossible III thick weather, and (31 while It is generally used, re- 

qures two menls attention and makes It dlfflcult or hazardous for a smgle 

operator to land the aircraft. It would appear that (4) IS the safest and most 

practical procedure If the llghtmg system IS designed to furmsh the necessary 

InformatIon 

Mll-3 



AAF Funnel System 

Some means ~11 have to be provided to Insure that the pilot ~111 be more certain 

as to which row of hghts he sees when, durmg low vxlblllty, he sees only one 

row Also, It might be said that the pllot IS not given enough mformatlon by the 

lights alone to determine his correct lateral and vertical path when vlslblllty 

permits only a few lights to be seen at one time 

Bartow Multi-Lme System 

This system 1s based on the concept of a lighted area as contrasted with a hghted 

channel It provides a method of dlstmgulshmg one side of the path from the other 

by means of color and provides a greater degree of lateral tolerance in locatmg 

the approach path by virtue of the arrangement of the lights However, the required 

multlphclty of hghts and controls ~111 Increase the cost of an mstallatlon to a 

considerable degree 

NBS Path-Of-Fhght System 

The system 1s deslgned to provide the pllot with llghted paths leadmg to the run- 

way from every sectlon of the portal Each hne 1s designed to be sufficient 

guidance m Itself conslstmg of pairs of hghts which provide the pllot with a 

horizon mdlcatlon 

CAA Slope-Lme System 

The system IS deslgned to mdlcate to the pllot posltlon of his aircraft with respect 

to the glide path Several models of this type of llghtmg were studled, mcludmg a 

short length of a full-scale model which was flight tested at the CAA ExperImental 

station As the results seemed promlsmg- complete systems were mstalled both 

at Arcata and IndIanapolls 

The final solution to the problem reqmres the accumulation of sufficient success- 

ful experience under actual service conditions to warrant the pilot confidence in 

the system 

It 1s doubtful If any system of approach lights ~11 ever be satxfactory for a pllot 

to use m thick fog unless he 1s thoroughly famlllar with It Even with 3000 feet 

of approach llghtmg, a pllot travellmg 120 miles an hour 1s over the system for 

only 17 seconds 
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REPORT ANNOTATION 

AUTHOR 
Tl!TLE 

Pfaffmann, c 
Arcraft landmgs wlthout bmocular cues A study based upon 
observations made m fhght 

REFERENCE Amer J Psycho1 , 1948, 61, 323-334 

SUMMARY 

The ablllty of experienced mlots to land wth restrlcted bmocular vlslon 

was studled Especially prepared goggles were used tr, elxmnate the 

bmocular visual field Decrements UI performance were observed durmg 

clrclmg, fmal approach, and flareout 1t was concluded that experienced 

pllots utilized bmocular vlslon m percel.img altitudes between 500-800 feet 

as well as for dlsrance and depth Judgments durmg fmal approach and landing 

REMARKS 

The study seems to mdlcate that cues to distance must be present m order 

for apparent size to operate as a distance Judgment determmant It 

should be noted that experience may be a large factor m the results With 

more practice m landmgs with monocular vlslon, Judgments may have 

returned to the bmocular range--a different set of expectancies would be 

generated 
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REQUIREMENTS AND/OR DISCUSSION 

Orientation a?d posltlon Judgments are mvolved In cwclmg, fmal approach, and 

landmg 

A number of sublects reported that the landmg field seemed farther away when 

usmg monocular vlslon 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Removal of blnocular cues produced 

A tendency to fly closer to the alrfleld than normal 

A tendency to approach and level off too high 
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AUTHOR 
TITLE Problems of dwect wslon from aircraft 

REFERENCE In P M Fltts (Ed ), Human engmeermg for an effective aw- 
navlgatlon and traffx-control system Washmgton NatIonal 
Research Council, Dlvislon of Anthropology and Psychology, 1951 

SUMMARY 

The followmg problems are discussed and human engmeermg data exlstmg at 

that txne brought to bear wthm each dlscusslon alrport marking and llghtmg, 

mcludmg approach, runway and taxlway llghtmg and markmg, alrcraft llghtmg, 

adequacy of vlslon through the wmd screen, measurement of vlslblllty Recom - 

mendatlons for research wlthm these areas are made at the conclusion of the 

study 

REMARKS 

It 1s mterestmg to note that the authors of this study conslder It most crItIca 

that research on problems of alrport markmg and llghtmg should be carried on 

chiefly In laboratorles through the use of simulators, with carefully planned 

flight test work to check on the valldlty of the crlterla employed m laboratory 

research 
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REQUIREMENTS AND/OR DISCUSSION 

Approach Llghtmg 

At least three levels of need may be delmeated 
contact landmg on a clear mght, 
shift to a contact landmg as soon as the alrcraft drops below an overcast, 
the use of ground cues as a check on electronic approach equipment 

The prmclpai problems are m reduced vlslbllltles masmuch as the goal of approach 
way llghtmg 1s an ultimate reduction of weather muumums. 

The approach llghtmg system should provide 
orientation of the ground plane or horizontal 
dlrectlon to the threshold or touch-down pomt 
distance to the threshold or touch-down pomt 
ldentlflcatlon of the threshold 
orlentatlon of runway 
rate of travel or closure 
departure from the glide path 

Once the system 1s tn view, there should be no greater need for referring back to 
Instruments than durmg normal contact landmgs 

Approach light display and instrument displays must be compatible so that confuslons 
durmg transltlons from one to the other are reduced to a mmlmum. 

The system must be posltlvely and lmmedlately identifiable and distmguishable from 
other lights, particularly the runway 

The lummous mtenslty of the system must be coordmated with that of the runway 
lights so that glare and dazzle are mmmxzed 

Runway and Taxlway Llghtmg and Markmg 

The followmg mformation seems to be required 
orlentatlon of runway 
distance traveled along runway 
locatlon of turn-off pomts 

CONCLUSIONS AND/OR DISCUSSION 

Systematic studies, chiefly through use of simulators, should be made on cues most 
unportant for permlttmg orlentatlon to runway from a pattern of hghts, best way of 
locatmg posltlon along the runway, mvestlgatlon of factors mfluencmg ability to shift 
quickly from Instruments to ground display and vice versa, and mteractlons between 
approach light design and design of cockplt mstruments 

Rectangles have strong shape constancy as reported m the work of others This may 
account for the poor operatIonal acceptabillty of the slope-lme system and for chevron 
or arrow markmgs on runways It 1s not known exactly how much ground mformatlon 
1s needed for successful landmg after break-through In other words, we do not know 
what patterns best defme a surface and whxh ones best allow orientation to the surface 
when the observer 1s movmg relative to It 
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REPORT ANNOTATION 

AUTHOR Rose, H W 
TlTLB- Depth perceptlon m fhght trammg 

REFERENCE Paper attached to IATA Special Meetmg, Amsterdam, 
November 14-22, 1955 

In this paper the author reviews techniques which can be utlllzed In early 

flight trammg to achieve more efficient learning of landmg In order to make 

the tramlng safer and mlmmlze the number of trammg failures Techniques 

suggested include a thorough mdoctrmatlon on the cues used for landmg, 

trainmg films illustrating the different kmds of depth perceptlon, exercises 

m distance estimation (wth one and with both eyes) from obJects at known 

distance. conscious observation durmg early fhghts of motion parallax and 

size cues provided by the runway. and makmg dellberate estimates of depth 

(distance and altltude)durmg trammg 

REMARKS 

The author refers to studies as a basis for assertmg motion parallax and 

size cues as the Important ones m landmg He discounts bmocular parallax 

as being a slgmfxant factor along wth other depth perceptlon cues for flxed- 

wmg alrcraft, but pomts out that bmocular parallax may be the most Important 

cue In landing a hellcopter 
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P 

REQUIREMENTS AND/OR DISCUSSION 

Perception of dn-ectlons and depth perceptlon. 

Actual features of the amport provide the most useful sme and motion parallax cues. 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The author suggests that the depth-perception trauung methods described may 

nnprove landing trammg 
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REPORT ANNOTATION 

AUTHOR Rose, H W 
TITLE Landmg aids to facllltate orlentatlon m space 

REFERENCE Paper attached to IATA Special Meetmg, Amsterdam, 
November 14-22 1955 

SUMMARY 

A number of suggestions are made m this paper for mcreasmg guidance 

provldcd by wsual aids These arc based on the nssumpt~on that rIotIon 

parallax and the apparent .slze of known objects are probably the two most 

essential cues for a conventional landmg The author covers all non- 

weather landing sltuatlons, mcludmg approaches over snow and water 

REMARKS 

The crltlcal pomt made by the author is that we should not be too nusled by 

trymg to make our vl sual landmg aids coordmate systems inasmuch as this 

requu-es conscious mterpretatlon He feels that chstance may have to be 

consciously Judged. but that landmg alds should provide “lmmediate”cues for 

motion perspective, motion parallax, as well as obdects of known Size 
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REQUIREMENTS AND/OR DISCUSSION 

Cues for motion parallax, perspective, and apparent size of known obJects 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Simple bar patterns pamted on the runway across the centerlme separated 

umversally at the same distance give a useful size cue 

For motion parallax, standard size markers extendmg vertically at 90 degrees to 

the axis of the runway, placed along the sides of the runway at standardxzed 

distance Intervals. this would also provide a pattern for runway perspectwe 

For landmg on snow, a bar pattern, of the sort suggested above This can 

be lmprovlsed by a row of fir trees on one or both sides of the runway 

On alrcraft carriers, vertical markers could be provided on the island, at the 

position of the LSO, and aft and directly below the landmg deck 

On a glassy-smooth water surface, spars at standard Intervals would provide cues 

For night, the two-coordmate runway outlme has the effect of being Z-dlmenslonal. 

and thus not very useful for motion parallax, thus, correctly-spaced runway lights 

could be used on both sides of the runway and extended Into the approach zone, 

mcludmg floodllghtmg of the daytlme vertical bars provided for motion parallax 
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AUTHOR Rose, H W 
TITLE Monocular depth perceptmn I” flymg 

REFERENCE Journal Avmtlon Medlcme, June, 1952, 23, 242-245 

SUMMARY 

Evidence bearmg on the relative roles of bmocular and monocular cues 

m flymg 1s revlewed The evidence clearly mdlcates that bmocular 

parallax tests used either for selection or for contmumg efflclency testing 

III no way 1s justlfled The author suggests that two essential factors 

utlhzed by pilots, namely, motion parallax and size of retinal Image, be 

tested and utlhzed as critxal tests for selectlon, although the results 

should not be Interpreted hterally wthout conslderatlon of other factors 

REMARKS 

The author mentions a portable motion parallax tester uhlch was exhlblted 

at the Aero Medlcal Assoclatlon meetmg III Denver, 1951 
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REQUIREMENTS AND/OR DISCUSSION 

The pllot needs depth perceptlo” to obtain orientation m 3-dlmenslonal space 

The same cues and factors are not effective in all situations 

CONCLUSIONS AND/OR RECOMMENDATIONS 

The author’s study showed that the correlation between landmg ablhty (ablllty to 

level off at proper attitude) and motion parallax test scores 1s statistically signif- 

icant, although moderate II? actual 61ze Binocular parallax measurements, on 

the other hand, do not carrelate with success of landmg in this or other studies 

Durmg landing, the monocular cues of motion parallax and sLze of retinal image 

seem to be the hmltmg factors of efficiency 
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AUTHOR Tledemann, A T 
TITLE Llghtmg pattern dlstortlon caused by ram on an axplane 

wmdshleld 
REFERENCE Indlanapohs, Indlana Clvll Aeronautics Admmistratlon, 

Techmcal Develoument and Evaluation Center., 1953 
(Report No 189 i 

SUMMARY 

This report describes a study of the effect of rainfall as a llmltmg factor 

In the effectiveness of airport signal llghtmg systems such as approach or 

runway lighting conflguratlons The maJor source of problems in this area 

1s the mteractlon between rate of ramfall, the characterlstxs of the wmd- 

shield. and the speed of the alrcraft 

The effects of an antl-wetting agent are summarized 

REMARKS 

Photographs are Included which were taken from a cockpit of alrcraft approach- 

mg the slopelme lights at Indmnapolls and Arcata under varymg rates of ram- 

fall Other photographs are presented which demonstrate the effect of an 

antl-wettmg agent applied to a wmdshield Slope-lme approach hghts are 

seen through treated and untreated wmdshlelds under ramfall rates 

varymg from 6 to 2 4 Inches per hour 
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REQUIRE~IENTS AND/OR DISCUSSION 

