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: EXECUTIVE SUMMARY 
, , .  : 

' .  ' 
. , . . 

F 

A t  the request of Airports Division, US-200, the  Visual Guidance sect ion of the  
Airport Technology Branch, ACD-110 conducted an evaluation t o  determine the  
effectiveness of standard in te rna l ly  l ighted tadway guidance signs used during 

.; 

reduced v i s i b i l i t y  conditions. Advisory Circulars 150/5340-18 and 150/5345-44 
specify the locations and s izes  of taxiway guidance s igns  acceptable f o r  use on 
ai rports .  The usage of these s i z e s  and locations are based on a i r c r a f t  r i n g  t i p  
and engine pod location clearances, and jet b l a s t  and snow removal operation 
requirements. Under reduced v i s i b i l i t y  conditions, there may be one s ign s i z e  
and location which is more effect ive than others. This evaluation was designed 
t o  detemine whether any, o r  a l l ,  of the  various s ign  s izes ,  when located a t  the 
current recommended distance from the taxiway edge, would provide the  required 
guidance t o  a p i l o t  i n  reduced v i s i b i l i t y  conditions. The mandatory and the  
informational types of taxiway guidance signs were used f o r  the  evaluation. The 
three standard s izes  of each type of s ign were set up a t  the  maximum recommended 
distance from the taxiway edge. Tests were conducted on the  Atlantic City 
International Airport. Over 200 obsemations i n  ac tua l  reduced v i s i b i l i t y  
conditions of between 400 t o  1900 f e e t  observed v i s i b i l i t y  were accomplished. 
Minimum recognition distances ranged f r o m  273 f e e t  f o r  the  large s i ze  s ign  t o  241 
fee t  fo r  the s m a l l  s i ze  sign. Typical "low-speed" taxi stopping dis tances  were 
obtained through actual t e s t s  with a Boeing 727 a i r c r a f t .  These stopping 
distance values were then compared t o  the  ac tua l  recognition distances f o r  the  
signs under low v i s i b i l i t y  conditions. From the  data  collected,  a l l  s i z e s  of 
signs tes ted provided adequate guidance t o  allow a p i l o t  t o  recognize the  s ign  
message and take the appropriate act ions  when needed. 





. INTRODUCTION 

PURPOSE. 

C 

A t  the request of Airports Division, AAS-200, the Visual Guidance section of the 
Airport Technology Branch, ACD-110, conducted an evaluation t o  determine the 
effectiveness of the standard internal ly lighted taxiway guidance signs for  use 

w 

during reduced v i s i b i l i t y  conditions. This work was submitted through the 
System Technology Division, ARD-200 and accomplished under the Technical Center 
project number T1903N, "Airport and Heliport Lighting and Marking .I1 The 
technical project manager is Paul H. Jones, ACD-1 10. 

BACKGROUND. 

Advisory Cira i la r  15015345-44 specif ies  three standard s izes  of taxiway guidance 
sibs acceptable for use onj.airports. s i g n  locations can vary from 10 t o  60 f ee t  
f rom the taxiwayedge, depending on which s ize  sign is used, a s  specified i n  
Advisory Circular '  15015340-18 and . . shown i n  table  1. 

TABLE 1. S I G N  SIZE AND LOCATION INFORMATION FROM AIC 15015340-18 

S I G N  MAXIMUM S I G N  HEIGHT (IN) DISTANCE FROM 
SIZE LEGEND FACE INSTALLED PAVEMENT (FT) 

2 (MEDIUM) , 1 5  
. . 

24 36 20-35 
. . , . . . . : :  

' , '  

3(LARGE)  ' 18 , 3 0 :  42 35-60 . , ,  . . 

The usage of these sizes and locations is based on a i r c ra f t  wing t i p  and engine 
pod location clearances, and j e t  b las t  and snow removal operation requirements. 
Under reduced v i s i b i l i t y  conditions, there may be a combination of s ize  and 
location for  the sign which is more effective than the other combinations. This 
evaluation was designed t o  determine whether any, or  all, of the various sign 
sizes,  when located a t  the current recommended distance from the taxiway edge, 
would provide adequate guidance i n  reduced v i s i b i l i t y  conditions. 

