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EXECUTIVE SUMMARY 

Exit taxiway lighting and marking should enable the pilot to expeditiously exit 
from the runway to a taxiway. The present lighting for short-radius exit taxiways 
does not provide this guidance at night. Systems Research and Development Service 
requested the Technical Center to evaluate a system of surface retroreflective 
markers to provide this guidance for identifying short-radius exit taxiways at 
night. 

Project personnel evaluated the system at the Federal Aviation Administration (FAA) 
Technical Center's Atlantic City Airport (ACY) by obtaining FAA, general aviation, 
commuter, and air carrier pilot opl.nl.ons. Project personnel then revised the 
system, using these opinions, and installed the revised system for an inservice 
test at Bader Field in Atlantic City, NJ (AIY). 

The inservice test used questionnaires and interviews to determine the usefulness 
of the system. The questionnaire results indicated that 91 percent of the pilots 
responding were helped by the exit taxiway retroreflectors. The interview results 
indicated a statistically significant increase in the pilot's ability to identify 
the exit taxiways. Also, the evaluation team observed a more orderly flow of 
traffic after the installation of the retroreflective markers. 

The inservice test indicated that the system of surface retroreflective markers 
should: 

1. Be placed in an arc from the runway centerline to the taxiway centerline. 

2. Have the retroreflectors spaced 12.5 feet (4 meters) apart. 

3. Have the retroref lectors oriented with the reflective face toward the 
approach to the exit. 

4. Have a color pattern of green-green-yellow. 

In conclusion, retroreflective markers improve the pilots ability to locate, 
identify, and use the short-radius exit taxiways. 
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INTRODUCTION 

PURPOSE. 

The work described in this report was performed in response to a request by the 
Office of Flight Operations (AF0-1), "AFS 9550-1, Request No. 200-79-10 as amended 
on October 13, 1980." It was accomplished under Technical Program Document No. 
08-493, Subprogram 081-502, Project 540, "Identification of Exit Taxiways (Retro­
reflective Markers Only)." 

The purpose of this project was to perform an evaluation of surface retroreflective 
markers for identifying short-radius exit taxiways ("low-speed" exits). The 
markers are for use at night at airports where the cost of centerline taxiway 
lighting cannot be justified. A preliminary evaluation of this concept was pre­
viously completed at the Federal Aviation Administration (FAA) Technical Center and 
described in a February 1980 Letter Report (appendix A). Described in this report 
are the results of further investigations; an extensive evaluation conducted at the 
FAA Technical Center's Atlantic City Airport (ACY) Atlantic City, N.J.; and a 
3-month inservice test conducted at Atlantic City Municipal/Bader Field (AIY); 
Atlantic City, N.J. 

BACKGROUND. 

The primary purpose of taxiway lighting and marking is to provide guidance between 
the runway and the apron. An earlier study (reference 1) states that a critical 
part of this function is to enable the pilot to expeditiously exit from the runway 
to a taxiway. There is much evidence that this has not been satisfactorily accom­
plished by the present lighting for short-radius exit taxiways. 

Exit taxiways have always been difficult to identify at night and under low 
visibility conditions. This was confirmed by a review of reports contained in the 
Aviation Safety Reporting System (ASRS) from May 1, 1978 through March 31, 1981 
(reference 2). The reports show that pilots have exited runways onto closed taxi­
ways, closed runways, or even unpaved areas. Near collisions have been reported 
because of difficulty pilots have had in finding an exit taxiway. When heavy 
traffic, weather or ambient light conditions make operations difficult, confusion 
in identifying the exit can result in major problems for controllers and pilots. A 
National Aeronautics and Space Administration (NASA) ASRS report (reference 3) on 
the causes and problems of air carrier go-arounds stated that 12 of 194 go-arounds 
reported were caused by aircraft being slow to exit or overshooting the exit 
taxiway. The report also stated that "Perhaps more significant than the conflict­
generated go-around statistics was the finding that 32 percent of the reported 
climbouts transitioned immediately into subsequent conflicts. Furthermore, these 
follow-on conflicts involved more serious near midair collision incidents than the 
initial, often precautionary, avoidance maneuvers." 

Methods now used to help the pilot find the exit taxiway include double blue taxi­
way edge lights, large taxiway guidance signs, and green taxiway centerline lights 
for long radius exit taxiways (references 4, 5, and 6). Often these aids are 
expensive or ineffective. For a history of the lighting and marking of exit taxi­
ways, see C. A. Douglas' report noted in reference 7. 
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In 1966, the International Civil Aviation Organization's Visual Aids Panel rec­
ommended extending the green taxiway centerline lights onto the runways. The 
United States has adopted this recommendation for long radius exit taxiways but 
not for short radius exit taxiways because of concern over possible confusion. 
In the Technical Center report (appendix A) it has been recommended that a green­
green-yellow color pattern be used for short radius exit taxiwys to differentiate 
between short and long radius exit taxiways. This recommended color pattern is 
used to provide a method that is both effective and inexpensive compared to other 
methods. Retroreflective markers, similar to those used on highways, are placed on 
an arc leading from the runway centerline to the taxiway centerline. The pilot 
should be able to identify the retroreflectors approximately 500 feet before 
reaching the exit. When the exit is reached and the pilot begins the turn, visual 
cues from the regular taxiway lighting and marking will serve to provide the 
necessary guidance. The retroreflectors are not a replacement for centerline 
lights, but are intended for airports where such lights cannot be justified. 

EVALUATION 

TECHNICAL CENTER TEST. 

Retroreflective markers were installed on runway 4/22 at the FAA Technical Center's 
Atlantic City Airport (ACY). Runway 22 exits identified were Delta and Bravo (22/D 
and 22/B). Runway 4 had only Bravo exit identified (4/B). For taxiway 4/B 12.5 
foot (4 meter) spacing of the retroreflectors was applied along the arc while 25 
foot (8 meter) spacing was used for the other exits (figure 1). 

Comments on the retroreflective markers were obtained from FAA Technical Center 
test pilots after they had made several approaches or high-speed taxi maneuvers to 
the marked exits. Questionnaires were completed by general aviation, commuter, and 
air carrier pilots using the airport. These pilot comments and opinions were used 
to refine the system before installing the system at Bader Field for inservice 
testing. Appendix B is a copy of the exit taxiway marker questionnaire which also 
includes questions on another related project. 

BADER FIELD TEST. 

The retroreflective markers were installed with 12.5 foot (4 meter) spacing on 
runway 11/29 at Bader Field in Atlantic City, N.J. Six exit taxiways were marked 
with the retroreflectors. Two were marked on runway 11 (11/A and 11/C) and four 
were marked on runway 2Y (29/A, 29/B, 29/A2, and 29/A1) (figure 2). Interviews and 
questionnaires were used to collect data from the Bader Field test. 

INTERVIEWS. The interviews obtained reponses from pilots to determine a rating of 
the ease or difficulity of finding the exit taxiway. Pilots landing at Bader Field 
were interviewed before, during and after the three-month inservice test. The 
first interview was conducted before the installation of the retroreflective 
markers. The ratings were used to determine if there was an improvement caused 
by the retroreflective markers. See appendix C for a copy of the questions asked 
during the interview. 
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QUESTIONNAIRES. During the inservice test a questionnaire was made available for 
pilots to complete at the Fixed Base Operator (FBO) counter (appendix D) to provide 
a comparison with the testing at ACY and record pilot opinion of the retroreflec­
tive system. 

RESULTS 

TECHNICAL CENTER TEST. 

The test proved that during reduced visibility it was necessary to place the 
retroreflective markers closer to the centerline to enable the pilot to identify 
the exit taxiway. This also improved the usefulness of the system during higher 
visibility conditions. 

The effectiveness of the retroreflector spacing was better at 12.5 feet (4 meters) 
than at 25 feet (8 meters). Table 1 includes a summary of the 27 pilot responses 
at ACY. Some of the pilots did not answer the question on exit taxiway and some 
answered questions applicable to more than one exit. Under the "ALL" EXIT USED 
category, each questionnaire is counted only once even though the answers were 
applicable to more than one exit. 