Durmg approach and landing phases, the pilot 1s dependent upon the pattern of 

lights which mdlcate the relatlonshlp of the pilot to the runway 

The general effect of water on the amcraft’s wmdshleld 1s to broaden the image 

of the slgnal lights. thus reducmg the effectiveness of geometric patterns of lights 

and obscurmg positIona relatlonshlp with respect to crItIca elements of the air- 

port Rainfall between the wlndshleld and the pattern of slgnal hghts bemg “rewed, 

on the other hand, caused some obscuration but httle dlstortlon 

Dlstortlon results from water flow over a wmdshleld where the water surface 1s of 

varymg thickness across the windshield The curvature of the water surface results 

in varying degrees of refractlon of the light mcldence on the wmdshleld. and the 

image formed by this light 1s consequently distorted This condition is magnified 

by a movmg aircraft smce Its wmdshreld ~111 Intercept a quantity of water that 16 

approxnnately proportional to Its forward velocity 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Ram in the atmosphere between alrcraft and signal hghts ~111 reduce the vlslbrhty 

of the lights In addrtlon to attenuation m visual range, some halatlon may result 

Dnstortlon in the pattern of the slgnal lights results from a non-urnform surface 

of water flowmg over the wmdshleld and 1s almost wholly a result of the quantity 

of water mtercepted by the wmdshleld At approach speeds of 120 miles per hour, 

the signal hght pattern would not be adversely affected m a ramfall rate of about 

5 mches per hour or less on untreated wmdshmlds 

Windshields treated with an antl-wettmg agent could tolerate a ramfall rate of 

2-3 Inches per hour wlthout distortmg the pattern of signal bghts presented 
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AUTHOR Warren. R. E 
TITLE Perspective analysis of approach light patterns 

REFERENCE Indlanapolls Cowl Aeronautics Admlmstratlon, Techmeal 
Development, 1949 (Report No 96, and Supplement Report 
No 133 ) 

SUMMARY - 

This report presents perspective drawngs of rune different approach llghtmg 

systems The wews are those which a pllot would see while lettmg down on 

a proper approach path and several erroneous paths Four of the twelve views 

for each system assume unlmxted vlslblllty, while the remainder assume 

lOOO-foot vlslblllty only Provlslons for vIewIng the sketches wth cockplt 

cutoff templates are provided 

REMARKS 

This 1s a good lllustratlon of one kmd of screenmg techmque not requx-mg 

expensive apparatus that might be used for a proposed system However, 

results always would have to be Interpreted m terms of the dynamic con- 

dltlons under which landings are made 
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REQUIREMENTS AND/OR DISCUSSION 

The approach light pattern, which when seen from different posltlons or attitudes 

most quickly and accurately reflects these differences, ml1 be the most useful to 

pilots 

CONCLUSIONS AND/OR RECOMMENDATIONS 

All of the systems analyzed were coneldered to provide adequate dlrectlonal guidance 

provided attitude 1s level 

Those patterns which mclude satellites or cross -bars for horizontal reference are 

consldered to furmsh better dlrectlonal guidance than those wlthout a horizontal 

reference 

The slope-lme system was considered to furmsh the sharpest mdlcatlon of dlrectlon 

None of the systems furmshed an accurate mdlcatlon of altitude except the slope- 

lme system 

The horizontal cross-bar of the Calvert system and the lOOO-foot marker on the 

ALPA system were consldered to furmsh the best mdlcatlons of attitude. 
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REPORT ANNOTATION 

AUTHOR- Woodman, J 
TITLE* Approach success 

REFERENCE Paper attached to IATA Special Meetmg, Amsterdam, 
November 14-22, 1955 

SUMMARY 

The author reviews the developments of sultable approach hght systems and 

makes a case for additIona runway visual guidance to ehmmate the “black 

hole” or “hold off and hope” area which has resulted 

REMARKS- None 
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REQUIREMENTS AND/OR DISCUSSION 

Runway llghtmg comparable in effectiveness to the approach and threshold llghtmg 

systems developed 

CONCLUSIONS AND/OR RECOMMENDATIONS 

Full support should be given to development of a satisfactory landing llghtlng system. 

A truly flush runway light has been developed and Its evaluation program should 

be given the full support of IATA and ICAO. 
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AUTHOR Cowper, M C 
TITLE An mvestlgatmn mto the perceptmn of movement 

REFERENCE CambrIdge Flymg Personnel Research CommIttee, The 
Psychaloglcal Laboratory, 1947 (Report No 683 ) 

SUMMARY 

Thx report presents the results of an experimental study which exammed 

motion thresholds m the horizontal and vertical planes of 10 members of 

RAF air crews 

REMARKS 

The results of this study are related to the Calvert and Gibson theory 

of streamer velocltles m the expansion pattern as cues to touch-down point 

and rate of closure with the runway surface The results also have em- 

pllcntmns for the design of cockpit mstruments as It would appear that a 

needle mdlcator travellmg from right to left would be more readily and 

accurately observed than movement m any other dlrectmn 
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HT.‘MAN C XPABILITY 

The abl’llv I” d~s~,r~m~nair moilon III foul spai~a! dlrectlons - up, down, left, and 

rlghl from a porn? of r?ferencr - was exammed m this study 

INFLUEIiCING FACTOR(S) STUDlED 

The primary lnfLuenc]ng factor sludled was ihe dlrectlon with which the visual stem- 

ultis moved Orher variables exammed were speed of movement and stimulus sue 

CONTEXT CONDITIONS 

The study was conducted under laboratory condltlons and the stIrnull were presented 

*a< his ascop~ca’!y 

RESULTS AND /OR CONCLUSIONS 

Consldcrab’e ,ndlvlduJ dlffercn(.es were found 11, velor~ly thresholds 

Motion ihrrsholds varied slgnlfl< ant’y wllh ihe dlretilon of movement Horizontal 

mo’lon ‘hresho\ds were m the rrglon of 1 minute of arr per setond Vertical motion 

thrcsho:ds wiere above 1 minute JO se< onds of arc per second 

The abl’iiy +” < orrtr.*l> Judge- m”t,“n of fht. four dir rrt~onb ‘1 as in ihe following order 

10 Ihe !cft to thr r,ght upward downward 
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AUTHOR 
TITPTLE 

Grmdley, G C 
Notes on the perceptmn of movement in relatmn to the problem 
of landmg an aeroplane 

REFERENCE Cambridge The Flymg Personnel Research Committee 1941 
(Report No 426 ) 

SUMMARY 

This report presents a dlscussmn of the problem of lanchng an aircraft on the 
basis of visual cues m the external envu-onment The ratlonale suggests that 
a pilot could safely perform a landmg on the basis of velocity cues alone 
Durmg trammg the p&t has been shown the correct height for makmg control 
reactmns Involved In landmg If he can recogmze the moment In which he reaches 
these heights on subsequent occasions, he can make appropriate control re- 
sponses The pIlot’s primary task 1s to correctly Judge his absolute height above 
the surface 

A series of experunents was conducted to assess the capabIlIty of human ob- 
servers m makmg absolute e&mates of velocity, assumed to be the prmupal 
cue to height The results mdlcate that, with practice. observers were able 
to Judge velocity with sufflcwnt accuracy to suggest the posslblllty that a pllot 
could learn to estu-nate height well enough to execute successful landmg on the 
basis of velocity cues alone 

REMARKS 

The results of tins report have Important lmpllcatmns for the posltmmng of 
signal lights m approach and runway conhguratmns, and for p2ot selection 
and trammg 

Study fmdmgs mdlcate the potential advantage of usmg marks and lights to 
pattern those portmns of the approach and landmg area which appear near the 
periphery of the pilot’s visual field This pattermng follows from the Calvert/ 
Gibson analysis of the streamer velocity cues In the expansion pattern as cues 
to height and rate of closure, combmed with the fmdmgs of the present study 
that velocity Judgment accuracy 1s more accurate at high velocltles Those 
streamers near the periphery of the expansion pattern are of highest velocity 

Indlvldual differences observed both m mltlal levels of ablhty to estunate ve- 
loclty and m improvement In their abllltj through trammg, suggests the 
usefulness of velocity estunatmn as a selection device and trammg ald 
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HUMAN CAPABILITY 

The prmclpal ability studled m this work 1s the absolute Judgment of velocity 

INFLUENCING FACTOR(S) STUDIED 

Co:.dltlons that were related to absolute Judgment of velocity were the degrees 
per second velocity used as the standard, mdlvldual differences In mltlal abIll- 
ties, and practice effects 

CONTEXT CONDITIONS 

The study was conducted with laboratory apparatus The experimenter used a 
kymograph drum covered wth a strip of green paper on which were placed a 
number of Irregularly -placed Ink spots averaging about 1 /lO mch m chameter 
and about 5 per square mch This drum was vlewed monocularly through a lo- 
Inch tube, 1 mch m diameter so that the observer had a 6-degree field of vww 
The experimenter accelerated the drum at a known rate from zero to a certam 
level of velocity designated as the standard The observer was asked to remem- 
ber what this velocity looked like and after an exposure of about 10 seconds to 
this velocity, the experimenter stopped the kymograph drum Then the experl- 
men+er gradually accelerated the drum from zero agam, and on this trial the 
observer was asked to stop the expermxnter when he thought that the standard 
velocity had been atlamed 

RESULTS AND/OR CONCLUSIONS 

MECJO’ conclusions of tins study was that after only a small amount of practice, 
the subJects partlclpatmg m this study achieved an accuracy of estlmatmg abso- 
lute velocltles on the order of about 5% error Thx error level suggests the 
posslblllty ‘ha? a pilot could learn to estxnate his height and rate of closure well 
enough to conduct a successful landmg on the basis of velocity cues only 

Substantial mchvldual differences m lmtlal ablhty to estimate absolute velocity 
as well as mdlvldual differences m learmng to correctly estxnate velocltles 
were observed for thx task 

There was a marked tendency for observers to Improve with practice in their 
accuracy of es?xnatmn of any given velocity The velocltles used as the stand- 
ard ranged from 4 degrees per second to 40 5 degrees per second 

Percentage error of estxnatlon decreased with mcreasmg velocltles used as 

the standard As the velocltles Increased from near threshold to a level where 
streakedness occurred, subJects were better able to match the standard on an 
absolute basis 
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AUTHOR Gibson, J J , & Carel, W 
TITLE Does motion perspective mdependently produce the ImpressIon 

of a recedmg surface 3 
REFERENCE J exp Psych , 1952, 44 (l), 16-18 - 

SUMMARY 

Subjects were exposed to a “spotted” (light dots) visual field which, when 

motlonless, was thought to produce an ImpressIon of a surface on a frontal 

plane When the spots move across the field, with the velocity decreasmg 

upward from the bottom to the top, It was hypothesized that a perceptlon of 

a recedmg surface, slmllar to that produced at mght when lookmg out the 

wmdow of an au-craft at the lights of a city, would be produced No exper- 

lence of slant, recession or mcreasmg distance to a surface was reported 

by subjects These results were mterpreted m terms of the fallure of the 

bank of light spots to have hardness or mpenetrablllty and thus no crltlcal 

surface qualltles In this kmd of sltuatlon, movmg spots (motion perspective 

alone) will function truly only as clues, or cues, for distance rather than 

basic stIrnull 

REMARKS 

The condltlons under which the experiment was conducted, m which the spots 

on the visual field did not have gradients of mcreasmg density or decreasmg 

size, make the results useful as background mformatlon for the alrport 

markmg and llghtmg problem The Important conclusion 1s that It takes 

more than motion perspectwe to produce the ImpressIon of the recedmg surface 
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HUMAN CAPABILITY 

The capablllty to perceive a movmg recedmg surface 

INFLUENCING FACTOR(S) STUDIED 

The velocity of movmg visual fold elements was Isolated as a smgle expernnental 

condltlon 

CONTEXT CONDITIONS 

Not pertment 

RESULTS AND/OR CONCLUSIONS 

No naive observers reported the experience of a recedmg surface but only reported 

that they saw the lights as a collection of discrete objects m empty space movmg 

across the visual field The conclusion 1s that the movmg spots, and thus motion 

perspective, function as clues or cues for distance rather than as fundamental stlmull 
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AUTHOR Gibson, J. J ,et 
TlTLE The relative accuracy of vlsus.1 perception of motmn durmg 

flxatlon and pursuit 
REFERENCE Amer. J. Psych., 1957, 2, 64-68. 