DISCUSSION 

TEST PROCEDURE. 
, 

The two basic types of taxiway guidance signs were used for  the evaluation. The 
L858R mandatory sign has a white legend w a red background. The L858Y 
informational sign has a black legend on a yellow background. The mandatory sign 
message read "4-22" and the informational sign message read "B". The three 
standard s izes  of each type of sign were s e t  up a t  the maximum recommended 
distance from the taxiway edge a s  per AC 15015340-18 and s h m  i n  f igure 1. 
Tests were conducted a t  the intersection of taxiway '%" and runway "4-22" on the 
Atlantic City International Airport. 



, . . , ,  , . , . : , > . ,  . , . ,  . . . 
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, . 
I, FIGURE ' I .  , TAXIWAY' SIGN TEST LOCATIONS . . , . 

. . 
, , 

. , .  ' ' ,  . . 

1k order t o :  col lect  data during periqds of actual  reduced visib.i l i ty,  : the  v isua l  
Guidance - Section was -"ofi-call", 24 hours-::a day, 7 days :a week. . The data 

. cbllection phase las ted from ~ovember "1985 u n t i l  November 1989. Every time the  
reported tower. v i s i b i l i t y  was, less -'th.an':'1/4-mile, the  Visual ~u idance  Section was 
nbti f  f i d  by Airport operatibns. :!<At th$t time', profect . "peqspnnel would proceed t o  

- t he .  , . airf '2eld ' t o  v i ew tlk i+ihy. sips  '..and record , : the.  apprupr.iate data., . . . " .  ' '  
, ' ,  , . . . . . .  . , .  , , , . 

. , 

., 
, ' ,  . . . , . . ' 

The data c o h e e t e d  a t  the time of t h ~ e . . & ~ a e m ~ t i o '  included the .dat i ,  t ime,  . toser  . , .  

d i s f b i l h y ;  runway visual  'range :,(RVR)--formmay -13,touchd+and rpllout],,  - i  

obseked 'vf s ib i l i ty ' ,  -sf gn h e ,  a 'cquis i t ion distknce,  &d ire.cognit:i.on,. d i ~ t & &  .' 
(See,,,sample data form 5n f ipre 2:.)..  The observed visibility': ( w h c  was , t & & i  i .  , . 

dear  . . -the test locat ion)  was - detekmined : by counting the 'number of " Wgli inte,risf Sy 
runway : edge l i gh t s  t ha i  ~werevisib1e:::an the highest  in tens i ty  set.t:ing Catep 5) . 
The . 'acquisition and recognition disfances fo:r each'' sip: were . obiained, by . ' 

approaching the signs In. a truck a t  ; :  5 t o  10 miles  per,: hour (mph). t a x i  sp,eed; 
s t a r t i ng  frmi a distance a t  -which the 'signs '&re no:t - vi'sible. . The'. acquis3t;ioon- 
dis tance.  .+a ' -  established a& the  : range which - t h e  'sign "'w+s' visil i ie but not '.. 

. , kadab.l~k.$:, ':The- rec6gnitio~-. .distance .was established.::as:.the . range a t  tJhich '., dhe: .,,. 
sign was readable.. A : t.kuck.-wa b s ' " bsedr  ' f o r  obiervations because an aiyeraf t ,+14,:': 

, ' crew . w h  ' dot ava i lab le  to: b ' ? o n - + l l ~  2 4 hours. a: day,. ' 7 day. a,, week. . Ev&n if  
an.-aircraf t : '  k i s  available,  : t h e  t ima.::requiredta ' & e ~ e - .  a crew and $ t a r t  ithe. , .  

. . a i r c ra f t :  iaxi'ing .trauld 'have made i t  h ighly  l i ke ly  'tliat,:-ithe f o g  would. have.. alteady : 
, . , .  . . ,  , . 

