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DEPARTMENT OF TRANSPORTATION 
N A T I O N A L  H I G H W A Y  T R A F F I C  S A F E T Y  A D M I N I S T R A T I O N  

TECHNICAL SUMMARY 

R E P O R T  TITLE I R E P O R T  D A T E  

C O N T R A C T O R  The Regents of the University of Michigan 
Highway Safety Research Inst i tute  

C O N T R A C T  NUMBER 

DOT-HS-6-01468 

The impetus for this  project grew out of the publication of 

Signal Lighting System Requirements for Emergency, 
School Bus, and Service Vehicles 

"Warning Lights for Special purpose Vehicles" in Traffic Laws Commen- 
tary , Vol . 4 ,  No. 3 (December 1975) and "Laws Requiring Drivers to  
Stop for School Buses" in J raf f ic  LawsCommentarv, Vol . 2 ,  No. 5 
(August 1972). These two documents were prepared by the National 
Committee on Uniform Traffic Laws and Ordinances for  the National 
Highway Traffic Safety Administration of the Department of Transporta- 
t ion. These documents show that  there i s  l i t t l e  uniformity among 
s t a t e  laws as t o  the use of signal lighting systems on various classes 
of special purpose vehicles that are equipped with auxi 1 iary signal 
l ights i n  addition to  the signal l ights  required on a l l  vehicles by 
FMVSS 108. Furthermore, many s tates  do not  even have laws pertaining 
to certain classes of vehicles. The laws that do exis t  tend t o  be 
very general, perhaps specifying color only, and usually do no t  
detail the type of signal l i gh t ,  mode of operation, location, con- 
figuration, intensity,  or flash rate required. Li t t le  recognition i s  
evident of a need for particular vehicles t o  communicate specific 
information to  other drivers. Additionally, s ta te  laws concerning 
school buses were found to be inconsistent in terms of specification 
of the "4 lamp" or "8 lamp" system as per FMVSS 108, lighting and 
stop arm equipment specified, operational requirements for the 
signal ing system, and laws covering driver response to  the signaling 
sys tern. 

November 15, 1978 

Because of increasing inters tate  mobil i ty and increased busing of 
school children, there may be no valid safety alternative to  providing 
a high degree of uniformity in signaling systems for  emergency, school 
bus, and service vehicles. Adequate and clear vehicle- to-dri ver com- 
munication can only be obtained i f  there i s  some consistency to the 
driver behavior e l ic i ted  by various signal l ighting systems. 

The purpose of this  project was to  analyze vehicle-to-dri ver 
communication requirements for  emergency, school bus, and service vehi - 
cles so t h a t  effective signaling systems for  these vehicles can be 
specified to provide a nationwide uniform signal ing system. 

To address the problem of non-standardization of signaling sys- 
tem on special purpose vehicles, such as police, f i r e ,  ambulance, 
school bus, and service vehicles, the following actions were taken. A 
review of s ta te  laws and applicable sections of the Uniform Vehicle 

( ~ o n t  i nue on add i  t i o n a l  pages)  
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Code sought t o  point out the lack of adequate and consistent legal 
requirements for 1 ighting sys terns. Accident data were a1 so reviewed 
t o  determine the nature of current signaling system inadequacies. 
Also, the interaction between 1 ight signal and driver behavior was 
examined. Subsequently, information that could lead to a c lassif ica-  
tion of signal messages as a function of the operations engaged in by 
typical special purpose vehicles was sought from the l i te ra ture ,  
various agencies, and offi  ci a1 s . A schema was developed which re1 ated 
the following factors:  agency, vehicle, operation, vehicular mission, 
signal message, accompanying situational conditions, redundant sys- 
tems frequently used, and the level of signal commonality desirable. 
Seven messages were indicated as being sufficient for the signaling 
needs of a1 1 special purpose vehicles. 

To determine the coding to be employed for  particular signals i t  
was f i r s t  necessary t o  survey the parameters currently in use as indi- 
cated by catalogs of numerous manufacturers, an equipment guide used 
by pol ice chiefs,  and advertisements occurring in law enforcement, 
medical service a n d  transportation magazines. This compilation indi- 
cated that  a large number of coding parameters were in use in the 
mu1 t i  tude of lighting systems available. Thus, user/marketplace inter- 
action has n o t  produced a consensus t o  del ineate potentially desirable 
coding parameters. Therefore, a large body of 1 i terature  relevant to 
determining the perceptual advantages and disadvantages associated with 
various parameters was col 1 ected and reviewed. This review concluded 
that l i t t l e  data regarding the conspicuity of various lighting para- 
meters exis t  that i s  relevant t o  auxiliary vehicular l igh t  signals. 

An analysis of  color, intensity,  flash rates and additional 
conspicui ty considerations attempted to derive, from the available body 
of basic and applied visual information, data pertinent t o  design of  
auxiliary vehicular 1 ight signals. One method util ized was to  combine 
the perceptual aspects of  a given color with the physical limitations 
of producing such a color. Thus, the problem addressed here was n o t  t o  
determine the most visible color,  b u t  the lighting parameters that can 
produce the most easily seen signal. This analysis also sought t o  
point out the shortcomings of basing conclusions on a particular find- 
i n g  which may be unsupported by other research ef for t s ,  I n  addition, 
current SAE specifications were c r i t i ca l ly  reviewed and suggestions are 
made for color, intensity,  flash rate ,  and contrast requirements for 
adequate signal 1 ights . 

Changeover considerations of both, s t a t e  1 egal requirements and 
hardware in use,were reviewed to determine the extent that  current 
practices should infl  uence design of a standardized and/or improved 
auxiliary l ight  signaling system. Li t t le  data was found to be avail- 
able on the physical specification of signal units in use on ambulance 
and f i r e  vehicles and the information on police vehicles may be out- 
of-date. Pro1 iferation of lamps on specific vehicles and i n  si tuations 
where multiple vehicles are present was discussed in the context of 
limiting signals t o  the minimum necessary t o  ensure that  an approach- 
ing driver receives the appropriate message. 

A special analysis lead t o  recommendations for new legal and 
hardware requirements for school buses which are described in terms 
of changes that would be necessary in the Uniform Vehicle Code. This 
analysis took into account the use of school buses on different types 
of highways, and considered the importance of stop arms, and proper 
usage of signals by bus drivers. 



The fol 1 owing recommendati ons and procedures for  imp1 ement i  ng 
them were produced by t h i s  project .  

A "Clear the Right-of-way" signal should be required on police,  
f i r e ,  a n d  ambulance vehicles. I t  i s  recommended t h a t  t h i s  signal be 
composed of dual red beacons of 600 effect ive  candlepower, synchronized 
t o  f lash a t  150 flashes per minute (fpm). 

A "Hazard-Vehicle on Right-of-Way" signal should be required on 
police,  f i r e ,  and  ambulance vehicles. I t  i s  recommended t ha t  th i s  s ig-  
nal be composed of an upper pai r  of rear  facing red lamps of 600 
candlepower flashing a l ternate ly  a t  90 fpm, plus flashing of the lower 
turn signal lamps a l t e rna te ly ,  b u t  o u t  of phase with the upper lamps. 

A "Caution-Slow Moving Vehicle" signal should be required on 
wreckers a n d  maintenance vehicles. I t  i s  recommended t h a t  t h i s  signal 
be composed of a pa i r  of rear  mounted yellow beacons of 1500 e f fec t ive  
candlepower flashed a t  90 fpm plus a s imilar  rooftop beacon, i f  
necessary t o  project the signal 3600 around the vehicle. Postal vehi- 
cles should continue t o  use a simultaneously flashing pai r  of rear  
mounted yellow automotive signal lamps fo r  t h i s  s ignal .  In urban 
t r a f f i c  a yellow rooftop lamp capable of projecting 600 effect ive  
candlepower t o  the rea r ,  while pulsed a t  90 fprn, should operate when 
postal vehicles are stopped on the right-of-way. 

A "Vehicle Present in Hazardous Location'' signal composed of 
simultaneously flashing ye1 low-rear signals should be required on a1  1 
vehicles. Signal enhancement may be necessary fo r  special vehicles. 

A "Stop-Immediately" signal composed of a blue spotlamp with a 
unique f lash  pattern should be required a n d  r es t r i c ted  t o  usage on 
a l l  police vehicles. 

The forward facing school bus loading lamps should n o t  be operated 
on a divided highway where no passenger crossing i s  t o  take place. The 
upper rear  red lamps, required on school buses by FMVSS 108 fo r  conveying 
a "Stop-Do Not Pass" signal when school buses are stopped in the r ight-  
of-way for loading of passengers, should probably be supplemented by 
other devices. Flashing of the brake lamps a l t e rna te ly ,  b u t  out of 
phase with the upper lamps i s  recommended. Additionally, use of the 
"Stop-Do Not Pass" signal may be warranted while the bus i s  stopping 
since an unambiguous pre-stop signal i s  desirable.  

Research should be conducted t o  determine whether a n  octangular 
stop arm configuration, with or without l igh t s  attached, offers  an 
improvement over the recommended system, and whether lower a1 ternately 
flashing lamps would increase the effectiveness of the "Stop- 
Do Not Pass" signal message. The use of flashing high beams should be 
evaluated as part  of the "Clear the Right-of-way" signal .  Development 
of a d i s t inc t ive  flashing blue spotlamp for  the "Stop-Immediately" 
signal should also be undertaken. 

Research should be conducted, using both subjective and objective 
measures of conspicuity, so tha t  the comparative effectiveness of lamp 
types can be more fu l ly  understood. This research should lead t o  
evolutionary signal improvements, especial ly fo r  the "Clear the Right- 
of Way" message. 

v 



PREFACE 

Th i s  p r o j e c t  was conducted under t he  d i r e c t i o n  o f  Dav id  V .  Post, 
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U n i v e r s i t y  o f  Mich igan and has been employed as a  f u l l , - t i m e  researcher  

i n  the  human f a c t o r s  area a t  HSRI s i nce  1968. Mr. Post graduated f rom 

the  U n i v e r s i t y  o f  Michigan i n  1966 w i t h  an A.B. degree i n  Psychology 

and ob ta i ned  a  M.S. degree i n  Psychology f rom Eastern Mich igan Un iver -  

s i  t y  i n  1972. Mr. Post has conducted and pub1 i shed  research  d e a l i n g  

w i t h  t h e  psychometr ic  i d e n t i f i c a t i o n  of problem d r i n k e r s ,  e v a l u a t i o n  

of automobi le  r e a r  s i g n a l i n g  systems, mu1 t i p l e  headlamp beam systems, 

r e f 1  e c t o r i  zed 1  i cense p l  a tes  , and t u r n  and hazard warning s i g n a l s  . 
Much o f  h i s  work i n v o l v i n g  v e h i c l e  l i g h t i n g  has been under c o n t r a c t  t o  

t h e  Na t i ona l  Highway T r a f f i c  Sa fe t y  A d m i n i s t r a t i o n  o r  t he  Motor  Veh ic le  

Manufacturers  Assoc ia t i on .  
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I n t e n s i t y  Percep t ion .  Dr.  S ivak r ece i ved  h i s  Ph.D. i n  Exper imental  

Psychology f rom the  U n i v e r s i t y  o f  Mich igan i n  1976. He has worked a t  

t he  Highway Safety Research I n s t t t u t e  s i nce  1976, p r i m a r i l y  i n  t h e  

areas o f  v i s u a l  pe r cep t i on  and i n f o r m a t i o n  process ing.  

G r a t e f u l  acknowledgement i s  hereby g iven  Dr .  S ivak f o r  coopera- 

t i o n  i n  t a b u l a t i n g  t he  i n f o r m a t i o n  i n  Tables 6-11, h i s  ass i s t ance  i n  

c l a r i f y i n g  va r i ous  i ssues ,  and p repa r i ng  t he  above ment ioned s e c t i o n  

of t h i s  r e p o r t .  

G ra te fu l  acknowledgement i s  hereby g i ven  Dr. Paul Olson f o r  h i s  

comments and suggest ions r e s u l t i n g  f rom d i scuss ion  o f  p r o j e c t  d i r e c -  

t i o n  and rev iew o f  d r a f t  m a t e r i a l s .  

F l o r a  Simon was respons ib l e  f o r  t y p i n g  o f  t h e  f i n a l  r e p o r t  and 

f o r  s e c r e t a r i a l  se r v i ces  throughout  t he  p r o j e c t .  Her se r v i ces  and 

pa t i ence  were g r e a t l y  apprec ia ted .  



Mike Pere l  served as t h e  Cont rac t  Technica l  Manager, re1  i e v i n g  

Rube C h e r n i k o f f  o f  t h i s  du ty  upon M r .  C h e r n i k o f f ' s  r e t i r emen t .  My 
app rec i a t i on  goes o u t  t o  Mr. C h e r n i k o f f  f o r  see ing t he  problems 

i nhe ren t  i n  t h e  s p e c i a l  v e h i c l e  l i g h t i n g  system i n  t h e  Un i t ed  S ta tes  

and t he  need t o  address these problems. Mr. Pere l  d i d  an admirab le  

j o b  i n  a t t emp t i ng  t o  understand t h e  complex i t y  o f  t h e  c u r r e n t  s i t u a -  

t i o n ,  as d i d  M r .  Che rn i ko f f ,  and t h e  n a t u r e  o f  t he  d i f f i c u l t i e s  

i nvo l ved  i n  p ropos ing  s o l u t i o n s  t o  t he  problem o f  s t anda rd i za t i on .  
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i n  a  HSRI proposal  t o  t he  Motor Veh i c l e  Manufacturers  Assoc ia t i on  i n  
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BACKGROUND 

The i ncons i s t ency  i n  s i g n a l i n g  standards i s  shown i n  g r e a t  

d e t a i  1  i n  t h e  T r a f f i c  Law Commentaries e n t i t l e d  Laws Requ i r ing  

D r i v e r s  t o  Stop f o r  School Buses (Yaw, August 1972) and Warning 

L i g h t s  f o r  Spec ia l  Purpose Veh ic les  (Engl i s h ,  Young and F r i ed l and ,  

December 1975) . 
The p a t t e r n  o f  i n cons i s t ency  i n  emergency v e h i c l e  s i g n a l i n g  sys-  

tems i s  s i m i l a r  t o  t h a t  i n v o l v i n g  school buses except  t h a t  t he re  i s  a  

g r e a t e r  a r r a y  o f  s i g n a l  i n g  cod ing dimensions c o n t r i b u t i n g  t o  t h e  

i ncons i s t ency  i n  t h e  case o f  spec ia l  purpose veh i c l es .  Uniform 

Veh ic le  Code p r o v i s i o n  12-227 p r o h i b i t s  use o f  a l t e r n a t e l y  f l a s h i n g  

h i g h  mounted f r o n t  and r e a r  p a i r s  o f  r e d  s i g n a l  l i g h t s ,  except  on 

school  buses and au tho r i zed  emergency veh i c l es  where they  a r e  

r equ i r ed ,  and/or po l  i c e  veh i c l es  where they  a re  perml t t e d .  Whi le  35 

s t a t e s  have laws govern ing t he  usage env is ioned  i n  UVC 12-227, they  

va ry  enormously i n  r espec t  t o  c o l o r  and ope ra t i ona l  s p e c i f i c a t i o n .  

The s t a t e s  a r e  a l s o  a t  va r iance  w i t h  t h e  code and each o t h e r  i n  

r espec t  t o  use o f  spec i  a1 p r i  v i  1 eges exempting au tho r i zed  emergency 

veh i c l es  f rom va r i ous  t r a f f i c  ordinances (pa rk i ng  speed 1  i m i  t s  , s top  

s i gns  and 1  i g h t s ,  and d i r e c t i o n  of t r a f f i c  f l o w ) .  The Un i fo rm Vehi- 

c l e  Code s e c t i o n  12-218 s p e c i f i e s  t h e  types o f  lamps t o  be r e q u i r e d  

on au tho r i zed  emergency veh i c l es  by s e c t i o n  12-227 and a l l ows  use o f  

red, o r  r e d  and w h i t e  r o t a t i n g  beams. Only 17 s t a t e s  r e q u i r e  f i r e  

veh i c l es  t o  be equipped w i t h  s p e c i f i e d  warning l i g h t s ,  w h i l e  9 s t a t e s  

r e f e r  t o  UVC 12-227. However, most o f  t he  s t a t e  laws r e q u i r e  o r  

a u t h o r i z e  f l a s h i n g  r e d  lamps f o r  f i r e  veh i c l es ,  and, i n  a d d i t i o n ,  some 

o t h e r  s t a t e s  r e q u i r e  o r  p e r m i t  use o f  steady r e d  l i g h t s .  Only 6 
s t a t e s  r e q u i r e  p o l  i c e  veh i c l es  t o  be equipped w i t h  s p e c i f i e d  s i g n a l  

l i g h t s  w h i l e  8 more r e f e r  t o  UVC 12-218. Whi le most j u r i s d i c t i o n s  

t r e a t  ambulances t h e  same as f i r e  veh i c l es  r ega rd i ng  warn ing 1  i g h t s  , 
17 s t a t e s  r e q u i r e  s p e c i f i e d  s i g n a l  l i g h t s  f o r  ambulances and 9 more 

s t a t e s  r e f e r  t o  UVC 12-218. 



Of the 27 s ta tes  that  specify special warning lamps for highway 

maintenance vehicles, 15 require amber. Four s ta tes  specify red, 1 

s t a t e  specifies some red a n d  some amber, 1 s t a t e  specifies blue, and 

6 don't specify color. California goes so fa r  as to  specify the use 
of the amber warning 1 ight only when an unusual t r a f f i c  hazard exis ts .  
Thus, for  these California vehicles a message i s  defined. However, 
24 other s ta tes  do not even have laws relating to use of warning 
l ights  on highway maintenance vehicles. The same problem exists for 
wreckers, pub1 i c  uti 1 i  ty vehicles, and highway maintenance vehicles. 

Obviously, safe inters tate  travel could be promoted by develop- 
ment of standardization of the signal units and the i r  usage that i s  
permitted or required by the various s ta tes .  Developing national ly 
uniform speci a1 vehicle signaling laws and standards would  reduce 
driver confusion and thus enhance driver safety.  

Looking a t  the accident data involving emergency vehicles, a 
State of New York report written by Newcomb and Carpenter (1972) 

indicates that  emergency vehicles (pol ice ,  f i r e ,  and ambulance) were 
nearly 2-1/2 times more vulnerable t o  vehicles entering from a cross 
s t r ee t  than non-emergency vehicles. Most accidents to such vehicles 
involved two vehicles s t r iking a t  an angle under emergency conditions. 
These accidents represent 40 percent of the total  sample which was 

s t r a t i f i e d  by accident severity . However, i f  the "Unknowns" are 

removed from the directional analysis the percentage jumps t o  52 

percent. Among the mu1 t i  -vehicle coll isions (exempting the single- 
vehicle coll isions) , the relevant percentage i s  56 p ? r c ~ n t ,  indicating 
that  we11 over half of the sample were involved in such collisions.  
These data would indicate that  a major concern i s  short distance 
transmission of the message "yield right-of-way" to drivers who may 
only be able t o  perceive i t  peripherally. The three next most common 
accidents in order were rear-enders which occurred w i t h  one vehicle 
parked n o t  a t  an intersection, one vehicle stopped a t  an intersection, 
and one vehicle stopped in t r a f f i c  n o t  a t  an intersection. Police 
vehicles and other emergency type vehicles (excepting f i r e  and 



ambulance) were found t o  be about e q u a l l y  i n v o l v e d  i n  i n t e r s e c t i o n  

and n o n - i n t e r s e c t i o n  acc iden ts .  Near l y  112 o f  t he  i n t e r s e c t i o n  

acc idents  occur red  a t  an angle  w h i l e  t h e  most p reva len t  non- 

i n t e r s e c t i o n  acc iden t  occurred w i t h  one v e h i c l e  parked. 

The New York s tudy (1972) a l s o  s t a t e s  t h a t  t he  emergency veh i -  

c l e  d r i v e r  i s  a t  f a u l t  o n l y  about 33 percen t  o f  t h e  t ime,  w h i l e  t h e  

general  popu la t i on  i s  a t  f a u l t  n e a r l y  50 percen t  o f  t he  t ime.  From 

t h i s  , one can concl  ude t h a t  the  emergency veh i c l es  a re  be ing  s t r u c k  

cons iderab ly  more o f t e n  than they  a re  s t r i k i n g  another  veh i c l e .  Data 

a l s o  i n d i c a t e d  t h a t  non-operat ion o f  warning devices was n o t  a  prob- 

lem s i nce  i n  most cases bo th  l i g h t s  and s i r e n  were i n  ope ra t i on .  The 

es t imated  cos t  o f  ambulance and f i r e  t r u c k  acc iden ts  i n  New York i n  

1970 w h i l e  these veh i c l es  were i n  an emergency s i t u a t i o n  was e s t i -  

mated t o  be two m i l l i o n  d o l l a r s  based on t he  Nat iona l  Sa fe ty  Counci l  

formula con ta ined  i n  t h e  T r a f f i c  Sa fe ty  Memo f113. 

Data f rom t h e  C a l i f o r n i a  Highway P a t r o l  (1974) show t h a t  "Rear- 

end c o l l  i s i o n s  ( i n c l u d i n g  side-swipes) , i n v o l v i n g  parked p a t r o l  

veh i c l es ,  accounted f o r  a  l a r g e  p o r t i o n  o f  i n j u r i e s  r ece i ved  by CHP 

personnel i n v o l v e d  i n  p a t r o l  v e h i c l e  acc iden ts . "  About 30% o f  t he  

t o t a l  p a t r o l  v e h i c l e  i n j u r i e s  i n  1970-1972 were a t t r i b u t e d  t o  r e a r -  

end c o l l i s i o n s .  Dur ing t h i s  p e r i o d  approx imate ly  1 /3  o f  t he  v i s i b l e  

i n j u r i e s ,  1/2 o f  the  severe i n j u r i e s  and t h e  one f a t a l i t y , .  r e s u l t e d  

f rom rear-end c o l l i s i o n s .  I n  t h e  m a j o r i t y  o f  these c o l l i s i o n s ,  

approx imate ly  60%, no emergency equipment was i n  use a t  t h e  t ime o f  

t he  impact.  However, i n  about 30% o f  these  rear-end acc iden ts  a  s i n -  

g l e  amber l i g h t  was i l l u m i n a t e d  and i n  another  9% a  r e d  l i g h t  o r  r e d  

and amber l i g h t s  were be ing  used. The vas t  m a j o r i t y  o f  these a c c i -  

dents took  p l a c e  on d r y  roads i n  c l e a r  weather w i t h  t h e  l a r g e s t  

p r o p o r t i o n  (48%) o f  them o c c u r r i n g  d u r i n g  day1 i g h t  . Apparent ly ,  

p o l i c e  p a t r o l  veh i c l es  need increased p r o t e c t i o n  t o  t h e  r e a r ,  

e s p e c i a l l y  when parked, and thus,  a  p o l i c y  o f  us i ng  l i g h t s  t o  mark 

t he  presence o f  such veh i c l es  should  be encouraged. An improvement 

over  t he  s i n g l e  amber l i g h t  marking system a l s o  seems warranted. 