SUMMARY 

Sublects were tested on their ab;llty to match the velocity of two movmg sur- 

faces under two different condltlons with eyes fixated on some stationary part 

of the visual held, and with pursuit by the eyes, that LY, the eyes fIxate on one 

part of the movmg surface and follow It No differences m the ablllty to match 

velocltles of two movmg surfaces were found under these condltlons 

Despite the fact that no differences m dlscrlmmatlon capabllltles were de- 

termmed, this experiment did not shake the reality of the Aubert-Flelschl 

paradox III which an observer gets an impression of veloClty of a mo%::ng 

obJect when flxatmg on a statjonary obJect, which lmpresslon 1s about twice 

as fast as his ImpressIon of velocity when he fixates the movmg obJect Iwlth 

pursumg eyes) In operatlonal sltuatlons with which awport markmg and 

llghtmg systems are concerned, observers ~~11 be respondmg on the basis 

of their perceptual Impressions, thus their observations of the velocity of the 

movmg object will depend upon whether they are flxatmg the obJect as movmg 

or as some stitlonary part of the background or visual field 
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HUMAN CAPABILITY 

The accuracy with which the speed of two movmg surfaces can be matched prlmarlly 

a dlscrunmatlve capablllty 

INFLUENCING FACTOR(S) STUDIED 

There were two different methods of operation flxatlon of the eyes on a stationary 

part of the visual field and estlmatmg the speed of a visual element m the field, and 

estlmatmg the speed of the visual element when utlllzmg eye pursuit, that IS, flxatmg 

on the movmg element For the matching Judgment, both were used as standards m 

the experxnont 

CONTEXT CONDITIONS 

No degradation of vlslblllty condltlons was studled Observation of the movmg sur- 

faces was through two ldentlcal rectangular wmdows Speed of the surfaces utlllzed 

was approximately 4 9 degrees per second angular velocity 

RESULTS AND/OR CONCLUSIONS 

No differences In the capablllty were obtamed under the two modes of observation 

However, there was a slgmflc3nt difference determmed between the location of the 

standard, that IS, the difference m the matchmg capablllty when the standard was m 

the right wmdow, and when 11 was m the left wmdow No explanation of these slg- 

mfxant results 1s offered by the authors 
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CONTRACT FAA/BRD-13 
BSR PROJECT MAFtK 

REPORT ANNOTATION 

AUTHOR Goldstein, A. G 
TITLE Judgments of visual velocity as a function of length of 

observation time 
REFERENCE Fort Knox, Kentucky Army Medlcal Research Laboratory, 

Psychology Department, 1956. (Report No 239 1 

SUMMARY 

This study mvestlgated the relatlonshlp between duration of prior r>xposure 

to a movmg stimulus and observer Judgments of the subJectlve or .Ipparent 

velocity of movement of the stimulus In general, the results show that there 

1s a negative relatlonshlp between the duration of stimulus exposure time and 

Judgments of velocity, the longer the exposure of observers to a movmg stlm- 

ulus, the greater the tendency for them to underestlmate stimulus velocity 

REMARKS. 

The results of this study mdlcate a tendency to underestlmate velocity and 

are m apparent conflict with results reported by Grmdley, whose subJects 

consistently overestimated velocltles The sttmulus present&Ions Involved 

m the two studies are conslderably different, however, and of the two, the 

task condltlons Involved :n Grmdley’s study more closely resemble those 

associated with the landmg task 
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HUMAN CAPABILITY 

The capablllty to estnnate the velocity of a band of vertical stripes movmg across 

the visual field at various rates 

INFLUENCING FACTOR(S) STUDIED 

Rate of movement of stimulus obJects and duration of observation of the moving 

stunulus obJect 

CONTEXT CONDITIONS 

Sublects had better than 20/40 visual acuity and were partially light adapted They 

were presented wth a contmuously movmg band of black and white vertical stripes 

The entlre display was located frontoparallel to the subJect 

RESULTS AND/OR CONCLUSIONS 

In general, the longer the period of observation of the stlmulue, the slower the 

apparent velocity judgments For every velocity level (Z-14 cen+lm=ters per second). 

the maxxnnm observation perlod(60 seconds), was associated with a slower velgclty 

judgment than the mmlmum observation period (2 seconds) 

The maxmum declme m velocity Judgment occurred durmg the 8-30 second ob- 

servatlon period Beyond exposure duration and up to 60 seconds, no further declme 

occurred 
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CONTRACT FAAIBRD-? 3 
HSR PROJECT MARK 

REPORT ANNOTATlON 

AUTHOR Goldstem, A. G. 
TITLE Judgments of visual velocity as a fun&on of the length of 

observation time of movmg or non-movmg stIrnull. 
REFERENCE Fort Knox, Kentucky Army Medlcal Research Laboratory, 

Psychology Department, January, 1951. (Report No. 258.) 

SUMMARY 

This study was conducted to assess effects of prior experience of observmg a 

non-movmg stimulus or a movmg stimulus on judgmg the velocity of a movmg 

stimulus. The general fun&on observed IS that when the prior observation or 

surveillance duties mvolve movmg stIrnull, an mverse relatlonshlp between the 

Judged or apparent velocity of a movmg usual stnnulus and the duration of ob- 

servatlon of this stimulus obtams. However, this Inverse relatlonshlp does not 

obtam If the subJect was watching non-mowng stIrnull m prior observatton In 

other words, sub]ects over-judge the velocity of a mormg stimulus to an extent 

directly m proportlon to the leng?h of time they observe the stimulus. This 

error was larger as observaimn time mcreawd only of th? sublect had been 

watching other movmg stIrnull pnor to the ludgmen?. 

REMARKS 

The results of this study suggest that p?lots who have been watchmg cockplt 

visual displays for some flme, and particularly when components of that dls- 

play are movmg, may be apt to O\W e&mate the velorl?y of what they see 

outslde as a function of how long they look at the outslde sf:mull. Wh:‘e pro- 

vocative, this suggestjon must be In?erpre?ed cautiously All Judgment5 .n the 

study were made of stIrnull at a constant distance, whereas m the operatmnal 

sltuatlon, the pllot IS shlft,ng between two distances--his cockpIt panel and 

landmarks outslde of the cockplt. 
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HUMAN CAPABILITY 

The capabIlIty to match the velocity of a movmg stimulus obJect with the velocity of 

a stxnulus drectly under control of the subject In short, a dlfferentlal velocity 

threshold 

INFLUENCING FACTOR(S) STUDIED 

Duration of observation trne, and duration of prior observation of movement and 

non-movement stlmull 

CONTEXT CONDITIONS 

Slight vxxblllty degradation (One-half reflectmg screen ) 

Dark-adapted eyes Speed of movmg stlmull was 14 28 centimeters per second on 

a screen 55 centimeters m front of the subject’s eyes 

RESULTS AND/OR CONCLUSIONS 

VxwzJ movement of stIrnull m‘prlor observation 1s necessary for the inverse re- 

latlonshlp between length of observation time and over-Judgments of velocity to 

obtam 
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AUTHOR 
TITLE 

REFERENCE 

This study was focused on determining the length of motion track Just detect- 

able as a function of stimulus velocity It was found that these threshold values 

decreased with IncreasIng velocity and the relationshlp can be described by a 

power function 

CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

Johansson, G , et al 
Studies on motion thresholds I 

Umverslty of Uppsala, Sweden The Psychological Laboratory, 
November, 1957 (Report No 1 ) 

RElWUZKS 

The Judgment required m this task 1s very similar to the pilot’s task of 

Judgmg displacement from a vlslble centerlme, the Judgments required by 

the Navy Mirror System, and the two-bar angle of approach mdlcator 
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HUMAN CAPABiLITY 

The capabIlIty to percave the shortest length of motion track of a visual stimulus 

INFLUENCING FACTOR(S) STUDIED 

Velocity of stimulus object 

CONTEXT CONDITIONS 

Observers were 57 3 centimeters from the screen There was a slight dark- 

adapt&Ion condltlon 

RESULTS AND/OR CONCLUSIONS 

The optimal displacement threshold was 18 mmutes of visual angle which occurred 

when the test object had a velocity of 1 15 mmutes per second of angular velocity 

The threshold values seem to be fairly equivalent (about 20 mmutes of visual angle) 

for angular velocltles between 58 and 2 31 mmutes per second The parafunction 

which best describes the data 1s 

DT- 028-V -I O4 + 30 
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CONTRACT FAA/BRD-13 
BSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Johansson, G., et al 
TlTIJ3 Studies on motion thresholds II. 

REFERENCE Umverslty of Uppsala, Sweden The Psychological Laboratory, 
November, 1957 (Report No 2 ) 

SUMMARY 

This study was conducted to determine the relationship between the shortest 

perceptible length of motion track and distance of the visual stimulus from 

subject The results show that the threshold of motion track, as expressed 

in angular velocity measure, 1s constant and independent of chstance 

REMARKS 

This study has Important lmpllcatlons If verlfled for a larger range of dls- 

tances Dwtance to the touch-down pomt, or runway threshold, would not 

have to be duplicated for experlmentmg with various patterns of lights 

Rather, laboratory studies could proceed usmg angular velocity measures 

at smaller distances, and results would be expected to generalize to opera- 

tlonal sltuatlons 
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HUIwlAN CAPABILITY. 

Capablllty to detect the shortest length of motion track of a visual stimulus (Dls- 

placement threshold. ) 

INFLUENCING FACTOR(S) STUDIED 

D&axe between the observer and the visual stmmlus 

CONTEXT CONDITIONS 

No degradation of vlslblllty Slight dark adaptation Distances from the observer 

varied between 2 29 meters and 9 16 meters Visual field was 45 mmutes, vertical 

lme was 34 mm&es and dxuneter of the target 4 8 mmutes, all of visual angle 

referent 

RESULTS AND/OR CONCLUSIONS 

The displacement threshold expressed m angular measure 1s constant and mdependent 

of distance from the display Another mterestmg result was that when the displace- 

ment threshold was figured m terms of absolute size, that 18, mllhmeters, It was 

related to distance m such a way that, If the total distance was split m half, the thres- 

hold was about half 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE 

Lelbowtz, H W , & Lomont, J F 
The effect of lummance and exposure time upon perceptlon 
of motion 

REFERENCE Wright-Patterson Air Force Base, Ohlo Wright Air Develop- 
ment Center, 1954 (Techmcal Report No 54-78 ) 

SUMMARY 

This report presents the results of a study to determme the mmlmum rate 

of target displacement requwed for the detectlon of movement at a constant 

rate of exposure Velocity threshold values were obtamed for a wide range 

of lummance values and durations of exposure 

REMARKS 

The results of this study mdlcate that both light mtenslty and vlewmg time 

are Important variables to be consldered m the speclflcatlon of optimum 

stimulus condltlons for motion perceptlon Motion dlscrlmmatlon was Im- 

proved conslderably more by mrreases m exposure time than by mcreased 

lummance Such fmdmgs have potential appllcatlon to conslderatlons of 

approach light ConfIguratIon length and mtenslty 
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HUMAN CAPABILITY 

The human capablllty of concern m this study 1s the lsochronal threshold velocity for 

fovea1 vlslon Isochronal threshold velocity 1s defmed as the mnnmum rate of dls- 

placement of a vxual stimulus necessary for the perceptlon of movement by the ob- 

server when the rate of stimulus displacement occurs at a constant exposure duration 

INFLUENCING FACTOR(S) STUDIED 

The lsochronal threshold velocity m mmutes of arc per second was determmed as a 

function of two prmclpal variables lummance measured m mlllllamberts, and ex- 

posure duration measured m seconds Thresholds were determmed as a function of 

exposure duration with target lummances held constant and as a function of lummance 

with exposure durations held constant 

CONTEXT CONDITIONS 

This study was carried out with laboratory apparatus which simulated radarscope 

presentations The vlewmg distance was approxumtely 90 mches and the visual stem- 

ulus conslsted of white rectangular squares subtendmg a vlsual angle of 15 mmutes of 

arc The squares were pasted to a belt so that the angle between centers of adJacent 

squares was 45 mmutes of arc These visual stlmull appeared m the field of view of 

the subJect on a circular frame subtendmg 3 degrees of arc 

RESULTS AND/OR CONCLUSIONS 

ConsIderable mdlvldual differences and mtra-mdlvldual varlablllty exlsted m the 

mltlal testmg This varlabillty slgmflcantly reduced as a fun&Ion of practice and 

thresholds were slgmflcantly lowered 

Threshold velocity decreased with mcreased lummance rapldly at first and then 

dmumshmg before reachmg a llmltmg value after whxh further mcreases m lummance 

had little effect m lowermg threshold Increases m exposure duration, however, shift 

the functions to progressively lower values 

Increased exposure time not only lowers threshold velocltles but permits motion dls- 

crlmmatlons to be made at progressively lower values of target lummance 

VA9-2 



.- 
Human Sciences Research, Lnc. 

CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Lelbowltz, H W , & Lomont, J F 
TITLE The effect of grid lmes m the field of view upon perceptlon 

of motion 
REFERENCE Wright-Patterson Ax Force Base, Ohlo Wright Air 

Development Center, 1954 (Techmcal Report No 54-201 ) 

SUMMARY 

An estimate of the range of mdlvldual differences m threshold of motion percep- 
tlon was obtamed. Effects of lummance level, exposure duration of the visual 
stimulus. presence or absence of grid lmes perpendxular to the lme of motion 
of the visual stimulus, and practice were studled m terms of theu- mfluence on 
velocity thresholds 

The varlablllty of test subjects m motion perceptlon thresholds and the slgmfl- 
cant reduction m thresholds brought about by practice has lmplxatlons for 
pllot selectlon and trammg The slgmflcant Improvement m motion dlscrlml- 
natlon brought about by the presence of grid lmes on the display perpendicular 
to the lme of motion of the vlewed object suggests a potential appllcatlon to the 
design of axcraft wmd screens, or slghtmg devuzes forward of the cockplt 

The results of this study are related to the theory developed b; Cal\ert ana 
Gibson that rate of closure with the ground plane cdn be est:matcd on tl,e basis 
of dlfferentlal velocltles of the dlscrlmmable objects m the expansion patt?m 
It might be hypothesized on the basis of the i-esblts of thl-: study Ih;t slgnlfl 
cant Improvement on the part of pllots to e, urnate rate of c1osu.re apd therefore 
a reduction m accident rates on landmg may oe affected by tralnmg tcchnlqut; 
which stress the use of velocity cues as an mdlcani of rate of zlosurr It ma) 
be that the development of a grldded wmd screen or slghtlng d?vlce m-y pi::? 
useful m unprovmg rate of closure judgments 
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HUMAN CAPABILITY 

The ablllty of the unaided eye to dlscrmunate movement of a visual stxnulus was 

mvestlgated 

INFLUENCING FACTOR(S) STUDIED 

Veloc:ty thresholds were determmed under several levels of lummance and exposure 

duration of a constant sized visual stimulus and m the presence and absence of grid 

lmes perpendxular to the lme of target motion on the visual display 

CONTEXT CONDITIONS 

Subjects observed the stimulus condltmns monocularly through a black tube 90 mches 

from the subject’s eye. Subjects vlewed a circular display (3 degrees of arc), upon 

which were square white targets, each subtending 15 mmutes of arc and spaced 45 

mmutes of arc between centers of adJacent targets. Target velocity across the dls- 

play was mcreased from a subllmlmal speed to a speed at which motion was perceived 

by the sublect twice m snccess~on. 

RESULTS AND/OR CONCLUSIONS 

Motmn velocity thresholds are significantly reduced by mcreased target luminance, 

mcreased target exposure duratmns, presence of grid lmes perpendicular to the dl- 

x-e&on of target motmn on the display, and practxe of the subJect. 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Ludvlgh, E 
TITLE The vlslblllty of movmg obJects 

REFERENCE Scm-~ce, 1948, 108 (2794), 63-64 - 

SUMMARY 

This study 1s concerned with derlvatlon of formulae which allows determl- 

natlon of condltlons necessary for maximum vislbillty Formulae Include 

diameter of the obJect, distance from the observer, and the angular velocity 

of the obJect Visual acuity 1s expressed as a fraction of the observer’s 

acuity at zero speed, that IS, typlcal acuity measurements As the angular 

velocity of the test obJect increases, as measured m degrees per second, 

the observer’s visual acuity deteriorates rapldly 

REMARKS 

Although the formulae were focused on fxmg the optimal altitude and au-- 

speed for ldentlflcatlon of obJects of flxed sizes, the formulae should be 

useful m determmmg, with a given velocity and altitude, what sue thr ob- 

jects on the ground should be Also mterestmg IS the static (zero speed) 

vlslblllty threshold used by the author It equals 2 mmutes of arr or 

033 degrees He does not give any mmlmum dynamrc v~,xai 6~ rll ty ?~gl~? 

m this paper 
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HUMAN CAPABILITY 

Recogmtlon of the general form of an obJect when the observer or the obJect 1s 

movmg 

INFLUENCING FACTOR(S) STUDIED 

Various angular velocltles of the obJect 

CONTEXT CONDITIONS 

Not stated 

RESULTS AND/OR CONCLUSIONS 

Optlcal magnlficatlon otherwise unaided 1s not benefxlal m mcreasmg visual dynamic 

visual acuity and because of vlbratlon, decreases m the field and other factors, would 

be detrimental The magmflcatlon of sue wlthout loss of contrast and wlthout mcrease 

m angular velocity would be helpful for Improving visual acuity. 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TlTLE 

Miller. J W , & Ludvlgh. E 
The results of testing the dynamic visual acuity of 1000 
Naval Avlatlon cadets 

REFERENCE Pensacola, Florlda U. S Naval School of Avlatlon MedIcme, 
1956. (Report No. 10, ProJect No. NM 001 110 501 ) 

SUMMARY* 

Visual acuity tests on 1000 Naval Avlatlon cadets are presented. Variables 

considered are thresholds for angular velocltles of 26 degrees per second and 

110 degrees per second, and the A and B parameters which the authors utlllzed 

m determmmg dynamw visual acuity. Results are discussed In terms of the 

mterrelatlonshlps of the parameters, the normality of the distributions, and 

the usefulness of distmgwshable groups ldentlfled on the basis of measures of 

dynamic visual acuity 

The author mcludes a brief summary of all dynamx visual acuity studies con- 

ducted by him and his associates prior to this study The results reported on 

Influence of trammg and the average values on dynamic visual acmty are m 

general accord with results determmed by other mvestlgators usmg different 

techmques 
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HUMAN CAPABILITY 

The smallest resolvable critIca detail of a movmg obJect 

INFLUENCING FACTOR(S) STUDIED 

Indlvldual differences among a large group of subjects 

CONTEXT CONDITIONS 

Landolt rmgs were used as the test subJect 

Observers eyes were light adapted 

The lllummatlon of the test objects was approximately 25 foot candles 

The optlcal distance from the test oblect to the observer’s eye was 4 meters 

The reflectlon factor of the cardboard background was approximately 85% 

The observer’s head and chin were rested m fixed posltlons and measures taken 

monocularly 

RESULTS AND/OR CONCLUSIONS 

The average threshold for the IlO-degree velocity target was approxnnately 6 096 

mmutes of arc with a standard devlatlon of 3 229, for 20 degree per second movement, 

the average was 1 927 mmutes of arc with a standard devlatlon of 703 

The dlstributlon for all variables 1s markedly abnormal 

Indlvlduals can be classlfled Into groups on the basis of their dynamic visual acutty 

Ths may be of conslderable Importance In future selectmn of pllots, If such a test 

1s deemed useful 
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CONTRACT FAA/BRD-13 
BSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Pollock, W T. 
TlTLE The vlslblhty of a target as a function of Its speed of movement 

REFERENCE* J exp. Psychol., 1953, 45 (6). 449-454 - 

SUMMARY: 

The author studled detectlon thresholds of a movmg target as a function of 

monocular lummance threshold, target speed, and dlrectlon of movement 

The target speeds selected were those at wbxh one might expect visual 

acuty to be reduced to zero- 

The conclusion that vertical target movement yields consistently lower 

thresholds than horizontal movement 1s an mterestmg one wblch apparently 

conflicts with conclusions reached by other mvestlgators 
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HUMAN CAPABILITY 

The ablhty to detect a movmg spot of white light m an otherwise homogeneous field 

INFLUENCING FACTOR(S) STUDIED 

The luminance required for detectlon, as a function of speed of target and dlrectlon 

of movement 

CONTEXT CONDITIONS 

SubJects were dark adapted 

Targets were always presented so that the mldpomt of target movement centered 

on the fovea 

RESULTS AND/OR CONCLUSIONS 

Threshold luminance increases systematically with Increases m target speed 

The function 1s best characterized as lmear with a slope near unity when the 

threshold luminance and speed are plotted logarlthmlcally 

Threshold luminance varied between ,20 log mllhmlcrolamberts at 50 degrees 

per second speed, to 3 5 log mllllmlcrolamberts at 1600 degrees per second 

speed 

Vertical target movements yielded consistently lower lummance thresholds than 

horizontal movement 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Smith, W M 
TITLE Effect of monocular and binocular vlslon, brightness, and 

apparent size on the sensitivity to apparent movement m depth 
REFERENCE J exp Psych , 1955, 49 (5), 357-362 

SUMMARY: 

The threshold for determmmg movement in depth was studied as a function 

of brightness, monocular and bmocular vlslon, and apparent size It *as 

found that both brightness and mode of vlslon (monocular and bmocular) affected 

sensltlvlty, sensltivlty was greater with higher brightness and binocular vlslon 

Brightness seemed to be the more important factor There were mteractlons 

between subjects in both brightness and mode of vIewing 

REMARKS 

At least withm the realm of the experlmental conditions coqsldered here, 

apparent size of the stimulus did E affect sensltivlty to movement Thus, 

dependmg upon apparent size Increases alone m the fmal approach may not 

provide adequate mformatlon Equally as Important was the fmdmg that 

sensltlvlty Interacts with so-called Internal behavioral factors (such as set, 

fatigue. attentioti, etc. ) which are a part of the mdlvidual domg the observing. 
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HUMAN CAPABILITY 

D&?&on of apparent movement In depth of a non -famlllar stimulus. 