. . 
., , _ '  I , 

: dissipaied.  ,., , . .  , . . . . , ......: i j, , . ' . .  , , , :. . . .. . , .:. , , .  . .  . . . , , .  , ,, , . ,  : . , , 
, ,  . . . . ; '  i : ., , . , ,  . ,  

' . . - .  
' . 

, , 



LOW VISIBILITY REPORT ON AIRPORT SIGNS 

DATE: OBSERYGRS: & 

TIME: TCklER VIS. avR T/D: FNR WO: i 
i 

OBSERVED VISIBILITY: L!A!ZE MEDIUM SMALL I 

A~UISITION DISPANCG: SIGN -LEX;END: 

RECGNITION DISTANCE: 

TIME: TCWER VIS. RVR T/D: RM1 R/O: 

0BSElWED VISIBILITY: WGE MEDICM SMALL 
t 
! 

! ; SIGN LEEEND: AWJI SITIW DISTAMX: 

REr3a;NITION DISTANCE: 
I 

TIME: TOWER VIS. RVR T/D: KVR R/O: i 

OESERVED VISIBILITY i 

SIGN LB;EM,: AWJISITICN DISTANCE: [[I 1 

I I I I 
I 

TIME: T(-klER VIS. RVR T/D: RYR R/O: i 

osERVH3 VISIEILITI: LAE#;6 m1OM SMA16-I 
i 
I 



Fog is not  homogeneous and it v a r i e s  with time, locat ion,  and weather conditions. 
It usually forms i n  the e a r l y  morning when the  temperatureldewpoint spread is 
close. Frequently fog can be patchy and mwe i n  and out of an area  rap id ly  and 
unpredictably. 

In order t o  determine e f fec t iveness  of the  various s ign  s i z e j l oca t i on  
combinations, same measure of a i r c r a f t  required stopping dis tances  had t o  b e  
obtained. Although data  f o r  required stopping d i s tances  from r e l a t i v e l y  high 
i d t i a l  runway speeds (such a s  those t yp i ca l  f o r  aborted takeoffs and full- length 
ro l l ou t )  a r e  read i ly  avai lable ,  very l i t t l e  information exists f o r  d is tances  
needed fo r  stopping from low (5 t o  15 b u t s )  t ax i ing  speeds. Consequently, 
l imi ted t e s t i n g  t o  determine these  "low-speed" stopping dis tances  was conducted 
at  the  Technical Center using the  Center-based FAA Boeing 727 a i r c r a f t .  To 
accomplish t h i s  t e s t ing ,  t he  a i r c r a f t  w a s  taxied,  a t  th ree  d i f f e r en t  constant  
speeds (5, 10, and 15 h o t s ) ,  over a measured sec t ion  of taxiway. The p i l o t ,  
upon being commanded t o  s top  abeam a predesignated point ,  applied e i t h e r  l i g h t  o r  
moderate braking t o  b r h g  the  a i r c r a f t  t o  a complete stop. The dis tance  from the  
commanded s t o p  point  t o  the  ac tua l  h a l t  pos i t ion  w a s  then measured precise ly .  
The a i r c r a f t  was instrumented t o  permit accurate determination of instantaneous 
t a x i  speed and decelera t ion "GI' forces.  The onboard accelerometer had a range 
of +1.0 t o  -1.0 G and samples were taken at  a rate of 200/second. Comparison of 
these  experimentally determined required stopping dis tances  with t he  a c t u a l  
weather s ign combination recognit ion dis tances  o r  ranges would then provide some 
idd ica t ion  of sign perfonnance and effect iveness  under reduced v i s i b i l i t y  
conditions. 

TEST RESULTS. 

O+er 200, ob{ervations i n  condition. of 'e,me&n -400 t o 1 9 0 0  f 'eet  obsemed 
v i s i b i l i t y : :  were accoiuplish&d. ' See -the appendix f o r  ac tha1 ' data  collected. .  . Tqble, , . . 