The New York and California accident data show that  improved 
operational performance of  signal 1 i  ghts i s  indicated as having 
potential for reducing accidents with emergency vehicles. 

School buses, similarly,  have signal l igh t  systems which vary 
i n  description and usage from s t a t e  t o  s t a t e  (see Yaw, 1972). 
Fifteen s ta tes  substantially conform t o  FMVSS 108 which i s  consis- 
tent with provision 12-228 of the uniform commercial code which 
requires red a1 ternately flashing school bus loading lamps visible 
a t  500 fee t  in normal sunlight front and rear ,  and permits additional 
use of similar,  b u t  inboard yellow lamps. Nineteen other s ta tes  

generally use similar coding systems, b u t  do not specifically require 
such equipment or do n o t  specify the type of equipment precisely 
enough t o  define the equipment. However, 10 s tates  were found t o  
have - no legal specification that  a l l  school buses be equipped with a 
particular type of warning signal and 7 other s ta tes  require certain 
types of warning signals with 2 of these requiring stop arms. 

Eighteen s ta tes  require the use of visual signals only when the 
school bus has stopped t o  receive or discharge pupils and another 3 

permit such use a t  the bus dr iver 's  discretion. Fifteen s tates  
require usage of red or special signals prior to stopping, i n  addi- 
tion t o  when the school bus i s  stopped, and another 3 s ta tes  require 
amber alternately flashing lamps prior t o  use of red lamps which meet 
the FMVSS 108 provision. 

Further confusing drivers,  8 s ta tes  have provisions that pro- 
h ib i t  use of the visual signals in certain areas. For example, in 
Baltimore, use of visual signals i s  prohibited in that urban area as 
the i r  use i s  t h o u g h t  to reduce pedestrian safety (School Bus Fleet,  
Feb./Mar., 1976). Other s ta tes  similarly draw distinctions between 
urban and rural use by restr ic t ing visual signal usage a t  inter-  
sections, and/or in business, or residential sections. Thus, the 
inters tate  driver may be as ignorant of signal usage i n  certain 

locales as the in te rs ta te  driver. I n  addition, 35 s ta tes  are in 
substantial agreement with the U V C  11-706 provision which s tates  that  



drivers need n o t  stop when encountering a bus on a different roadway 
of a divided highway and eight more s tates  permit passing of buses 
traveling in opposite directions on such roadways. Three more 
s ta tes  while permitting passing of buses in opposite directions do  

not require the highway t o  be divided. A 1  t h o u g h  in many particular 
si tuations a driver need not stop for buses on divided highways or in 

loading zones, the school bus drivers may, in fac t ,  use the warning 
lamp systems, thus requiring the car driver t o  know the law and 
analyze the situation before he can determine whether he i s  required 
to stop or not. The signal usage i t s e l f  should be encoded so that a 
following or approaching driver can determine the action that  he i s  
required t o  take from the mode of operation, color and location of 
the signal. Since 46 s ta tes  do n o t  require the driver to stop for 
oncoming school buses on three or more lane highways or different 
roadways or divided highways, the school bus should not be flashing 
alternating red to the front in these s i tuat ions,  as this  will tend 
t o  confuse drivers and also children w h o  might assume that they 
have the right-of-way. 

A paper by Marsden (1975) found that in most San Diego school 
pedestrian coll isions , the pedestrian was a t  fau l t .  However, in 
pedestrians coll isions involving school buses, a1 1 the pedestrians 
were hit by oncoming vehicles, Stegel , Nahum and Runge (1971) pre- 
sent casualty data which show that twice as many students were killed 

as pedestrians than as bus occupants in 1969. Data provided by D .  

Soule of  a NHTSA survey for  1968 and 1969 also show that  more f a t a l i -  
t i e s  occur to pedestrians than bus occupants. Additional 1y , accident 
data from Hull and Knebel (1968) also indicates that in terms 
of f a t a l i t i e s  i t  i s  the pupil pedestrian that i s  in danger w i t h  about 
2/3 being struck by another vehicle and about 1/3 by the school bus. 
In pedestrian injur ies ,  a lso,  the pupil was most often struck (74%)  

by another vehicle, b u t  26% were struck by the bus i t s e l f .  All of 
these data indicate the need t o  protect the student while he i s  a 
pedestrian . 



Acc iden t  data may be he lp fu l  i n  design o f  a  school bus l i g h t i n g  

system and ope ra t i ona l  procedures.  The G a r r e t t  e t  a l .  (1974) s tudy  o f  

Western New York school bus acc iden ts  i n d i c a t e s  t h a t  most m u l t i -  

v e h i c l e  school bus acc iden ts  i n v o l v i n g  i n j u r y  were rear-end impacts.  

The rear-end i n j u r y  and p r o p e r t y  damage acc iden ts  occur red  most f r e -  

quen t l y  when one v e h i c l e  was stopped. Th is  v e h i c l e  was u s u a l l y  t h e  

school bus which was stopped between i n t e r s e c t i o n s  i n  t r a f f i c  pre-  

sumably t o  l o a d  o r  un load c h i l d r e n .  Thus, these da ta  a long  w i t h  

o t h e r  da ta  i n  t h e  same r e p o r t  i n d i c a t e  t h a t  w h i l e  i c e ,  snow and r a i n  

a re  c o n t r i b u t i n g  f a c t o r s  t o  many o f  t he  i n j  ury-produc i  ng rear-end 

acc iden ts  i n v o l v i n g  school  buses, s im i  1  a r  acc iden ts  occur red  when t h e  

roads were d r y .  These data i n d i c a t e  t h a t  t h e r e  a re  problems i n  c a r  

d r i v e r  d e t e c t i o n  o f  s i g n a l s ,  knowledge o f  r e q u i r e d  a c t i o n ,  e a r l y  

t ransmiss ion  o f  a  "prepare t o  s t op "  message, and/or engagement of 

s i g n a l  systems by bus d r i v e r s  . 



INTRODUCTION 

No national standards currently ex is t  concerning the required, 
permitted, or restr ic ted use of emergency vehicle signal lamps. Most 
s ta tes  ' Vehicle Codes establish certain standards, b u t  the variation 
between s tates  i s  considerable, as was shown in Traffic Laws Commentary, 
December, 1975. As shown i n  th i s  document, the primary distinction 
between use of the different signal i ng modes (color ,  a1 ternati  ng 

versus simultaneous flashing, 360' beacon use, e t c . )  i s  the agency or  
authority on whose vehicles such devices are mounted. The importance 
attributed by the public t o  signal l ights  used on the vehicles of 
specif ic  agencies i s  probably correlated with the conspicuity of the 
1 ighting systems employed because of past experience. Past experi- 
ence has probably conditioned the public t o  expect relatively intense 
signals w i t h  complex flash characteristics to appear on pol ice vehicles 
which often conduct "important" missions. The public i s  aware that 
many police vehicles conduct "important" missions as they are fre- 
quently observed disregarding speed 1 imi t s  and other t r a f f i c  control 
devices such as stop signs and t r a f f i c  signals. Conversely, rela- 
t ively dim slowly flashing signals are probably considered to  be 
indicative of public service or u t i l i t y  vehicles which seldom are 
observed conducting missions which are important enough to  just i fy 
special driving privi ledges. In fac t ,  such vehicles are often observed 
parked with the i r  signals operating. Thus, popular consensus would 
probably a t t r ibute  the following "priority" t o  agencies based on the 
relat ive importance of the most often observed vehicular missions of 
that  agency. 

[a) Highest Priority : pol ice vehicles 

b )  Second Priority : f i r e  and ambulance vehicles 

(c) Third Priority : (wreckers, auto-servi ce vehicles , 
and road maintenance vehicles [snowplows , graders, 
e t c . ] )  



( d )  Lowest P r i o r i t y :  pub1 i c  se r v i ces  and u t i l i t i e s  

veh i c l es  ; and veh i c l es  o f  o t h e r  l o c a l  government 

agencies n o t  norma l l y  responding t o  emergencies 

o r  parked i n  the  r i gh t - o f -way .  

The agency " p r i o r i t y "  may o r  may n o t  co i nc i de  w i t h  t he  r e l a t i v e  

importance o f  the  message t h a t  a  v e h i c l e  needs t o  convey i n  any 

g iven  s i t u a t i o n .  For example, a  snowplow i n  the  median o f  a  d i v i d e d  

highway t h a t  i s  changing d i r e c t i o n  and thus w i l l  merge on t he  l e f t  

s i d e  lane,  w h i l e  s l o w l y  moving, needs t o  be very  conspicuous t o  

i n s u r e  t h a t  the  message "s low moving v e h i c l e  - danger" i s  conveyed. 

Thus, i n  t h i s  i ns tance  a  v e h i c l e  t h a t  i s  cons idered t o  be o f  t h i r d  

p r i o r i t y  needs t o  convey a  h i gh  p r i o r i t y  message. On t he  o t h e r  

hand, a  po l  i c e  v e h i c l e  may be stopped on t he  shoulder  o f  t he  road 

t o  check o u t  a  v e h i c l e  t h a t  may be abandoned, s t o l e n ,  and/or d isab led .  

I n  such an ins tance ,  s i nce  the  p o l i c e  v e h i c l e  i s  encroaching on a  

shoulder  n o t  in tended  o r  norma l l y  used f o r  pa rk i ng ,  i t s  presence 

needs t o  be conveyed. The presence o f  parked veh i c l es  near a  h igh-  

way i s  general  l y  cons idered a  hazard and thus,  a  "hazard warning 

s i g n a l "  would seem t o  be app rop r i a t e  f o r  the  p o l i c e  veh i c l e .  Thus, 

i n  t h i s  case t he  p o l i c e  v e h i c l e  i s  n o t  c r e a t i n g  a  hazard t h a t  i s  any 

g rea te r  than t h a t  c rea ted  by a  r e g u l a r  motor v e h i c l e  and use o f  h i gh  

i n t e n s i t y ,  f a s t  f l a s h  r a t e ,  r e d  o r  b l ue  lamps commonly found on 

po l  i c e  cars  may e l  i c i  t i napp rop r i a t e  d r i v i n g  behav ior  such as s low ing  

down o r  changing lanes unnecessar i l y .  I n  a d d i t i o n ,  use o f  h i g h l y  

conspicuous s i g n a l s  i n  t h e  "parked hazard" s i t u a t i o n  descr ibed would 

tend  t o  weaken t h e  assoc ia t ions  between var ious  r e a l  emergencies and 

use of  the  h i g h l y  conspicuous s i gna l  p r e v i o u s l y  assoc ia ted  w i t h  them. 

D r i v e r  behav io r  needs t o  be a  f unc t i on  o f  the  m iss ion  o f  spec ia l  

veh ic les ,  b u t  c u r r e n t l y  upon s i g n a l  d e t e c t i o n  t h e r e  i s  no way o f  

r e a d i l y  de te rmin ing  whether a  s i g n a l i n g  v e h i c l e  i s ,  1) s topp ing  him 

f o r  a  t r a f f i c  v i o l a ' t i on ,  2 )  engaged i n  p u r s u i t ,  3)  r ush ing  t o  an 

acc ident ,  4)  i nvo l ved  i n  acc iden t  scene a c t i v i t i e s ,  o r  5 )  moving 

s l o w l y  o r  parked. About a1 1  d r i v e r s  can a s c e r t a i n  upon d e t e c t i n g  a  



s i g n a l ,  a t  t h i s  p o i n t  i n  t ime, i s  t h a t  they should  mon i to r  the  source 

o f  t he  s i gna l  so t h a t  they  m igh t  e v e n t u a l l y  l e a r n  v i a  o the r  cues i t s  

r e l a t i v e  importance and any a c t i o n  r e q u i r e d  o f  them. Even i f  he has 

wa i ted  t o  make a  v e h i c l e  i d e n t i f i c a t i o n  subsequent t o  s i gna l  detec- 

t i o n ,  a  d r i v e r  cou ld  n o t  be immediately sure as t o  what course o f  

a c t i o n  he should  take.  Knowledge o f  t he  v e h i c l e  t ype  does n o t  

necessa r i l y  determine t he  a c t i o n  t h a t  a  d r i v e r  should  take s i nce  

emergency veh ic les  engage i n  d i f f e r e n t  opera t ions  which may r e q u i r e  

d i f f e r e n t  d r i v e r  response. 

Now, i n  the case o f  a  moving ambulance w i t h  a  s i gna l  opera t ing ,  

i t  cou ld  be argued t h a t  knowledge o f  t h e  v e h i c l e  t ype  determines t he  

r e q u i r e d  d r i v e r  a c t i o n  s i nce  a  moving ambulance w i t h  s i gna l  l i g h t s  

opera t ing  i s  engaged i n  a  medical mercy m iss ion  which w i l l  be f a c i l i -  

t a t e d  i f  a l l  d r i v e r s  c l e a r  t he  r igh t -o f -way .  However, why f o r c e  the  

d r i v e r  t o  be ab le  t o  i d e n t i f y  t h e  moving ambulance? It would be much 

more d i r e c t  t o  p rov i de  a  l i g h t  s i gna l  which cou ld  be i d e n t i f i e d  as 

be ing  s p e c i f i c  t o  t h e  message "Clear  t he  Right-of-way" which cou ld  be 

ascer ta ined  a t  a  r e l a t i v e l y  l o n g  d is tance.  

Current  ambulance s i gna l  l i g h t s  may n o t  e l i c i t  p roper  behav ior .  

One reason i s  t h a t ,  many veh ic les  which a re  engaged i n  low p r i o r i t y  

miss ions are,  never the less,  o f t e n  us ing  s i gna l  l i g h t s  which a re  

s i m i l a r  o r  i d e n t i c a l  t o  those f r e q u e n t l y  used by ambulances. Unfor -  

t u n a t e l y ,  i t  may be t h a t  d r i v e r s  have come t o  w a i t  f o r  v e h i c l e  i d e n t i -  

f i c a t i o n  a f t e r  s i gna l  de tec t i on  be fo re  a1 t e r i n g  t h e i r  d r i v i n g  behav ior .  

Dur ing t h i s  w a i t i n g  p e r i o d  t h e  d r i v e r  can a s c e r t a i n  whether t h e  s i g -  

n a l i n g  v e h i c l e  i s  engaged i n  an ope ra t i on  which requ i r es  t h a t  he ge t  

o u t  o f  t he  way o r  whether i t ' s  j u s t  another  ins tance  of a  wrecker o r  

garbage t r u c k  mimick ing t h e  s i g n a l s  of an ambulance o r  rescue veh i c l e ,  

Since t he  ambulance may be coming from behind and/or obscured by 

o t h e r  veh i c l es ,  the  veh i c l e  may have t o  be r e l a t i v e l y  c lose  f o r  iden-  

t i f i c a t i o n  t o  take p lace.  Th is  t ime  p e r i o d  f rom s i g n a l  de tec t i on  t o  

veh i c l e  i d e n t i f i c a t i o n  represents  avo idable  de lay  t ime du r i ng  which 

an ambulance may be h indered i n  g e t t i n g  t o  i t s  d e s t i n a t i o n  and 

d e l i v e r i n g  1  i f e  s u s t a i n i n g  se rv i ces .  



The problems of r e c o g n i t i o n  and d r i v e r  response t o  s i g n a l  l i g h t s  

of p o l i c e  and f i r e  veh i c l es  a re  s i m i l a r  t o  those j u s t  mentioned i n  

regard  t o  ambulances. Pol i c e  and f i r e  veh i c l es  have a  need t o  g e t  

t o  an emergency d e s t i n a t i o n  as soon as p o s s i b l e  i n  o rde r  t o  p r o t e c t  

l i f e  and p rope r t y .  When engaged i n  such impor tan t  miss ions,  an 

unambiguous "C lear  the  Right-of-way" s i g n a l  cou ld  be o f  enormous 

b e n e f i t  i n  d i s t i n g u i s h i n g  emergency v e h i c u l a r  miss ions f rom l e s s  

impor tan t  miss ions conducted by o t h e r  veh i c l es .  

There appears t o  be a  need f o r  more s tanda rd i za t i on  between t h e  

s i g n a l s  used by d i f f e r e n t  v e h i c l e  types which engage i n  s i m i l a r  opera- 

t i o n s ,  such as h i g h  speed t r a v e l  w i t h  spec ia l  d r i v i n g  p r i v i l e d g e s .  

Th is  cou ld  l e a d  t o  reduced d r i v e r  confusion and thus,  reduce d r i v e r  

hes i tancy  which may be caused by t h e  c u r r e n t  ambiva lent  meanings 

assoc ia ted  w i t h  spec ia l  v e h i c u l a r  s i g n a l s .  S i m i l a r l y  , t h e r e  needs t o  

be more d i f f e r e n t i a t i o n  between s i g n a l s  on veh i c l es  which undertake 

r a d i c a l  l y  d i f f e r e n t  miss ions.  Some v e h i c u l a r  opera t ions  depend on 

o t h e r  d r i v e r s  immediate ly  c l e a r i n g  the  r igh t -o f -way  w h i l e  o t h e r  veh i -  

c u l a r  opera t ions  do n o t  r e q u i r e  s i g n a l s  t o  convey messages o f  such 

h igh  importance. S ignal  usage should be r e s t r i c t e d  t o  t he  e x t e n t  

t h a t  s i g n a l  meaning i s  n o t  compromised v i a  assoc ia t i on  o f  t h e  same 

s i gna l  w i t h  d i f f e r e n t  needs f o r  v e h i c u l a r  communication. 

What i s  needed i s  an a n a l y t i c a l  l ook  a t  spec ia l  veh i c l es  t o  

determine t h e i  r t y p i  ca1 ope ra t i ng  c h a r a c t e r i s t i c s  and t h e i r  needs t o  

convey unambiguous messages i n  o rde r  t o  improve d r i v e r  response. 

Such an ana l ys i s  cou ld  be used as t he  bas i s  f o r  de te rmin ing  se t s  of 

messages t h a t  var ious veh i c l es  need t o  convey and f o r  de te rmin ing  

what degree of s im i  1 a r i  t y  o r  d i f f e r e n t i a t i  on i s  needed between t h e  

s i g n a l i n g  systems a l lowed on var ious veh i c l es .  



ANALYSIS OF SIGNAL REQUIREMENTS 

As shown i n  t he  i n t r o d u c t o r y  s e c t i o n ,  i t  needs t o  be determined 

what agencies and veh i c l es  r e q u i r e  s p e c i a l  l i g h t i n g  systems. The 

types of opera t ions  t h a t  they  engage i n  t h a t  r e q u i r e  use o f  spec ia l  

l i g h t i n g  s i g n a l s  i s  a l s o  r e l e v a n t  t o  design o f  v e h i c u l a r  s i g n a l i n g  

sys terns. 

A c l a s s i f i c a t i o n  methodology shou ld  be developed t o  determine a  

l o g i c a l  s e t  o f  message s i g n a l s  t h a t  can be s p e c i f i e d  f o r  va r ious  

v e h i c l e  types engaged i n  va r i ous  miss ions and t o  determine t h e  e x t e n t  

t h a t  t he  1  i g h t i n g  systems must accommodate t y p i c a l  usage cond i t i ons .  

The f i r s t  necessary s tep  t o  develop a  system of  messages i s  t o  

determine: 

1. The agencies t h a t  employ veh i c l es  f o r  spec ia l  purposes. 

2 .  The d i f f e r e n t  c lasses o f  v e h i c l e  t h a t  each agency employs 

t o  c a r r y  o u t  i t s  f u n c t i o n .  

3. The opera t ions  t h a t  each c l ass  o f  v e h i c l e  i s  i n v o l v e d  i n .  

4. The s p e c i f i c  messages t h a t  may be r e q u i r e d  f o r  each type  

o f  m iss ion .  

5.  The t y p i c a l  usage circumstances which may a f f e c t  message 

t ransmiss ion  on var ious  types o f  miss ions.  

It was dec ided t h a t  t h e  agencies t h a t  most f r e q u e n t l y  must con- 

vey s i g n a l s ,  such as law enforcement ( po l  i c e ) ,  f i r e  and rescue, 

emergency medical  and ambulance s e r v i c e ,  and school t r a n s p o r t a t i o n  

departments should  have t h e i r  v e h i c u l a r  s i g n a l i n g  needs analyzed and 

coded f i r s t  due t o  t he  importance o f  s i g n a l i n g  systems on these veh i -  

c l e s ,  as evidenced by t h e i r  commonly f r equen t  usage. Next,  i t  was 

decided t o  i n c l u d e  agencies whose usage o f  a u x i l  i a r y  and c o l o r e d  

l i g h t s  i s  s i m i l a r  t o  o r  mimics l i g h t i n g  system usage on t h e  v e h i -  

c l e s  used by t he  agencies j u s t  mentioned. Thus, t h e  p o s t  o f f i c e ,  

highway and roadway maintenance departments, pub1 i c  and p r i v a t e  



ut i  1 i  t i e s  and  pub1 i c  and  private towing services were included, so 

t h a t ,  the required coding scheme could be designed t o  dist inguish 

between messages used by these vehicles and messages requiring 

greater  urgency t h a t  a re  more frequently used in s i tua t ions  of great  

importance by the previously mentioned primary vehicles.  

Among the vehicles t h a t  were included as special vehicles in 

the analysis  of signal ing requirements f o r  special vehicles were 

the following: 

VEHICLES 

Police Car 
Pol i ce  Motorcycle 

Fire Truck 
Rescue Unit 

Ambulance 

Maintenance Truck 
Snowpl ow 

Parked Highway Equi pmcnt 

Mai 1 Del i  very Vehicle 

Wrecker 

Pub1 i c  U t i l i t y  Truck 

Type I Bus 
Type I1  Bus (Mini) 



From a consideration of the situations t h a t  these vehicles may 
be involved in ,  was derived the following se t  of potentially desirable 
messages, 

POTENTIALLY D E S I R A B L E  MESSAGES 

Clear the Lane 

Clear the Roadway 

Pull Over and S t o p  

Vehicle in Hazardous Location 

Slow Down - Traffic Hazard Ahead 

Traffic Change Lane or Direction 

Traffic Stop 

Vehicle i s  Present 

Be Prepared t o  S t o p  

Caution - Slow Moving Vehicles 

Stop - Do Not Pass 

In order to  determine what vehicles should be equipped t o  
transmit which messages an  attempt was made t o  tabulate the operations 
that  are characteristic of  various special vehicles. This information 
was obtained from a l ight  usage table provided by the Washington State 
Patrol (Appendix A ) ,  the Pol ice Traffic Services Handbook (1973),  dis- 
cussions wi;th pol ice ,  school bus, and s t a t e  highway department 
of f ic ia l s  and observations of vehicles in use. From this  informa- 
tion was derived Table 1 which categorizes various types of special 

vehicles by the types of operations they engage in. I t  enumerates 
the agency/vehi cle/operati on combinations for which messages need t o  
be developed. For each operation a d is t inc t  mission name was chosen 
that  was broad enough t o  cover various operational si tuations 
that could adequately use the same message. For each mission name 



TABLE 1. LISTING OF SPECIAL VEHICLE OPERATIONS 

AGENCY VEHICLE OPERATION 

Pol ice Car/Motorcycl e Emergency/pursui t driving 

Emergency scene ac t iv i t i e s  - on roadway 

Ticketing of motorist 

Roadside vehicle investigation 

Apprehension of motorist 

Fire/ Trucklrescue Emergency driving 
E.M.S. 