TABLE 1. PILOT RESPONSES TO QUESTIONNAIRES (TECHNICAL CENTER) 

First Number of 
Exit Used No Help Some Help Great Help Spacing (ft) Retroreflector Responses 

Technical Center 

All 4% 29% 67% 24 
22/B 0% 20% 80% 25 Missing 10 
22/D 0% 33% 58% 25 Missing 12 
4/B 0% 0% 100% 12.5 Present 11 

BADER FIELD TEST. 

INTERVIEWS. A summary of the responses to the interviews conducted at Bader Field 
is presented in table 2. This data was analyzed to determine if there was any 
significant difference between the three groups of responses. 
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TABLE 2. RESULTS FROM INTERVIEWS 

On a scale of 1 to 5 (!=very easy, 5=very difficult) how easily were you able to 
find the exit from the runway? 

All Responses 
Before Installation 

1 
Very Easy 

1 

2 
Easy 

3 

3 
Ok 

6 

4 
Difficult 

3 

5 
Very Difficult 

6 

Average 
Response 

3.5 

All Responses 
Immediately 
After Installation 8 1 3 4 2 2.5 

All Responses 
After 3-Month 
Inservice Test 9 8 2 1 1 1.9 

The change in the average interview response, in terms of the ease with which 
pilots identified the exit taxbtays, from before the installation to immediately 
after the installation (3.5 to 2.5, respectively (table 2)), indicated that there 
was an improvement. The statistical analysis (table 3) confirmed this improvement. 

TABLE 3. STATISTICAL RESULTS FROM COMPARISON OF INTERVIEWS 

Interview Statistically 
Responses Significant 
Compared Improvement ? 

Before Installation 
and 

Immediately After Yes 
Installation 

Before Installation 
and 

After 3-Month Yes 
Inservice Test 

Immediately After 
Installation 

and 
After 3-Month Inconclusive 
Inservice Test 

The change in the average interview response from before the installation to after 
the 3-month inservice test (3.5 to 1.9, respectively) also indicated that there 
was an improvement. Again, the statistical analysis confirmed that this improve­
ment in identification of the exit taxiway was significant. 
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The change in the average response from immediately after the installation to after 
the inservice test (2.5 to 1.9, respectively), indicated that there may have been 
an improvement associated with pilot experience with the retroreflective markers. 
However, the statistical analysis was inconclusive in confirming or denying this 
conclusion. The general observations (discussed later), however, did indicate that 
the benefits of tne system were immediately available and required little pilot 
experience with the system. A more detailed explanation of the statistical method 
used can be found in appendix E. 

QUESTIONNAIRES. The results from the questionnaires are shown in table 4. The 
results indicate that 91 percent of the pilots answering the questionnaire felt 
that the retroreflectors provided help in identifying the exit taxiways. Some of 
the comments are included as follows: 

"--Great help finding poorly lit taxiways--" 

"--They provide a sense of distance and depth from the approaching 
turn. Not as good as lighted centerline lights but a vast 
improvement over no lighting at all." 

"Very Excellent!" 

"The concept is good. I feel that the reflectors are not angled for 
high wing aircraft. (Light in wing.)" 

"In poor visibility during rain showers it enables you to find the 
runway exits without much of a delay." 

"Alerted myself of the actual taxiway well in advance so that the turn 
to the taxiway was easily made." 

"Very effective-looked like electric lighting." 

"Especially helpful when runway is wet during night operations." 

TABLE 4. PILOT RESPONSES TO QUESTIONNAIRES (BADER FIELD) 

Exit Used No Help Some Help Great Help Spacing (ft) 
First 

Retroreflector 
Number of 
Responses 

Bader Field 

All 9% 28% 63% 12.5 Present 65 

GENERAL OBSERVATIONS. The questionnaire responses agree with the observations of 
the evaluation team made while conducting the interviews. Prior to the installa­
tion of retroreflector markers, some aircraft were observed to slowly taxi to the 
end of the runway and exit at the last exit taxiway. There were even a few cases 
of aircraft turning off the runway where there was no exit taxiway; the aircraft 
would then taxi through the grass toward the operations building. This occurred at 
night when the pilots could not see the surface over which they were taxiing. 
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After the installation of the exit taxiway retroreflectors there was a definite 
improvement in performance of pilots exiting from the runway. Approximately 2 
weeks after the exit taxiway retroreflectors were installed, construction on 
another runway began. This construction made it necessary to close exit 11/C 
(figure 2). This did not appear to cause a significant problem for aircraft 
landing on runway 11. The pilots seemed to naturally exit at 11/A or, if they 
passed exit 11/A, they would stop, turn around and use exit 29/A. 

The overall impression was of a more expeditious and orderly flow of traffic. 

CONCLUSIONS 

TECHNICAL CENTER TEST. 

The unidirectional retroreflectors should be placed so that they have a cord of 
12. 5 feet ( 4 meters) (table 1). The first retroreflector should be located on 
the arc where it is tangent to the runway centerline. The first exit taxiway 
retroreflector should be located as close as possible to the centerline of the 
runway. If runway centerline retroreflectors are used, then the runway centerline 
retroreflectors should be placed on the side having the most frequently used exits. 
See figures 3 and 4. 

BADER FIELD TEST. 

The analysis of the questionnaires indicates that pilots perceive the retroreflec­
tors as a help (table 4). This agrees with the results that were obtained at ACY. 
The use of retroreflectors to mark short-radius exit taxiways is effective in 
improving the pilots ability to locate and identify the exit taxiway. Also, use of 
the green/green/yellow color pattern resulted in no comments about possible 
confusion with a high speed turnoff. 
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ABSTRACT 

This project was performed in response to a 
Flight Standards Service request to investi­
gate methods of visually identifying short 
radius exit taxiway turnoffs. The report 
describes several taxiway centerline lighting 
and marking configura~ions that were tested 
and makes recommendations as to the most 
effective method for providing the necessary 
visual guidance. 
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TAXIWAY TURNOFF LIGHTS 

INTRODUCTION 

The work described in this report has been performed in 
response to Flight Standards Service (now Office of Fliaht 
Operations) 9550-1 Request Number AFS-200-79-10. It was 
complete~ under NAFEC Program Document Number 07-493, Sub­
program 071-412, Project 810, "Quick Response to Solve 
Field Encountered Problems." The author of this report is 
Larry Hackler, ANA-410, ·and the Program Manager is · 
Thomas H. Paprocki, ANA-410. 

PURPOSE 

The purpose of this project was to investigate methods for 
identifying short radius exit taxiways. Testing included 
both centerline lights and retroreflective markers extended 
to the runway centerline. Further, it should be determined 
that the system would alert the pilot that the turn could 
not be negotiated at high speed. 

BACKGROUND 

User organizations have indicated that pilots have problems 
identifying short radius exit taxiways at night and in re­
duced visibilities. Poorly identified short radius exit 
taxiways also increase the time required to find the exit 
and clear the runway. Presently, short radius exit taxiways 
are identified by blue taxiway edge lights, or by blue taxi­
way edge and green taxiway centerline lights ending at the 
runway edge. The long radius exit taxiway "high speed turn­
off" identification is not a problem since the green taxi­
way centerline lights are extended to and along the runway 
centerline. 

The United States has not adopted ICAO Annex 14 recommended 
practice 5.17.11 for short radius exit taxiway lights, due 
to the possibility of mistaking the green lights of the 
ICAO short radius exit taxiway system for either a runway
threshold or a long radius exit taxiway. 