2 ' shows t h e  : nirmber o f  'observations col ' lected. 'under each: ' t r i s i b i l i t y  condi-t ion;  ,. 
Dhririg "da ta  c o ~ l e c t i o n ,  ' discrepancies between t h e  dif .f&ekt,  types of v i s i b i l i t y  
meahrements were noted. Over 'one-half of t he  da ta  c o l l e c t e d -  were, obtained when 

: the towe+'.s reported v i s i b i l i t y   was zero-zero'. During; t h e ,  same :per iods ,  the: :RVR 
values-  var i=d from 600 t o  1 '800,  while t he  observed visibility var ied from 4'00. : t o  
1700'~fe~et,-,-.  This d-iscrepency was due. to  t he  distant: locat ion of t h e  con t ro l ' :  
t0we.r. ' ]Due! t o '  these considera t ions ,  it was; f , e l t  t h a t :  the.-obserped ~ i s i b i l i t y  was 
,-the most accurate standard: against  which i o  r a t e  ' the  s i : gn  effect iveness .  . , 

, .  . . , ... . . . .  . .  . .  .,. , .  
, , . .. . . . , , , '  

r=aphs of . recognit ion :d is tance  vers im .~b.erved v i s i b i l i t i  i n  . f , igures  . . , .  3, . .  4 ,  ' 5 ,  . '  

: 6 show the '  t r e n d s .  of ;the' da ta  collected.. ~ r a ~ h s '  slim a c t u a l  data.:  po in t s  w i t h . a  
p&er 'r=gre&ion cunie t-o sh& ':.the . trend f o r  each, 'size. :df , sign. ' ,  'ck,ap& are:: ,=hawn 

I ,  forl'ifbot'h types of signs* :under, dity ind~kighr,.+dndit.;ihs..: . During the  d g h t  ' .  :? ,. 
', 

cbndit%@n;. ,. th:e; taxiway signs. wgre i l lukinated.  ~ h b  'mandatory r:e$ewrhit& ' s i g n d  : 
~ e r e . ~ v i a i b l e  :from s l ig l i t ly  inbat&- distances. than t h e ,  .$pll~ow/black : i n f  ormational 

. signs... Minimum recognition. d i s tances  ranged f o?m 2 7 3  . f,e& . f o r  t h e  l a r g e  s i z e  t 
, . s ' i g n  - t o  2'4.1 f e e t .  f o r " t h e  s h l l  s i z e  sign. , . . . . . . , , . , .. . 

, . 
, .  , , . ,  . ,  

. . .  . . 

, , ~ e s d l t s '  o f ,  t h e .  l imited $axi  speed s topp ing  d i s t ance i  t e s t i n g  done a t  ' t h e  ~ e e h n ' i c a l  F '  

! Center' -are:shown in  ' t a%le .  3 and repeated graphical ly '  i n .  f i g u r e  7 .  ' , : '  , 
. . . . 
. , 





A
IR

P
O

R
T

 
S

lQ
N

 
V

IS
IB

IL
IT

Y
 

T
E

S
T

S
 

0
 

M
m

d
lu

m
 

a
 

s
m

a
ll 

o
 

C
u
n
rw

 
k

ts
w

 8
0
0
' 

o
b

u
w

d
 d

m
ua

l 
ro

w
. 

o
r,

 m
rb

p
d

o
to

d
 - n

o
 d

o
ta

 w
ar

n 
d

la
e

to
d

 
....

....
....

....
....

....
....

....
..I.

..I.
....

....
....

....
....

....
....

....
..I.

..I.
~.

~.
.~

....
m

..m
...,

....
....

..~
nn

.~
~k

~m
~.

....
....

...m
....

...~
....

....
....

...m
....

...~
....

.m
...~

....
....

..~
....

....
....

~ 

. 
. 