INFLUENCING FACTOR(S) STUDIED 

Brightness, monocular and binocular vlslon, and apparent size 

CONTEXT CONDITIONS 

No degradation of vlslblllty 

Dark adaptation Stimulus was 12 feet, 8 Inches from observer’s eyes Angular 

velocity of stimulus was approximately 1 5 mmutes per second 

RESULTS AND/OR CONCLUSIONS 

Brightness contrast decreases the reactlon time to apparent movement m depth, It 

also decreases when bmocular vm1on 1s used, as opposed to monocular The effects 

of these factors varied from subJect to subJect Apparent size of the test object did 

not affect these earlier conclusions and was not a factor m detectmg movement m 

depth 
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CONTRACT FAA/BRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Bartlett, N R , & Macleod, S 
TITLE Effect of flash and field lummance upon human reactlon time 

REFERENCE J opt Soc,Amer , 1954, 44(4), 306-311 

SUMMARY 

This study reports two separate experiments dealmg with the effects of varymg 

condltlons of slgnal flash and levels of background field lummance on visual re- 

actlon time at the fovea and retmal periphery For both fovea1 and peripheral 

s1tuat10ns. reactlon time decreases as flash lummance mcreases The results 

also show that peripheral stlmulatlon yields shorter reactlon times for a dim 

flash while fovea1 reactlon times are shorter for brighter flashes 

REMARKS 

There apparently are combmatlons of field-stimulus levels that can be used to 

get equivalent reactlon times m the event that “ideal” contrasts are not feasible 
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HUMAN CAPABILITY 

Detectlon of a perlodlcally presented hght flash 

INFLUENCING FACTOR(S) STUDIED 

Locus of stxnulatlon (fovea or periphery of retma) 

Level of flash lummance and level of field luminance 

CONTEXT CONDITIONS 

Tramed subjects Dark adapt&Ion, then light adapted to appropriate field 

lllummatlon Presentation rate varied from 1-3 flashes per mmute, dependmg 

on flash lummance level 

RESULTS AND/OR CONCLUSIONS 

There 1s a negative relatlonslvp between reactlon time and level of flash luminance 

for both peripheral and fovea1 stlmulatlon 

There 1s a posltlve relatlonshlp between reactlon time and level of field lummance, 

wth sharpest mcreases m reaction time at higher levels for both fovea1 and peripheral 

stlmulatlon In addltlon, there 1s an interaction of field luminance and flash lummance 

such that Increases m reaction time are a Jomt fun&Ion of both level of field 

lummance and level of flash luminance 
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REPORT ANNOTATION 

AUTHOR- 
TmLE 

Richards, W J. et al 
Reactlon times 1, response to light stlmull. 

REFERENCE Fayettevllle, Arkansas Umverslty of Arkansas, 1953 
(TechnIcal Report No 22, Contract DA-23-072-ORD-472, 
59901-04.) 

SUMhURY 

This study mvestlgated the relatlonshlps between observer reactlon time and 

the size and mtenslty of white and chromatic light stlmull. The data mdlcate 

the usefulness of reactlon time as an mdlcant of the vlslblllty of different wave- 

lengths Reactlon times did not differ as a function of the size of the stimulus 

oblects 

REMARKS 

While there 1s a relatlonshlp between mtenslty of the light source and re- 

actlon time, the greatest shortemng occurs near the threshold of response-- 

little effect 1s produced by mtenslty mcreases m normal mtenslty regions 

In addltlon, sheer mcreases m size, at least wlthm the values of the study, 

have no effect on reactlon times These data, coupled with the data on mm- 

1ma1 mcreases m light transmlsslon under poor vlslblllty condltlons, suggest 

the relative meffxlency of mcreases either m runway light mtensltles or m 

srze of the light umts beyond those currently employed. 
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HUMAN CAPABILITY 

Capablllty to detect onset of a stimulus light 

INFLUENCING FACTOR(S) STUDIED 

Light mtenslty 

Wavelength of hght source 

Size of stimulus obJects 

CONTEXT CONDITIONS 

SubJects were dark adapted and then light adapted to viewmg field condltlon ( 01 ml ) 

SubJects were 6 5 Inches from plane of the hght disk The target subtended a visual 

angle of 30 mm&es 

RESULTS AND/OR CONCLUSIONS 

ReactIon txne shortens as the mtenslty of both achromatic and chromatic light 

Increases The major declme of reactlon times occurs m the mtensity area slightly 

above threshold In general, the relatlonshlp of stimulus intensity to reactlon times 

can be described by a hyperbolic function of the form Y =.X-b+C 

Reactlon tgme was found not to vary as a function of the size of the stimulus vlewed 

Reactlon time 1s not a function of wavelength as such, but depends precisely on 

effective mtenslty 

Reactlon time varied from around 400 mllllseconds at near threshold mtensltles 

to about 200 mllllseconds at mtensltles well above threshold 
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CONTRACT FAAIBRD-13 
HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Strughold, H 
TITLE The human time factor XI fhght 

REFERENCE Avlatmn MedIcme, October, 1949, 300-307 

SUMMARY 

Thm remew paper focuses on a dmcusslon of the time lag III visual 

perception between the appllcatlon of the stmnulus to a receptor and the 

perception of the sensation This span of time IS called the perceptual 

latent period Followmg a dlscusslon of factors affectmg the length of the 

perceptual latent period the author focuses on the mnpllcatlons of this tune 

span for high speed fhght At supersonic speeds sltuatlons may occur 

where an obdect 1s not percewed until one has made contact wth It, or 

even passed It by Thm phenomena mdlcates the need for further research 

and for consideration of mstrument design to provide mformation to the 

human which ~11 help reduce this “blind” tune 

REMARKS 

Txne delays between onset of a vuxal slgnal and an appropriate control 

response to the signal become more crltlcal as arcraft speeds mm-ease 

This tune delay 1s a characterlstlc of the human which may eventually 

mnpose a lumt on his usefulness as a momtor and controller of arcraft 
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HUMAN CAPABILITY 

The capablllty focused on m the dlscusslon IS the detection of a stunulus oblect 

when either or both the stimulus object or the observer are moving at supersonx 

speeds. Minor focus 1s also placed on the recogmtlon, comprehension, etc., of 

stmmlus obJects under high speed flight condltlons. 

INFLUENCING FACTOR(S) STUDIED 

A number of factors such as mtenslty of the stunulus, region of the retina stunu- 

iated, stage of dark adaptatmn of the eye were described as being related to the 

length of the perceptual latent period. 

CONTEXT CONDITIONS None. 

RESULTS AND/OR CONCLUSIONS 

The fact that the latent perceptual period, the time between stimulatmn and per- 

ceptlon, 1s present for all sense madalltles and 1s a particular problem in visual 

perception at high speed flight, mdlcates the need for future research of the phe- 

nomena. 

A review of emstmg literature mdlcates that the latent period has a maxmuxn 

length of 150-300 mllllseconds, and mnumal length of 35-70 milliseconds. 
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REPORT ANNOTATION 

AUTHOR Trans. R C 
TTl-LE Measurement of accommodation and convergence time 

as part of a complex visual adlustment 
REFERENCE Wright-Patterson Am Force Base, Ohlo Air Materlel 

Command, 1947 (Report No 2, Contract No W33-038 
ac-14559 ) 

SUMMARY 

In this study an attempt was made to determine the time required for 

accommodatloTl and convergence functions to permit successful 

shifts m focus between near and far obJects The expermmnt was 

deslgned to duplicate the pilot’s task of alternately focusmg from the 

mstrument panel to the landmg strip and back agam Results showed 

that approximately 1 06 seconds were required for the shift Practice 

in the task reduced the time required to successfully shift focus to 

approximately 6 seconds 

REMARKS 

These results are m general agreement with others which mdlcate 

that about two seconds are requmed to complete a cycle from near to 

far and back to near pomt of focus These results do not Include any 

requirement for changes m dark adaptation level of the eye which would 

exist m mght landmgs Therefore, the twwsecond sstxnate must be 

considered as a lower lmnt 
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HUMAN CAPABILITY 

The ablllty to successively focus from near to far stimuli, mcludlng time for 

accommodation and convergence, eye movement time, perceptual speed, and 

reactlon time m makmg an appropriate response was exammed 

INFLUENCING FACTOR(S) STUDIED 

MaJor variable studled in relation to focus shift time requirements was the 

distance of the oblects to be focused Distances of 22 inches and 43 feet were used 

CONTEXT CONDITIONS 

SubJects were light adapted and this test was conducted under constant condltlons 

of illumination Test oblects were of a size approximately equivalent to a 2 l/Z- 

mch letter mewed at 20 feet 

RESULTS AND/OR CONCLUSIONS 

1 06 seconds are required by nawe subjects to shift visual focus from near to 

far objects This time reduced to 6 seconds after several dally practice 

sessions 

1 04 seconds are required i?or shifts in pomt of focus at equal observation 

distances 
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HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR Fry, G A , & Alper, M 
TlTLE Effect of flashes of hght on night visual acuity 

REFERENCE Wright-Patterson Air Force Base, Ohlo Wright Air Develop- 
ment Center, 1951 (Techmcal Report No 52-10, Part 1 ) 

SUMMARY 

This series of studies 1s concerned with the capablllty of the dark adapted 

eye followmg exposure to a flash of hght or series of flashes It was 

found that wlthm the retmal area on which the xnage falls, the eye adapts 

to levels of luminance proportional to the product of the duration and 

mtenslty of the stimulation Adaptation occurs withm a S-second interval 

for both continuous and intermittent stimulation The effect of exposure to 

brightness in one part of the field of view on visual acuity m another part of 

the field of view 1s dependent upon the adaptation to stray light falling on 

the eye 

REMARKS. 

These results Imply that the mtermittent stimulatmn produced by condenser 

discharge lights in the approach llghtmg conflguratlon may affect tik 

adaptation to the same extent as steady stlmulat;on of equal mtenslty and 

duration 
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HUMAN CAPABILITY 

Dark adaptation characteristics of the eye was the principal capability of concern. 

INFLUENCING FACTOR(S) STUDIED 

Effects of flashes of light of specified intensity and duration were examined 

CONTEXT CONDITIONS 

The subIects were tested under laboratory conditions Viewing occurred moncc- 

ularlyfrom a fixed head position. 

RESULTS AND/OR CONCLUSIONS 

The adaptation of any given part of the retina can be regarded as independent of 

other parts of the retina 

Total exposure, regardless of time and intensity. appears to be the Important factor 

in adaptation up to a 3-second interval. 

Stimuli applied to the central parts of the retina or points varying up to 35 degrees 

are equally effective In producing pup&r-y restriction 
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REPORT ANNOTATION 

AUTHOR 
TlTLE 

Gallup, H F ,et 
The attention gettmg value of a steady light as a fun&on 
of brightness, with respect to rapldlty and relmblllty 

REFERENCE Phlladelphm Naval Am Mater14 Center, October, 1956 
(Report No NAMC-ACEL-301 ) 

SUMMARY 

The study compared the attentmn-gettmg values of steady, flashmg, and 

alternatmg light signals The results mdlcated no slgnlflcant differences 

among the three types of lights when presented agamst a homogeneous 

background When presented agamst a heterogeneous brightness background, 

both flashmg and alternatmg lights were superior to the steady burnmg hght, 

especmlly when onset of the signal occurred outslde the prmclpal visual 

field of the observer The apparent movement of the alternatmg light 

provided greater attention-gettmg value than the on-off flashmg light 

REMARKS 

These results appear to support the use of drectmnally flashmg condenser 

discharge lights wth the standard approach llghtmg conflguratlon 
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HUMAN CAPABILITY 

Reaction txne latency from the onset of a light signal while observer 1s engaged ln 

a trackmg task 

INFLUENCING FACTOR(S) STUDIED 

Type of visual signal (flashmg, alternatmg. or steady), brightness characterlstlcs 

of the visual surround, and posltmn of the slgnal m observers’ visual field 

CONTEXT CONDITIONS 

Observer performed Irrelevant trackmg task m mockup of cockplt of F7U Cutlass 

Stimulus light appeared on mstrument panel 

RESULTS AND/OR CONCLUSIONS 

To be a reliable attention getter m a field lllummatlon of 36 8 foot candles, the 

brightness of a steady light must be mcreased from 5 foot lamberts (the level at 

which flashmg and alternating lights yielded 100% response) to at least 90 foot 

Jamberts 

Under lllummntlon levels of 5 foot lamberts, the brightness of a steady light must 

be Increased up to at least 15-19 foot lamberts m order to be as rcllable an 

attcntmn getter as flashing lights which yield 100% detectablllty at 5 foot lamberts 

Under day condltmns, reactlon tlmc latencles were least for alternatmg lights, 

greater for flashmg hghts, and greatest for steady lights Moreover, the steady 

light resulted .n 8% no responses at mght, 53% no responses durmg day condltlons 
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REPORT ANNOTATION 

AUTHOR 
TlTLE 

Gerathewohi, S J 
Consplculty of flashmg and steady light signals, I Varlatlon 
of contrast 

REFERENCE Randolph Field, Texas USAF School of Avlatlon Medlcme, 
April, 1951 (Special Report ) 