TESTING 

The original intent of this project was to provide a quick 
evaluation when the Port Authority of New York and 
New Jerseyrequested an approval of short radius exit taxi­
way lights installed at John F. Kennedy International Airport 
(JFK). A configuration suggested by Systems Research and 
Development Service was to extend the taxiway centerline 
lights onto the runway with the lights aimed either parallel 
to the runway centerline or tangent to exit centerline marking. 
Alternating green and yellow colors were proposed. 
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An exit taxiway at NAFEC was surveyed and marked to identify 
light positions and provide proper aiming of the light fix­
tures. Approximately 1 hour before the test, temporary elec­
trical cables were placed along the exit taxiway centerline 
and the fixtures were placed in the predetermined locations. 
The aimed and leveled fixtures were then connected~n series 
to the cables and a portable generator. A Variac ~and an 
ammeter were connected to provide control of the light inten­
sities. FAA Gulfstream G-159 or Convair 580 aircraft were 
used to taxi toward the lights at a speed approximating an 
aircraft approaching an exit taxiway. A minimum of three 
pilot observers were on board during each run. Comments and 
opinions of the observers were recorded and used to make an 
evaluation of the exit taxiway lights. 

After evaluating the proposed configuration, the .extent of the 
problem was found to be greater than anticipated. The pro­
posed exit taxiway light configuration was found to be confus­
ing. In addition, it gave no appearance of a curve. 

Additional tests were conducted in an attempt to provide a 
satisfactory solution. A brief discussion of the different 
combinations of fixtures, aiming and color patterns tested 
follows. The color pattern determined to be best during 
testing of the short radius exit taxiway lights should also 
be suitable for retroreflective marker systems. 

FIXTURES 

The L-852N (narrow light beam) and L-852W (wide light beam) 
taxiway centerline lights were tested. The results indicate 
that the L-852W taxiway centerline lights provide better 
guidance in the turn, and a more uniform appearance from a 
distance. 

AIMING 

The light beam axes were aimed during testing as follows: 

1. Parallel to the runway centerline (Figure lA). 

2. Tangent to the exit taxiway centerline curve 
(Figure lB) . 

3. Toed-in to intersect the exit taxiway centerline 
at a point equal to four times the spacing of the lights 
(cord) (Figure lC). 

4. Miscellaneous aimings determined by trial and error. 

All aiming methods proved ·to have objectionable characteristics 
when used with the L-852N fixtures. The tangent and toed-in 
a~m~ng methodswere found to be acceptable when used with the 
L-852W fixture. 
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COLORS 

The use of green and yellow filters in the light fixtures 
was an acceptable method to distinguish between the short 
and long radius exit taxiway. The green indicated that 
the ligh~s were an exit taxiway and the yellow cautioned 
that the lights were defining a short radius exit taxiway. 
Alternating green and yellow filters presented too much 
yellow to identify the lights as an exit taxiway. The use 
of a repeating pattern of two green and one yellow pre­
sented an acceptable balance of both green and yellow in 
the short radius exit taxiway lights. The testing also 
indicated that green filters should be installed in the 
first two fixtures of the exit taxiway lights. 

BALANCE OF INTENSITIES 

The testing showed that unbalanced intensities of the 
green and yellow lights with absorption filters could be 
confusing to the pilot. The use of yellow absorption and 
green dicroic filters in the fixtures provided an acceptable 
balance of intensities. 

RETROREFLECTIVE MARKERS 

The color pattern of green/green/yellow was used with retro­
reflective markers. The markers used this way proved 
adequate to indic~te the location of an exit taxiway from 
distances of approximately 700 feet. All reflector faces 
were orientated perpendicular to the runway centerline. 

CONCLUSIONS 

1. The green/green/yellow color pattern is an effec­
tive method of differentiating a short radius exit taxiway 
from a long radius exit taxiway. 

2. The dicroic green filter should be used with the 
yellow absorption filter to balance the intensities of the 
short radius exit taxiway lights. 

3. The L-852W taxiway centerline fixture with the 
standard 65-watt lamp should be used. 

4. At airports where traffic and/or cost does not 
justify the installation of centerline lighting, the use 
of reflectors in a similar color pattern will provide the 
required visual guidance. 
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5. The aiming of the L-852W lights four cord ahead 
for unidirectional lights and tangent to the exit taxiway 
centerline for bidirectional lights was acceptable. 

RECOMMENDATIONS 

An in-service test or a test program using a visual simulator 
should be conducted to confirm that pilots will not mistake 
the system for a long radius exit taxiway. 

Mr. Larry W. Hackler is the NAFEC Project Manager and may 
be contacted at (609) 641-8200, extension 3316, or 
FTS 346-3316, for further information regarding the work 
involved. 
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APPENDIX B 

QUESTIONNAIRE FOR THE 

EVALUATION OF RETROREFLECTIVE RUNWAY PAVEMENT MARKERS 

AT THE TECHNICAL CENTER 



------------------------ --------------------
-------------------

----

- ---

EVALUATION OF RETROREFLECTIVE RUNWAY PAVEMENT MARKERS 

Runway 4/22, Atlantic Ci·ty Airport (ACY) 

Type and Model Aircraft Date 

Location of iaxi/Landing Lights Used: Wind 

Nose_ Wing_ Both Other Pavement: Wet Dry_ 

Visibility: 

1 to 2 Mi 1es 2 to 3 Hi I es >3Miles 

Precipitation/Visibility Restrictions: 

Rain_ Snow- Fog_ Haze or Smoke_ None __ 

Exit Taxiway Retroreflectors 

Rum<~ay Used: Taxiway Used to Exit Runwayf 

Rwy. 4_ Rwy. 22_ T/W Bravo_ T/W Del td---

How much help were the reflective markers in finding the exit taxiway? 

No Help_ Some Help_ Great Help-

Cepterl joe and Touchdown Zone Retroreflectors 

For the type aircraft and weather conditions experienced, please answer the 
following questions. 

1. Please rate the effectiveness of the markers during the: 

a. Approaches E)~ce II ent Good Fair Poor 

b. Flare & Touchdown Excellent Good Fair Poor 

c. Landing Rollout Excellent Good Fair Poor 

d. Takeoff Exce 11 ent Good Fair Poor 

Comments: 

2. ·During crosswind conditions,- were you able- to decrab sufficiently early 
during the approach to illuminate the pavement markers? 

a. Yes No 
Comments: 

Continued on next page. 
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3. Did you find the red/white and all red coded centerline markers useful 
in determining distance remaining on the runway? 

Comments: 

4. How would you rate the landing 1ights on your aircraft as to: 

a. Illumination/ 
Brightness Excellent Good Fair Poor 

b. Aiming Excellent Good ---Fair Poor 

5. Considering the weather conditions encountered, do you feel that the 
additional guidance provided by. the retroreflective markers improved 
the safety of operations during: 

a. Takeoff? Yes No 

b. Approach? Yes No 

c. Flare & Touchdown Yes No 

d. Landing Rollout? Yes No 

Comments: 

Please include any additional comments or remarks: 

Name 

(Option a 1 ) * 
OrganizatLon*_ 

*Name and Organization will not be used when test results and co~ents are reported. 
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APPENDIX C 

INTERVIEW QUESTIONNAIRE FOR THE EVALUATION OF EXIT 

TAXIWAY IDENTIFICATION AT BADER FIELD 



--- --- ---

EVALUATION OF EXIT TAXIWAY IDENTIFICATION 

Runway 11/29, Atlantic City Muni-Bader Field (AIY) 

Type and Model Aircraft Date 

Location of Taxi/Landing Light Used: 

Nose Wing Both Other 

Visibi I i ty: 

4;1 mile 1 to 2 miles 2 to 3 m i I es >3 miles 

Precipitation/Visibi I ity Restriction: 

Fog___Rain Snow Haze or Smoke None---
Runway Used: 

Runway 11_______ Runway 29_____________ 

Taxiway Used to Exit Runway: 

T/W A1__ T/W A2__ T/WA__ T/WB__ T/WC__ 

On a scale of 1 to 5 (l•very easy, 5•very difficult) 

How easily were you able to find the exit from the runway? 

2 3 4 5 
Very Easy OK Difficult Very 
Easy Diff i cuI t 

How did you find the exit? 