2
0
0
 

4
0
0
 

6
0
0
 

$
0
0
 

1
0
0
0
 

1
2
0
0
 

1
4
0
0
 

1
6
0
0
 

O
B

S
E

R
V

E
D

 
V

IS
U

A
L

 
R

A
N

G
E

 
(f

t)
 

.
.
.
.
.
.
.
.
.
.
.
.
.
 

-
 

- 
-
 

.
 
-
 

.
.

 
.

.
.

.
.

.
.

 
.
 

. 
. 

.
-
 

~
 

F
I
G
U
R
E
 3
. 

. 
RE
CO
GN
IT
IO
N 
D
I
S
T
A
N
C
E
 C
UR

VE
 F
OR
 "
4-
22
" 

SI
GN
, 
DA
YT
IM
E 

~
. 

.
.

.
 

~
. 

. 
~

. 
. 
. 

. 



A
IR

P
O

R
T

 
S

lQ
N

 V
IS

IB
IL

IT
Y

 T
E

S
T

S
 

"
4
-2

4
' 

S
lQ

N
 

N
IG

H
T

T
IM

E
 

. 
. 

S
lq

n
 O

b
o

a
rv

a
t~

o
n

s
 

x
 

. 
. 

. 
. 

2
0
0
 

4
0
0
 

6
0
0
 

8
0
0
 

1
0
0
0
 

1
2
0
0
 

3
4
0
0
 

7
6

0
0

. 
O

B
S

E
R

V
E

D
 V

IS
U

A
L

 
R

A
N

G
E

 
(f

t)
 

FI
G

U
R

E 
4.
 

R
EC

O
G

N
IT

IO
N

 D
IS

TA
N

C
E 

CU
RV
E 

FO
R 
"4
-2
2"
 
SI
GN
, 

N
IG

H
TT

IM
E 





S
la

N
 -V

IS
IB

IL
IT

Y
 T

E
S

T
S

 

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.... - 

O
u

v
 b

lo
w

 4
0
0
' 

vt
m

uo
l 

m
n
g
e
 

o
r,

 '
*p

o
lo

tm
d
 

- no
 

d
o

ta
 w

om
 o

d
l.
d

.d
 

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

. 
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.....

.....
.. *.

.*
...

h
.r
n
k
.-
 

. 
. 

L
 
I
 

. 
. 

I
 

2
0
0
 

4
0
0
 

6
0
0
 

8
0
0
 

1
0
0
0
 

1
2
0
0
 

1
4
0
0
 

1
6
0
0
 

O
B

S
E

R
V

E
D

 
V

IS
U

A
L

 
R

A
N

G
E

 
(f

t)
 

FI
GU
RE
 6
. 

RE
CO

GN
IT

IO
N 
DI
ST
AN
CE
 C
UR
VE
 F
OR

 "
B"
 

SI
GN

, 
N

~
G

H
T

T
~

E
 



TABLE 3. BOEING 727 AIRCRAFT STOPPING DISTANCES 

RUN # SPEED BRAKING STOP DIST MAX G 
(Knots) (Feet) 

2 5 MODERATE 19 

3 10 L IGEiT 48 

4 10 MODERATE 38 

5 15 LIGEiT 89 

6 15 MODERATE 7 1 

:I . 6-72.7. (N40) BRAKING TEST 
LEGEND 

5 1 0  15 

AIRCRAF I' GROUND SPEED (KTS) 
- + - - -  

FIGURE 7. B727 AIRCRAFI: STOPPING DISTANCES 



Max- stopping distance was encountered while using l i g h t  braking pressure from 
a constant taxi speed of 15 h o t s .  The deceleration G forces, shown i n  tab le  3, 
did not exceed the -0.200 l eve l  a t  any time during the brake application 
intervals.  This deceleration leve l  is within the acceptable passenger comfort 

I range. While tax i  speeds of 15 knots can be considered as representative of 
those normally used i n  good v i s i b i l i t y ,  the slower 5-knot speed is more 
representative of speeds adopted by prudent p i l o t s  taxi ing under very low (600- . foot RVR and below) v i s i b i l i t y  conditions. Obsemations by personnel a t  the 
Center, made over a number of years while conducting low v i s i b i l i t y  t a x i  tes t ing  
project e f for t s ,  support t h i s  presumption of markedly reduced t ax i  speeds i n  poor 
v i s i b i l i t y  si tuations.  