E.M.S. Unit/ Emergency scene ac t iv i t i e s  - on roadway 
ambulance 

Roadside care/patient'loading/fire fighting 

Post Carsljeeps Vehicle moving slowly t o  deliver mail 
Office 

Vehi cl e stopped t o  de1 i ver mai 1 

Highway/ Trucks Maintenance off right-of-way 
Roadway 
Commi s s i on Maintenance on right-of-way 

Merging from median 

Pub1 i c/ Trucks Vehicle moving slowly with t r a f f i c  
Private to  pl ow/grade/repai r 
Ut i l i ty  

Pub1 i c /  Wrecker Assisting disabled vehicle 
Private 
Towing Towing disabled vehicle 

Accident removal ac t iv i ty  

Travel t o  accident 

Travel t o  di~sabled vehicle 

Pub1 i c/ Type I Bus Stopping in right-of-way for  loading 
Private 
School 

Type I1 Bus Stopped in right-of-way for  1 oadi ng 
Transportation (mini-bus) 

Stopped off right-of-way for  1 oading 

Stopped off right-of-way 



a  m iss i on  d e s c r i p t i o n  was a l s o  d e r i v e d  (Table  2 )  which i n c l u d e d  an 

o p e r a t i o n a l  d e f i n i t i o n  o f  t h e  m i ss i on  and examples o f  t he  t y p i c a l  

s i t u a t i o n s  which f a l l  under the  ope ra t i ona l  d e f i n i t i o n  f o r  each 

miss ion .  Each of t he  m i ss i on  d e s c r i p t i o n s  cover  a m u l t i t u d e  o f  

d r i v e r  and/or v e h i c l e  a c t i o n s  t h a t  may be s i m i l a r l y  de f i ned  under a  

common heading. Thus, t he  minimum v e h i c u l a r  message s e t  must p ro -  

v i de  a  c l e a r  message f o r  each of t he  f o l l o w i n g  miss ions i n  o r d e r  t o  

adequate ly  s i g n a l  t h e  course o f  a c t i o n  r e q u i r e d  by any o f  t h e  sum- 

sumed d r i v e r l v e h i c l e  ac t i ons  o r  ope ra t i ons .  

MISSION SET 

A. Emergency o r  P u r s u i t  

B. On ~ o a d w a ~  Emergency Scene A c t i v i t i e s  

C .  Roadside Operat ions 

D. Slow Veh ic le  Operat ion 

E. C i t i z e n  Cont ro l  

F. Stopping f o r  Loading 

G. Stopped f o r  Loading 

The messages i n  t h e  f o l l o w i n g  message s e t  were d e l i m i t e d  f rom 

the  p o t e n t i a l l y  d e s i r a b l e  messages t o  r e s p e c t i v e l y  match, i n  as c l e a r  

and s u c c i n c t  a  manner as poss ib l e ,  t he  m iss ion  s e t  as i n d i c a t e d  by 

- t h e  a l p h a b e t i c  l e t t e r  codes. 

MESSAGE SET 

C lear  t he  R i  ght-of-Way 

Hazard--Vehi c l  e  on Right-of-way 

Veh ic le  Present  i n  Hazardous Loca t ion  

Caution--Slow Moving Veh ic le  

Stop - Immediately 

Be Prepared t o  Stop 

Stop - Do Not Pass 

Thus, a l l  o f  the p o t e n t i a l l y  d e s i r a b l e  messages a re  i n c l u d e d  

f u n c t i o n a l l y  i n  t h e  1  i s t i n g  of messages above, except  f o r  p o t e n t i a l l y  

d e s i r a b l e  message number 6, " T r a f f i c  Change Lane o r  D i r e c t i o n .  " Th is  



TABLE 2 .  SPECIAL V E H I C L E  MISSIONS - DEFINITIONS A N D  EXAMPLES 

A .  Emeraencv or Pursuit 

Engagement of an authorized emergency vehicle in driving ac t i -  
vi ty which requi res maximum right-of-way special driving privi leges 
will be given t o  such vehicles only when engaged in an ac t iv i ty  
generally considered t o  be an emergency cal l  or pursuit. 

Examples - High speed pursuit by a police vehicle in an 
attempt t o  apprehend a law vio la tor ,  disregard of t r a f f i c  control 
devices including speed 'limits-by pol ice ,  f i r e ,  and ambulance- vehicles 
that a r e  responding t o  an emergency. 

8. Roadway Emergency Scene Activit ies 

Engagement of an authorized emergency vehicle in non-driving 
(parking) ac t iv i ty  which requires maximum right-of-way 

Special parking privileges will be given t o  such vehicles only 
when engaged in an ac t iv i ty  generally considered t o  be an emergency 
necessity . 

Examples - parking a pol ice car in the middle of the roadway in 
an attempt t o  apprehend a law violator or d i rec t  t r a f f i c  during an 
emergency s i tua t ion ,  parking a f i r e ,  ambulance or rescue vehicle in 
the middle of the roadway i n  order t o  conduct f i r e  f ight ing,  medical 
treatment oc rescue ac t iv i t ies  in conjunction with an emergency, 

C.  Roadside Operations 

Operation of a motor vehicle in a slow moving or stopped 
manner off the roadway. Such operation shall generally take place 
on the shoulder of the roadway b u t  may take place in the property 
right-of-way. 

Examples - A police car stopped on the roadway shoulder engaged 
in the process of t icketing a motorist or vehicle investigation, a 
f i r e  vehicle that  has pulled off the roadway engaged in f i r e  fighting 
or maneuvering for  such ac t iv i ty ,  an ambulance or rescue uni t  on 
the shoulder loading passengers or assis t ing injured persons or 
moving along the shoulder between locations of jnjured persons, a 
wrecker parked o r  moving off the roadway assis t ing a disabled 
vehicle or being used t o  a s s i s t  in repairs , a vehicle stopped to del iver 
mail or moving between mail boxes in a set t ing which permits off road- 
way t ravel .  



Slow Veh i c l e  Operat ion 

Opera t ion  o f  a  motor  v e h i c l e  i n  a  s low movinq manner on a  
roadway a t  speeds m i n i m a l l y  10 mph/l5 km lower  than the  mean t r a f f i c  
speed. Such ope ra t i on  s h a l l  g e n e r a l l y  t ake  p l ace  i n  t h e  r i g h t  most 
t r a f f i c  lane .  

Examples - Towing a  d i sab led  v e h i c l e  app rec iab l y  s lower  (10 
mphI l5  km o r  more)- than  t h e  t r a f f i c  speed, ope ra t i ng  a  grader  o r  
o t h e r  maintenance v e h i c l e  who1 l y  o r  p a r t i a l l y  on t h e  roadway a t  
10 mph/l5 km or-  more- below the  mean t r a f f i c  speed, d e l i v e r i n g  ma i l  
i n  such a  manner t o  t r a v e l  on t h e  roadway a t  speeds 10 mph/l5 km or 
g r e a t e r  below t h e  mean expected t r a f f i c  speed. 

E. C i t i z e n  Cont ro l  

An a c t i v i t y  engaged i n  by law enforcement o f f i c e r s  whereby a  
c i t i z e n  must s t o p  as r e q u i r e d  by law when ordered t o  do so by a  
p o l i c e  o f f i c e r . ,  

Only a  law enforcement o f f i c e r  has t o  be a b l e  t o  t r a n s m i t  t h e  
message "Stop Immediate ly"  t o  communicate t o  a  c i t i z e n  t h a t  t h e  
c i t i z e n  i s  r e q u i r e d  by law t o  s top .  Spec ia l  equipment must be 
p rov ided  an o f f i c e r  ass igned t o  a  v e h i c l e  t o  enable him t o  t r a n s -  
m i t  t h i s  message w h i l e  t h e  v e h i c l e  i s  i n  mot ion  o r  s t a t i o n a r y .  

Examples - A law enforcement o f f i c e r  s t opp ing  a  c i t i z e n  f o r  
any l e g i t i m a t e  purpose i n c l u d i n g  t i c k e t i n g  a  m o t o r i s t  f o r  a  moving, 
v e h i c u l a r ,  o r  l i c e n s e  v i o l a t i o n ;  apprehending a  suspected law 
v i o l a t o r  who may o r  may n o t  be a  v e h i c l e  occupant; o r d e r i n g  a  

~ v e h i c l e  o r  t r a f f i c  t o  s top  i n  s i t u a t i o n s  where a  p o l i c e  o f f i c e r  must 
exe rc i se  c o n t r o l  o f  vehi  c l  es due t o  ex tenua t ing  c i  rcumstances where 
ope ra t i on  o f  t r a f f i c  c o n t r o l  dev ices i s  inadequate. 

F. Stopping f o r  Load ing  

An a c t i v i t y  engaged i n  by bus opera to rs  t h a t  a l lows  a  bus t o  
dece le ra te  as i t  approaches a  passenger 1  oading area. 

Example - A school bus d e c e l e r a t i n g  as i t  prepares t o  s top  a t  
a  l o a d i n g  area. 

G. Stopped f o r  Load ing  

An a c t i v i t y  engaged i n  by bus opera to rs  t h a t  a l l ows  persons 
access t o  t h e  bus w h i l e  p r o t e c t e d  by law f rom pass ing veh i c l es .  

Example - A school bus l o a d i n g  p u p i l s  w h i l e  d i s p l a y i n g  a  
l e g a l l y  recogn ized  s i g n a l  t h a t  r e q u i r e s  d r i v e r s  t o  t ake  spec ia l  p re -  
cau t i ons  which i n c l u d e  s topp ing  i n  some circumstances. 



message i s  p robab ly  i n h e r e n t  i n  message B - Hazard--Vehic le on R igh t -  

of-Way which i m p l i e s  t h a t  a  d r i v e r  w i l l  have t o  mod i fy  h i s  speed 

and/or d i r e c t i o n .  

It must now be determined whether t h e  message s e t  was adequate ly  

ass igned t o  t h e  m i ss i on  s e t  and can adequately represen t  t h e  opera- 

t i o n s  l i s t e d  i n  Table 1. An a t tempt  was made t o  ass ign  t h e  messages 

t o  s p e c i f i c  v e h i c l e  miss ions such t h a t  a1 1  v e h i c u l a r  opera t ions  cou ld  

be adequate ly  represented.  I n  Table 3 i t  can be seen t h a t  a11 o f  the  

opera t ions  l i s t e d  i n  Table  1 are  descr ibed  by a  more g l oba l  m i ss i on  

d e f i n i t i o n  and t h a t  t he  message s e t  was assigned t o  t h e  m iss ion  s e t  

i n  such a  way as t o  p rov i de  a  d i s t i n c t  message f o r  a l l  t h e  opera t ions  

l i s t e d ,  regard less  o f  t he  v e h i c l e  o r  agency i n v o l v e d  i n  t he  ope ra t i on .  

A summary o f  code l e t t e r s  i n  Table  4 i s  designed t o  g i v e  a  handy 

re ference t o  persons i n t e r p r e t i n g  Table 3 and i t  i s  recommended t h a t  

Table 2 be consu l ted  u n t i l  readers have assoc ia ted  t h e  r e s t r i c t i v e  

m iss ion  d e f i n i t i o n  w i t h  t h e  m iss ion  name. 

The l i s t i n g  o f  accompanying cond i t i ons  i n  Table 3 con ta i ns  o n l y  

t he  most d i r e c t l y  p e r t i n e n t  s i t u a t i o n a l  c i rcumstances t h a t  have a  

bea r i ng  on t h e  need f o r  p a r t i c u l a r  cod ing requirements f o r  a  p a r t i c u -  

l a r  opera t ion .  Thus, t h e  f a c t  t h a t  bo th  plows and dump t r u c k s  
0 

f r equen t l y  make t u rns  i n  t h e  median w i t h  heading angles o f  90 t o  t h e  

h i g h  speed t r a f f i c  f l o w  i s  a  t y p i c a l  usage circumstance t h a t  would be 

l i s t e d  here  s i n c e  i t  i nvo l ves  a  p a r t i c u l a r  t ype  o f  o e r a t i o n ,  i . e n ,  

merging f rom median, and would thus  apply  t o  a l l  v e h i c l e  types 

engaging i n  t h i s  ope ra t i on .  Other c i rcumstances o f  usage t h a t  t r a n s -  

cend opera t ions ,  b u t  t h a t  may be assoc ia ted  w i t h  p a r t i c u l a r  v e h i c l e  

types a re  n o t  enumerated f o r  t he  sake o f  b r e v i t y  s i n c e  a  s p e c i f i c  

v e h i c l e  t ype  may be engaged i n  numerous opera t ions  each o f  which may 

e n t a i  1  d i f f e r e n t  c i rcumstances . Addi t i o n a l  l y  , f a c t o r s  such as t h e  

f requen t  use o f  snowplows d u r i n g  snows torms which degrade v i  s  i b i  1  i t y  

w i l l  be cons idered l a t e r  d u r i n g  t h e  development o f  s i g n a l  systems 

s i nce  a  c i rcumstance such as " f r equen t  usage i n  snow storms" i s  



TABLE 3 

(see overview) 



TABLE 3. SPECIAL VEHICLE MESSAGE ANALYSIS 

AGENCY VEHICLE OPERATION 

Pol i c e  Car IMotorcyc l  e Emergencylpursui t  d r i v i n g  

Emergency scece a c t i v i t i e s '  - on roadway 

T i c k e t i n g  o f  m o t o r i s t  

Roadside v e h i c l e  i n v e s t i g a t i o n  

Apprehension o f  m o t o r i s t  

F i r e /  Truck/rescue Emergency d r i v i n g  
E.M.S. 

E.M.S. U n i t /  Emergency scene a c t i v i t i e s  - on roadway 
ambulance 

Roadside c a r e / p a t i e n t  l o a d i n g / f i r e  f i g h t i n g  

Post Cars / jeeps Veh i c l e  moving s low ly  t o  d e l i v e r  mai l  
O f f i c e  

Veh i c l e  stopped t o  d e l i v e r  mai 1 

Highway/ Trucks Maintenance o f f  r i gh t -o f -way  
Roadway 
Commission Maintenance on r i gh t -o f -way  

Merging from median 

Pub1 i c /  Trucks Veh i c l e  moving s l o w l y  w i t h  t r a f f i c  
P r i v a t e  t o  p l  ow/gradelrepai  r 
U t i l i t y  

P u b l i c /  Wrecker A s s i s t i n g  d i sab led  v e h i c l e  
P r i v a t e  
Towing Towing d i sab led  v e h i c l e  

Acc ident  removal a c t i v i t y  

Trave l  t o  acc iden t  

Trave l  t o  d i sab led  v e h i c l e  

Pub1 i c /  Type r BUS Stopping i n  r i gh t -o f -way  f o r  l o a d i n g  
P r i v a t e  
School 

Type I1 Bus Stopped i n  r i gh t -o f -way  f o r  l oad ing  
T ranspo r ta t i on  (min i -bus)  

Stopped o f f  r i gh t -o f -way  f o r  l oad ing  

Stopped o f f  r i g h t - o f  -way 



TABLE 3, (cont.) 

ACCOMPANYING REDUNDANT 
1 

MISSION MESSAGE - - CONDITIONS SYSTEMS COMMONALITY 

A A 1. High r e l a t i v e  ve lo -  B/C B 
c i t y  o f  p o l i c e  v e h i c l e  

B B 2. High r e l a t i v e  ve lo -  A 
c i t y  o f  m o t o r i s t ' s  veh. 

0 .  

C C 3. Frequent heavy t r a f f i c  A A 
hazard. 

C C 4. Hazard t o  personnel  A A 
ou ts ide  v e h i c l e  

E E 5 .  I m i t a t i o n  o f  law D C 
enforcement 

A A Same as 1 above, l i m i t e d  A/B/C B 
EMS e l e c t r i c a l  c u r r e n t  

3 3 Same as 2 above, p o l i c e  A A 
v e h i c l e  may be p resen t  

C C Same as 4 above A B 

D D 6. Slow moving o n / a f f  A. ' B 
roadway behav ior  

C C Same as 3 above A/E A 

.- 

C C 7. No immediate hazard None A 

8 c2 ' Same as 4 above, b u t  A A 
personnel  on roadway 

D 
- 

D 8. High r e l a t i v e  ve lo-  None 
-. -< 

B 
c i t y  of veh i c l es  a t  90' 

0 D Same as 6 above A 8 

C C Same as 3 above A A 

D D - None A A 

B t2 ' P o l i c e  v e h i c l e  present  A A 

None/A None/A Need f o r  e x t r a c t i o n  appa- None B 
r a t u s  requ i res  message A 

None None None None None 

G (E) G (E) T r a f f i c  d i rec t i on /use  o f  G/E B 
o t h e r  t r a f f i c  c o n t r o l s  

G F/G Pedestr ians Crossing G/ E B 
requ i res  message G 

None None Breakdown A A 

' ~ o t  i n c l u d i n g  a u x i l i a r y  l i g h t s  near  o r  on t h e  v e h i c l e  r o o f  top .  

'other mobi le  l i g h t i n g  s h a l l  i n d i c a t e  t h a t  a change i n  d i r e c t i o n  i s  
requ i red,  o therwise a B message would be requ i red .  Th is  p r o v i s i o n  
s h a l l  p r o t e c t  the  uniqueness o f  message B--Hazard--Vehicle on 
Ri ght-of-Way f o r  p o l i c e ,  f i r e  and ambulance veh i c l es  a t  emergency 
scenes t h a t  a re  on a roadway. 



TABLE 4, SUMMARY OF CODE LETTERS : 

EPIERGEIJCY OX PURSUIT 
ON ROADWAY Ek1EFIGEi4CY SCENE P ,CTI \J IT IES 
ROADSIDE OPERATIO!lS 
SLO! V E H I C L E  OPERATION 
C1TIZEi-l CONTROL 
STOPPING FOR LOADING 
STOPPED FOR LOADIYG 

C L E M  THE RIGHT-OF-WAY 
HAZARD--VEH I CLE ON R I GHT-QF-!AY 
VEHICLE PRESENT I N  HAZARDOUS LOCATION 
CAUTIOM--SLOW !!@\/I NG \IEH I CLE 
STOP - IMMEDIATELY 
B E  PREPARED TO STOP 
STOP - DO NOT PASS 

COMMONALITY (UA IQUFNESS) 

NAY B E  :4OPJ1,4L VEH I CLE S I GNAL 
PIUST B E  A S P E C I A L  V E H I  CLE A U X I L I A R Y  S I G N A L  
r1UST B E  A UNIQUE S P E C I A L  V E H I C L E  ,4UXILIARY S I G N A L  

m U N D A I I T  COD I W G SYSTEilS 

FLASHING WARN IMG LAMPS 
FLASHI?!G HIGH BEAMS 
S I REN 
SPOTLIGHT 
BRAKE LAMPS 
TRIANGULAR SMV EflBLEI1 (SMV-SLOFI MOVI?1S VEHICLE)  
STOP ARM 



obviously not as pertinent t o  dump trucks as t o  snow plows, even 
t h o u g h  both are trucks that are involved in plowing operations. 

A l i s t i ng  of redundant systems currently in use i s  provided in 
Table 3 a1 ong with a commonality rating for  each operation. The 
redundant systems column 1 i s t s  some prevelant redundant sig- 

naling systems, which are not high mounted, that  influence overall 
system effectiveness. Also, in cases where this  interaction i s  
advantageous or may be designed t o  be advantageous, i t  may be wise 
t o  specify operation of the redundant system in conjunction with 
the primary signal ing system. 

The commonality ratings in Table 3 attempt t o  determine the 
level of uniqueness that i s  considered pertinent t o  the mission/ 
message cmbinati ons . While some messages can possibly be conveyed 
by a normal vehicle signal alone or in canbination with other sig- 
nals (A), other messages require a special vehicle auxiliary signal 
which may be shared w i t h  other special vehicles and which may be 
supplemented by a normal vehicle signal (B )  , and other messages 
absoul utely require a special vehicle auxiliary signal that  i s  not 

used in a shared capacity with other special vehicles due t o  a 
necessity for  unique coding ( c ) .  These ratings attempt t o  determine 
the general need for signal type, b u t  the specific combination of 
signals permitted shall ref lect  various circumstances particular to 
operation of specific vehicle types. 

As discussed i n  the introduction, the desi rabl e dri ver response 
i s  a function of the vehicular mission. Using different signals to  
convey messages 4-5 should allow the driver responces be lw  to bp 

associated ui t h  vehicular missions A-6 ,  respectively, 

DRIVER RESPONSES 

A ,  Move o u t  of the path of an approaching vehicle. 
B .  Proceed slowly and prepare t o  stop. 
C .  Observe and avoid vehicle. 
D .  Pass vehicle with caution. 
E .  Pull over and stop. 
F. Slow down and prepare to stop soon. 
G ,  Stop - do n o t  Pass 





A L O G I C A L  A N A L Y S I S  OF AMBULANCE S I G N A L I N G  NEEDS 

Table 1 (page 14) indicated that ambulances undertake three 
basic operations and that these operations are n o t  only different 

from those undertaken by other special vehicles, b u t  also involve 
higher priority missions than some of the other vehicular operations 
enumerated. The 1 i st ing of general operations indicated that ambu- 
lances engage in high speed, roadway and roadside ac i t iv i tes .  Table 
2 (page 16) more clearly defined in broader terms the missions that 
are essential t o  operation of emergency medical service ambul ances 
(missions - A ,  B y  C) and also defines the missions that would be 
required of other special vehicles in order t o  conduct a l l  the 
operations l i s ted  in Table 1. Ambulances are defined here as having 
different needs from postal, maintenance, towing ,  and transportation 
vehicles. However, i t  i s  recognized that their  needs t o  get t o  the 
scene of an emergency quickly and t o  park in the right-of-way in 
order to obtain the best location from which t o  load patients or 
dispense medical treatment are similar in some respects t o  the needs 
of f i r e  and police vehicles. Although f i r e  and police vehicles may 
be engaged in somewhat different operations, they also have needs t o  
get through t r a f f i c  quickly and t o  be able to operate from roadway 
and roadside locations in order t o  conduct various operations. 