Local Yes D 
···-·-NoD 

Fami I iar Yes L_l 

No D 
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APPENDIX D 

QUESTIONNARIE FOR THE EVALUATION OF RETROREFLECTIVE 

EXIT TAXIWAY MARKERS AT BADER FIELD 



--------------------------- ---------------------- ------------

----- --- -----

BADER FIELD AIRPORT 

ATLANTIC CITY, NEW JERSEY 

EVALUATION OF RETROREFLECTIVE EXIT TAXI~AY MARKERS 

An evaluation of retroreflective exit taxi~ay ffiarkers is being conducted at Bader 
Field in cooperation with the FAA Technical Center. The markers are placed on an 
arc leading from near the runway centerline to near the taxiway centerline. The 
markers use a green-green-yellow color pattern to indicate a short raidus "low-speed" 
exit. The pilot should be able to identify the retroreflectors approximately 500 
feet before reaching the exit taxiway. Near to or at the exit, visual cues from 
the regular taxiway lighting will serve to provide the necessary maneuvering guida~ce. 

Please take a moment of your time and answer a few questions based on your experieoce 
with the retroreflective markers. 

DATE TIME AIRCRAFT TYPE 

VFR IFR RAIN (Yes or No) 
~-------------------------- ~-------------------- -------

LOCATION OF TAXI/LP~ING LIGHT(S) USED: 

NOSE WING BOTH OTHER ----- --- '----

HOW MUCH HJ:LP WERE THE RET~OREFLECTIVE XARKERS IN FIN'DING THE EXIT TAXH7AY? 

NO HELP SOME HELP GREAT HELP 

ADDITIONAL COi-!ME~'TS: 

PLEASE RETURN COMPLETED QUESTIONNAIRE TO THE OPERATIONS DESK. 

THANK YOU. 
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STATISTICAL METHOD 



APPENDIX E 

STATISTICAL METHOD 

A Ranked Sum Test for two independent samples was used to analyze the data. 
See reference 8. This test is a one tail test which assumes that the two samples 
are independent, but no assumptions are made about the distributional form from 
which the two samples are drawn (test is distribution free). The results for the 
Ranked Sum Test are shown below. The table shows a Z-statistic which is calculated 
from the data and then compared to the appropriate Z for a 10 percent, 5 percent, 
and 1 percent confidence level (e.g., 10 percent confidence level means a 90 
percent chance of being correct). If the Z-statistic is greater than or equal to 
the Z for a desired confidence level, then the test determines that there is a 
statistically significant difference between the two sample populations at that 
level of confidence. If the Z-statistic is less than the reference Z, then the 
test determines that it is inconclusive as to whether there is a difference between 
the two samples, at the desired level of confidence. 

CONFIDENCE LEVEL 

10X sx 1X 
Z FOR CONFI-

1.28 1.64 2.33DENCE LEVEr--

INTERVIEWS CALCULATED 
RESULTS 

COrlPARED Z-STATISTIC J 
BEFORE INSTALLATION 

AND z = 1.87 DIFFERENCE DIFFERENCE INCONCLUSIVE 

AFTER INSTALLATION 

BEFORE INSTALLATION ' 

AND z = 3.56 DIFFERENCE DIF FER.ENCE DIFFERENCE 

AFTER INSERVICE TEST 

AFTER INSTALLATION 'I 
I 

' AND z = 0.92 INCONCLUSIVE INCONCLUSIVE INCONCLUSIVE I 

AFTER INSERVICE TEST 

DIFFERENCE - There is a statistically significant difference between the two 
samples. 

INCONCLUSIVE - It cannot be determined if there is a statistically significant 
difference between the two samples. 

E-1 


	Structure Bookmarks
	DOT/FAA/CT-83/5 
	Identification of Exit Taxiways 
	Identification of Exit Taxiways 
	DOT/FAA/RD-82/91 