SUMMARY 

Reactmn time to mtermlttent and steady light signals were exanuned under 

four ratios of brightness contrast as follows 100, 74, 52, and 33%. At the 

low levels of background contrast, the flashmg light signals were slgmflcantly 

more conspicuous than the steady light signals m attractmg the attention of 

observers engaged m the performance of a complex motor task 

REMARKS 

The results of this study lend experimental support to the use of condenser 

dxcharge lamps In the approach conflguratlon of alrport markmg and 

llghtmg systems Under operatIona condrtmns of low slgnal-to-background 

lllummatmn contrast, the condenser dlscharge lights should be more quckly 

detected and responded to than the steady burnmg elements of the approach 

conflguratmn 
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HUMAN CAPABILITY 

Response time to steady vs Intermittent visual signals was recorded when the subJect 

was engaged In the performance of a motor task and the visual signals were used as 

attention-getters 

INFLUENCING FACTOR(S) STUDIED 

The detectablhty of steady vs. mtermlttent slgnal lights 1s affected by numerous 

factors which mclude luminance of the signals, contrast ratlo. flash rate of the 

lntermlttent light stimulus, duration of the flash, color of the lights, size of the 

stlmull, locatmn of the stIrnull within the visual held, surface texture and 

characterlstlcs of the background, kind of task which the observer 1s required to 

perform, etc This study mvestlgated only the effects on the consplculty of 

IntermIttent light signals of brightness contrast (lummance relation of the signal 

and background) at four contrast ratios, 100, 74, 52, and 33% 

CONTEXT CONDITIONS 

The subJectsI attention was diverted from the critical stlmull by an apparatus 

task, the Multiple Complex Reaction Test The distance between the test 

signals were distributed vertically, 15 degrees 32 mmutes, and horizontally, 

10 degrees 30 mmutes Various types of signals were presented to the subJect 

durmg the performance of the motor task and reaction latency to the visual 

signals was recorded 

RESULTS AND/OR CONCLUSIONS 

Response time is a function of brightness contrast Response latency increases 

as the contrast ratlo decreases 

Decrease In contrast ratlo has a differential effect on steady and mtermlttent 

light signals Under high contrast condltlons, there is no observable difference 

In response time to the two types of visual signals Under medlhm and low 

conditions of contrast lummance, latency to mtermlttent light signals 1s significantly 

shorter than response to steady signals 

Slgmflcant practice effects are produced Durmg the course of the experimental trials. 

reactlon time to visual signals were substantially reduced 
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REPORT ANNOTATION 

AUTHOR 
TITLE 

Gerathewohl, S J 
Consplculty of flashing and steady light signals, II &gh 
contrasts 

REFERENCE Randolph Field, Texas USAF School of Avlatlon MedIcme, 
1952, (Report No 2, ProJect No 21-24-014 ) 

SUMMARY 

The report discusses an mvestlgatlon of the conspiculty of steady hght 
signals and mtermlttent hght signals at contrast ratios higher than 1 00 
Reactlon time latencles were recorded under five levels of contrast 
conditions when observers were engaged In a complex motor task. Results 
Indicated that steady light signals are more conspicuous than flashing light 
slgnals, especially when the subject 1s not famlllar with the task However, 
the data mdlcate that when the brightness threshold 1s surpassed slgmflcantly, 
no differences appear m the consplcuity of steady and Intermittent signals 
On the basis of both the numerxal results and the observation of sublects, 
it was concluded that the consplculty of signals 1s dependent on physical, 
physlologlcal, and psycholo@cal factors which determme the consplculty 
thresholds for the two types of lights 

REMARKS None 
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HUMAN CAPABILITY 

The capability to detect the presence of a light slgnal while performmg a complex 

motor task The capability to identify the type of light slgnal by makmg appropriate 

motor response while performing distracting tasks 

INFLUENCING FACTOR(S) STUDIED 

Steady burnmg vs mtermlttent light slgnals and degree of brightness contrast 

between signal and background were studled m relation to response latency to 

the slgnal Contrast ratios of 1031 6, 138 9, 19 0, 18 3, and 6 6 were used 

CONTEXT CONDITIONS 

Signals appeared at a distance of 90 Inches from the subject at a visual angle of 

15 degrees 30 mmutes above the central lme of sight Stimulus brightness ranged 

from 16 7 to 2891 7 m~ll~lamberts and background brightness ranged from 2 2 to 

2 8 millilamberts 

RESULTS AND/OR CONCLUSIONS 

At brightness contrast levels above 1 00,steady light signals are more conspicuous 

than flashing lights However, at contrast levels above 19 0, little difference 

in reaction time to the two types of signals occurs 
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REPORT ANNOTATION 

AUTHOR 
TITLE 

Gerathewohl, S J 
Consplculty of flashing light signals Effects of varlatlon 
among frequency, duration, and contrast of the signals 

REFERENCE Randolph Field, Texas USAF School of Avlatlon Medicine, 
1954 (Report No 1, ProJect No 21-1205-0012 ) 

SUMMARY 

Experiments were conducted to examme the consplculty of flashmg light 

signals (the ability of the light to attract attention) as a function of flash 

duration, flash frequency, and brightness contrast A slgnlflcant Inter - 

action was found between flash frequency and brightness contrast At low 

contrast levels, consplculty of the signal Increased as frequency of the flash 

Increased The consplculty of slow flash frequency signals Increased as 

contrast Increased For practical apphcatlon, the most conspxuous light 

slgnal 1s one flashmg three times per second and at least twice as bright 

as Its background 

REMARKS- 

The results of this study appear to have relevance to the problem of flash 

frequency of condenser discharge hghts In the approach hghtmg conflguratlon 

It would seem that the flash rate of the condenser discharge lights should be 

set dlfferentrally as a function of the background lllummatlon condltmn When 

the lllummatlon contrast 16 relatively low, the condenser discharge hghts 

would be set to flash at a faster rate than under condlflons of high contrast 
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HUMAN CAPABILITY 

The response latency to light stimuli of varymg characterlstlcs was studied while 

the observer performed a complex motor task. 

INFLUENCING FACTOR(S) STUDIED 

Response latency was studied as a function of various combmatlons of brightness 

contrast, flash frequency, and flash duration Brightness contrast was varied 

at three levels 16, 95. and 11 16 Three levels of frequency one flash per 

3 seconds, one flash per second, and three flashes per second, and two conditions 

of flash duration 1 and 2 seconds were studled 

CONTEXT CONDITIONS 

This study was conducted under laboratory condltlons with an observer seated 

about 6 feet from a white projection screen on which light signals appeared in 

a random sequence The observer responded to these slgnals by operatmg a 

control 

RESULTS AND/OR CONCLUSIONS 

Response time generally decreases with mcreasmg contrast 

Response time decreases with increasing flash frequency 

Response time decreases with increasing flash duration 

A sigmflcant interactlon exists between contrast and flash frequency. 

Substantial mdlvldual differences In response latency exist 

Slgmfxant practice effects occur 
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HSR PROJECT MARK 

REPORT ANNOTATION 

AUTHOR 
TITLE 

Gerathewohl, S J 
Consplculty of flashmg light signals of different frequency and 
duration 

REFERENCE J. exp. Psychol., 1954, S (4), 247-251 

SUMhIARY 

This study exammed the ability of observers to detect the presence of flashing 

llgh+ signals under varymg conditions of flash frequency, flash duration, and 

brightness contrast between the visual stimulus slgnal and the background Re- 

sults mdlcated that short duration, rapldly-flashing signals were more effective 

attention-getters under condltmns of low contrast At the higher brightness 

contrast levels, however, all flash frequencies were seen with equal faclllty 

REMARKS 

The results of this work appear to have application to the problem of specl- 

fymg temporal variables associated with the condenser discharge lights in 

the standard approach hghtlng conflguratlon of alrport markmg and llghtmg 

systems As an attentmn-gettmg device useful to pllots searchmg out the 

dIrectIon of the runway, It appears likely that a short- and fast-flashmg series 

of slgnals ~111 be more effective than a long- and slow-flashing series under 

condltlons of low signal-to-background lummance contrast. 
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HUMAN CAPABILITY 

Capablllty to detect a flashmg slgnal of various characterlstlcs while performmg a 

complex motor task was the focus of the present study 

INFUENCING FACTOR(S) STUDIED 

D&e&on capability was exammed as a function of brightness contrast, duration of 

the mdlvldual slgnal flash, and frequency of occurrence of slgnal flashes Brlghtnesc 

contrast ratios used were high (74 2%). medmm cl%), and low ( 19%) Flash rates 

of 1, 2, and 4 flashes per second, and flash durations of 112, l/4, and l/8 seconds 

were studled as related variables 

CONTEXT CONDITIONS 

Laboratory apparatus was employed consisting of a complex psychomotor task to dls- 

tract the subject from the test signals. The sublect was seated before a visual 

display conslstmg of two vertically arranged screens The test signals appeared as 

spots of light m the center of the upper screen Signals used m the the complex 

psychomotor task appeared as colored or patterned dots on the lower screen The 

subjects responded to these signals by movmg handles attached to a control box 

RESULTS AND/OR CONCLUSIONS 

Slgmficant mdlvldual differences m reactlon time latencles were noted 

Slgmflcant practice effects occurred throughout the trials Reaction time latencles 

to the visual slgnaIs of whatever characterlstlcs consistently decreased 

Consistent decrease of reactlon time latency occurred with mcreasmg flash frequency 

at the lowest brightness contrast condltlon 

At the medium and high contrast conditions, response latency appeared relatively un- 

affected by frequency varlatlons 
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REPORT ANNOTATION 

AUTHOR. Crannel, C. W , & Christensen, J M. 
TITLE Expansion of the visual form field by perimeter tralnmg 

REFERENCE Wright-Patterson Au Force Base, Ohlo Wright Air Develop- 
ment Center, 1955 (Techmcal Report 55-368 ) 

SUMMARY 

This study evaluated the extent to which ldentiflcation of peripheral objects 

could be mcreased by systematic trammg In general, the results show that 

perimeter trammg of various degrees did not result m posltlve transfer to 

ldentlficatlon of objects other than those on which the trammg occurred These 

results held, regardless of the amount of tramlng receLved 

While it IS probably not feasible to tram pllots to be good general “out-of- 

the-corner-eyeballers”, other evidence exists which mdlcates that they can 

be successfully tralned to look for speclflc types of content while scanning. 
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HUMAN CAPABILITY 

The capalxhty to ldentlfy various form ObJects presented m the periphery of the 

vxuaL field 

INFLUENCING FACTOR(S) STUDIED 

Amount of perimeter training 

Type of stimuli to be identified 

CONTEXT CONDITIONS 

Light adaptation conchtions were used Illummation was 64 foot-candles Exposures 

started at 24 degrees Ferree-Rand perimeter was used as trammg devxe. 