Thus, in br ief ,  ambulances do engage in high priority missions 

and have needs above and bkyond those of many other special vehicles. 
For these reasons, ambulances need signals which are clearly detect- 
able and which communicate their  purpose quickly. Just as i t  seems 

reasonable to equip an ambulance with 1 ighting systems capable of 
higher pr ior i ty  messages than vehicles that  do not engage i n  missions 
of such high importance, i t  seems reasonable t o  equip ambulances and 
other special vehicles with similar signals,  i f  in fac t  the same 
driver response i s  desired in a particular s i tuat ion,  i . e . ,  h i g h  

speed travel through t r a f f i c .  The action that other drivers must 



take for an emergency vehicle t o  carry o u t  i t s  mission unhindered i s  
considered t o  be of primary importance. 

I t  i s  considered desirable t o  develop a d is t inc t  message for 
"Clear the Right-of-way" that  can be transmitted via 1 ight signaling 
systems. Color and intensity coding have been shown to be capable of 
a1 lowing signal identification for up t o  ten signals under laboratory 
conditions (Hal sey and Chapanis, 1951), however, the discriminabi 1 i ty 
of various signals under real world conditions i s  unknown. Currently, 
red, white, blue, yellow, and green are used as t r a f f i c  or special 
vehicle signaling colors e i ther  singly or in combination. Intensity 
i s  used a t  two or more levels to distinguish normal from special 
vehicles. Combining these parameters and/or using color combinations 

should allow for development of several signals which can be identi-  
fied and recognized a f t e r  detection has taken place. Additionally , 
considerations such as steady vs. flash and flash pattern can be used 
to  distinguish emergency vehicle signals from t r a f f i c  signals , normal 

vehicle signals,  school bus signals,  e tc .  

Table 5 shows how the primary missions that  ambulances engage 
in can be associated with particular messages which could be used to  
communicate specific meanings to  dri vers and pedestrians. The Clear 
the Ri ght-of-Way , Hazard--Vehi cl e on Right-of-way, and Vehicle 
Present in Hazardous Location messages assigned t o  the ambulance 
missions could offer  improved communication i f  use of these messages 
was restr ic ted,  such that public exposure t o  the signals conveying 
these messages was consistent with the need to  influence driver 
behavior. This would entail  that  only ambulances and other emergency 
vehicles which actually engage i n  missions which require similar 
driver and pedestrian response would be allowed to give signals such 
as "Clear the Right-of-Way." The redundant signaling systems avail- 
able for use have been indicated in Table 5 along w i t h  mention of 
some other considerations and requirements which might influence 
signal design. Because of variances in practices from one locale to 



TABLE 5. Summary o f  Ambulance and Emergency Medical Services S igna l i ng  Considerat ions.  

Speci f i c 
Operat i  on 

Emergency 
d r i  v i ng  
t o  o r  
from 
acc i  dent 
scene. 

Emergency 
scene 
a c t i  v i +  
t i e s  on a  
roadway 
i n v o l  v i n g  
diagnosis 
t reatment 
and load-  
i n g  o f  
p a t i e n t s  . 
Roadside 
care/ 
p a t i e n t  
1  oadi ng 
a c t i  v i  - 
t i e s  wher 
the emer- 
gency 
veh ic le  
i t s e l f  i s  
no t  
impeding 
t r a f f i c  
f low.  

General 
Miss ion 

A - Emergency 

B  - On road- 
way 
emergency 
scene 
a c t i  v i - .  
t i  es . 

C - Roadside 
opera- 
t i ons .  

S i  n a l  Messa es L---J- 
Clear  t he  
r ight-of-May. 

Hazard- 
v e h i c l e  on 
r igh t -o f -way-  

Vehi c l  e  
p resen t  i n  
hazardous 
l o c a t i o n .  

Redundant Other 
Sys tems Considerat ions 

Hazard warning 
1 amps/si ren, 
f l a s h i n g  head- 
1  i ghts  .or 1  ow 
mounted f r o n t  
beacons. 

present .  

High re1  a t i  ve veloc- 
i t.y o f  ambulance, 
l i m i t e d  e l e c t r i c a l  
c u r r e n t  because o f  
use o f  medical 
equi  pmen t. 

Hazard warni  ng 
lamps/ f lash ing  
head1 ilghts. 

High re1  a t i  ve ve l  oc- 
i t y  o f  m o t o r i s t ' s  
veh i c l e -  - po l  i c e  
v e h i c l e  may be 

be present.  

Hazard warning 
lamps/ f lash ing  
head1 i ghts  . 

Signal  
Re u i  rements 

Hazard t o  person- 
n e l  o u t s i d e  
v e h i c l e  - o t h e r  
speci  a1 veh ic les  may 

High e f f e c t i  ve 
i n t e n s i t y  w i t h  h i g h  
day and n i g h t  
consp i cu t i y  t o  
ensure maximal de- 
t e c t i  on. 

Need f o r  a  h i g h l y  
e f f e c t i  ve 1  oncj 
d i s tance  t r ans -  
m iss ion  s i g n a l  may 
be superseded by 
ava i  1  ab i  1  i ty o f  such 
a  s i g n a l  on o t h e r  
nearby emergency 
veh ic les .  

Vehic les should  be 
adequately marked 
w i t h o u t  use o f  a  
s i g n a l  which convey 
a  h igh  p r i o r i t y  
message and which 
might  l e a d  t o  
i n a p p r o p r i a t e  
"gawking" o r  "slow- 
i ng" behav ior .  



another, i t  cannot be ascertained what redundant systems are  ac tual ly  

being used unt i l  a survey i s  conducted t ha t  i s  s imi lar  to  the Law 
Enforcement Assistance Administration Pol ice  Equipment Survey of 1972 

(Klaus and Bunten, 1973).  



CODING PARAMETERS AVAILABLE 

Now t h a t  t h e  s e t  o f  app rop r i a t e  messages has been d e l i m i t e d  and 

t he  messages determined t h a t  a re  necessary f o r  p a r t i c u l a r  c lasses o f  

veh i c l es  , t h e  app rop r i a t e  coding dimens ions  need t o  be determined. 

The second e s s e n t i a l  s tep  i n  develop ing a message s i g n a l i n g  

system i s  t o  ob ta i n  a  knowledge o f  devices i n  use o r  a v a i l a b l e  from 

manufacturers and be fami 1  i a r  w i t h  t he  cod ing parameter combinat ions 

a v a i l a b l e  and t h e  ranges o f  f l a s h  r a t e ,  i n t e n s i t y ,  e t c .  t h a t  a re  

a v a i l a b l e .  F a i l u r e  t o  develop equipment f a m i l i a r i t y  cou ld  l ead  t o  

s c i e n t i f i c a l  l y  accurate ,  b u t  u n r e a l i s t i c  recommendations. To t h i s  

end, in fo rmat ion  was sought f r cm major  manufacturers and suppl i ers  . 
A comprehensive 1  i s t i n g  o f  equipment manufacturers and s u p p l i e r s  i s  

conta ined i n  "The IACP P o l i c e  Buyer ' s  Guide" which was compi led by 

t he  I n t e r n a t i o n a l  Assoc ia t i on  o f  Chie fs  of P o l i c e  f o r  p u b l i c a t i o n  i n  

t he  October, 1976 i s sue  o f  t h e  P o l i c e  Ch ie f  magazine. The IACP guide 

was used i n  con junc t i on  w i t h  a r t i c l e s  and advert isements appear ing i n  
1 the  P o l i c e  Ch ie f ,  and School Bus F l e e t  magazines t o  determine and 

1 ocate sources of l i g h t i n g  equipment. I n f o rma t i on  on c u r r e n t  products ,  

coding parameters, and p roduc t  s u p e r i o r i t y  was requested f rom over  two 

dozen p e r t i n e n t  sources; i nfo rmat ion  was assembled f rom those manu- 

f a c t u r e r s  l i s t e d  i n  Appendix B. The l a r g e  number of manufacturers 

enumerated i s  i n d i c a t i v e  o f  t h e  scope o f  t h e  s i g n a l i n g  s p e c i f i c a t i o n  

problem. Each manufacturer has a l a r g e  number o f  con f i gu ra t i ons  o f  

va r ious  devices ava i lab le ,  which w i t h  t he  purchas ing opt ions a v a i l a b l e  

makes a seemingly i n f i n i t e  a r r a y  of l i g h t i n g  systems a v a i l  ab le .  These 

systems a re  used i n  va r ious  r eg iona l  j u r i s d i c t i o n s  because o f  cos t ,  

1  ocal  and/or r eg iona l  po l  i ti c a l  cons idera t ions  , salesmanship persua- 

s ion ,  and con fus ion  regard ing  dev ice u t i l i t y .  The a r ray  o f  con f igu ra -  

t i o n s  a v a i l a b l e  i s  t o o  voluminous t o  p resen t  i n  a compact format, thus 

an a t tempt  has been made t o  d i s t i l l  t he  coding parameters and t h e i r  

values t h a t  a re  a v a i l a b l e .  Thus, Tables 6-14 r e p o r t  t h e  range o f  

values a v a i l a b l e  f o r  va r ious  parameters t h a t  a re  used i n  desc r i b i ng  

l i g h t i n g  dev ices;  i t  should  be noted t h a t  many devices a re  a v a i l a b l e  

which do n o t  s p e c i f y  many parameter values. Note, however, t h a t  t h i s  

1 Emergency Medical  Serv ice  magazine was a1 so consul ted.  
29 



c o m p i l a t i o n  i s  n o t  n e c e s s a r i l y  e x h a u s t i v e  and was compi led i n  1976, 

thus ,  i t  does n o t  i n c l u d e  r e c e n t l y  developed quar tz -ha logen  s e a l e d  

beams. 



TABLE 6 

(see overview) 



TABLE 6 

PARAMETERS I N  USE FOR ROTATING LIGHT UNITS 

F l  ashes 60-90; 70; 80; 90; 100; 115; 120; 135; 150 
Per 
Minute 

Number 1; 2; 3; 4 
o f  Bulbs 

Type Tungsten F i laments  ; Tungsten Sealed Beam 
o f  Bulbs 

Bulb  S ize  6 "  (PAR 46) ; 5" (PAR 36) 

Bulb  H o r i z o n t a l  ; Ho r i zon ta l  /Angled 
P o s i t i o n  

Bu lb  DC: 6; 12; 12.8; 24; 32; 36; 48; 64; 75; 120; 250 
Vol tage AC: 24; 110; 120; 240 

Amperage 1.5;  3; 3.25; 3.5; 4; 4.5; 5; 6.2; 6.5; 7 ;  10; 11; 
11.7; 15 

Bulb  
Candlepower 30; 50; 75; 100 

Beam 1,350; 3,500; 6,022; 7,500; 8,250; 10,000; 16,750; 33,000; 
~and lepowe? '2 35,000; 40,000; 50,000; 60,000; 200,000 

Dome Ac ry l  i c  ; Lexan ; Polycarbonate 

Color  C lear ;  c l e a r  wh i t e ;  red ;  amber; b lue;  green; s p l i t  c o l o r s  

'w i th  Clear  Dome 
' ~ f f e c t i v e  I n t e n s i t y  i s  Usual 1y 5-10% of Peak I n t e n s i t y  . 

12 

4 .5 /1  . 

50 

8,250 

12 

3.25/1 

5 0 

7,500 

24 

1 .5 /1  

50 

7,500 

12 

3 .5 /1  

5 0 

8,250 

12 

3.5/1 

75 

6,022 

12 

412 

30(w) 

3,500 

V o l t a  e  6 
(D.C.7 

Amperage 6.5 /1  
No. of bu lbs  
Bu lb  50 
Candl epower 

Beam 192 1,350 

12 

3.2511 

50 

1,350 
Candl epower 1 



TABLE 6 ( c o n t . )  

V o l t a g e  12 12 12 12 12 12 12 24 
( D . C . )  

Amperage 712 1113 1514 6.212 11.714 512 1014 
No. o f  bu lbs  

3 12 

Beam 
candlepower 16,750 16,750 16,750 33,000 33,000 35,000 35,000 35,000 

l ~ i  t h  C lear  Dome 
' ~ f f e c t i v e  I n t e n s i t y  i s  U s u a l l y  5-101 o f  Peak I n t e n s i t y  as shown by 
Howett, K e l l y  and P i e r c e ' s  (1978) c a l c u l a t i o n s  i n v o l v i n g  2 and 4 
lamp u n i t s .  





TABLE 7 

PARAMETERS IN USE FOR FLASH1 NG INCANDESCENT LIGHT UNITS 

Fl ashes  60;  65; 75; 80; 90; 60-120 
Per  
Minute 

Number 1; 2 ;  3 ;  4 
o f  Bulbs 

TY pe Tungsten F i l ament ;  Sealed Beam 
o f  Bulbs 

Bulb S i z e  6" ( P A R  46) 

Visi bi 1 i t y  180°, 360' 

Bulb DC: 6 ;  1 2 ;  24; 36; 48; 115 
Vol tage 

Amperage 1 .5 ;  3 ;  3.25 

Bulb 32; 50 
Candl epower 

Beam 1 1,000;  4,000; 10,000; 50,000; 60,000; 75,000 
Candl epower 

Dome FresneE Glass  ; Fresnel.  Acryl i c ; Lexan ; S t r a t o l  i t e  ; 
Heat R e s i s t a n t  Polymer 

Color C l e a r ;  Red; Amber; Yellow; Blue;  Green 

Amperage 311 1 3.2511 1 1.511 
No. o f  bulbs  

Vol tage 24 

Beam 
Camdl epower 10,000 I 10,000 I 10,000 

Bulb 50 
Candl epower 

'with Clea r  Dome 

5 0 5 0 



F l a s h i n g  
Per 
Fl inute 

Type 
of Bulbs 

Bu lb  S ize  

V i s i b i l i t y  

TABLE 8 

PARAMETERS I N  USE FOR FLASHING STROBE LIGHT UNITS 

Bu lb  
Vo l tage  

Amperage 

Beam 
Candl epower 1 

Dome 

Co lo r  

Sealed Beam; Xenon 

PAR 46; PAR 64 

180°, 360' 

DC: 6; 12; 14; 24; 36; 48; 64; 72; 7.5; 250 
AC: 110; 115; 120; 220; 240 

A c r y l  i c ; Lexan Fresnel  ; Pyrex Glass 

C lear ;  amber; y e l l o w ;  red ;  b lue ;  green; s p l i t  c o l o r s  

14 

9 1 4 ~  

834,000 

14 

5 .412~ 

834,000 

Vol tage  12 
(D.C.) 

Amperage 2.511 
(No. o f  Bu lbs)  

Beam 
candl  epowerly4 1,000,000 

12 

4.5/1 

834,000 

12 

3 1  1 

1,000,000 

13 

2.2511 

1,000,000 

120 

.375/1 

834,000 

Vo l tage  12 
(D.C.) 

Amperage 2/ 1 
(No. o f  Bu lbs )  

Beam 500,000 
candl  epower1'4 

12 

4 / 1  

834,000 

12 

2 /1  

1,000,000 

12 

4.511 

1,760,000 



TABLE 8. (con t . )  

'peak C.P. w i t h  Clear  Dome 

12.8 

3.511 

4,000,000 

'A1 t e r n a t i  ng F l  ashes 

candl epower1'4 

12.8 

1411 

2,000,000 

Vol tage 12 
(D.C.) 

Amperage 4.5/1 
(No. o f  Bu lbs)  

Beam 1,179,000 

Vol tage 14 
(D.C.) 

Amperage 5 .  4/Z2 
(No. o f  Bu lbs)  

Beam 
~ a n d l e p o w e r l ' ~  4,429,999 

3 ~ 1  t e r n a t i n g  p a i r  o f  f l a shes  

14 

914~  

4,429,000 

4 ~ f f e c t i v e  I n t e n s i t y  o f  1,000,000 candelas peak i n t e n s i t y  i s  
approx imate ly  100-1000 candelas , rough l y  peak i n t e n s i t y  t imes 
,0003 accord ing  t o  Howett, K e l l y  and P ie rce ,  1978. 

14 

5.4 /1  

1,179,000 

14 

5.411 

8,981,000 

12 

4/4 

2,000,000 

14 

5.411 

6,435,000 

14 

914~  

6,604,000 

14 

9/z3 

6,604,000 



Number 
o f  Bulbs 

Type 
o f  Bulbs 

Bu lb  S ize  

Sweep 

Bu lb  
Vo l tage  

Beam 
Candl epower 1 

Co lo r  

TABLE 9 

PARAMETERS I N  USE FOR STEADY LIGHT UNITS 

Sealed Beam; Super C r y s t a l  ; Dual F i  1 ament Spot/Flood, 
Spot L i g h t ;  Q u a r t z  F lood  L i g h t  

5" (PAR 36) ; 6" (PAR 46) ,  7 "  (PAR 56) 

H o r i z o n t a l  : 400' ; 450' ; V e r t i c a l  : 70' ; 80' 

DC: 12; 24 
AC: 120; 125; 130; 208; 240; 277 

1,000; 4,000; 28,000/72,500; 50,000 ; 75,000; 100,000 ; 
110,000; 200,000; 240,000; 330,000; 10,500 1 umens ; 
33,000 1 umens 

C lear ;  Red; B lue;  Amber 

Vo l tage  12 

W l o o /  l2 1 1 100 

l ~ i  t h  C lear  Dome 

2 4 

330 

Beam 1 100,000 
Candl epower 

240,000 330,000 



TABLE 30 

PARAMETERS I N  USE FOR OSCILLATING LIGHT UNITS 

Bulb 6; 12; 14 
Vol tage 

Range o f  95' 
Ho r i zon ta l  
O s c i l l a t i o n  

Color  Clear  White; Red; Blue; Amber; Green 

TABLE 41 
PARAMETERS IN USE FOR COMBINATION LIGHT UNITS' 

Bulb DC:  6; 12; 24 
Vol tage 

Amperage 4; 4%; 6; 10; 12; 17; 18; 22.5 

Dome Polycarbonate; Heat Res i s tan t  Polymer 

Color  Clear ;  Amber; Blue; Green; Red 

 he s p e c i f i c a t i o n s  o f  t he  components a r e  i nc l uded  i n  
Tables 6 through 10. 





REVIEW OF PSYCHO-PHYSICAL RESEARCH 
ON SIGNALING PARAMETER CHARACTERISTICS 

Several  cod ing parameters a re  a v a i l a b l e  and u s e f u l .  C u r r e n t l y ,  

t h e  p r imary  cod ing parameters a re  c o l o r  and i n t e n s i t y ,  w i t h  c o l o r  

be ing  dec ided ly  t h e  predominant cod ing dimension. I n t e n s i t y  i s  used 

i n  a  secondary r o l e  p r i m a r i l y  t o  d i s t i n g u i s h  normal v e h i c l e  s i g n a l s  

from those of s p e c i a l  v e h i c l e s .  Thus, development o f  a cod ing scheme 

shoul d  concen t ra te  on us ing  c o l o r  t o  convey t h e  necessary i n f o rma t i on .  

I n t e n s i t y  shou ld  be used as a  redundant parameter designed t o  ensure 

message t ransmiss ion .  F lash  r a t e ,  f l a s h  sequence, l i g h t  o u t p u t  

shape, du ty  c y c l e  and c o n t r a s t  a re  o t h e r  f a c t o r s  a f f e c t i n g  pe rcep t i on  

which shou ld  be used as f a c t o r s  i n  s p e c i f i c a t i o n  o f  l i g h t i n g  systems 

t o  ensure t h a t  recommended s i g n a l s  have t h e  l e v e l  o f  d e t e c t a b i l  i ty  

and consp icu i  t y  commensurate w i t h  message importance. 

To determine t h e  ope ra t i ng  c h a r a c t e r i s t i c s  o f  s i g n a l s  t o  convey . 

t h e  messages de l i nea ted  i n  t h e  p rev ious  chapters ,  i t  i s  necessary 

t o  cons ider  p e r t i n e n t  l i t e r a t u r e  which m igh t  bear  upon t h e  v i s u a l  

consp icu i  t y  o f  v e h i c u l a r  l i g h t i n g  s i g n a l s .  Thus, an ex tens i ve  

1  i t e r a t u r e  rev iew was undertaken t o  determine what evidence i s  a t  

hand t h a t  would be u s e f u l  i n  de te rmin ing  t h e  advantages and disadvan- 

tages o f  use o f  va r ious  c o l o r s  i n  d i f f e r e n t  s i t u a t i o n s .  L i t t l e  

a p p l i e d  research has been done on coding parameters us i ng  r e a l  w o r l d  

c o n d i t i o n s ,  thus,  t h i s  rev iew n e c e s s a r i l y  inc ludes  a g r e a t  deal  o f  

b a s i c  percep tua l  research.  

Because pu rpo r t ed  f a c t s  f rom the  b a s i c  v i s u a l  p e r c e p t i o n  

l i t e r a t u r e  a re  o f t e n  used t o  suppor t  va r ious  no t i ons  about conspicu- 

i t y ,  i t  was f e l t  t h a t  a  summary o f  t h a t  research was ind ispensab le  t o  

a  d iscuss ion  of  c o n s p i c u i t y .  Therefore,  a  l i t e r a t u r e  rev iew s e c t i o n  

e n t i t l e d  "Review o f  Research on Color  and I n t e n s i t y  Percep t ion"  was 

prepared by Dr. Michael  S ivak.  Th is  s e c t i o n  i s  f o l l owed  by one 

e n t i t l e d  "Review o f  Method01 og i  c a l  and Conceptual Problems i n  Appl i ed 

Conspicui  t y  Research." The l a t t e r  s e c t i o n  seeks t o  examine 



v a r i o u s  problems i n  a p p l i e d  r e s e a r c h  and rev iew- research  i n v o l v i n g  

measures o f  e f f e c t i v e n e s s  and c o n s p i c u i t y .  These s e c t i o n s  were p r e -  

pa red  t o  p r o v i d e  a  common ground of  v i s u a l  and c o n s p i c u i  t y  l i t e r a t u r e .  

They a r e  f o l l o w e d  by  a  s e c t i o n  e n t i t l e d  "Overv iew o f  L i t e r a t u r e  Review" 

wh ich  a t t e m p t s  t o  p u t  t hese  rev iews  i n t o  p e r s p e c t i v e .  



REVIEW OF RESEARCH ON COLOR AND 

INTENSITY PERCEPTION 

MICHAEL S IVAK 



Color P e r c e ~ t i  on 

Hue (color) i s  one of the subjective dimensions of a colored 

l ight ,  the others being brightness and saturation. To the f i r s t  

approximation the hue of an object depends on the wavelength d i s t r i -  

bution of the l ight  emitted or reflected by the object, brightness on 

the intensity,  and  saturation on the excitation purity, where wave- 

length, intensity (luminance) a n d  excitation purity are physical 

dimensions of l igh t .  In terms of wavelength of the 1 ight,  the vis i -  

ble spectrum corresponds approximately t o  wavelengths from 400-700 nm 
(Marriott, 1976b). The color names of the spectrum are approximately 

as fol 1 ows (Marri o t t  , 1976b) : 

Violet: 400-440 nrn 
Blue: 440-500 nm 

Green: 500-570 nm 
Ye1 1 ow: 570-590 nm 
Orange: 590-610 nm 
Red: 610-700 nm 

The human visual system does n o t  respond t o  a l l  wavelengths in 

t h e  same manner. There i s  substantial evidence that the absolute 

visual threshold as well as threshold for perception of color vary 

depending on the wavelength of the l ight .  There i s  some evidence 

indicating t h a t  the consistency of suprathreshold color identifica- 

t ion,  1 ocal ization, conspicuity, and reaction time t o  colored 1 ights 

changes according t o  the dominant wavelength of the 1 ight. Furthermore, 

i t  i s  well established t h a t  color-defective and  older people have 

problems with certain wavelengths. These and other aspects of spectral 

sensi t ivi ty  o f  human visual system have substantial bearing on the 

effectiveness of emergency and warning lights and will now be 

discussed in more de ta i l .  