	(Retroreflective Markers Only) 
	(Retroreflective Markers Only) 
	Larry W. Hackler 
	Prepared By 
	FAA Technical Center Atlantic City Airport, N.J. 08405 
	April1983 
	Final Report 
	This document is available to the U.S. public 
	through the National Technical Information 
	Service, Springfield, Virginia 22161. 
	US.Department of Transportation 
	Federal Avkltion Administration 
	Federal Avkltion Administration 
	Systems Research & Development Service Washington, D.C. 20590 
	NOTICE 
	This document is disseminated under the sponsorship of the Department of Transportation in the interest of 
	information exchange. The United States Government assumes no liability for the contents or use thereof. 
	The United States Government does not endorse products or manufacturers. Trade or manufacturer's names appear herein solely because they are considered essential to the object of this report. 
	T•chnlcal ICepOft Oocu1Hntati011 Pat• 
	1. Report No. 2. Go¥ernlllettl Acceaaion No. 3. Recipient' 1 Cotalog No. 
	DOT/FAA/CT-83/5 
	4. Title ontl Subtitle 5. Report l)ate 
	April 1983 IDENTIFICATION OF EXIT TAXIWAYS (RETROREFLECTIVE 6. Petfo,...lng Organiaotion Code MARKERS ONLY) 
	t-:;~:--:---;-;--------------------------1 8. Petfor•int Organiaotlon Report No. 
	7. Authorl•l 
	Larry W. Hackler DOT/FAA/CT-83/5 
	9. Performing Orgoniaotlon N-• ontl Atltlron 10. Worlc Unit No. (TRAIS) 
	Federal Aviation Administration Technical Center 11. Controct or Grant No. Atlantic City Airport, New Jersey 08405 081-502-540 
	13. Typo of Report ond Period Co.,orotl 
	~~~-------------~~------------------------1
	12. S,on1orlng Agency N-• anti Atltlron 
	U.S. Department of Transportation Final Federal Aviation Administration March 1981 -October 1982 Systems Research and Development Service 14, Sponaoring Agency Code Washington, D.C. 20590 
	16. Abatroct 
	The purpose of the exit taxiway lighting is to enable the pilot to expeditiously taxiway~ There is evidence that this has not been satisfactorily accomplished by the present lighting for short-radius exit taxiways. 
	exit from the runway to a 

	This report evaluated the use of surface retroreflective markers for identifying short-radius exit taxiways at night. The markers are intended for locations where the cost of inset centerline lighting cannot be justified. 
	The results indicate that there was an improvement in the pilots ability to identify the exit taxiway associated with the exit-taxiway retroreflectors. The results also show that the retroreflectors should be placed on an arc from near the runway centerline to the taxiway centerline using a cord spacing of 12.5 feet (4 meters). 
	17. KoyWorda 
	~rport Lighting Aids Taxiway Guidance Exit Taxiway Lighting and Visual Aids for Airports Retroreflectors 
	19. Security Clauil. (of thia r.-rt) 
	Unclassified Form DOT F 1700.7 Cl-72) 
	18. Dlatrillution Stat-ont 
	Document is available to the U.S. public throught the National Technical Information Marking Service, Springfield, Virginia 22161 
	a. Security Cianif. (of thi I Pat•> 21· No. of Pot•• 22. Price 
	Unclassified 13 
	METRIC CONVERSION FACTORS 
	Approximate Conversions to Metric Measures "' _ ::l Approximate Conversions from Metric Measures 
	:: Symbel When Yea bow Maltiply lly To fi•ll S,_.ol SyiRIIol Wile• You Know Multiply by Ta finll Symllal =-=-------
	-

	~ .. LENGTH
	----=-

	.. 
	~ 
	LENGTH -mm millimeters 0.04 inches in ~ em centimeters 0.4 inches in 
	-m meters 3.3 feet It in inches •2.5 centimeters em -00 m meters 1.1 yards yd ft feet 30 centimeters em ...,. -km kilometers 0.6 miles mi 
	yd yards 0,9 meters m =-=---mi miles 1.6 kilometers km = !:: 
	-

	AREA 
	AREA ~ 
	en --err?-square centimeters 0.16 square inches ininsquare inches 6.5 IQUIIre centimeters cn1l ~ m square meters 1.2 square yards yct2
	2 
	2 

	2 
	ttsquare feet 0.09 oquare meters m -1un2 square ki10118ters 0.4 square miles mi2 ~ square yards 0.8 square meters • ~ .., ha hect•es (10,000 m) 2.6 acres misquare miles 2.6 square kilometers ~ _ 
	2 
	2 
	2
	2 
	-

	acres 0.4 hectares ha _ .., 
	"' §----MASS (weight)
	MASS (weight) -.. 
	-g grams 0.035 ounces oz oz ounces 28 grams g -=----= kg kilograms 2.2 pounds lb lb pounds 0.45 kilograms kg ;:: t tonnes kg) 1.1 short tons 
	11000 

	short tons 0.9 tomes t -(2000 lb) • =----,.0 
	-

	VOLUME --VOLUME 
	= ... 
	tsp teaspoons 5 milliliters ml ~ ml milliliters 0.03 fluid ounces II oz Tbsp tablespoons 15 milliliteA ml -I l~ters 2.1 pon~s ~
	00 
	fl oz fluid ounces 30 milliliters ml w _ I hters 1.06 qua q c cups 0.24 liters 1 ,_ 1 litars 0.26 gall.ons ~I 
	3
	pt pints 0.47 liters 1 m cubic meters 35 cub~e feet ft 
	3 3
	qt qtlarts 0.95 liters 1 _ -m cubic meters 1.3 cubtc yards yd gal gallons 3.8 liters I 
	tt cubic feet 0.03 cubic meters m--.., TEMPERATURE (lliiCt)ydcub1c yards 0.76 cubtc ""'ters m3 w 
	3 
	3 
	3 

	TEMPERATURE (uact) .. •c celsius 915 (then Fahrenheit "F _ temperature add 32) temperature 
	°F Fahrenheit 5/9 (after Celsius •c _ .., temperature subtracting tan..,erature _ _ °F 
	32) °F 32 98.6 212 
	-... -401 • • • ~ • • ·14~ I I I e~ I ~ I ~~o I I I ~~o I ' I~)
	· -· · -1 I I t II I I I I ~ 20 0 
	•1 in : 2.54 !exactly). FOf other exact converstons and more detaded tables. see NBS Mtsc. Publ. 286. ~ ~ 20 40 60 80 lOll 
	Untts of Weights and Measures. Pnce S2.25. SO Catalog No. C13.10:286. : ----= _ ~ -:~ -oc
	37 
	TABLE OF CONTENTS 
	Page 
	EXECUTIVE SUMMARY 
	v 
	INTRODUCTION 
	l 
	Purpose l 
	Background 
	Background 
	Background 
	1 

	EVALUATION 
	2 
	Technical Center Test 
	Technical Center Test 
	2 

	Bader Field Test 
	Bader Field Test 
	2 

	RESULTS 
	RESULTS 
	5 

	Technical Center Test 
	Technical Center Test 
	5 

	Bader Field Test 
	Bader Field Test 
	5 

	CONCLUSIONS 
	CONCLUSIONS 
	8 

	Technical Center Test 
	Technical Center Test 
	8 

	Bader Field Test 
	Bader Field Test 
	8 

	REFERENCES 
	REFERENCES 
	11 


	APPENDICES 
	A -NAFEC Technical Letter Report B -Questionnaire for the Evaluation of Retroreflective Runway Markers at the Technical Center C -Interview Questionnaire for the Evaluation of Exit Taxiway Identification at Bader Field D -Questionnaire for the Evaluation of Retroreflective Exit Taxiway Markers at Bader Field E -Statistical Methods 
	iii 
	Figure 
	1 
	2 
	3 
	4 
	Table 
	1 
	2 3 4 
	LIST OF ILLUSTRATIONS 
	Page 
	Retroreflector Configuration at Atlantic City Airport, (ACY); 3 Atlantic City, New Jersey 
	Retroreflector Configuration at Atlantic City/Municipal/ 4 Bader Field (AIY), Atlantic City, New Jersey 
	Layout of Exit Taxiway Retroreflectors With Centerline 9 Retroreflectors on Same Side as Exit Taxiway 
	Layout of Exit Taxiway Retroreflectors With Centerline 10 Retroreflectors on Opposite Side from Exit Taxiway 
	LIST OF TABLES 
	Page Pilot Responses to Questionnaires (Technical Center) 5 Results from Interviews 6 Statistical Results from Comparison of Interviews 6 Pilot Responses to Questionnaires (Bader Field) 7 
	EXECUTIVE SUMMARY 
	Exit taxiway lighting and marking should enable the pilot to expeditiously exit from the runway to a taxiway. The present lighting for short-radius exit taxiways does not provide this guidance at night. Systems Research and Development Service requested the Technical Center to evaluate a system of surface retroreflective markers to provide this guidance for identifying short-radius exit taxiways at night. 
	Project personnel evaluated the system at the Federal Aviation Administration (FAA) Technical Center's Atlantic City Airport (ACY) by obtaining FAA, general aviation, commuter, and air carrier pilot opl.nl.ons. Project personnel then revised the system, using these opinions, and installed the revised system for an inservice test at Bader Field in Atlantic City, NJ (AIY). 
	The inservice test used questionnaires and interviews to determine the usefulness of the system. The questionnaire results indicated that 91 percent of the pilots responding were helped by the exit taxiway retroreflectors. The interview results indicated a statistically significant increase in the pilot's ability to identify the exit taxiways. Also, the evaluation team observed a more orderly flow of traffic after the installation of the retroreflective markers. 
	The inservice test indicated that the system of surface retroreflective markers should: 
	1. 
	1. 
	1. 
	Be placed in an arc from the runway centerline to the taxiway centerline. 

	2. 
	2. 
	Have the retroreflectors spaced 12.5 feet (4 meters) apart. 


	3. Have the retroreflectors oriented with the reflective face toward the approach to the exit. 
	4. Have a color pattern of green-green-yellow. 
	In conclusion, retroreflective markers improve the pilots ability to locate, identify, and use the short-radius exit taxiways. 