RESULTS AND/OR CONCLUSIONS 

There was no relation between amount of training and abkty to ldenkfy unfamlhar 

objects 

There was mcreased accuracy of Identifying the trammg stirnull as a function of 

amount of practxe 

The latter results were Interpreted as evidence for subJects learnmg to respond to 

reduced cues m the case of familiar stimulus ObJects 

It was concluded that httle value can accrue from a training program devoted to the 

teachmg of “form field expansion” 
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REPORT ANNOTATION 

AUTHOR Riopelle, A J , & Bevan. W , Jr 
TlTLE- The distrlbutlon of scotoplg sensltlvlty m human vlslon 

REFERENCE Amer J Psycho1 j 1953, 66 (l), 73-80 

SUMMARY 

This summary was deslgned to compare absolute scotoplc thresholds m 

different parts of the retma, expressed In terms of distance and dlrectlon 

from the fovea In general, sensitivity contours are elliptical about the 

fovea with the maJor axls bemg in the horizontal dlmenslon The results 

also show maximal sensltlvlty on either side of the fovea on the horizontal 

merldlan at approxlmately 20-30 degrees eccentrlclty Further sensltlvlty 

thresholds are generally lower for :Le upper as compared to the Lower retma 

REMARKS 

Basx studies of the sensltlvlty contours of the retma may eventually 

provide a useful basis for design of llghtlng conflguratlons The results 

of the present study suggest that horizontally placed light arrays would 

be more easily perceived than vertically placed arrays 
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HUMAN CAPABILITY 

The capability to detect light flashes 

INFLUENCING FACTOR(S) STUDIED 

Distance and dn-ection of the light source from the fovea 

CONTEXT CONDITIONS 

Distance from observer to stunulus patch was 17 inches Observers were dark 

adapted 

RESULTS AND/OR CONCLUSIONS 

Maxnnal r&ma1 sensltivlty is found on either side of the fovea on the hormzmtal 

merldmn Thresholds for the upper retma are lower than thresholds for the 

lower retma AddItIonal research 1s needed to ascertain the relatlonshlp 

between sensltwlty data and anatomical structure. as well as to explore the 

problem of mdwldual differences 
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REPORT ANNOTATION 

AUTHOR Graybiel, et al 
TlTLE. The law of the otollth organs 

REFERENCE Paper presented at the 30th Annual Meeting of the Federation 
of Amerxan Societies for ExperImental Biology. (Federation 
Proceedmgs Issued in February, 1946, Baltimore ) 

SUMMARY 

The paper reports the results of experiments on a human centrifuge directed 

toward dlstlnguishmg between the effects of angular acceleration on the semi- 

cn-cular canals and of “g” on the otollth organs The followmg law was 

determmed If, m the absence of visual orlentatlon, a person 1s subjected to 

accelerated force, his perceptlon of the vertical ~111 eventually coincide with 

the resultant of the force introduced and the force of gravity 

REMARKS- 

The law reported is essentially complementary to Gibson’s viewpomt on the 

mteractlons of visual and proprloceptive forces In determmmg perception of 

the vertical The third corollary suggests that If a slight “g”, produced by a 

sudden displacement of the au-craft, comcldes with an illusory perception of 

the ground plane, the pllot would be totally unaware of the true vertical 
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HUMAN CAPABILITY, 

Perception of postural vertical (perpendicular to earth’s surface). 

INFLUENCING FACTOR(S) STUDIED 

Amount of Induced “g” forces, amount of bodily tilt, and various visual orlentatlon 

st1mu11 

CONTEXT CONDITIONS 

Utlllzatlon of human centrifuge (no other stimuli avallable) 

RESULTS AND/OR CONCLUSIONS 

AdditIonal corollaries to the law stated m the SUMMARY on the previous page 

An object m mew which does not provide a clue to orientation to the earth 

will eventually be proJected m space by the observer m accordance with 

the apparent vertical 

If objects m the visual field do provide clues for orlentatlon. a conflict 

between visual and otollthlc stIrnull results and the resolution favors 

visual orientation to the earth 

If the body mamtams a constant relatIonship to the dlrectlon of the re- 

sultant “g”, one 1s not aware of any change from the true vertmal 

position 

If the body mamtams a constant relatlonshlp with the true vertical, one 

will be conscious of a tilt or rotation mdependent of a particular posltlon 

of the body 
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AUTHOR Mann, c w 
TITLE Visual factors m the perceptmn of vertlcallty 

REFERENCE J exp Psycho1 , 1952, s(6), 460-464 

SUMMARY 

The study reported was concerned wth the relative contrlbutlon of visual 

stunulatlon to perceptlon of a vertical posltlon of the body under varymg 

condltlons of proprloceptlve stunulatlon It 1s concluded that when vmual 

stunulatlon IS Increased to the pomt at which a person can ldentlfy hunself 

with the vxual framework, his Judgment of vertical WA 1~ somewhere be- 

tween the mclmatlon of the vlsus.1 field and the gravltatlonal vertical If they 

are m conflict. 

REMARKS 

These results support the argument for an unmed~ately perceptible and 

strong mclmatlon of the ground plane Further, the unportance of flymg 

a smooth mstrument flight path 1s remforced 
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HUMAN CAPABILITY 

Judgment of the gravItatIona vertical when vlsusl and gravltatlonal cues are m 

conflict 

INFLUENCING FACTOR(S) STUDIED 

Varmus tilt relatlonshlps between a visual background and the chair in which the 

observer sits 

CONTEXT CONDITIONS 

Light adaptation condltlons were used SubJects mampulated a visual target rod, 

thus ellmmatmg verbal contammatlon of their responses 

RESULTS AND/OR CONCLUSIONS 

When visual stlmulatlon 1s Increased to the pomt at which a person can ldentlfy 

hunself mth a visual framework, there will be a conflict between the resultant 

visual stlmulatlon and proprloceptlve stimulation produced by gravltatlonal force 

actmg on the statocysts 

When this conflict occurs, a compromise Judgment of vertlcallty ~11 be made, the 

judgment lymg somewhere between the mclmatlon of the visual field and the gravl- 

tatlonal field force 
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AUTHOR 
TITLE 

Halsey, Rita M. 
The ldentlflcatlon of slgnal lights I , blue, green, white, 
and purple 

REFERENCE New London, Connecticut U S Naval Medlcal Research 
Laboratory, U S Naval Submarme Base (Date not specified.) 

SUMMARY 

This study mvestlgated the ability of observers to accurately ldentlfy 

four test colors under varymg levels of lllummation The data Indicate 

large individual differences m color nammg and poorer dlscrmunatlon 

at lower llluminatlon levels With increased distance from the stimulus 

field, there 1s a tendency for the naming contours to shift toward green 

There was a general tendency for observers to confuse blue and purple 

REMARKS 

This study suggests that because of mdwldual differences and varymg 

levels of lllummation assocmted with operational condltlons, the number 

of r&ably dlscruninable colors 1s limlted If colors are to be used to 

dlstmguish sfunulus objects, hues should be selected as far apart on the 

continuum as possible 
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HUMAN CAPABILITY 

The ability of the observer to correctly ldentlfy colored slgnal lights 

INFLUENCING FACTOR(S) STUDIED 

Intensity of the light source, distance of subject from stimulus field, and 

mdivldual differences among subjects are factors related to color dlscrmunatlon 

CONTEXT CONDITIONS 

Observers of normal visual and color acuity were adapted to the lllummatlon 

level of the test room and exposed to hght stlmull of 2 seconds duration on a 

circular display l/4 inch in diameter 

RESULTS AND/OR CONCLUSIONS 

The results showed highly consistent “green” responses, wdely varymg “blue” 

responses, some confuslon between “yellow” and “white” and a large “purple” 

area In addition, there was a repeated tendency to identify many supposedly blue 

colors as “purple” 

Lowering the over-all lllummance level resulted m a notable decrease in color 

ldentlflcatlon, particularly for the borderlme or desaturated blues, greens, and 

purples 

While the magmtude is not great, color contours tend to shift toward green wth 

increased distance The results of this study mdlcate that the data obtained can 

be applied to the speclflcatlon of boundaries for colored signals With increased 

distance, there is a tendency for color contours to shift toward “green” 
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AUTHOR Halsey, Rota M 
TlTLE The ldentiflcatlon of slgnal lights II. Ellmmatlon of the 

purple category 
REFERENCE- New London, Connecticut U S Naval Medlcal Research 

Laboratory, U S. Naval Submarine Base (Date not specified ) 

SUMMARY 

In this experiment, observers ldentlfied test colors in the violet-green-white 

regmn of the chromatlclty diagram. The results showed that when the response 

“purple” IS not permitted, there 1s improved identiflcatlon of blue signals 

REMARKS 

Color naming contours ( all frequencies Judged to be the same) could be used 

as a basis for selectmg highly dlscrlmmable colors for operatlonal use in 

codmg different alrport facllltles 
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HUMAN CAPABILITY 

The capablllty to ldentlfy colored light sources under varymg levels of lllumlnatlons 

INFLUENCING FACTOR(S) STUDIED 

Wave length of light source, &stance from the strnulus, and mtenslty levels 

of the light sources were exammed m relation to color ldenfltlcatlon 

CONTEXT CONDITIONS 

Test colors appeared as spots of light subtendmg a visual angle of about 5 

mmutes Light appeared for an exposure duration of 2 seconds 

RE~ULT~ANDIOR CONCLUSIONS 

The data show Improved ldentlflcatlon of blue signals when observers are not 

permltted use of the response category “purple” There 1s a general confwmatlon 

of the previous fmdmg that low illummatlon is associated with reduced accuracy 

of ldentlflcatlon 
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AUTHOR Halsey, Rota M., & Chapams, A 
TITLE On the number of abso?&ely ldentlflable spectral hues. 

REFERENCE J. opt. Sot. Amer., 1951, 41(12), 1057-1058 

SUMMARY 

This st Idy attempted to determme the absolutely lden+lflable number of spectral 

hues w:thm the wavelength range of 430-642 mllllmxrons The results indicated 

that I? spectral hues are absolutely ldentlflable at an accuracy of 72% while 15 

hues are ldentlfiable at an accuracy of 95% The authors Interpret their results 

to Indicate that the number of spectral hues we can be expected to ldentlfy to a 

high degree of accuracy m other than m a laboratory sltuatlon 1s qute small. 

REMARKS 

The use of chromatic stIrnull m situations where high accuracy of identlficatmn 

IS crlilcal necessitates employment of hJes that are fairly far apart with respect 

to wavelength. It 1s only m the laboratory, where many amblent factors are con- 

trolled, that reliable ldentlflcatmn can be expected on large numbers of hues. 

Furthermore, laboratory crlterla of correct 1denflRcanon are often less restrx- 

tlT,e than requred m the operational sltuatlon where safety conslderatlons weigh 

heavily. 
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HUMAN CAPABILITY 

The capability to identify (an absolute Judgment) various spectral hues in the 

wavelength range 430-642 mllhmlcrons was studled 

INFLUENCING FACTOR(S) STUDIED None 

CONTEXT CONDITIONS 

Angular sxe of the test spots were 45 feet at vlewmg distance Vlewmg field 

lummancewas 2 4 candles per square meter Wavelengths from 494 mllllmlcrons 

to upper lengths were equated to a value of 2 8 candles per square meter Those 

wavelengths below 494 milllmlcrons were of variable luminance Subjects were 

light adapted and viewed hues agamst a gray background 

RESULTS AND/OR CONCLUSIONS 

The results of this study m&cate that when observers are asked to ldentlfy the 

color of spectral hues m the wavelength Interval 494-642 mllllmlcrons, that 

they are able to ldentlfy a fairly limited,number of hues accurately The higher 

the crlterm of accuracy, the lower the number of wavelengths that can be 

specified 
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AUTHOR 
TITLE 

Erlksen, C W 
Partltmnmg and saturatmn of the perceptual field and 
efflclency of visual search 

REFERENCE* Wright-Patterson Air Force Base, Ohm Wright Am 
Development Center, 1954 @echnlcal Report No 54-161 1 

SUMMARY 

This experwnent was designed to mvestlgate the effects of saturatmn, 

partltmnmg, and search area on visual search time The results show 

that xxi-eased saturatmn of the display, I e , the number of non-target 

stmmli in the display, leads to mcreased search time or ldentlflcatmn 

of the relevant targets Slmllarly, mcreased partltmnmg of the display 

matrix by means of grid lmes degrades search tnne No readily inter - 

pretable relatlonshlp between search time and search area was emdent 

REMARKS 

The results suggest that redundant mformatlon may be a double-edged 

sword Although It may improve some gmdance factors (e g , multi- 

pllclty of hghts to define surface plane), It may Interfere with other 

guidance factors (e g , rapld ldentiflcatlon of declslon bar or threshold) 
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HUMAN CAPABILITY 

Identlflcatlon of test targets among Irrelevant obJects 

INFLUENCING FACTOR(S) STUDIED 

Relative balance of target and Irrelevant oblects wth respect to one another 

Relative number of partitions II-I visual field 

Total area of the display 

CONTEXT CONDITIONS 

Light adaptation 

Bmocular vlsmn 

RESULTS AND/OR CONCLUSIONS 

Search txne mcreases both when the number of Irrelevant signals IS increased 

and when the number of partltlons of the visual field 1s increased 

Visual search 1s most efficient when the search area 1s 18 or 32 Inches square, 

least efficient when 24 Inches square 

The results are explamed In terms of the number of fovea1 flxatlons reqwred for 

slgnal identification coupled wth the use S’s make of grid lmes m their plan of 

search 
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AUTHOR Fry, G A , & Alpern, M 
TITLE The effect of a peripheral glare source upon the apparent 

brightness of an obJect 
REFERENCE- J opt Sot Amer , 1953, 43 (3). 189-195 - 

SUMMARY 

This study was designed to account for the decrease in apparent brightness 

of a foveally fixated obJect which 1s associated with a peripheral glare 

source The results mdlcated that decreases in perceived brightness 

can be accounted for In terms of a vellmg lllummance that 1s produced 

by stray hght from the peripheral glare source whlchfalls on the fovea 

REMARKS 

This result emphasizes the crltlcal difference between mcreasmg the 

physical mtenslty of alrport hghts and mcreasmg their perceptual effect - 

lveness These are hkely to be several areas wlthm specific airport 

llghtmg systems where the perceived brightness of slgnal lights or 

lllummated surfaces could be mcreased by reducmg stray light from 

peripheral glare sources more effectively than by mcreasmg mtenslty 
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HUMAN CAPABILITY 

The capablllty to match the apparent brightness of a standard obJect seen 

by one eye wth that of a variable stimulus seen by the other eye The test 

stimulus glare IS varied by means of a patch of velllng lllummance. 