Detection Thresh01 ds 

The 1 wes t  1 uminance ( intensi ty)  thresholds are for  peripheral 

as opposed t o  foveal stimuli (Pirenne, 1967) since the rods, abundant 



i n  t h e  pe r i phe ry ,  a r e  more l i g h t  s e n s i t i v e  than cones, which a re  t h e  

recep to rs  i n  t h e  fovea (Oesterberg , 1935). 

For  p e r i p h e r a l  s t i m u l i  t h e  1  uminance thresh01 d  (dark  adapted, 

r o d  t h r e s h o l d )  i s  l owes t  f o r  b lu i sh -g reen  wavelengths around 505 nm 

( ~ i n n e y ,  1955, 1958; Wald, 1945; Wal ters  and Wr igh t ,  1943).  The 

s e n s i t i v i t y  dec l  i nes  as t h e  wavelengths e i t h e r  i nc rease  o r  decrease 

away f rom 505 nm (b lue-green)  as shown i n  F i gu re  1.1. A t  400 nm 

( v i o l e t )  t h e  s e n s i t i v i t y  dec l i nes  by about 2  1 /4  l o g  u n i t s  

from t h e  maximum value; a t  700 nm (deep r e d )  by approx imate ly  

5  l o g  u n i t s .  That  means t h a t  700 nm l i g h t  has t o  be approx imate ly  

100,000 t imes more i n t ense  t o  be seen than 505 nm l i g h t .  

For f ovea l  s t i m u l i  t h e  luminance t h resho ld  ( 1  i g h t  adapted, cone 

t h resho ld )  i s  lowes t  f o r  green wavelengths around 555 nm (Kinney, 1958; 

S p e r l i n g  & Hsia,  1957; Wald, 1945) as shown i n  F i gu re  1.1. Th i s  

s h i f t  o f  peak s e n s i t i v i t y  by about 50 nm ( f r o m  t h e  peak o f  t h e  dark-  

adapted s e n s i t i v i t y )  i n t o  t h e  green r e g i o n  of t h e  spectrum i s  c a l l e d  

t h e  P u r k i n j e  e f f e c t .  As cou ld  be seen from F igu re  1.1., t h e  foveal  

s e n s i t i v i t y  dec l i nes  w i t h  e i t h e r  an inc rease  o r  a  decrease o f  t h e  

s t imu lus  wavelength away f r u n  t h e  peak s e n s i t i v i t y  a t  555 nm. 

From F igu re  1.1 i t  can be seen t h a t  i f  t h e  wavelength o f  t he  

s t imu lus  f l a s h  i s  approx imate ly  650 nm o r  l onge r ,  t he  dark  adapted 

s e n s i t i v i t y  i s  n o t  b e t t e r  than t h e  1  i g h t  adapted s e n s i t i v i t y  . However, 

i f  t h e  wavelength of t h e  s t imu lus  f l a s h  i s  l ess  than 650 nm, t h e  dark 

adapted r o d  ( p e r i p h e r a l  ) s e n s i t i v i t y  i s  h i ghe r  than  t he  1  i g h t  adapted 

cone ( foveal  ) s e n s i t i v i t y  (i .e. , the  dark  adapted t h r e s h o l d  i s  l o w e r ) .  

The p r a c t i c a l  i m p l i c a t i o n s  o f  t h e  t h r e s h o l d  measurements f o r  t h e  

d r i v i n g  s i t u a t i o n s  are,  however, 1 i m i t e d .  F i r s t ,  t h e  p e r i p h e r a l  ( r od )  

t h r e s h o l d  da ta  i s  r a t h e r  i r r e l e v a n t ,  s i n c e  i t  i s  ob ta i ned  under dark-  

adapted, sco top i c  cond i t i ons .  Most o f  t he  d r i v i n g ,  however, i s  done 

under pho top ic  o r  mesopic cond i t i ons  (.Cole, 1972; Schmidt, 1966; 

P r o j e c t o r  & Cook, 1972). Second, t h e  fovea l  (cone) t h r e s h o l d  da ta  a r e  

o f  l i m i t e d  va lue  because o f  t h e  smal l  s i z e  o f  t h e  fovea i n  comparison 

t o  t h e  s i z e  o f  t he  pe r i phe ry .  The fovea occupies on l y  about 1-2' o f  



Figure 1.1. Photopic (daylcone) and scotopic (nighthod)  spectral 
sensi t i  v i  ty curves. [After Cornsweet (1970) , based on 
data from Wald (1945) l .  



t he  v i s u a l  f i e l d  (Polyak,  1941) w h i l e  t h e  pe r i phe ry  occupies t he  

remainder o f  t h e  v i s u a l  f i e l d  which extends t o  about 175-180' i n  t h e  

h o r i z o n t a l  mer id ian  and 100-120' i n  t h e  v e r t i c a l  mer id ian  (Burg, 1968; 

Connol ly ,  1966; Schmidt, 1966).  The r e l a t i v e l y  smal l  s i z e  of t h e  

fovea makes i t  thus u n l i k e l y  t h a t  a  randomly l o c a t e d  t a r g e t  w i l l  f a l l  

on t h e  fovea. 

S u ~ r a t h r e s h o l  d  E f f ec t i veness  

Suprathreshold  de te rmina t ions  of t h e  "e f fec t i veness"  o f  va r i ous  

wavelength i s  more va luab le  f o r  p r a c t i c a l  purposes than t h r e s h o l d  

measurements. The e f f e c t i v e n e s s  o f  a  g i ven  c o l o r ,  however, can be 

d e f  i ned i n  va r ious  ways. Several poss i b l  e  measures of suprathres ho l  d  

e f fec t i veness ,  namely b r i gh tness ,  r e a c t i o n  t ime,  l o c a l i z a t i o n ,  c o l o r  

pe rcep t i on  th resho lds  and cons is tency ,  and consp icu i  t y  w i l l  now be 

b r i e f l y  discussed. 

A. B r igh tness  . Chapani s  and Hal sey (1955) have i n v e s t i g a t e d  

t h e  luminance o f  va r ious  e q u a l l y .  b r i g h t  co l o red  1 i g h t s  .l The 

r e s u l t s  i n d i c a t e  t h a t  f o r  t h e  smal l  s t i m u l i  t e s t e d  (18 '  o f  v i s u a l  

ang le )  r e d  l i g h t s  (610-670 nm) need the  l e a s t  amount o f  luminance t o  

achieve a  g iven low l e v e l  o f  b r i gh tness ,  w h i l e  sa tu ra ted  y e l l o w  l i g h t s  

(570-585 nm) need t h e  most luminance. (The degree o f  da rk -adap ta t ion  

was no t  s p e c i f i e d  i n  t h i s  r e p o r t . )  M idd le ton  and G o t t f r i e d  (1957) 

t e s t e d  a  s e r i e s  o f  c o l o r s  f o r  the  b r i gh tness  as p o i n t  sources ( . 5 '  o f  

v i s u a l  ang le )  a t  l e v e l s  about 20 t imes the  fovea l  t h resho ld  aga ins t  a  

dark  background ( t h e  i n t e n s i t y  o f  the  va r ious  c o l o r s  was approx i -  

mate ly  the  same). M idd le ton  and G o t t f r i e d  found deep r e d  t o  be 

perce ived  as be ing  the  most b r i g h t  c o l o r ,  w h i l e  they  found some greens 

and some b lues  t o  be perce ived  as the  l e a s t  b r i g h t  c o l o r s .  Th is  f i nd -  

i n g  i s  n o t  necessa r i l y  c o n t r a d i c t o r y  w i t h  F i gu re  1.1 which shows t h a t  

t he  eye i s  l e s s  s e n s i t i v e  t o  r e d  than t o  green a t  t h resho ld  s i nce  t h e  

perce ived  b r i gh tness  i n  M idd le ton  and G o t t f r i e d  s tudy  was measured a t  

supra th resho l  d  l e v e l s .  

'~uminance and i n t e n s i t y  a re  o b j e c t i v e  measures o f  t he  q u a n t i t y  
o f  1  i g h t  e m i t t e d  o r  r e f l e c t e d  by an o b j e c t ,  w h i l e  b r i gh tness  i s  a  
s u b j e c t i v e  impress i o n  o f  t he  1  i g h t  e m i t t e d  o r  r e f l e c t e d .  



Several  a t tempts  were made t o  quan t i f y  t he  d i f f e r e n c e s  i n  t h e  

b r igh tness  o f  va r ious  co lo r s .  The Committee on Plotor Veh i c l e  ( E x t e r i o r )  
L i g h t i n g  (CMVL, 1964) r e p o r t s  t he  r a t i o  o f  t he  e f f ec t i veness  of 

red, ye l l ow ,  and wh i t e  s i gna l s  t o  be 1:3:5 i n  terms o f  candlepower. 

However, i t  i s  n o t  c l e a r  whether t he  b r i gh tness  was indeed t h e  

measure o f  e f fec t i veness ,  nor  whether t h e  r a t i o  app l i es  t o  dayt ime 

and/or n i gh t t ime .  

K i  l g o u r  (1960) eva luated t h e  s i gna l  e f f ec t i veness  "under t h e  

more o r  l ess  average sunshine cond i t i ons  of Michigan and under h igh-  

i n t e n s i t y  sun1 i g h t  and h i gh -con t ras t  cond i t i ons  of Ar izona ( p .  95) . "  

On t h e  bas is  of these t e s t s  K i l g o u r  recommends candlepower r a t i o s  o f  

1:3:5 f o r  red, amber, and w h i t e  c o l o r s  o f  v e h i c l e  lamps and s i g n a l s .  

However, K i l g o u r  does n o t  s p e c i f y  how he de f i ned  t h e  measured 

ef fec t iveness.  

A U n i v e r s i t y  of C a l i f o r n i a  a t  Berke ly  r e p o r t  (UCB, 1968) prov ides 

e f fec t i veness  r a t i o s  of 1:2:2.5:4 f o r  red,  green, amber, and w h i t e  

s i gna l s  (p .  52) .  F i she r  (1969) reviewed t h e  data of Adr ian  (1963),  

J a i n s k i  and Schmidt-Clausen (1967), and Rut ley  e t  a l .  (1965), 

cover ing  a  range of day, n i g h t ,  and l a b o r a t o r y  cond i t i ons  and recom- 

mends t he  i n t e n s i t i e s  o f  red,  green, y e l l o w  l i g h t  s i g n a l s  t o  be 

1:1.6:3. 

Mor t imer  (1970) p rov ides  1  uminance r a t i o s  f o r  equ i va l en t  

b r igh tness  of s i gna l s  presented aga ins t  a 1  i g h t  background i n  a  

s imu la t i on  o f  t he  v i s u a l  aspects o f  t he  d r i v i n g  task .  For  t he  daytime, 

t he  r a t i o  o f  greenish-blue, red, amber, and w h i t e  i s  .85:1:2.58:5.28; 

f o r  n i g h t t i m e  .53:1.00:1.22:1.86. Mor t imer ' s  daytime data i s  i n  good 

agreement w i t h  those o f  t h e  CMVL (1964),  t h e  UCB (1968) and 

K i  1  gour (1960). F i s h e r ' s  ex t r apo l  a t i o n  agrees w i t h  Mor t imer ' s  day- 

t ime  data except  f o r  t he  c o l o r  green which Mor t imer ' s  ex tens ive  s tudy 

found t o  be more e f f e c t i v e  than red .  

B .  React ion Time. React ion t ime t o  t he  onset o f  l i g h t s  i s  

another  measure used t o  eva lua te  t h e  e f fec t i veness  of c o l  ored 1  i g h t s  . 
A1 1  en, S t r i c k l  and, and Adams (1967) i n v e s t i g a t e d  t h e  r e a c t i o n  t ime t o  



l i g h t s  p r o j e c t e d  on to  a  movie o f  50-65 mph highway t r a f f i c .  The sub- 

j e c t  saw the  scene as i f  he were d r i v i n g  t he  camera car .  The sub jec t  

was i n s t r u c t e d  t o  count t h e  number o f  approaching cars  and t o  push a  

b u t t o n  i f  a  t e s t  l i g h t  appeared superimposed i n  the  r i g h t  roadway area 

o f  t he  p i c t u r e .  A l l e n  e t  a1 . (1967) have shown t h a t  f o r  l i g h t s  of 

equal luminance, t he  r e a c t i o n  t ime was f a s t e s t  f o r  r e d  t a r g e t s .  

React ion t imes t o  amber and green t a r g e t s  were second and t h i r d  

f as tes t ,  r e s p e c t i v e l y ,  whi 1  e  wh i t e  t a r g e t s  produced 1  ongest r e a c t i o n  

t imes. However, these d i f fe rences  disappeared, when t h e  l i g h t s  were 

matched f o r  s u b j e c t i v e  b r igh tness  (as opposed t o  phys i ca l  luminance).  

Connors (1975a) i n v e s t i g a t e d  r e a c t i o n  t imes t o  l i g h t s  o f  va r ious  

c o l o r s  i n  a  search paradigm, i n  which dark  adapted sub jec ts  searched 

f o r  t a r g e t s  amidst a  s imu la ted  s t a r  background. The apparent b r i g h t -  

ness of t h e  d i f f e r e n t l y  co lo red  l i g h t s  was equated. The r e s u l t s  

i n d i c a t e  t h a t  t h e  r e a c t i o n  t ime  was s h o r t e s t  f o r  b l ue  t a r g e t s .  Green 

t a r g e t s  were second most " e f f e c t i v e , "  f o l l owed  by w h i t e  and y e l l  ow 

t a r g e t s .  The r e d  t a r g e t s  r e s u l t e d  i n  t he  l onges t  r e a c t i o n  t imes.  

Post (1975) i n v e s t i g a t e d  r e a c t i o n  t ime  t o  r e d  and amber auto- 

mob i le  s i g n a l  s  o f  t y p i c a l  automot ive design which i nco rpo ra ted  a  

1:2.5 dayt ime luminance r a t i o  v i a  se lec ted  i n t e n s i t i e s  of 110 candle- 

power f o r  r e d  and 275 candlepower f o r  y e l l o w  ( f o r  a  12.56 sq. i n c h  

lamp). Post found t h a t  s h o r t e r  response t imes were e l i c i t e d  f o r  

t u r n  and hazard s i g n a l s  when t h e  f l ash ing  1  amps were amber, r a t h e r  

than red. Th is  e f f e c t  was caused p r i m a r i l y  by l a r g e  s i g n i f i c a n t  RT 

d i f f e rences  t o  t he  d i f f e r e n t  c o l o r s  i n  the  n i g h t t i m e  hazard mode 

which were probably  determined by t h e  b r igh tness  d i f f e r e n c e  between 

t he  c o l o r s  a t  n i g h t .  The number of undetected s i g n a l s  was n o t  s i g n i -  

f i c a n t l y  d i f f e r e n t  f o r  r e d  and amber s i g n a l s  i n  t h e  daytime b u t  fewer 

amber s i g n a l s  went undetected a t  n i g h t ,  probably  due t o  t h e i r  h i ghe r  

b r i gh tness .  

C. S p a t i a l  L o c a l i z a t i o n .  V e r i d i c a l  s p a t i a l  l o c a l i z a t i o n  i s  

another impor tan t  parameter of e f fec t i veness  of co lo red  1 i ghts , 
s ince  severa l  s t ud ies  i n d i c a t e  t h a t  t he  perce ived d i s tance  o f  t a r g e t s  



varies w i t h  the i r  color (Allen, 1964; Kishto, 1963; Mount e t  a l . ,  
1955; Zajac, 1953). Allen (1964) reports a tendency to overestimate 
the distance of red l igh t s ,  t o  underestimate the distance of blue 
1 ights,  and to estimate correctly the distance of green l ights .  
Contradictory results were obtained by Zajac (1953) who argues that  
"objects are seen as nearer with longer-wave-lengths and as far ther  
away w i t h  shorter wave-lengths of l igh t  ( p .  144)," Mount e t  a1 . 
found that  i n  comparison to  grey paper stimul i , the col ored ones were 
perceived in front of their  nearest brightness-matched grays. The 
comparisons between the various colors on perception of distance i s  
not very informative, since the colors varied in the i r  reflectance. 
However, i t  i s n ' t  clear from Allen (1964) nor Zajac (1953) e i ther ,  
whether they equated for luminance or brightness of the i r  stimuli. 

D. Color - Perception Thresholds and Consistency of Color 
Naming . 

For a given color to be an ef f ic ien t  carr ier  of meaning, i t s  
color perception threshold should be low and the re1 iabil  i ty of the 
color perception should be high. Connors (1968) addressed the 
question of the minimum luminance necessary for  the foveal percep- 
tion of red, green, and blue when the dark-adapted observer knew in 
advance the hue of in te res t .  The results indicate that  red i s  
generally perceived a t  lower luminances than blue or green. In a 
subsequent experiment (Connors , 1969) dark-adapted subjects were 
required to  identify the color of the fovealy presented stimuli .  The 
red color (642 nm) required the leas t  amount of luminance, followed 

by yellow (584 nm), green (521 nm) and blue (468 nm). Furthermore, 
the red color gave most re1 iable responses and fewest confusions in 
the hue identification. Hill (1947) investigated the color recogni- 
tion threshold for a range of colors. Dark-adapted subjects viewed 
point-source targets against a dark background. The resul ts  indicate 
that the red l ight  needed the leas t  amount of luminance for correct 
color ident i f icat ion,  while yellow l ight  required the highest level 



2 
o f  1  uminance. Wal raven (1962) i n v e s t i g a t e d  t h e  cons is tency  o f  g i v i n g  

a  c e r t a i n  f l a s h  a  c e r t a i n  c o l o r  name, as a  f u n c t i o n  of t h e  wavelength 

o f  t h e  f l ash .  Walraven found t h a t  f o r  bo th  t h e  c o l o r - t h r e s h o l d  

i n t e n s i t i e s  and 4x t h e  c o l o r - t h r e s h o l d  i n t e n s i t i e s  t h e  r e l i a b i l i t y  o f  

c o l o r  naming was h i g h e s t  f o r  r e d  c o l o r  (approx imate ly  700 nm). The 

green c o l o r  (500-520 nm) was t h e  second bes t ,  f o 1  lowed by b l u e  (470 nm) 

and ye1 low (570-590 nm) . A t  low l i g h t  i n t e n s i t i e s  c o l o r  i d e n t i f i c a t i o n  

becomes poor .  Wi th  ve ry  low i n t e n s i t i e s  a  l i g h t  m igh t  be de tec ted  b u t  

t h e r e  i s  no c o l o r  sensa t ion .  Thus, t h e  i n t e n s i t y  of t h e  l i g h t  has t o  

be inc reased  above abso lu te  t h r e s h o l d  l e v e l  t o  o b t a i n  v e r i d i c a l  c o l o r  

percep t ion .  The i n t e n s i t y  i n t e r v a l  between t h e  absol u t e  thresh01 d  o f  

1  i g h t  and t h e  l e v e l  a t  which t h e  c o l o r  can be recognized i s  known as 

t h e  photochromat i  c  i n t e r v a l  ( M a r r i o t t  , 1972c) o r  achromat i  c  zone 

(Bouman and Walraven, 1972). Th i s  i n t e r v a l  i s  nar rowest  f o r  deep 

r e d  and w ides t  f o r  ye1 low (Wal raven, 1962).  Furthermore, f o r  t h e  r e d  

c o l o r  (700 nm) i n c o r r e c t  c o l o r  names were never g i ven  even i f  t h e  

1  i g h t  i n t e n s i t y  was f rom t h e  photochromat ic  i n t e r v a l  - -observers 

r e p o r t e d  e i t h e r  r e d  o r  no hue. On t h e  o t h e r  hand, y e l l o w  was o f t en  

mis taken f o r  red,  green, o r  w h i t e  (Walraven, 1962). 

E .  Conspicui  ty. Conspicui  ty  o r  a t t e n t i o n - g e t t i n g  qua1 i ty  i s  

another  impo r tan t  measure o f  t h e  e f f e c t i v e n e s s  o f  a c o l o r e d  l i g h t .  

A1 1  en (1966) argues t h a t  t he  ( p e r i p h e r a l  ) conspi  c u i  t y  o f  1  i g h t s  

depends on t h e  apparent b r i gh tness  and n o t  on t h e  c o l o r  of t h e  l i g h t .  

However, as Connors (1975a) has shown, even when t h e  apparent ( f ovea l )  

b r i gh tness  of  t h e  d i f f e r e n t l y  co l o red  l i g h t s  i s  equated, t h e r e  a r e  

s t i l l  r e s i d u a l  d i f f e rences  i n  t h e  c o n s p i c u i t y  o f  c o l o r s .  In t h i s  

s tudy,  dark  adapted sub jec t s  searched f o r  a  p o i n t  source t a r g e t s  

seen a g a i n s t  a  s t a r  background ( luminance 0.034 m l )  s i m u l a t i n g  a  

c o c k p i t  t a s k ,  Whi le  search ing  f o r  t a r g e t  l i g h t s ,  t h e  s u b j e c t  was 

s imu l taneous ly  engaged i n  an a u x i l i a r y  mental task .  The r e s u l t s  o f  

t h e  search t a s k  i n d i c a t e  t h a t  f o r  e q u a l l y  b r i g h t  l i g h t s ,  r e d  l i g h t s  

. ~~ 

' ~ a l  raven (1962) c i t e d  by Bouman and Wal raven (1972).  



were missed more frequently than targets of other hues. Detection 
rates for  the yellow, white, green, and blue targets were not 
s t a t i s t i c a l l y  different from each other. (The brightness level of 
the targets was not speci f i ed. ) 

F. Glare Resistance. Rutley e t  a1 . (1965), cited by Fisher 
(1969), investigated the threshold levels of discomfort glare from 
t r a f f i c  signals. The results indicate that the threshold glare 
level i s  about 1.5-3 times higher for a yellow than for green or 

red l ights ,  which i s  useful since i t  has been pointed o u t  above 

that  the intensity requirements for  ye1 low 1 ights are greater 
than for  green or red l ights .  However, the increase in the threshold 
of discomfort glare for ye1 low vs. red l ight  i s  in the same range as 
the necessary increase in the intensity of a ye1 1 ow l igh t  t o  be per- 
ceived as bright as a red 1 i g h t ,  negating the glare-resistant advan- 
tage of a yellow l ight .  