	INTRODUCTION 
	PURPOSE. 
	The work described in this report was performed in response to a request by the Office of Flight Operations (AF0-1), "AFS 9550-1, Request No. 200-79-10 as amended on October 13, 1980." It was accomplished under Technical Program Document No. 08-493, Subprogram 081-502, Project 540, "Identification of Exit Taxiways (Retro­reflective Markers Only)." 
	The purpose of this project was to perform an evaluation of surface retroreflective markers for identifying short-radius exit taxiways ("low-speed" exits). The markers are for use at night at airports where the cost of centerline taxiway lighting cannot be justified. A preliminary evaluation of this concept was pre­viously completed at the Federal Aviation Administration (FAA) Technical Center and described in a February 1980 Letter Report (appendix A). Described in this report are the results of further in
	BACKGROUND. 
	The primary purpose of taxiway lighting and marking is to provide guidance between the runway and the apron. An earlier study (reference 1) states that a critical part of this function is to enable the pilot to expeditiously exit from the runway to a taxiway. There is much evidence that this has not been satisfactorily accom­plished by the present lighting for short-radius exit taxiways. 
	Exit taxiways have always been difficult to identify at night and under low visibility conditions. This was confirmed by a review of reports contained in the Aviation Safety Reporting System (ASRS) from May 1, 1978 through March 31, 1981 (reference 2). The reports show that pilots have exited runways onto closed taxi­ways, closed runways, or even unpaved areas. Near collisions have been reported because of difficulty pilots have had in finding an exit taxiway. When heavy traffic, weather or ambient light co
	Methods now used to help the pilot find the exit taxiway include double blue taxi­way edge lights, large taxiway guidance signs, and green taxiway centerline lights for long radius exit taxiways (references 4, 5, and 6). Often these aids are expensive or ineffective. For a history of the lighting and marking of exit taxi­ways, see C. A. Douglas' report noted in reference 7. 
	In 1966, the International Civil Aviation Organization's Visual Aids Panel rec­ommended extending the green taxiway centerline lights onto the runways. The United States has adopted this recommendation for long radius exit taxiways but not for short radius exit taxiways because of concern over possible confusion. In the Technical Center report (appendix A) it has been recommended that a green­green-yellow color pattern be used for short radius exit taxiwys to differentiate between short and long radius exit
	EVALUATION 
	TECHNICAL CENTER TEST. 
	Retroreflective markers were installed on runway 4/22 at the FAA Technical Center's Atlantic City Airport (ACY). Runway 22 exits identified were Delta and Bravo (22/D and 22/B). Runway 4 had only Bravo exit identified (4/B). For taxiway 4/B 12.5 foot (4 meter) spacing of the retroreflectors was applied along the arc while 25 foot (8 meter) spacing was used for the other exits (figure 1). 
	Comments on the retroreflective markers were obtained from FAA Technical Center test pilots after they had made several approaches or high-speed taxi maneuvers to the marked exits. Questionnaires were completed by general aviation, commuter, and air carrier pilots using the airport. These pilot comments and opinions were used to refine the system before installing the system at Bader Field for inservice testing. Appendix B is a copy of the exit taxiway marker questionnaire which also includes questions on a
	BADER FIELD TEST. 
	The retroreflective markers were installed with 12.5 foot (4 meter) spacing on runway 11/29 at Bader Field in Atlantic City, N.J. Six exit taxiways were marked with the retroreflectors. Two were marked on runway 11 (11/A and 11/C) and four were marked on runway 2Y (29/A, 29/B, 29/A2, and 29/A1) (figure 2). Interviews and questionnaires were used to collect data from the Bader Field test. 
	INTERVIEWS. The interviews obtained reponses from pilots to determine a rating of the ease or difficulity of finding the exit taxiway. Pilots landing at Bader Field were interviewed before, during and after the three-month inservice test. The first interview was conducted before the installation of the retroreflective markers. The ratings were used to determine if there was an improvement caused by the retroreflective markers. See appendix C for a copy of the questions asked during the interview. 
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	QUESTIONNAIRES. During the inservice test a questionnaire was made available for pilots to complete at the Fixed Base Operator (FBO) counter (appendix D) to provide a comparison with the testing at ACY and record pilot opinion of the retroreflec­tive system. 
	RESULTS 
	TECHNICAL CENTER TEST. 
	The test proved that during reduced visibility it was necessary to place the retroreflective markers closer to the centerline to enable the pilot to identify the exit taxiway. This also improved the usefulness of the system during higher visibility conditions. 
	The effectiveness of the retroreflector spacing was better at 12.5 feet (4 meters) than at 25 feet (8 meters). Table 1 includes a summary of the 27 pilot responses at ACY. Some of the pilots did not answer the question on exit taxiway and some answered questions applicable to more than one exit. Under the "ALL" EXIT USED category, each questionnaire is counted only once even though the answers were applicable to more than one exit. 
	TABLE 1. PILOT RESPONSES TO QUESTIONNAIRES (TECHNICAL CENTER) 
	First Number of Exit Used No Help Some Help Great Help Spacing (ft) Retroreflector Responses 
	Technical Center 
	All 4% 29% 67% 24 22/B 0% 20% 80% 25 Missing 10 22/D 0% 33% 58% 25 Missing 12 4/B 0% 0% 100% 12.5 Present 11 
	BADER FIELD TEST. 
	INTERVIEWS. A summary of the responses to the interviews conducted at Bader Field is presented in table 2. This data was analyzed to determine if there was any significant difference between the three groups of responses. 
	TABLE 2. RESULTS FROM INTERVIEWS 
	On a scale of 1 to 5 (!=very easy, 5=very difficult) how easily were you able to find the exit from the runway? 
	All Responses Before Installation 
	All Responses Before Installation 
	All Responses Before Installation 
	1 Very Easy 1 
	2 Easy 3 
	3 Ok 6 
	4 Difficult 3 
	5 Very Difficult 6 
	Average Response 3.5 

	All Responses Immediately After Installation 
	All Responses Immediately After Installation 
	8 
	1 
	3 
	4 
	2 
	2.5 

	All Responses After 3-Month Inservice Test 
	All Responses After 3-Month Inservice Test 
	9 
	8 
	2 
	1 
	1 
	1.9 


	The change in the average interview response, in terms of the ease with which pilots identified the exit taxbtays, from before the installation to immediately after the installation (3.5 to 2.5, respectively (table 2)), indicated that there was an improvement. The statistical analysis (table 3) confirmed this improvement. 
	TABLE 3. STATISTICAL RESULTS FROM COMPARISON OF INTERVIEWS 
	Interview Statistically Responses Significant Compared Improvement ? 
	Before Installation 
	and Immediately After Yes Installation 
	Before Installation 
	and After 3-Month Yes Inservice Test 
	Immediately After Installation 
	and After 3-Month Inconclusive Inservice Test 
	The change in the average interview response from before the installation to after the 3-month inservice test (3.5 to 1.9, respectively) also indicated that there was an improvement. Again, the statistical analysis confirmed that this improve­ment in identification of the exit taxiway was significant. 
	The change in the average response from immediately after the installation to after the inservice test (2.5 to 1.9, respectively), indicated that there may have been an improvement associated with pilot experience with the retroreflective markers. However, the statistical analysis was inconclusive in confirming or denying this conclusion. The general observations (discussed later), however, did indicate that the benefits of tne system were immediately available and required little pilot experience with the 
	QUESTIONNAIRES. The results from the questionnaires are shown in table 4. The results indicate that 91 percent of the pilots answering the questionnaire felt that the retroreflectors provided help in identifying the exit taxiways. Some of the comments are included as follows: 
	"--Great help finding poorly lit taxiways--" 
	"--They provide a sense of distance and depth from the approaching turn. Not as good as lighted centerline lights but a vast improvement over no lighting at all." 
	"Very Excellent!" 