The capablllty to match the brightness of two stn-nuli, where the glare source 

1s varied by the distance of extraneous lights from the test stmulus AdJust- 

ments are made by moving the distance of the glare sources frum the test 

st1mu11. One eye sees the test stimulus and one sees the standard stimulus 

Same matching task capablllty requrements as the first above, but with varied 

tunes of onset between standard and comparison stimuli 

INFLUENCING FACTOR(S) STUDIED 

Lummance of the patch of veiling illuminance 

Angle of separation of glare source from test stimulus 

Onset Interval between test stimulus and comparison standard. 

CONTEXT CONDITIONS 

Cwcular patch of veilmg illuminance of 9 5 degrees xas superimposed on the test 

object Stunulus objects were retangular openmgs 

Two rectangular patterns were used as glare sources--these were placed on either 

side of test obJects, which were also rectangular. SIX values of distance between 

glare and test stirnull were used (3/4, 1, 1. 5, 2 5, 3 5. and 4.5 degrees). 

RESULTS AND/OR CONCLUSIONS 

The decrease In perceived brightness of a fovea1 test stimulus by a glare source 1s 

accounted for In terms of the veiling illummance which 1s generated by stray light 

fallmg on the retina rather than by direct physiological retmal effect. This mterpre- 

tation stems from the fmding that the decreases In apparent brightness are produced 

by both peripheral glare sources and a patch of veiling illuminance. In addition, 

changes in perceived brightness that occur lmmedlately following the onset and re- 

moval of a glare source can also be accounted for by the veiling illuminance generated 

by stray light. 
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AUTHOR’ Graham, C. H. 
TITLE Some factors that hmit vlsmn. 

REFERENCE Washmgton Offxe of Naval Research, September, 1951. 
(Project No. NR 142-404.) 

SUMMARY 

This paper presents a general discussion of a number of visual functmns and 

iactors that influence them 

REMARKS 

The relationships between characterlstxs of light and the basic human visual 

factors should be of general interest and value to the designer of awport light- 

mg systems The differential capablllty of the eye to chscrxnmate greens and 

blues of equal lntenslty more effectively than red under low lllummatmn conch- 

tions should be of speclflc mterest. 
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HUMAN CAPABILITY 

Threshold sensitlvlty, dlfferentlal sensitivity, grating acuity, vernier acuity, 

depth dlscrlmmation, and monocular movement parallax were the visual 

functions discussed 

INFLUENCING FACTOR(S) STUDIED 

Level of dark adaptation, stimulus mtenslty. stnnulus area, and wavelength 

CONTEXT CONDITIONS None 

RESULTS AND/OR CONCLUSIONS 

Threshold sensitivity 

Greatest sensltlvity exists for light of least energy In the visual periphery for the 

dark adapted eye Sensltlvlty 1s Increased as the stimulus covers a larger area, 

1s of Increased duration, and has a wavelength composltlon restrlcted to blue-green 

Dlfferentlal sensltlvlty 

Intensity dlscrxnmation 1s best with cone vlsmn at high mtensltles When two 

colors are equated for intensity, they provide a basis for equally good fovea1 

dlscrnnmatlon On the other hand, rod mtenslty dlscrlmmatlon at lower lntenslty 

levels 1s more effective for blue and green than for red While duration and area of the 

background are fairly complex In then- effects, there 1s a tendency for dlscrlmmatlon 

to be more effective with Increases In duration and area 

Gratmg acuity 

The same factors that Influence mtenslty dlscrlmmatlon affect acuity Acuity 

Increases with lntenslty, duration and area xxx-eases Acuity 1s equal for colors 

(matched in brightness) at the fovea, but In the periphery, the rod branch of the 

acuity 1s maximal for blue and green 

Vermer acuity 

Coincidence acuity 1s affected to the same general extent by those factors which 

Influence lntenslty dlscrlmmatlon 

Depth discrimination 

Although precise data 1s not available, depth dlscrlmmatlon is Influenced by mtenslty, 

area, and duration in somewhat the same way as the other acuity functions 
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REPORT AN-NOTATION 

AUTHOR Morm, R. E. ) et al. 
TITLE Temporal predlctmns of motion mferred from mtermlttently 

vlewed light stunull. 
REFERENCE Wright-Patterson Air Force Base, Ohlo Wright Air Develop- 

ment Center, 1954. (Techmcal Report No. 54-69, Contract No. 
AF 18(600)-54.) 

SUMMARY 

This study was concerned wth an exammatlon of factors which affect Judgments 
of when a mowng obJect will reach a stationary object. Observers vwwed the 
successive lllummatlon of a number of Ilghts under different stunulus condltlons 
and were required to estimate the time remammg from the last lllummatlon to 
Impact with the stationary obJect. A mayor variable affectmg this estxnatlon was 
found to be the computed velocity of the lmagmary movmg oblect. The slower 
the actual velocity of the movmg light source, the greater the degree of under- 
estimation of arrival time. Another maJoT factor affectmg accuracy of estuna- 
tlon vas the distance of the stationary light from the last cue light. The shorter 
the distance between the two, the greater the accuracy of estlmatlon. In general, 
al1 &erlous errors of estlmatlon of correct time were errors of underestunatlon. 

REMARKS 

ExperImental mvestlgatlons of this sort have relevance to the operational mark- 
mg and ?ightmg problem Involved m the design of angle of approach mdlcators 
which utlllze the closmg of two stlmull light bars to an aligned posltlon or the 
centermg of a variable posltlon !lght between two allgned bars to mdlcate an op- 
tlmal glide path. 

This study provides some basis for es+lmatmg the extent to whrch rate Judgments 
of changes m glide pafh displacements are possible from the rate of closure of 
the mlsa’lgned segments of the display It would appear from the results of this 
work that a pIlotis estimate of his rate of closure to or from a desired glide path 
~111 be most accurate when the mlsallgnment 1s slight, and that, m general, his 
tendency wll be to underestunate his rate of closure to, or rate of departure 
from, an Ideal glide path. 
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HUMAN CAPABILITY None. 

INFLUENCING FACTOR(S) STUDIED 

The velocity of the movmg obJect, mterval between onsets of successive stunulus 

light, number of cue lights provldmg the proJected path of the obJect, and distance 

of the target from the last cue light were found to be factors affectmg accuracy of 

velocity estimation. 

CONTEXT CONDITIONS 

The stimulus panel was 18 feet from the observers. Stimulus hghts were l/2-inch 

Jeweled lamps Cue lights were red, except for the fmal light mdlcatmg impact 

with target Cue light remamed on 1 second per light 

RESULTS AND/OR CONCLUSIONS 

For varlatlons m velocity of the stimulus oblects errors of estimation were less 

than 10% for fast velocities ( 10 feet per second), but were 25-530/o at slower velocl- 

ties ( 05 feet per second) - m both cases. underestlmates For variations In distance 

between target and last cue light the shorter the distance between the two, the 

greater the accuracy of estimation Other results mdlcate that temporal estlma- 

tlons were more accurate for condltlons mvolvmg Increased numbers of stimulus 

lights. 
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AUTHOR Saltzman, Dorothy C I & Garner, W R 
TITLE* Accuracy of visual estlmatlon of azimuth posltlon 

REFERENCE J Psycho1 , 1950, 29 (2nd half), 453-467 - 

SUMMARY 

A series of experiments were conducted to determme the accuracy with which 

human observers can estimate angular posltlon of objects m the visual field 

In all cases, a standard fxed reference light was used Subdects were asked 

to estxnate the angular separation of the stIrnull, adJust a light with respect 

to another to produce a speclfled angular devlatlon, and, m the latter Instance, 

additional reference flights were Introduced Errors of estlmatlonwere analyzed 

In terms of dIrectIon and varlablllty for the various condltlons of measurement 

REMARKS 

The size of azimuth errors when the subJect matched an adJustable figure to a 

speclfled angle was m the nelghborhood of 1 degree When subjects Just estl- 

mated the angle, the average error averaged about 6 degrees 
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HUMAN CAPABILITY 

The accuracy of estlmatmg the angular posltlon of one ob3ect from another object 

m the horizontal plane. 

INFLUENCING FACTOR(S) STUDIED 

Method of measurmg accuracy. 

The effect of reference lights on accuracy. 

CONTEXT CONDITIONS 

Slight dark adapt&on. 

Fixed head posltlon. 

Distance of the stimulus from the subJect was 4 feet 

Size of the stimulus was 5/16 mch m diameter. 

Reference marks were used at 10 degrees, 30 degrees, 45 degrees, and 90 degrees 

m the various experImenta conditions 

RESULTS AND/OR CONCLUSIONS 

The method of measuring accuracy by adlustment was judged to more accurately re- 

flect the nature of the perception than the method of estlniatlon. 

The presence of an addItIona reference light had little effect on constant errors, but 

reduced varmble errors in the region of the reference angle and at one-half or twice 

the size of the reference angle. This latter effect was related to the accuracy with 

whxh a blsectlon Judgment can be made compared to mterpolatlons OP extrapolations. 
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AUTHOR 
TITLE 

Spencer, J. 
Judgment of height by the apparent obllqulty of famlllar 
ground outlmes 

REFERENCE* Montreal, Canada Royal Air Force, Institute of Avlatlon 
Medlcme, March, 1953 

SUMMARY 

The experiments discussed m this paper did not involve actual Judgments 

of heights, but rather the apparent slant of a circular spot whose 

orlentatlon to, and distance from, the observer was changed The effects 

of perceptual constancy (seemg a circle as a circle regardless of the 

angle of regard) were found to vary as a function of the actual obliqueness 

of the obJect, the general lllummatlon of the obJect and Its background 

REMARKS. 

To the extend that a pllot uses the shape of the runway for Judging the 

startmg pomt for his approach, then the results here indicate that this 

choice ~11 vary dependmg upon his entering altitude and whether or not 

he is flying at day or night 
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HUMAN CAPABILITY 

Judgmg actual shape of a spot seen from a#obllque angle (yleldmg an apparently 

dlstorted, or different shape) 

INFLUENCING FACTOR(S) STUDIED 

Different angular subtense of the stn-null at the eyes and varymg lllummatlon 

levels wth both monocular and bmocular vxlon 

CONTEXT CONDITIONS 

Dark adaptation condltlons were used Target to background brightness contrast 

was 48% Vlewmg heights of 10 Inches, 23 Inches, and 40 Inches were employed 

The diameter of stlmull was 318 Inch, with angular subtense at the eye of 44 

minutes, 30 mmutes, and 24 mmutes Brightness ranges mcluded 2 60 EFC (100%). 

4 070, and 0064% 

RESULTS AND/OR CONCLUSIONS 

Changes of lllummatlon mtensrty affect the accuracy of matching Judgments of 

obllqulty 

Until more objective data from flight observation support the assumptions used In 

these studies, it 1s not considered worthwhlle to further pursue the problem m 

the laboratory 
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