Peripheral Color Vision 

Since the number of col or-sensi t ive  cones decreases with 
increase in the retinal eccentricity (Oes terberg , 1935), i t  i s  no t  
surprising that  col or perception deteriorates w i t h  increase in the 
peripheral eccentricity (Boynton e t  a1 . , 1964; Gilbert, 1950; Moreland, 
1972; Moreland and Cruz, 1958; Weale, 1951, 1953a, 1953b, 1956; 
Weissman, 1955 ; Wei tzman and Kinney , 1969). According to  Boynton 
e t  a l .  (1964), "color-naming a t  0 degrees differs  l i t t l e  from that  
a t  20 degrees, b u t  a marked deterioration of performance occurs 
between 20 and 40 degrees ( p .  666) . "  All stimuli subtended 3' and 
were presented a t  1000 trolands. The dark adapted subject viewed the 
targets against a dark visual f i e ld .  The decrement in performance 
was manifested by a reduction in red and especially large decrement in 
green responses. A1 so, re1 iabi 1 i t y  of the responses decreased w i t h  

increasing eccentricity--remaining quite high for red and blue 
response categories b u t  dropping substantially for  the green response 
category. Boynton e t  a l .  (1964) used relatively large stimuli (3') 
w i t h  re1 a t i  vely 1 ong exposure durations (300 msec) . As Wei tzman and 



Kinney (1969) have shown, with smal ler-sized targets and/or shorter 

durations there i s  a substantial decrement in color vision already 

a t  5' of retinal eccentricity.  The decrement i s  evident primarily 

by the reduced number of green and yellow responses, while blue and 
red responses are leas t  affected. 

Abnormal Color Vision 

Approximately 8% of the male population (Cole, 1972; Marriott, 

1976a; Projector and Cook, 1972; Shirley and Gauthier, 1966) and .4% 

of the female population (Marriott, 1976a) have defective color 

vision. As Projector and  Cook (1972) have pointed o u t ,  "human vision 

has innumerable defects, . . . some of consequence in driving, and some 

irrelevant or negligibly small in effect  ( p .  140) ." Two types of 

color defectives are of particular interest  t o  t r a f f i c  engineers : 

protanopes and  deuteranopes , representing 1% and 1.5% of ma1 es , respec- 

t ively (Cole, 1972). These people are 1 i kely t o  confuse red, yellow, 

and green (Cole, 1972; Heath and Schmidt, 1959; Marriott, 197Ga; Nathan, 

Henry, and Cole, 1964), while they name blue the most consistently (Heath 

& Smith, 1959; Shirley & Gauthier, 1966). Furthermore, protanopes (and 

protanomalous--an additional 1% of the male population, according t o  
Cole, 1972)--have substantially reduced sensi t ivi ty  for  red 1 ights 

(Cole, 1972; International Commission on I1  lumination, 1975; Cole and  

Brown, 1966; Marriott, 1976a). Deuteranomalous observers, constituting 

the largest group of color abnormals (5% of males and ,4% of females, 

according t o  Cole, 1972) have spectral sensi t ivi ty  similar t o  that  of 

normals (Cole, 1972; Marriott, 1976a), However, their  ab i l i ty  to  

discriminate among colors varies. Deuteranomalous observers may 

discriminate as many colors as normals or they may have the same prob- 

lems as deuteranopes (Cole, 1972). 

Effects of Aging 

Older people provide additional restr ic t ions on the selection of 
optimal col or for  emergency 1 ights . Because of the physiological 
changes in the eye due to the aging process ( i  . e . ,  smaller pupil 



diameter,  y e l l o w i n g  o f  t he  l e n s )  t h e r e  i s  a  2  112- t o  3- f o l d  decrease 

of l i g h t  reaching t h e  r e t i n a  as one ages from 20 t o  60 years  o f  age 

(Weale, 1961; Crouch, 1945) and 3  112- f o l d  decrease of  r e t i n a l  

luminance from 20 t o  80 years o f  age (Crouch, 1945). Th is  cons idera-  

t i o n  has an e f f e c t  p r i m a r i l y  on t h e  recommended i n t e n s i t y  l e v e l s  o f  l i g h t s .  

However, t h e  y e l l o w i n g  o f  t h e  l ens  w i t h  age a l s o  leads t o  s e l e c t i v e  

l o s s  o f  s e n s i t i v i t y  i n  t h e  short-wavelength range o f  t h e  specturm. As 

a  r e s u l t ,  o l d e r  people become l e s s  s e n s i t i v e  t o  greens and b lues  than 

t o  ye1 lows and reds i n  comparison t o  younger people (Crawford, 1949). 

However, P r o j e c t o r  and Cook (1972) argue t h a t  t he  decrement i s  smal l  

and con f i ned  p r i m a r i l y  t o  very  s h o r t  wavelengths. 

Summary and Concl u s i  ons 

The main f i n d i n g s  discussed above w i l l  be now summarized i n  a  

t a b u l a r  form, l i s t i n g  t h e  b e s t  and t h e  wo rs t  c o l o r s  (based on n o t  always 

c o n s i s t e n t  f i n d i n g s )  i n  respec t  t o  t h e  s p e c i f i c  dimensions evaluated.  

Best  - Worst 

Absol u t e  Thresh01 d  
Pe r i phe ra l  
Fovea 1 

b l  u i s  h-green r e d  
green r e d  

Ef fect iveness 
b r igh tness  r e d  whi t e  , ye1 1  ow 
r e a c t i o n  t ime  (.equal 1  uminance) r e d  green, w h i t e  
r e a c t i o n  t ime  (equal b r i gh tness )  b l  ue r e d  
l o c a l i z a t i o n  c o n t r a d i c t o r y  data 
c o l o r  pe rcep t i on  thresh01 d  r e d  ye l l ow ,  b l u e  
conspi  c u i  t y  l i t t l e  a v a i l a b l e  data 
g l a r e  res i s tance  ye1 l ow - - 

Pe r i phe ra l  c o l o r  v i s i o n  b lue ,  r e d  green, ye1 low 

Abnorma 1  c o l  o r  v i  s  i on b l  ue r e d  

Effects o f  Aging red, ye1 1  ow green, b l u e  

On t h e  bas is  o f  t h e  above rev iew what would be t h e  "bes t "  c o l o r  

f o r  use on emergency and spec ia l  s e r v i c e  v e h i c l e s ?  The d e c i s i o n  i s  n o t  

a  unanimous one. The green c o l o r  seems t o  be bes t  f o r  abso lu te -  

t h resho ld  measurements. However, as discussed above, t he  abso lu te -  

t h resho ld  d e t e c t i o n  data a r e  r a t h e r  i r r e l e v a n t  t o  d r i v i n g .  The b lue  

c o l o r  r e s u l t s  i n  f a s t e s t  r e a c t i o n  t imes (g i ven  equal b r i  ghtness) , 



seems t o  give least  amount of problems t o  color-defective people, 
and leads t o  relatively eff ic ient  identification in peripheral vision. 
The red color i s  the optimal color on five dimensions: apparent 
brightness, reaction time (given equal 1 uminance) , color-perception 
threshold, peripheral color vision, and aging effects.  (There i s  not 
much data available on conspicuity of colors.)  I f  the driving popula- 
tion did n o t  contain color-defective people, red would be the obvious 
color of choice. Overall, red probably s t i l l  remains the optimal 
color. For the benefit of color-defectives, the use of a red l ight  of 
adequate intensity and/or a supplemental 1 ight of another color would 
be desirable. 

I n  respect t o  discriminability of colors, Eriksen and Hake (1955) 
reported that approximately eight different colors are discriminable 
without error when the task i s  absolute identification of the color. 
That means that i t  i s  possible to use colors for coding purposes of 
up to about eight categories (under optimal conditions). Halsey and 

Chapanis (1951) obtained 97.5% correct judgments using ten different 
colors. However, the colors used varied in 1 uminance as we1 1 . 
Therefore, as Halsey and Chapanis (1951) have pointed o u t ,  i t  i s  
possible that the 1 uminance differences served as additional cues for 
distinguishing the colors. This would inf late  the obtained number of  

identifiable colors. The UCB report (1968) recommends using color 
only as a secondary (redundant) coding dimension, while the basic 
1 ighting system should be color independent, since ' 'no col or-coded 
system i s  suitable for a1 1 dri vers or driving conditions ( p .  140).  " 
More recently, Van Cot t  and Kinkade (1972) estimate ten as the maxi- 
m u m  and three as the recommended number of colored lights for coding 
purposes ( p .  69). 





Intensity Perception 

Luminance ( intensi ty)  of a signaling/emergency l ight  has an 
effect  on various behavioral indicators. The following discussion 
shall briefly cover the effect  of luminance on size threshold, 
manual reaction time, eye movement latency, preference/conspicuity , 
and glare. 

A.  Luminance and Size Threshold. There i s  a substantial body 

of research indicating that increasing the luminance of  a target 
decreases i t s  size threshold a n d  vice versa. There i s  n o  general 
agreement about the precise nature of the trade-off between these 
two parameters. However, for stimuli smaller than lo of visual angle 
the relationship area x luminance = constant provides a satisfactory 
f i t  t o  the results of several studies (Brown, 1947;,Graham and 
Bart le t t ,  1939; Graham, Brown, and Mote, 1939). This reciprocal 
relationship between luminance and area i s  known as Ricco's law. . For stimuli between lo and lo0,  the best f i t  i s  provided by so-called 
Piper's law which s tates  that x luminance = constant 
(Baumgardt , 1959 ; Graham, Brown, and Mote, 1939) . 

Lash and Prideaux (.1943) provide a nomogram fran which one can 
determine the minimum perceptible intensity given the observation 
distance and the diameter of the circular target area. However, 
this table i s  for white l ight  only, seen against a dark background 

for a dark-adapted observer. 

Cole (1972) presents a nomogram for determining the optimal inten- 
s i ty  of  a red t r a f f i c  signal l igh t  given signal range and back- 
grourld 1 uminance. For example, given a desirable signal range 

4 2 of 500 m and the background luminance of 10 cd/m (high photopic 
region), the optimal intensity of a red signal light i s  200 cd. 
Fischer (1969) argues that the signal intensit ies recommended by 
Cole should be doubled "to take into account the whole driver and 
vehicle population (p .  47). " 

The peripheral eccentricity has an additional effect  on the 



1 uminance th resho ld .  I n  pho top ic  and mesopic cond i t i ons  , the  fovea 

i s  t h e  most s e n s i t i v e  r e g i o n  o f  t h e  r e t i n a ,  s i nce  t h e  luminance 

t h resho ld  i s  lowes t  i n  t h e  fovea (Aulhorn,  1964). I n  sco top i c  cond i -  

t i o n s  t h e  peak s e n s i t i v i t y  i s  obta ined a t  about 15'-20' i n  t h e  temporal 

pe r i phe ry  (Aul  horn,  1964; Pirenne, 1967) The sco top i c  s e n s i t i v i t y  

decreases as t h e  e c c e n t r i c i t y  increases f r a n  20' (Au l  horn,  1964; 

L e i  bowi t z  and Appel 1  e  , 1969 ; M i  dd l  e ton  and Wyszecki , 1961 ; Rumar , 
1974). However, as severa l  authors  have po in ted  o u t  (Cole,  1972; 

P r o j e c t o r  and Cook, 1972; Schmidt, 1966) most o f  t h e  d r i v i n g  i s  done 

under pho top ic  o r  mesopic cond i t i ons .  Therefore i t  can be concluded 

t h a t  i n  t h e  drFvi 'ng s i t u a t i o n s  t h e  luminance t h resho ld  i s  lowes t  a t  

t h e  fovea and luminance s e n s i t i v i t y  decreases w i t h  inc rease  i n  t h e  
2 r e t i n a l  e c c e n t r i c i t y  . F i she r  (1971) p rov ides  da ta  which i n d i c a t e  

t h a t  if t h e  s i g n a l  i s  presented a t  a  p e r i p h e r a l  ang le  8 ,  s i g n a l  

i n t e n s i t y  I* f o r  95 percen t  p r o b a b i l i t y  o f  see ing i s  g iven  by t h e  

r e l a t i o n  Ig  = I o 9  413. (Pe r i phe ra l  s t i m u l i  have an a d d i t i o n a l  d i s -  

advantage s i n c e  t h e  r e a c t i o n  t ime  increases as t h e  p e r i p h e r a l  

e c c e n t r i c i t y  of t he  t a r g e t  increases [Kobr ick ,  19711). 

Manual React ion Time. The psychophysical  r e1  a t i  onship 

between s t imu lus  i n t e n s i t y  and r e a c t i o n  t ime  (RT) o f  a  manual response 

has been examined i n  severa l  s t ud ies .  Already C a t t e l l  (1886) and 

Froeberg (1907) have shown t h a t  t h e  g r e a t e r  the  i n t e n s i t y  o f  t he  l i g h t ,  

t h e  s h o r t e r  t h e  t ime o f  t h e  r e a c t i o n .  

B a r t l e t t  and MacLeod (1954) i n v e s t i g a t e d  s imp le  RT t o  s t i m u l i  o f  

va r ious  luminances bo th  i n  t h e  fovea and t h e  pe r i phe ry .  RT was 

measured f rom the  onset  of a  s i g n a l  f l a s h  t o  t h e  manual r e l ease  of a  

microswi  t ch .  Wi th  dark-adapted sub jec ts  RT decreased w i t h  inc rease  

i n  luminance f o r  bo th  t he  fovea l  and t h e  pe r i phe ra l  p resen ta t ions .  

Over t h e  luminance range o f  4  l o g  u n i t s  t he re  was a  decrease i n  RT o f  

 he nasal  p e r i p h e r a l  s e n s i t i v i t y  r e f l e c t s  t h e  s e n s i t i v i t y  o f  t he  
temporal pe r i phe ry  except  f o r  t h e  presence o f  a  b l i n d  spo t  a t  t he  nasal  
pe r i phe ry  a t  around 150 which con ta ins  no l i g h t  recep to rs  and i s  the re -  
f o r e  f u n c t i o n a l  l y  b l  i n d  (Brown, 1965). 

 i is her (1971) c i t e d  by Cole (1972).  



approx imate ly  .4 sec. which represents  a  d i f f e r e n c e  o f  32 f e e t  o f  

s topp ing  d i s t ance  a t  an i n i t i a l  speed of 55 m i l es  per  hour.  D i m  

f l ashes  y i e l d e d  s h o r t e r  RTs i f  presented i n  t h e  per iphery ,  w h i l e  

b r i g h t  f l ashes  y i e l d e d  s h o r t e r  RTs i f  presented i n  t he  fovea. The 

luminance o f  t h e  background was another parameter i n  t h i s  s tudy.  The 

r e s u l t s  i n d i c a t e  t h a t  f o r  bo th  t h e  fovea l  and t he  pe r i phe ra l  s t i m u l i  

t he  RT increased w i t h  an inc rease  i n  t he  background luminance. I n  

o the r  words, w i t h  a  decrease i n  t h e  c o n t r a s t  between t he  s i g n a l  and 

t he  background t h e r e  was an increase i n  t he  RT. 

Connors (1975b) examined t h e  e f f e c t  o f  luminance o f  t a rge t s  on 

d e t e c t i o n  and r e a c t i o n  t ime,  The po in t -source  t a r g e t s  were seen 

aga ins t  a  s imulated s t a r  background. The t a r g e t s  appeared a t  random 

i n t e r v a l s  anywhere w i t h i n  a  40' x  35' f i e l d  of view, w h i l e  t he  sub jec t  

was occupied by an a u x i l i a r y  mental task .  The r e s u l t s  i n d i c a t e  t h a t  

RT decreased (and t a r g e t  d e t e c t i o n  increased)  w i t h  increased t a r g e t  

i n t e n s i t y .  

I n  an i n v e s t i g a t i o n  of t h e  optimum i n t e n s i t y  o f  r e d  t r a f f i c  

s i g n a l  l i g h t s ,  Cole and Brown (1966) measured t he  RT t o  8 i n .  

d iameter  s i gna l s ,  viewed from 100 m aga ins t  a  s imu la ted  sky, With 

an inc rease  i n  t h e  luminance o f  t h e  s i g n a l  1  i g h t  t h e r e  was a  decrease 

i n  t he  RT (pnd i n  e r r o r s )  even tua l l y  reach ing  an asymptot ic  value, 

whether o r  n o t  t he  sub jec t  was i nvo l ved  i n  a  secondary t r a c k i n g  task.  

For a  sky hav ing a  luminance of about 1500 f t - L  t he  optimum i n t e n s i t y  

was shown t o  be a t  l e a s t  83 cd and p r e f e r a b l y  133 cd; f o r  a  sky of 

luminance 30,000 f t - L  the  optimum was determined t o  be 160-260 cd. 

These values a re  f o r  r e d  l i g h t s  and f o r  normal observers,  w h i l e  

protanopes requ i r ed  3  t o  4 t imes t h e  opt imal  i n t e n s i t y  f o r  normal 

observers.  

C. Speed of the  I n i t i a t i o n  of t he  Eye Movements. Wheeless, 

Cohen and Boynton (1967) i n v e s t i g a t e d  1  umi nance and c o n t r a s t  o f  

s t i m u l i  as parameters of the eye-movement c o n t r o l  system. The 

dependent v a r i a b l e  was t h e  saccadic r e a c t i o n  t ime o f  dark-adapted 

sub jec ts  t o  a  6' h o r i z o n t a l  s tep  displacement of a  c e n t r a l  1/2O t a r g e t  



spot. The saccadic reaction time was defined as the time elapsing 

between an unpredictable target displacement and the beginning of 
the subsequent saccadic eye movement. The results show the saccadic 
reaction time decreases with increase in the target luminance. With 
the background luminance s e t  a t  zero (providing inf in i te  contrast) 
the average saccadic reaction time decreased "from about 610 msec a t  
a target luminance of 1.5 log units below foveal threshold, to about 
240 msec a t  a luminance of 2.0 log units above foveal threshold 

( p .  395). The saccadic reaction time was also investigated as a func- 

tion of a f i n i t e  fixed contrast. Again, an increase in target lumi- 
nance resulted in a decrease in the saccadic reaction time. Namely, 
an increase of 1.5 log units in the target luminance resulted in 
about 140 msec decrease in the saccadic reaction time. 

D .  Preference/conspi cui ty.  I n  a choi ce-response experiment 
where the subject i s  asked t o  respond to any one of two simultaneously 
presented stimuli , Berlyne (1950) have found t h a t  subjects are more 
likely t o  choose the brighter stimulus. McDonnell (1970) studied the 
role of albedo ( intensi ty)  and contrast in a similar paradigm as the 

one used by Berlyne (1950). In this  study the subject was instructed 
to respond to any one of four stimuli. The results indicate that  
subjects most often choose the stimulus of the highest contrast. I n  

the event of equal contrast ,  the stimulus with the highest intensity 
was chosen most frequently. 

E. Glare. Glare occurs i f  the luminance of a l ight  close to  the 
l ine of sight i s  substantially above the luminance of the background. 
The magnitude of glare can be evaluated ei ther  in terms of a subjec- 
t ive impression of discomfort or annoyance (discomfort glare) or in 

terms of a decrement in visual performance (disabi l i ty  g lare) .  
Schmidt (1966) argues that  "al l  disabi l i ty  glare i s  also discomfort 
glare,  b u t  glare can cause discomfort without impairing visual func- 
tions" ( p .  12 ) .  On the' other hand, there i s  some evidence (Mortimer 
and Olson, 1974) that  disabi l i ty  glare can occur w i t h o u t  discomfort 
glare. They report that  mean high beam glare responses occurred a t  



approx imate ly  1200-1500 ft. (depending on l a t e r a l  sepa ra t i on ) ,  even 

though, v i s i b i l i t y  curves f o r  s t ud ies  1-4 show t h a t  d i s a b i l i t y  g l a r e  

was evidenced a t  3000 ft. by s h o r t e r  v i s i b i l i t y  d is tances than occur  

s h o r t l y  a f t e r  t he  v e h i c l e  meet ing p o i n t .  There have been severa l  

a t tempts  a t  q u a n t i f i c a t i o n  o f  t h e  cond i t i ons  f o r  the  p reven t i on  o f  

g l a r e .  For  example, Schmidt (1966) recommends t h a t  t o  avo id  discom- 

f o r t  g l a r e  t h e  d i f f e r e n c e  between t h e  luminance o f  t h e  background 

and the  g l a r e  source should  be l ess  than 2 l o g  u n i t s .  Hartmann 

(1963) has computed t he  j u s t  t o l e r a b l e  i l l uminances  w i t h o u t  d isa -  

b i  1  i t y  g l a r e  f o r  d i f f e r e n t  g l a r e  angles and d i  f f e r e n t  road (background) 

i l l uminances .  Whether any type  o f  j l a r e  should  be avoided i s  an open 

ques t ion .  I t  can be argued t h a t  emergency l i g h t s  c r e a t i n g  d iscomfor t  

g l a r e  ( b u t  n o t  d i s a b i l i t y )  g l a r e  would be b e t t e r  a t  a t t r a c t i n g  a t t en -  

t i o n  and thereby would be more e f f e c t i v e  than l i g h t s  n o t  c r e a t i n g  any 

type  of g l a re .  Furthermore, s i nce  emergency l i g h t s  a re  n o t  f r e q u e n t l y  

encountered, t h e r e  i s  1  i t t l e  need t o  p r o t e c t  t h e  eye from occasional  

d iscomfor t .  

F. Summary and Conclusions. From the  above d iscuss ion  i t  i s  

c l e a r  t h a t  t he  more i n t ense  t h e  l i g h t  i s ,  t he  more e f f e c t i v e  i t  i s  

on a l l  dimensions eva luated w i t h  t he  poss ib l e  except ion of t he  g l a r e  

problem assoc ia ted  w i t h  h i gh  luminance d i f f e rences  between the  1  i g h t  

and t h e  background. I n  a d d i t i o n ,  h i gh  s i gna l  t o  background c o n t r a s t  

was shown t o  l ead  t o  reduced r e a c t i o n  t ime and c o n t r a s t  was a l s o  

shown t o  be a  g rea te r  determinant  o f  preference o f  one s t imu lus  over  

another,  than was i n t e n s i t y .  Therefore, i t  i s  recommended t h a t  an 

emergency s i g n a l i n g  1  i g h t  should  have as h i gh  an i n t e n s i t y  and con- 

t r a s t  as i s  c o s t - e f f e c t i v e ,  as l ong  as t h e  r e s u l t i n g  luminance 

d i f f e rences  between t h e  l i g h t  and i t s  background do n o t  c rea te  d i sa -  

b i l  i ty  g la re .  Because o f  reduced v i s u a l  s e n s i t i v i t y  i n  the  per iphery ,  

where most de tec t i on  o f  emergency warning 1  i ghts occurs (Howett , 
K e l l y  and Pierce,  1978), i n t e n s i t i e s  g r e a t e r  than those de r i ved  from 

s tud ies  i n v o l v i n g  foveal  v iew ing  may be necessary t o  p rov i de  'adequate 

s i g n a l s .  