	"The concept is good. I feel that the reflectors are not angled for high wing aircraft. (Light in wing.)" 
	"In poor visibility during rain showers it enables you to find the runway exits without much of a delay." 
	"Alerted myself of the actual taxiway well in advance so that the turn to the taxiway was easily made." 
	"Very effective-looked like electric lighting." 
	"Especially helpful when runway is wet during night operations." 
	Table
	TR
	TABLE 4. 
	PILOT RESPONSES 
	TO QUESTIONNAIRES (BADER FIELD) 

	Exit Used No 
	Exit Used No 
	Help 
	Some 
	Help 
	Great Help 
	Spacing (ft) 
	First Retroreflector 
	Number of Responses 

	Bader Field 
	Bader Field 


	All 9% 28% 63% 12.5 Present 65 
	GENERAL OBSERVATIONS. The questionnaire responses agree with the observations of the evaluation team made while conducting the interviews. Prior to the installa­tion of retroreflector markers, some aircraft were observed to slowly taxi to the end of the runway and exit at the last exit taxiway. There were even a few cases of aircraft turning off the runway where there was no exit taxiway; the aircraft would then taxi through the grass toward the operations building. This occurred at night when the pilots co
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	After the installation of the exit taxiway retroreflectors there was a definite 
	improvement 
	improvement 
	improvement 
	in 
	performance 
	of 
	pilots 
	exiting 
	from 
	the 
	runway. 
	Approximately 
	2 

	weeks 
	weeks 
	after 
	the 
	exit 
	taxiway 
	retroreflectors 
	were 
	installed, 
	construction 
	on 

	another 
	another 
	runway 
	began. 
	This 
	construction 
	made 
	it 
	necessary 
	to 
	close 
	exit 
	11/C 


	(figure 2). This did not appear to cause a significant problem for aircraft landing on runway 11. The pilots seemed to naturally exit at 11/A or, if they passed exit 11/A, they would stop, turn around and use exit 29/A. 
	The overall impression was of a more expeditious and orderly flow of traffic. 
	CONCLUSIONS 
	TECHNICAL CENTER TEST. 
	The unidirectional retroreflectors should be placed so that they have a cord of 
	12. 5 feet ( 4 meters) (table 1). The first retroreflector should be located on the arc where it is tangent to the runway centerline. The first exit taxiway retroreflector should be located as close as possible to the centerline of the runway. If runway centerline retroreflectors are used, then the runway centerline retroreflectors should be placed on the side having the most frequently used exits. See figures 3 and 4. 
	BADER FIELD TEST. 
	The analysis of the questionnaires indicates that pilots perceive the retroreflec­tors as a help (table 4). This agrees with the results that were obtained at ACY. The use of retroreflectors to mark short-radius exit taxiways is effective in improving the pilots ability to locate and identify the exit taxiway. Also, use of the green/green/yellow color pattern resulted in no comments about possible confusion with a high speed turnoff. 
	'----------
	-

	• 
	• 
	R/W 
	C/l 
	• 
	Cfl 
	RETROREFLECTOR 
	EXIT TAXIWAY CENTERLINE 
	ARROW SHOWS DIRECTION OF RETROREFLECTOR SURFACE 
	83-5-3 
	FIGURE 3. LAYOUT OF EXIT TAXIWAY RETROREFLECTORS WITH CENTERLINE RETROREFLECTORS ON SAME SIDE AS EXIT TAXIWAY 
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	~---
	-

	• 
	• 
	• 
	• 
	NOT TO SCALE 
	*MAY BE A MAXIMUM OF 4'4" TO KEEP RETROREFLECTORS OFF RUNWAY CENTERLINE PAINT STRIPE 
	EXIT TAXIWAY RETROREFLECTOR 
	EXIT TAXIWAY CENTERLINE 
	) 
	ARROW SHOWS 
	t 

	DIRECTION OF RETROREFLECTIVE SURFACE 
	f33-5-4 
	FIGURE 4. LAYOUT OF EXIT TAXIWAY RETROREFLECTORS WITH CENTERLINE RETROREFLECTORS ON OPPOSITE SIDE FROM EXIT TAXIWAY 
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	APPENDIX A NAFEC TECHNICAL LETTER REPORT NA-80-24-LR TAXIWAY TURNOFF LIGHTS By Larry W. Hackler February 1980 
	ABSTRACT 
	This project was performed in response to a Flight Standards Service request to investi­gate methods of visually identifying short radius exit taxiway turnoffs. The report describes several taxiway centerline lighting and marking configura~ions that were tested and makes recommendations as to the most effective method for providing the necessary visual guidance. 
	TAXIWAY TURNOFF LIGHTS 
	INTRODUCTION 
	The work described in this report has been performed in 
	response to Flight Standards Service (now Office of Fliaht 
	Operations) 9550-1 Request Number AFS-200-79-10. It was 
	complete~ under NAFEC Program Document Number 07-493, Sub­program 071-412, Project 810, "Quick Response to Solve Field Encountered Problems." The author of this report is 
	Larry Hackler, ANA-410, ·and the Program Manager is · Thomas H. Paprocki, ANA-410. 
	PURPOSE 
	The purpose of this project was to investigate methods for 
	identifying short radius exit taxiways. Testing included both centerline lights and retroreflective markers extended to the runway centerline. Further, it should be determined that the system would alert the pilot that the turn could not be negotiated at high speed. 
	BACKGROUND 
	User organizations have indicated that pilots have problems 
	identifying short radius exit taxiways at night and in re­duced visibilities. Poorly identified short radius exit taxiways also increase the time required to find the exit 
	and clear the runway. Presently, short radius exit taxiways 
	are identified by blue taxiway edge lights, or by blue taxi­way edge and green taxiway centerline lights ending at the 
	runway edge. The long radius exit taxiway "high speed turn­
	off" identification is not a problem since the green taxi­way centerline lights are extended to and along the runway 
	centerline. 
	The United States has not adopted ICAO Annex 14 recommended practice 5.17.11 for short radius exit taxiway lights, due to the possibility of mistaking the green lights of the 
	ICAO short radius exit taxiway system for either a runwaythreshold or a long radius exit taxiway. 
	TESTING 
	The original intent of this project was to provide a quick evaluation when the Port Authority of New York and New Jerseyrequested an approval of short radius exit taxi­way lights installed at John F. Kennedy International Airport 
	(JFK). A configuration suggested by Systems Research and Development Service was to extend the taxiway centerline 
	lights onto the runway with the lights aimed either parallel to the runway centerline or tangent to exit centerline marking. Alternating green and yellow colors were proposed. 
	An exit taxiway at NAFEC was surveyed and marked to identify 
	light positions and provide proper aiming of the light fix­tures. Approximately 1 hour before the test, temporary elec­trical cables were placed along the exit taxiway centerline 
	and the fixtures were placed in the predetermined locations. The aimed and leveled fixtures were then connected~n series to the cables and a portable generator. A Variac ~and an ammeter were connected to provide control of the light inten­
	sities. FAA Gulfstream G-159 or Convair 580 aircraft were used to taxi toward the lights at a speed approximating an aircraft approaching an exit taxiway. A minimum of three pilot observers were on board during each run. Comments and opinions of the observers were recorded and used to make an evaluation of the exit taxiway lights. 
	After evaluating the proposed configuration, the .extent of the problem was found to be greater than anticipated. The pro­posed exit taxiway light configuration was found to be confus­
	ing. In addition, it gave no appearance of a curve. 
	Additional tests were conducted in an attempt to provide a satisfactory solution. A brief discussion of the different combinations of fixtures, aiming and color patterns tested 
	follows. The color pattern determined to be best during testing of the short radius exit taxiway lights should also be suitable for retroreflective marker systems. 
	FIXTURES 
	The L-852N (narrow light beam) and L-852W (wide light beam) taxiway centerline lights were tested. The results indicate that the L-852W taxiway centerline lights provide better guidance in the turn, and a more uniform appearance from a distance. 
	AIMING 
	The light beam axes were aimed during testing as follows: 
	1. Parallel to the runway centerline (Figure lA). 
	2. 
	2. 
	2. 
	Tangent to the exit taxiway centerline curve (Figure lB) . 

	3. 
	3. 
	Toed-in to intersect the exit taxiway centerline at a point equal to four times the spacing of the lights (cord) (Figure lC). 


	4. Miscellaneous aimings determined by trial and error. 
	All aiming methods proved ·to have objectionable characteristics when used with the L-852N fixtures. The tangent and toed-in a~m~ng methodswere found to be acceptable when used with the L-852W fixture. 
	A-3 
	COLORS 