It should also be noted tha t  the a i r c r a f t  used f o r  the stopping distance tests, a 
Boeing 727-25C (-100 model), was configured with a gross weight of approximately 
122,000 pounds. Since maximum gross weight f o r  t h i s  type of a i r c r a f t  can be a s  
high as 160,000 pounds, it must be accepted tha t  stopping distances f o r  the  f u l l y  
loaded a i r c r a f t  w i l l  probably be somewhat greater  than those encountered i n  the 
tests. It is very l ikely,  however, t ha t  a t  the slow taxl speeds (5 t o  15 knots) 
used during low P i s ib i l i t y ,  the increase i n  stopping distances f o r  the more f u l l y  
loaded a i r c r a f t  w i l l  be not more than 10 percent greater than those obtained 
during testing. Therefore, we would expect t h a t  the maximum stopping distance 
w i l l  not exceed 100 fee t ,  and tha t  a range of 25 t o  50 f ee t ,  even f o r  a maximum 
weight a i r c ra f t ,  w i l l  be the norm. 

It was also noted that,  a s  the obserrred v i s i b i l i t y  decreased, the difference 
between the acquisit ion and recognition distance a l s o  decreased. This is shown 
i n  the graph in figure 8. This  shows that ,  as the v i s i b i l i t y  decreases, the sign 
becomes 'readable ' almost. a s  soon a s  it becomes vis ible .  

200 400 600 800 1000 1200 1400 1600 1800 2000 

OBSERVED VISIBILITY (feet) 

FIGURE 8. DIFFERENCE BETWEEN ACQUISITION AND RECOGNITION DISTANCES 



ANALYSIS OF RESULTS. 

Since very few data points, or observatipns, were obtained f o r  v i s i b i l i t y  
conditions below 600-foot RVR, a good deal of caution must be taken i n  
extrapolating to obtain probable sign effectiveness fo r  the lower v i s i b i l i t y  
ranges. A t  best, assumptions as  t o  l ike ly  recognition distances cannot be made 
for  any v i s i b i l i t y  condition lower than 200-foot RVR. Taking t h i s  in to  account, 
we would interpret  the resul t s  of the actual weather sign obse r~a t ion  test ing t o  
indicate a strong probability tha t  the smaller s ize  signs w i l l  be effective,  to  a 
lower l imi t  RVR of 200 fee t ,  i n  providing p i lo t s  with l ~ c a t i o n / ~ u i d a n c e  
information a t  a minimum distance of approximately 175 f ee t ,  I n  l i k e  manner, i t  
is very l ike ly  that the largest s ize signs w i l l  be effective (again, to  the lower 
limit: of 200-foot RVR) i n  providing p i lo t s  with location/guidance information a t  
a minimum distance of approximately 200 fee t .  Accepting an effective range for  
a l l  s izes  of signs (with a minimum RVR condition of a t  l eas t  200 fee t )  a s  being 
175 fee t ,  we can predict that the signs w i l l  provide the p i l o t  with the necessary 
visual guidance information a t  a distance twice tha t  required for  stopping the 
a i r c ra f t  from normal taxi speeds, 

CONCLUSIONS 

From analysis of data collected, we can conclude that:  

1. A l l  s izes  of standard signs tested w i l l  provide adequate visual guidance 
information a s  t o  the location of c r i t i c a l  maneuvering area intersections and 
destinations down to  a minimum RVR of 200 feet .  

2. Larger size signe w i l l ,  i n  general, provide marginally bet ter  guidance i n  low 
v i s i b i l i t y  conditions and w i l l  allow ins ta l la t ion  a t  greater distances from the 
immediate- taxiway/runvay environment. 
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