REVIEW OF METHODOLOGICAL AND CONCEPTUAL PROBLEMS 

I N  APPL IED  CONSP I C U I T Y  RESEARCH 



Among the few relevant appl ied research studies available,  are 
two basic types of studies.  There are signaling parameter studies 
i nvol ving balanced parametric experiments which were designed t o  

provide information on signal coding and transmission by measuring 
perceptual effects  by varying one parameter a t  a time. Another type 
of study i s  the comparison study where different signaling units are 
evaluated or where one unit i s  modified t o  measure the perceptual 

effect  of one parameter without rigorous control of other parameters; 

Many parametric studies of "signal" effect  were done to  evaluate 
automotive rear lighting systems (see,  for example, a recent l i t e ra -  
ture review by Sivak, 1978). These studies tend t o  have several 

major limitations which reduces the potential for information 
transfer from these studies to  the emergency vehicle signaling prob- 

lem. F i r s t ,  they tend to  have a very limited range of parameter values. 
For example, Mortimer (1973) evaluates signal intensi t ies  over the 

range of 80 to  1000 candlepower ( cp ) ,  even though his previous work 
(1970) showed that  6000 cp would be required for  amber t o  reach a 
85% percentile level of subjective adequacy. Second, these studies 

tend to be conducted under unreal i s t i c  conditions, including s t a t i c  
foveal viewing conditions without distractions as per Mortimer's 
(1973) evaluation of signal recognition. Third, because the studies 
primarily involved automotive 1 ighting many of them present signal 
location and contrast si tuations representative of rear lighting on 
a vehicle. In such cases the l ights  have a more or less constant 
background and contrast, mainly w i t h  the vehicle i tsel  f .  However, 
in emergency vehicle signaling the units are often roof mounted 
where they are seen against relatively l ight  backgrounds which are 
extremely varying . Last, these studies have tended t o  concentrate 

sn detection and recognition under ideal conditions of viewing and 
attention as opposed to conspicuity. The abi l i ty  of a l igh t  signal 

to e l i c i t  a response under dynamic real world conditions i s  a more 
proper measure of i t s  conspicui t y .  



The "comparison" studies include studies done by the California 

Highway Patrol (1971, 1973a, 1973b, 1974) Muhler and Berkhout (1976), 
Berkhout (1977), Rumar (1974) and ~ o r b e r ~  and Rumar (1975). This type 
of study also has several limitations. F i r s t ,  they tend t o  be limited 

in the i r  scope of parameters tested since they usually evaluate several 
whole lighting units. The units are not usually chosen to  present a 
ful l  range of values on any one coding dimension such as intensity.  
This severely limits the possibil i ty of generalizing from the units 
tested t o  other available units and other potential designs. Second, 
these studies tend t o  use behavioral measures which may or may not be 
appropriate t o  the real i ty  of the situation. For example, a behavioral 
measure used in the California Highway Patrol studies ( i  . e . ,  frequency 
of vehicle lane changing away from a special vehicle with warning 
l ights  operating) show that some lighting units lead t o  increased 

vehicle lane changing away from the special vehicle. Whether or n o t  
th i s  i s  an appropriate and desirable response to detection of a 

special vehicle with signals operating i s  unclear. Such a driver 
response may in fact cause a hazardous situation by increasing the 
frequency of motorist maneuvers and vehicle congestion, rather than 
cause a safer situation by moving vehicles away from an emergency 
vehicle. Similarly, the Muhler and Berkhout (1976) study used a 
viewing range of several miles to assess the daytime opt imum dis- 

tance v is ib i l i ty  of emergency vehicle 1 ighting devices. However, 
urban conditions with multiple competing stimuli would seem t o  be 
1 i kely t o  be associated w i t h  emergency vehicle accidents more than 
situations involving unlimited undistracted v i s ib i l i t y .  I t  i s  
questionable whether any extrapolation can be made from results in 
these conditions to pre-crash conditions where over 1 / 4  mi 1 e detec- 
tion would seem t o  provide more than adequate distance for accident 

avoidance. In f ac t ,  Muhler and Berkhout (1975) s t a t e  that :  



" I t  should be noted that a l l  the systems tested in th is  study 
could be considered acceptable for emergency vehicle use 
since absolute 1 ine-of-sight v is ib i l i ty  exceeded one mile 
for  a l l  observers on the i r  poorest single t r i a l s  for any 
l ight .  The choice of some system over another cannot be made 
exclusively on the basis of optimum distance v i s ib i l i t y ,  
however. Conspicui ty against a variety of backgrounds, free- 
dom from obstruction, and the transmission of information 
concerning vehicle direction and rate  of travel must also be 
considered. The l ights  identified as having the longest dis- 
tance thresholds in this  study would not necessarily excel ( s i c )  
in these other dimensions as we1 1 .  " 

Third, even studies which use appropriate behavioral measures 
may be compromised by conducting the experiments in a r t i f i c i a l ,  

usual ly ideal , conditions . For example, Berkhout (1977) measured 
direction and speed judgments of subjects i n  order t o  extract data 

about information transfer from various 1 ight signal ing systems. 
While these behavioral measures are of importance even Berkhout 
cautions : 

"Also, i t  must be emphasized that  the l ights were observed 
against a featureless dark background, and the i r  conspicuity 
against complex backgrounds was not tested. " 

Last, in comparison studies the results are a1 so often "con- 
founded," in that  the cause of a perceptual effect  cannot be 
ascertained as several parameters vary simultaneously . For example, 
Rumar (1974) confounded color and intensity so that any difference 
in measured effectiveness i s  an effect  of both parameters acting 
simultaneously . Rumar, in fac t ,  s ta tes  " . . .differences between the 
three beacons cannot be directly referred t o  colour alone. This i s  

a limitation that  concerns the whole study." 

The   orb erg and Rumar (1975) study of running lights i s  a good 
example of consideration of the 1 imitations of applied perceptual 
research discussed above. They have dealt  i n  a reasonable manner w i t h  
each of these considerations ; however, a1 though the results provide 
insight into peripheral visual detection, color was not an important 
variable in th is  study and thus, i t s  implications for emergency vehi- 
c le  signaling are limited. 



Perhaps, t h e  b e s t  example o f  cons ide ra t i on  o f  t h e  l i m i t a t i o n s  o f  

a p p l i e d  percep tua l  research i s  conta ined i n  NBS Specia l  P u b l i c a t i o n  

480-16 "Emergency Veh ic le  Warning L i g h t s :  S ta te  o f  t he  Art." This  

rev iew o f  re1  evant research and p r a c t i c a l  cons idera t ions  f o r  v i s u a l  

s i g n a l i n g  by G. Howett, K. K e l l y  and T. P ie r ce  o f  t h e  Na t iona l  Bureau 

o f  Standards Law Enforcement Standards Laboratory  (U .  S.  Department o f  

Commerce) was prepared f o r  t he  Law Enforcement Ass is tance Admin is t ra-  

t i o n  (U.S. Department o f  J u s t i c e )  and i s  i n  press.  Both t h e  s t y l e  

and con ten t  o f  t h i s  r e p o r t  a re  i d e a l l y  s u i t e d  t o  persons w ish ing  t o  

o b t a i n  a  knowledge o f  va r ious  aspects o f  emergency v e h i c l e  warning 

l i g h t s .  Since t h i s  comprehensive r e p o r t  d e t a i l s  w i t h  bo th  what we 

know and what we do n o t  know about r e a l  w o r l d  1  i g h t  de tec t i on ,  i t  

behooves persons i n t e r e s t e d  i n  t h e  p resen t  problem o f  s i g n a l i n g  and 

s p e c i f i c a t i o n  t o  read t h e  r e p o r t  t o  understand our  bas i c  ignorance 

of t h e  percep tua l  processes about which we must be in formed i n  o rde r  

t o  develop ' f u l l y  adequate s p e c i f i c a t i o n s .  For  these reasons t h e  

au tho r  hereby encourages anyone i n t e r e s t e d  i n  s i g n a l i n g  s p e c i f i c a t i o n  

t o  read  t h e  NBS r e p o r t  s i nce  i t  covers a l l  areas, except  t h e  area o f  

s i gna l  cod ing and d r i v e r  response which i s  a  p r imary  cons ide ra t i on  o f  

t h i s  DOT r e p o r t .  Thus, t h e  two r e p o r t s  a re  complementary i n  scope. 

Since unders tanding of  t h e  NBS r e p o r t  w i  11 enhance an unders tanding 

of t h e  DOT r e p o r t  and t he  problem areas which make t he  s p e c i f i c a t i o n  

process ex t reme ly  d i f f i c u l t ,  t h e  reader  i s  p rov ided  an a b s t r a c t  i n  

Appendix 0 i n  hopes t h a t  t h i s  inducement w i l l  r e s u l t  i n  wide reader-  

s h i p  of t he  NBS r e p o r t .  The NBS r e p o r t  concludes, i n  p a r t ,  t h a t  

t h e r e  a re  many gaps i n  our  knowledge o f  t h e  processes o f  v i s u a l  

consp i cu t i y ,  and t h a t  much research needs t o  be conducted t o  ensure 

t h a t  we understand t he  mechanisms o f  consp icu i  ty.  





OVERVIEW OF LITERATURE R E V I E W  

I n  general , the 1 i terature review concl uded that  1 i t t l  e appl i - 
cable data exis ts  regarding the conspicui ty of various 1 ighting 
parameters. Furthermore, most of the basic research data on detec- 
tion involves the use of shuttered l ight  with 50% on time. The 

relevance of much basic research i s  uncertain since most flashing 
signal appl ications involve more complex waveforms such as those pro- 
vided by incandescent f lash,  strobe, and rotating incandescent lamps. 
Additionally , the focus of basic research on dark adapted visual 
threshold determinations may preclude extrapolation of much of our 
knowledge about vision to  typical everyday s i tuat ions.  For example, 
recent work on v i s ib i l i t y  being conducted in Australia by B .  Cole 
has indicated that  "conspicuity i s  not directly related t o  threshold 
v is ib i l i ty"  (Australian Road Research Board, Annual Report 1976-1977). 
The work conducted by Cole has shown that  there i s  a difference 
between whether an object can be seen (which i s  determined by i t s  
threshold v i s ib i l i t y )  and whether i t  i s  actdally seen. For an object 
to be actually seen would require that  i t  be conspicuous enough to 
e l i c i t  the visual attention of the observer. Previous research has 
also to  a large extent ignored complex and changing visual background 
conditions, so that studies with uniform and steady backgrounds pre- 

dominate the l i t e ra tu re ,  even though, they are of 1 i t t l e  use in 
design of vehicle signaling systems. 

Perception of signals other than t r a f f i c  control devices i s  
considered to  involve numerous problems. As recently discussed by 
Hopkins and Holmstrom (1976):  

"The signals a t  highway intersections general ly are referred 
to as t r a f f i c  control devices. I t  i s  reasonable to assume 
that motorists generally perceive that  an intersection i s  
ahead, that  a hazard ex is t s ,  and that  i t  i s  prudent to  deter- 
mine whether e i ther  active or passive t r a f f i c  control devices 
are present.. . . None of these factors can be assumed a t  a 
grade crossing. The presence o f  a rai lroad-highway inter-  
section may not be noted until i t  i s  quite close, and the 
situation may be understood poorly. . . . Thus the function of 



active warnings in th is  application goes well beyond the 
normal, informative, t r a f f i c  control purpose and must include 
aler t ing the motorist t o  a potentially hazardous situation 
that  requires careful attention. In other words, for grade- 
crossing f l  ashing 1 ights merely t o  inform vehicle operators 
that  a t ra in  i s  present (or  soon will be ) i s  n o t  suff ic ient  
they also must ensure, insofar as possible, that  they are 
f i r s t  seen." 
If a railroad-highway intersection "may not be noted until i t  

i s  quite close" and "may be understood poorly," consider the percep- 
tual problem posed by the need t o  respond to an emergency vehicle 
signal. In the l a t t e r  case, there i s  no standardized signal,  signal 
configuration, recognizable s t ructure,  mounting location, or typical 
direction of approach t o  indicate the potential source of a l igh t  
signal. I t  i s  precisely because of these situational differences 

that t r a f f i c  signal data, such as the intensity recommendations of 
Cole and Brown (1966) cannot be va1 idly applied to  emergency vehicle 
signal 1 ighting. 

The meeting of a driver and an emergency vehicle, obviously, 

occurs under much more diverse circumstances than does the meeting of 
a driver and a t ra in.  The d i f f icu l t ies  of perception of an emergency 

vehicle signal have been adequately discussed by Howett, Kelley, and 
Pierce (.1978) and thus will not be elaborated upon here. 

In attempting t o  increase conspicui ty i t  must be kept in mind 
that present perceptual research data are not necessarily valid for 
the lighting conspicui ty problem. However, some data may be useful 

i f  one i s  cognizant of the experimental limitations and the i r  effect  
on the data. Thus, a f ru i t fu l  step t o  take a t  th i s  time i s  t o  
analyze the characteristics of visual signal parameters which may 
influence the conspicuity of signal l igh ts .  This i s  done in the 

next chapter where physical 1 imitations of signal production, research 
data, and directly applied 1 i terature are analyzed t o  determine their  
imp1 ications for  the problem of designing conspicuous signal 1 ights.  



ANALYSIS OF SIGNALING PARAMETER CHARACTERISTICS 

I t  i s  much more d i f f i cu l t  t o  produce an effective visual daytime 
signal than a nighttime visual signal due t o  the lowered contrast ,  

the effect  of sun1 i g h t  on the perceived bri ghtness of colors , and the 
number of diversity of competing s timul i . 

Major current constraints on producing an effective daytime 
visual signal are lamp output and color production, and the psycho- 

physical effects of intensity and color. In attempting to resolve 
these issues we are faced w i t h  two basic questions. (1) How does- 
color affect  the perceived effectiveness of a daytime visual signal? 
( 2 )  How much intensity would be required to produce an adequate day- 
time visual signal? Let us look a t  the effect  of color f i r s t ,  since 
i t  i s  of primary interest  to many users of signaling systems and 
because the choice of color will influence the intensity needed from 
particular 1 ight sources. 

The following tables concerning the effect  of color took the 
physical and perceptual influence of color into account simul tane- 
ously so that the combined effect  of l igh t  production constraints and 
visual sensi t ivi ty  could be ascertained. Note that the earl i e r  chapter 
on color and intensity perception only sought to clar i fy the perceptual 

aspects of vision and did not take into the physical limitations 
inherent in real world color production. 

Color 

Table 12 was derived from several sources to demonstrate the 
physical 1 imitations and perceptual effects  of various color f i  1 t e rs  
which have been used to  produce l ight  signals. The relat ive physi- 
cal 1 i g h t  output data was derived from the transrnissivi ty information 
which was acquired from various sources as explained in footnotk 1. 

The transmissivi ty data in column 1 show that  contemporary f i l t e r s  of 
different colors transmit different proportions of the 1 ight incident 
upon them. Because of t h i s ,  a green-blue l ight  will have much less 

-- 

physical intensity than a red l ight  produced by the same incandescent 



TABLE 12 

Re1 a t i  ve Subjective Daytime Effectiveness of 
Various Colors Produced by an Incandescent Source 

I 1 Relative Relative , Relative 

' These "daytime perception as influenced by color" ( D P c )  values were com- 
puted by the author t o  provide a mu1 t ip l ica t ive  factor which takes into 
account the daytime effect  of color on the subjective judgment of signal 
effectiveness, i .e. , adequacy. They are reciprocals of  the luminance 
rat ios  reported by Mortimer (1970). The white, red, yellow, and green- 
blue data exhibit a trend with higher DPc values being associated with 
colors having wavelengths near the ends of the visible spectrum. Thus, 
i t  i s  assumed that  CIE blue will have a higher DPc value than green-bl ue, 
since CIE blue i s  even closer t o  the long wavelength. end of the visible 
spectrum; a maximum DPc of 1.5 was estimated based upon the green-blue 
and red values. Since pale blue i s  located a t  a point between a saturated 
blue wavelength locus on the CIE curve and the white region of the CIE 
diagram, i t  i s  reasonable t o  assume that  pale blue will have a DPc value 
between that  for other more saturated blues and white. 

Fi 1 t e r  
, Specification 1 Color 

I SAE / White 

subjective daytime effectiveness relative t o  red ( i  e . ,  column 2 x 
col urnn 3 t the product for red, 1.00) f o r  signal s produced by the same 
i ncandescent source. 

Incandescent ; Physical I Subjective Subjective 
Trans- 1 Light i DPc Daytime 
missivi tyl  / O u t p u t  Factor Effectiveness 4 

I 

.go* 1 4.50 j ,189 . ' .85 I 
t 

transmittance value obtained as per asterisk code as follows: 

* transmittance of typical plast ic  f i l t e r  (N.B.S. Special Pub1 ication 
480-16, 1978); 

** transmittance of typical pl as t i  c f i  1 t e r  (personal communication, 
G .  Howett, National Bureau of Standards, Feb. 28, 1978); and 

*** author's measurement of plast ic  f i l t e r  used in a study reported 
by Mortimer ( 1  970). 

Physical l igh t  o u t p u t  re lat ive t o  red ( i  . e . ,  column 1 i the transmittance 
of red, .20) for  signals produced by the same incandescent source. 

S AE .20* / 1.00 1 . 0 0 0  , 1 .OO 
4 

Red 

.50* 

.09** 

2.50 .388 
I 

-97 

*45 i ' 
-53 

.06* i :I 1 .06-.35 

-.----.- 
.03* 1.176- 

1.5 e s t .  .18-.23 
I I 

SAE I Yellow 

Mortimer 
(1970) 

N.B.S. (1978) 

CIE (1975) 

Green- 
Blue 

Pale 
Blue 

Blue 



bulb, while yellow and white l ights  will be 2 . 5  and 4.5  times as 

intense as the red l ight as shown by the relative physical l igh t  
o u t p u t  values in column 2 .  On this  basis a white l igh t  i s  superior, 

however, this  does not mean that  a white l igh t  i s  a more effective 
signal ; i t  only means that  a l ight  output measuring instrument will 
record a higher number for  white than for  the other colors. 

The relat ive subjective daytime effectiveness data was derived 
from the luminance ratios of equal criterion response for various 
colors as reported by Mortimer (1970). Mortimer's subjective signal 

adequacy data appears to be the most pertinent data available con- 
cerning color effects  in day1 ight a t  supra-threshold signal condi - 
t ions.  A recent study by Ramsey and Brinkley (1977) found that  
emergency 1 ighting devices which were given high subjective ratings 

for  noticeabil i ty were also associated with increased looking 
behavior and remembrance of a t e s t  vehicle by naive subjects. Since 

Ramsey and Brinkley found an association between subjective response 
and observed behavior and since such an association seems reasonable 
and no contradictory evidence i s  apparent, i t  i s  reasonable to  assume 
that  signals found t o  be more subjectively adequate by Mortimer (1970) 
would also be more capable of e l ic i t ing  looking behavior. In addi- 

t ion,  they would be more 1 i kely t o  be remembered as having been 
noticed. Since i t  i s  desirable to have an emergency signal e l i c i t  
looking behavior and be noticed and remembered, Mortimer's data can 
guide us i n  choosing more noticeable signal parameters. Those color 
and intensity combinations deemed "adequate.. .certainly attention 
at t ract ing" by Mortimer's subjects should be more noticeable than 
signals which were of a lower intensity than was requieed for a given 
color to  e l i c i t  th i s  response. 

Thus, Mortimer's luminance rat ios  were used to  compute a rela- 
t ive daytime perception as influenced by color ( D P ~ )  value (column 3)  

which i s  the multiplicative factor needed to account for  the fact  
that  different colors required different intensi t ies  t o  be judged 
equally adequate as daytime signals. The white DP, value imp1 ies 
that the intensity that  produced an adequate red signal was only 



18.9% of the  i n t e n s i t y  r e q u i r e d  f o r  w h i t e  t o  be judged adequate. 

Thus, a  wh i t e  s i g n a l  would have t o  be over  5 t imes as i n t e n s e  as a  

r e d  one t o  be judged e q u a l l y  adequate. Source i n t e n s i t y  can thus 

compensate f o r  the  r e l a t i v e  i n e f f i c i e n c y  o f  a  c o l o r  t o  produce an 

adequate s i g n a l .  Therefore,  if one mu1 t i p 1  i e s  the  r e l a t i v e  e f f i -  

c iency o f  produc ing a  g iven  c o l o r  w i t h  a  g iven  source (e.g., t h e  

r e l a t i v e  i n t e n s i t y )  by t he  r e l a t i v e  e f f i c i e n c y  o f  t h a t  c o l o r  t o  pro-  

duce an adequate s i g n a l ,  (DP,) , one can a s c e r t a i n  t he  o v e r a l l  r e l a t i  ve 

perceptua l  e f f e c t i v e n e s s  o f  a  g iven c o l o r .  Column 4 o f  Table 4 

presents  such o v e r a l l  e f f e c t i v e n e s s  values ob ta ined  f o r  each c o l o r  

r e l a t i v e  t o  red. These were ob ta ined  by m u l t i p l y i n g  t he  r e l a t i v e  

i n t e n s i t y  o f  t h a t  c o l o r  a v a i l a b l e  f rom the  same incandescent lamp 

(column 2 )  by t he  r e l a t i v e  e f f i c i e n c y  o f  t h a t  c o l o r  t o  produce an 

adequately i n tense  s i g n a l  (column 3 ) .  

These values show t h a t  when s u b j e c t i v e  daytime e f f ec t i veness  i s  

used as t he  c r i t e r i o n  ( c u r r e n t l y ,  o b j e c t i v e  daytime c o n s p i c u i t y  data 

do n o t  e x i s t )  , t h a t  wh i t e ,  red,  and ye1 low a re  n e a r l y  equa l l y  e f fec -  

t i v e  when produced by t h e  same incandescent lamp. Also, wh i te ,  red,  

and y e l l o w  are i n  common usage f o r  good reason s i nce  they a re  a l l  

much more s u b j e c t i v e l y  e f f e c t i v e  than t he  var ious  b l  ues eval  uated. 