	The use of green and yellow filters in the light fixtures was an acceptable method to distinguish between the short and long radius exit taxiway. The green indicated that the ligh~s were an exit taxiway and the yellow cautioned that the lights were defining a short radius exit taxiway. Alternating green and yellow filters presented too much yellow to identify the lights as an exit taxiway. The use of a repeating pattern of two green and one yellow pre­sented an acceptable balance of both green and yellow in
	first two fixtures of the exit taxiway lights. 
	BALANCE OF INTENSITIES 
	The testing showed that unbalanced intensities of the green and yellow lights with absorption filters could be confusing to the pilot. The use of yellow absorption and green dicroic filters in the fixtures provided an acceptable balance of intensities. 
	RETROREFLECTIVE MARKERS 
	The color pattern of green/green/yellow was used with retro­reflective markers. The markers used this way proved adequate to indic~te the location of an exit taxiway from distances of approximately 700 feet. All reflector faces were orientated perpendicular to the runway centerline. 
	CONCLUSIONS 
	1. 
	1. 
	1. 
	The green/green/yellow color pattern is an effec­tive method of differentiating a short radius exit taxiway from a long radius exit taxiway. 

	2. 
	2. 
	The dicroic green filter should be used with the yellow absorption filter to balance the intensities of the short radius exit taxiway lights. 

	3. 
	3. 
	The L-852W taxiway centerline fixture with the standard 65-watt lamp should be used. 

	4. 
	4. 
	At airports where traffic and/or cost does not justify the installation of centerline lighting, the use of reflectors in a similar color pattern will provide the required visual guidance. 
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	5. The aiming of the L-852W lights four cord ahead for unidirectional lights and tangent to the exit taxiway centerline for bidirectional lights was acceptable. 
	RECOMMENDATIONS 
	An in-service test or a test program using a visual simulator should be conducted to confirm that pilots will not mistake the system for a long radius exit taxiway. 
	Mr. Larry W. Hackler is the NAFEC Project Manager and may be contacted at (609) 641-8200, extension 3316, or FTS 346-3316, for further information regarding the work involved. 
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	DISTRIBUTION 
	AED-1 AEM-1 AF0-1 AF0-210{3 copies) ANA-l ANA-2{2 copies) ANA-4{2 copies) ANA-5 ANA-64{3 copies) ANA-64B ANA-100 ANA-200 ANA-300 ANA-500 ANA-600 ANA-700 ARD-1 ARD-800 ARD-832{2 copies) 
	W. Felton(Aerosat Coordination Office, The Netherlands) 
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	APPENDIX B QUESTIONNAIRE FOR THE EVALUATION OF RETROREFLECTIVE RUNWAY PAVEMENT MARKERS AT THE TECHNICAL CENTER 
	EVALUATION OF RETROREFLECTIVE RUNWAY PAVEMENT MARKERS Runway 4/22, Atlantic Ci·ty Airport (ACY) 
	Type and Model Aircraft Date 
	Location of iaxi/Landing Lights Used: Wind Nose_ Wing_ Both Other Pavement: Wet Dry_ 
	Visibility: 1 to 2 Mi 1es 2 to 3 Hi Ies >3Miles Precipitation/Visibility Restrictions: Rain_ SnowFog_ Haze or Smoke_ Exit Taxiway Retroreflectors Rum<~ay Used: Taxiway Used to Exit Runwayf Rwy. 4_ Rwy. 22_ T/W Bravo_ T/W Del td--How much help were the reflective markers in finding the exit taxiway? No Help_ Some Help_ Great Help-Cepterl joe and Touchdown Zone Retroreflectors For the type aircraft and weather conditions experienced, please answer the following questions. 
	-
	None __ 
	-

	1. Please rate the effectiveness of the markers during the: 
	a. 
	a. 
	a. 
	Approaches 
	E)~ce IIent 
	Good 
	Fair 
	Poor 

	b. 
	b. 
	Flare & Touchdown 
	Excellent 
	Good 
	Fair 
	Poor 

	c. 
	c. 
	Landing Rollout 
	Excellent 
	Good 
	Fair 
	Poor 

	d. 
	d. 
	Takeoff 
	Exce 11 ent 
	Good 
	Fair 
	Poor 


	Comments: 
	2. ·During crosswind conditions,-were you able-to decrab sufficiently early during the approach to illuminate the pavement markers? 
	a. Yes No Comments: 
	Continued on next page. 
	2 
	3. Did you find the red/white and all red coded centerline markers useful in determining distance remaining on the runway? 
	Comments: 
	4. How would you rate the landing 1ights on your aircraft as to: 
	a. 
	a. 
	a. 
	Illumination/ Brightness Excellent Good Fair Poor 

	b. 
	b. 
	Aiming Excellent Good ---Fair Poor 


	5. Considering the weather conditions encountered, do you feel that the additional guidance provided by. the retroreflective markers improved the safety of operations during: 
	a. 
	a. 
	a. 
	Takeoff? Yes No 

	b. 
	b. 
	Approach? Yes No 

	c. 
	c. 
	Flare & Touchdown Yes No 

	d. 
	d. 
	Landing Rollout? Yes No Comments: 


	Please include any additional comments or remarks: 
	Name (Optiona 1 ) * OrganizatLon*_ *Name and Organization will not be used when test results and co~ents are reported. 
	APPENDIX C INTERVIEW QUESTIONNAIRE FOR THE EVALUATION OF EXIT TAXIWAY IDENTIFICATION AT BADER FIELD 
	EVALUATION OF EXIT TAXIWAY IDENTIFICATION 
	Runway 11/29, Atlantic City Muni-Bader Field (AIY) 
	Type and Model Aircraft Date Location of Taxi/Landing Light Used: Nose Wing Both Other Visibi I i ty: 
	4;1 mile 1 to 2 miles 2 to 3 m i I es >3 miles Precipitation/Visibi I ity Restriction: Fog___
	Rain Snow Haze or Smoke NoneRunway Used: Runway 11_______ Runway 29_____________ 
	--
	-


	Taxiway Used to Exit Runway: T/W A1__ T/W A2__ T/WA__ T/WB__ T/WC__ 
	On a scale of 1 to 5 (l•very easy, 5•very difficult) How easily were you able to find the exit from the runway? 
	2 3 4 5 
	Very Easy OK Difficult Very Easy Diffi cuI t 
	How did you find the exit? Local Yes D 
	···-·-NoD Fami I iar Yes L_l No D 
	APPENDIX D QUESTIONNARIE FOR THE EVALUATION OF RETROREFLECTIVE EXIT TAXIWAY MARKERS AT BADER FIELD 
	BADER FIELD AIRPORT 
	ATLANTIC CITY, NEW JERSEY 
	TAXI~AY MARKERS 
	EVALUATION OF RETROREFLECTIVE EXIT 

	An evaluation of retroreflective exit taxi~ay ffiarkers is being conducted at Bader Field in cooperation with the FAA Technical Center. The markers are placed on an arc leading from near the runway centerline to near the taxiway centerline. The markers use a green-green-yellow color pattern to indicate a short raidus "low-speed" exit. The pilot should be able to identify the retroreflectors approximately 500 feet before reaching the exit taxiway. Near to or at the exit, visual cues from the regular taxiway 
	Please take a moment of your time and answer a few questions based on your experieoce with the retroreflective markers. 
	DATE TIME AIRCRAFT TYPE 
	VFR IFR RAIN (Yes or No) 
	~--------------------------~--------------------------
	-

	LOCATION OF TAXI/LP~ING LIGHT(S) USED: 
	NOSE WING BOTH OTHER 
	--------'---
	-

	HOW MUCH HJ:LP WERE THE RET~OREFLECTIVE XARKERS IN FIN'DING THE EXIT TAXH7AY? 
	NO HELP SOME HELP GREAT HELP 
	ADDITIONAL COi-!ME~'TS: 
	PLEASE RETURN COMPLETED QUESTIONNAIRE TO THE OPERATIONS DESK. 
	THANK YOU. 
	APPENDIX E STATISTICAL METHOD 
	APPENDIX E STATISTICAL METHOD 
	A Ranked Sum Test for two independent samples was used to analyze the data. See reference 8. This test is a one tail test which assumes that the two samples are independent, but no assumptions are made about the distributional form from which the two samples are drawn (test is distribution free). The results for the Ranked Sum Test are shown below. The table shows a Z-statistic which is calculated from the data and then compared to the appropriate Z for a 10 percent, 5 percent, and 1 percent confidence leve
	CONFIDENCE LEVEL 
	10X sx 1X Z FOR CONFI
	-

	1.28 1.64 2.33
	DENCE LEVEr-
	-

	INTERVIEWS CALCULATED 
	RESULTS COrlPARED Z-STATISTIC J 
	BEFORE INSTALLATION 
	AND 
	=1.87 DIFFERENCE DIFFERENCE INCONCLUSIVE 
	z 

	AFTER INSTALLATION 
	BEFORE INSTALLATION ' 
	z =3.56 DIFFERENCE DIF FER.ENCE DIFFERENCE 
	AND 

	AFTER INSERVICE TEST 
	AFTER INSTALLATION 'I 
	I 
	' 
	AND z =0.92 INCONCLUSIVE INCONCLUSIVE INCONCLUSIVE I 
	AFTER INSERVICE TEST 
	DIFFERENCE -There is a statistically significant difference between the two samples. 
	INCONCLUSIVE -It cannot be determined if there is a statistically significant difference between the two samples. 
	E-1 








Accessibility Report





		Filename: 

		ct83-5_REM.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 4



		Passed: 23



		Failed: 3







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Skipped		All page content is tagged



		Tagged annotations		Skipped		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Skipped		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Skipped		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Failed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Failed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Failed		Appropriate nesting










Back to Top