The c u r r e n t l y  used pa le  b l ue  i s  o n l y  113 ( o r  l e s s )  as s u b j e c t i v e l y  

e f f e c t i v e  as wh i te ,  red, and y e l l o w  s i g n a l s  produced by t he  same 

incandescent lamp. A b e t t e r  b l ue  f o r  s i g n a l i n g  would be the  CIE 

b lue  ( C I E  Rub l i ca t i on l  No. 2 . 2  (TC-1.6) 1975), b u t  t h i s  would render  

b l u e  no more e f f e c t i v e  as p e r  ou r  c r i t e r i a ,  due t o  severe ly  

r e s t r i c t e d  t ransmi t tance  f o r  t h i s  f i l t e r .  Note, t h a t  w h i l e  a  change 

f rom b l  ue t o  pa l  e  b l  ue woul d  approx imate ly  double t he  t ransmi  s s i  v i  ty  

o f  t he  f i l t e r  and thus, would make a  g iven  1  i g h t  u n i t  t w i c e  as 

i n tense  (phys ica l  l y )  , i t  would a1 so decrease t h e  r e l a t i v e  DPc f a c t o r  

which takes s u b j e c t i v e  pe rcep t i on  i n t o  account. The n e t  e f f e c t  of 

these changes i s  t h a t  no increase i n  r e l a t i v e  s u b j e c t i v e  daytime 

e f f e c t i v e n e s s  i s  obta ined.  It i s  n o t  p lausab le  t o  o p t  f o r  us ing  a  

f i l t e r  t h a t  i s  more i n  t h e  green reg ion  t o  o b t a i n  a  h i ghe r  daytime 

e f fec t i veness ,  as c o l o r  naming and r e c o g n i t i o n  problems r e s u l  t i  ng 



from color confusion will occur in th is  region (CIE 1975, Mortimer 
e t  a l . ,  1973). Thus, any use of incandescent blue must be accom- 
panied by white, red, or yellow t o  ensure signal effectiveness in 
applications where i t  i s  c r i t i ca l  that the signal be effective.  

Table 1 3  exhibits data for xenon based l ight  sources in the 
same format as the preceding table. The transmittance of red i s  
lower and for the blues i s  higher than was the case with incandes- 
cent 1 amp. The re1 a t i  ve physical 1 ight output has approximately 
doubled for CIE blue and green-blue while the pale blue value has 
essentially trebled. This i s  the reason why many people be1 ieve that 
using a strobe source greatly increases the effectiveness of a blue 
signal .. However, we have - not shown that  i t s  effectiveness has 
increased, only that  i t s  intensity relative t o  red has increased. 

The values in Table 13 show that when subjective daytime effec- 
tiveness i s  used as the criterion (currently, objective daytime 
conspicui ty data do not e x i s t ) ,  that  white and yellow are about 
equally effective when produced by the same strobe flash tube. 
Yellow or white strobes should be better than red due to a s igni f i -  
cant decrease in red transmittance, which i s  caused by the lower red 
wavelength generation of xenon strobe flash tubes compared with 

incandescent sources. Although CIE blue i s  near the color locus of 
the best signal blue, i t s  effectiveness using the adopted daytime 
cr i ter ion i s  quite low relat ive to  red. Even though i t s  relative 
effectiveness i s  increased by use of a xenon strobe source, i t  i s  
s t i l l  only about 1 /2  as effective as red. A1 though the green-blue 
for  a strobe source appears effective here i t  i s  a relatively poor 
signal becuase of color confusion in th is  color region (CIE 1975, 
Mortimer e t  a l . ,  1973) and thus, should not be seriously considered 
as a viable signal.  The pale blue has a tabulated relative subjec- 
t ive daytime effectiveness value of between .17 and 1.08. The rela- 
t ive daytime subjective effectiveness could be nearly as low as .17 

since the paler the blue becomes, the closer the DPc value should 
move from i t s  value somewhere below the 1.176 for green-blue toward 



TABLE 13 

Relative Subjective Daytime Effectiveness of . 

Various ColoVs Produced by a xenon5 Source 

transmittance value obtained as per aster isk code as follows: 

* transmittance of typical plast ic  f i l t e r  (N.B.s. Special Pub1 ication 
480-16, 1978) ; 

** transmi ttance of typical p las t ic  f i l t e r  (personal communication, 
G. Howett, National Bu'reau of 'Standards, Feb. 28, 1978) ; and 

Xenon 
Trans- 
missivity 

.90* 

.13* 

.40* 

.12-. 15*** 

.12** 

------ 
.05* 

Fi l te r  
Specification 

SAE 

SAE 

S AE 
Mortimer 
( 1970) 

I Relative / Relative I 

Physical Subjective Subjective I 

Light 1 DPc ! , Daytime 
I 

O u t p u t  ~ Factor i Effectiveness 4 1 

*** author's estimate based on incandescent t o  strobe transmittance increases 
of 33% and 66% for  green -and CIE blue respectively (N.B .S., 1978). 

Color 

White - 
Red 

Ye1 1 ow 
Green- 
Blue 

6.92 

1 .OO 

3.08 

.92- 
1.15 

.92 

Physical l i gh t  o u t p u t  re lat ive to  red ( i  e .  column 1 i the transmittance 
of red, .13) . for  signals produced by the same xenon source. 

These "daytime perception as influenced by color" (DPc) values were com- 
puted by the author to provide a mu1 t i p l i ca t ive  factor which takes into 
account the daytime ef fec t  of color on the subjective judgment of signal 
effectiveness, i .e. , adequacy. They are recipracals of -the 1 uminance- 
rat ios  reported by Mortimer (1970). The white, red, yellow, and green- 
blue data exhibit a trend with higher DPc values being associated with 
colors having wavelengths near the ends of the vis ible  spectrum. Thus, 
i t  i s  assumed that  CIE blue will have a higher DPc value than green-blue, 
since C I E  blue i s  even closer to  the long wavelength end of the visible 
spectrum; a maximurn DPc of 1.5 was estimated based upon the green-blue 
and red values. Since pale blue i s  located a t  a point between a saturated 
blue wavelength locus on the C I E  curve and the white region of the C I E  
diagram, i t  i s  reasonable to assume that  pale blue will have a DP, value 
between that for other more saturated blues and  white. 

Subjective daytime effectiveness relat ive to red e . ,  column 2 x 
column 3 4 the product for  red, 1.00) for  signals produced by the same - xenon source. 

.41--52 

.I89 

1 .OOO 

,388 

1 .I76 

,189- 
1 .I76 

N.B.S. (1978) 

CIE (1975) 

Xenon sources produce a different spectral distribution than incandescent 
sources and are  commonly used in flash tubes and "strobe" l ights .  

1.30 
1 .OO 

1.19 - 
1.08- 
1.35 

.17- 
1.08 

Pale 
Blue 

Blue 



,189, which i s  t he  DPc value f o r  wh i te .  The author  be l ieves  t h a t  

u n t i l  research i s  done on DP, values f o r  p a l e  b lue,  t h a t  i t  i s  

reasonable t o  assume t h a t  t he  r e l a t i v e  s u b j e c t i v e  daytime e f f e c t i v e -  

ness f o r  s t r oboscop i ca l l y  generated pa le  b l ue  l i e s  somewhere between 

-17 and 1.08 and i s  probably  cons iderab ly  below the values f o r  wh i te ,  

red,  and ye l l ow  which a re  1.00 o r  g rea te r .  

The pa le  b lue  generated by f i l t e r i n g  an incandescent lamp was com- 

puted t o  have a  daytime sub jec t i ve  e f f ec t i veness  f a r  below t he  values 

f o r  wh i te ,  red,  and ye l l ow  which were a l l  approximately 1.00. Fu r t he r  

q u a n t i f i c a t i o n  t h a t  pa le  b l ue  i s  l ess  e f f e c t i v e  than o the r  common s i g -  

na l  co l o r s  i s  prov ided by data der i ved  f rom in formal  t e s t s  o f  f l a s h i n g  

emergency warning 1  amps conducted by t he  SAE S igna l i ng  and Marking 

Devices Subcommittee. These t e s t s  a re  repor ted  i n  t h e  minutes of 

t he  November 1977 meeting o f  t h a t  group. Add i t i ona l  data a re  

conta ined i n  t he  minutes o f  t he  November 1978 meeting. Rooftop 

mounted SAE s i gna l  b l ue  was found t o  r e q u i r e  from 2.85 t o  1.5 t imes 

as much candlepower as red  t o  be judged as equa l l y  e f f e c t i v e  under 

b r i g h t  day1 i g h t  cond i t i ons .  Thus, the luminance r a t i o  of s i gna l  

b l u e  t o  r e d  f o r  equal e f f e c t  v a r i e d  from 2.85 t o  1.5. Note, t h a t  

t h i s  i s  equ i va l en t  t o  say ing t h a t  the DPc value f o r  s i gna l  b lue,  

which i s  a  pa le  b l ue  o f  approximately 12% t ransmi t tance,  i s  between 

.35 and .67, s ince  t h e  DPc value i s  the  r e c i p r o c a l  o f  t h e  luminance 

r a t i o  needed f o r  a  c o l o r  t o  be judged equa l l y  e f f e c t i v e  as red. Since 

the s i gna l  b l ue  t ransmi t tance  i s  .12, the r e l a t i v e  incandescent phys i  - 
c a l  l i g h t  ou tpu t  o f  s i gna l  b l ue  can be computed t o  be -60 (see Table 

12, footnote 2 ) .  Furthermore, t he  r e l a t i v e  sub jec t i ve  daytime e f f e c -  
t iveness of incandescent SAE s i gna l  b l ue  can be ca l cu l a ted  (as per  

footnote 4)  t o  be .21-.40. Th is  agrees q u i t e  c l o s e l y  w i t h  t he  value 

of .06-.35 f o r  r e l a t i v e  daytime s u b j e c t i v e  e f fec t iveness i n  Table 12 
which was de r i ved  from Mor t imer ' s  1970 study. 

Furthermore, Mort imer (1970) repor ted  luminance r a t i o s  o f  -85 

f o r  green-bl ue and 5.28 f o r  wh i te ,  w h i l e  the  November 1978 SAE t e s t  

produced values o f  .77 f o r  r e s t r i c t e d  b l ue  and 5.5 f o r  wh i te .  Thus, 



i-t appears tha t  the t e s t  differences between backgrounds and f l  ashing 

versus steady lights had l i t t l e  affect on the luminance ratios required 
to  produce equally effective signals of these colors. The t e s t  agree- 

ment on green-bl ue/res t r i  cted blue , white , and the derived values for 
pale or signal blue shows that Mortimer's 1970 paradigm produced lumi- 
nance rat io  values that  are applicable to  rooftop mounting of flashing 
warning lamps. The conclusion that  various blues including pale blue 
have not been shown t o  be effective daytime colors i s  supported by 

the SAE t e s t s  and has been extended to  cover signal blue, which, 
although an improvement over CIE blue, i s  s t i l l  less effective than 
white, red and ye1 low. 

Using the DPc value for signal blue derived from the SAE data, 
the estimated relat ive subjective daytime effectiveness for signal 
blue produced by a stroboscopic flash tube can be computed. As i n  
Table 13, transmissivity will be estimated t o  increase by 33-66% for 
strobe 1 ight sources; thus, the estimated transmittance will be .16 

to  .20. This means than the relative physical l igh t  output will be 
1.23-1.54. Multiplying these values by the DPc values of .35-.67 
results i n  an approximate relative subjective daytime effectiveness 
value of .43-1.03. A1 though signal blue appears to  be an improvement 
over the pale blue in Table 13, i t  s t i l l  seems likely that  i t s  daytime 
subjective effectiveness, even with a strobe flash tube source, i s  

considerably below that of white, red and ye1 low signals produced by 
the same source. 

Since pale blue i s  considered to  have a much lower relative 
daytime subjective effectiveness than white, red, and ye1 low for 
both incandescent and strobe lamps, i t  would be unwise to use pale 
blue as a primary signal color. Since an foreseeable standard will 
possible a1 low ei ther  incandescent or strobe 1 ight sources as long as 
other c r i t e r i a  are met, pale blue should be considered an undesirable 
signal since i t  has problems of both daytime effectiveness and color 



confus ion f o r  bo th  lamp types. U n t i l  a  m in ima l l y  adequate b l ue  s i g -  

n a l  f o r  c o l o r  r e c o g n i t i o n  i s  found t h a t  can be produced w i t h  a  f i l t e r  

capable of produc ing a  reasonably h i gh  r e l a t i v e  s u b j e c t i v e  daytime 

e f fec t i veness ,  b l u e  should o n l y  be cons idered f o r  use as a  supplemen- 

t a r y  s i g n a l  o r  as a  n o n - c r i t i c a l  s i g n a l .  

One s tep  toward development o f  such a  s i gna l  has been taken by 

T. Kent and H.V. Hutchens and i s  r epo r ted  i n  Technica l  Memorandum 

No. 22/75 pub l i shed  under Crown Copyr ight  by t he  home o f f i c e ,  P o l i c e  

S c i e n t i f i c  Development Branch i n  t he  Un i t ed  Kingdom. They r e p o r t  t h a t  

a  newly s p e c i f i e d  p a l e  b l ue  ( f i l t e r  no. 11) w i t h  a  t ransmiss ion  o f  

15% performed we1 1  s u b j e c t i v e l y  i n  b r i g h t  overcas t  daytime cond i t i ons  

us ing  a l e r t e d  observers.  They found p a l e  b l u e  f i l t e r  11 e l i c i t e d  

s i g n i f i c a n t l y  (a - < .05) l onge r  de tec t i on  and r e c o g n i t i o n  d is tances 

than a  DIN s tandard b l ue  f i l t e r  o f  5% t ransmiss ion  and a  Lucas s tan-  

dard b l ue  f i l t e r  of  1% transmiss ion.  The authors  argue t h a t ,  "Th is  

makes t he  adopt ion o f  t h e  No. 11 f i l t e r  h i g h l y  des i r ab le . "  They a l s o  

r e p o r t  t h a t  s u b j e c t i v e  eva lua t i ons  by po l  i c e  o f f i ce r s  concluded t h a t  

" improved performance" was ob ta ined  w i t h  t h e  new f i l t e r s .  

It must be na ted  t h a t  t h e  "improved performance" was repo r ted  

r e l a t i v e  t o  t h e  very  sa tu ra ted  low t ransmi t tance  b l u e  i n  common usage 

i n  England. Therefore,  t he  new f i l t e r s  were assoctated w i t h  an 

inc reased  l i g h t  i n t e n s i t y  ou tpu t  which would make i t  easy f o r  them t o  

be r a t e d  as "improved." Also, the  t e s t s  t r i a l  beacons t h a t  r e p o r t e d l y  

performed w e l l  i n  d a y l i g h t  used 55 w a t t  qua r t z  halogen bu lbs  which 

p robab ly  had a much g r e a t e r  l i g h t  ou tpu t  than convent ional  . tungsten 

bu lbs.  Furthermore, i t  was never determined whether the  new beacons 

gave adequate conspi  c u i  ty , o n l y  t h a t  the  cons p i  c u i  t y  o f  b l  ue appeared 

t o  be improved. There was no comparison which at tempted t o  show how 

b l u e  beacons would f a r e  r e l a t i v e  t o  o t h e r  c o l o r s .  

One comparison s tudy  which at tempted t o  do t h a t  was done by 

Rumar (1974). H i s  s tud ies  showed t h a t  even dark b l ue  beacons cause 

n i g h t t i m e  d i scomfo r t  and a re  p o o r l y  v i s i b l e  i n  b r i g h t  d a y l i g h t  condi -  



tions. Use of a l ighter  blue improved v is ib l i ty  in daylight somewhat. 
However, b o t h  l ight  and dark blue were associated with color identi-  
fication d i f f icu l t ies  especially in bright sunshine. I n  day1 ight a 

red rotating beacon was judged as appearing twice as bright as the 
dark blue rotating beacon and over 50% brighter than a l igh t  blue 
rotating beacon. Similarly, the daytime perceived warning effect  was 
greater for the red rotating beacon than e i ther  of the blue rotating 
beacons by similar margins. No significant difference was observed 
via evaluation of a flashing l ight  blue instead of a rotating l ight  
blue i n  these daytime t e s t s .  In darkness, estimates of brightness 
and warning effect  were very similar across the colors discussed here. 
However, discomfort from beacons observed both directly and indirectly 
was rated as several times worse for flashing blues than for rota- 
ting red beacons. Although rotating blue beacons were not as bad in 
this  regard as the flashing blue beacons, they were s t i l l  a t  l eas t  
twice as discomforting as the rotating red beacons. Similarly, 
Mortimer (1970) reported that intensi t ies  for steady green-bl ue s i  g- 

nal l ights  had to  be approximately one-half of those of red for equal 
glare discomfort. 

Another comparison study (Berkhout , 1977) evaluated nighttime 
estimation of direction of travel and speed for  single beacons, 
alternating twin beacons, and dual complex beacons. He found that 
"red l ights  were generally superior to blue" and "the expected night- 
time advantage of blue l ights  was not observed." I n  addition, the 
use of a1 ternating side to side lamps, where one side has a blue 
beacon and the other side was red beacon, generated considerable 
confusion as to  the vehicles direction of travel (approaching or 
receding), especially when moving a t  the "fast"  speed. Observers 
mentioned that the blue 1 ight appeared dimmer than the red l ight  
making i t  hard t o  perceive that  the l ights  were attached t o  the same 
vehicle. The blue l ight  was often perceived as an independent l ight  
that  was further away than the red 1 ight.  



A s u b j e c t i v e  s tudy conducted by Cas t le  (1974) f o r  t he  FAA showed 

t h a t  r e d  was p re fe r red  over  b l ue  f o r  s u b j e c t i v e  consp i cu i t y  and t h a t  a  

u n i t  w i t h  t w i n  r ed  beacons was r a t e d  h i ghes t  i n  terms of  d i s t ance  

es t ima t i on  and mot ion de tec t i on .  Th is  t w i n  r ed  u n i t  ranked j u s t  

below one w i t h  one r e d  and one b l ue  beacon on measures o f  s u b j e c t i v e  

consp i cu i t y .  Al though t h i s  b i c o l o r  r e d  and b l ue  s i gna l  was shown t o  

be r a t e d  as t he  most conspicuous by Cast le ,  h i s  observers d i d  n o t  

r a t e  t he  b i c o l o r  r ed  and b l u e  s i gna l  as h i gh  as t he  t w i n  r e d  beacon 

s i g n a l  on d is tance  es t ima t i on  and mot ion de tec t i on .  Berkhout (1977) 

showed t h a t  t h i s  same b i  c o l  o r  un i  t tended t o  c rea te  problems of  

es t ima t i on  o f  d i r e c t i o n  o f  t r a v e l  and d is tance .  

Ne i t he r  t he  Kent and Hutch ins (1975), t he  Rumar (1974),  no r  the  

Berkhout (1977) comparison s tudy presented any compel 1  i ng evidence 

t h a t  the  use o f  b l ue  i s  advantageous. To t he  con t ra r y ,  a l though Kent 

and Hutch ins (1975) showed t h a t  pa le  b l ue  leads t o  improved perform- 

mance over  s tandard Lucas b l ue  and D I N  b lue ,  numerous perceptua l  

disadvantages r e l a t i v e  t o  o the r  c o l o r s  were r epo r t ed  by Rumar (1974) 

f o r  bo th  dark and p a l e  b l ue  s i g n a l  l i g h t s .  S i m i l a r l y ,  Berkhout (1977) 

found t h a t  b l u e  l i g h t s  and b l ue  and r e d  combinat ion l i g h t s  f a i l e d  t o  

perform as w e l l  as r e d  s i g n a l  1  i g h t s .  Thus, a t  t he  p resen t  t ime, 

evidence i n d i c a t e s  t h a t  b l u e  should  o n l y  be used as a  supplementary 

o r  n o n - c r i t i c a l  s i g n a l .  

D i f f e r e n t i a l  v i s u a l  s e n s i t i v i t y  t o  va r i cus  co l o r s  can a l s o  be 

a p p l i e d  t o  the  problem o f  c o l o r  s e l e c t i o n .  Present data i n d i c a t e s  

t h a t  the  r e l a t i v e  v i s u a l  t h resho ld  s e n s i t i v i t i e s  f o r  t he  co lo r s  be ing  

i n v e s t i g a t e d  va r i es  as i s  shown i n  F igure  1.1 (page 46) .  Note t h a t  

t he  f i g u r e  was based on t h e  t h resho ld  s e n s i t i v i t y  o f  s p e c i f i c  mono- 

chromat ic  wavelengths. For example, t he  wavelengths o f  660,570 and 

470 nanometers can be assoc ia ted  w i t h  t h e  f o l l o w i n g  co lo rs - - red ,  

ye1 low and b lue ,  r e s p e c t i v e l y  (Jameson and Hurv ich,  1972). Th is  sen- 

s i t i v i t y  data i n d i c a t e s  t h a t  a  470 nanometer (nm) b l u e  l i g h t  requ i res  

l ess  energy t o  see v i a  r o d  ( sco top i c )  v i s i o n  than e i t h e r  a  620 nm ( p a l e )  



660 nm (deep) r e d  l i g h t .  Since t h e  pe r i phe ry  con ta ins  ma in ly  rods 

(Pirenne, 1967) t h i s  i s  o f t e n  used as an arguement f o r  b l u e  l i g h t s .  

However, Devoe and Abernathy (1975) r e p o r t  t h a t  "For inc reased  detec-  

t i o n  o f  warn ing l i g h t s  i n  t h e  p e r i p h e r a l  v i s u a l  f i e l d ,  i t  would seem 

t h a t  c o l o r  s p e c t r a l  bands f o r  which t h e  p e r i p h e r y  i s  most s e n s i t i v e  

shou ld  be used. The p e r i p h e r a l  r e g i o n  f rom 25 t o  40 degrees f rom the  

fovea i s  most s e n s i t i v e  t o  narrow s p e c t r a l  bands o f  f i r s t  red ,  then 

success ive ly ,  ye1 low,  green, and b l u e  (Marks, 1966, p .  335).  " Thus, 

t h e r e  i s  some d iscrepancy between var ious  r e p o r t s  o f  p e r i p h e r a l  sens i  - 
t i v i t y  t o  c o l o r s  i n  t h e  r e d  and b l u e  reg ions  o f  t he  v i s u a l  spectrum. 

A d d i t i o n a l l y ,  t he  cones a r e  more s e n s i t i v e  than t h e  rods u n t i l  a f t e r  
about seven minutes of dark  adap ta t i on  (Cornsweet, 1970) and a re  used 

t o  g i v e  c o l o r  v i s i o n .  Under d a y l i g h t  o r  mesopic ( n i g h t  d r i v i n g )  

v i s u a l  c o n d i t i o n s  t h e  cones a re  i n  use and wavelenths o f  approx imate ly  

620 nm r e d  used f o r  va r i ous  s i g n a l  reds (Hopkins and White, 1977) a re  

a t  l e a s t  as de tec tab le  v i a  t h e  cones as b l u e  wavelengths i n  t h e  470- 

485 nm r e g i o n .  

The i n f o rma t i on  presented i n  Tables 12 and 13 was based on broad- 

band wavelength c o l o r  f i  1 t e r s  which t r a n s m i t t e d  wavelengths bo th  

h i g h e r  and l owe r  than those g iven  f o r  the  c o l o r s  above, For  examples 

o f  t he  broadband t r ansm i t t ance  o f  c o l o r  f i l t e r s  see Mor t imer  (1970, 

page 58),  and Hopkins and White (1977, page 23) .  Thus, d e t e c t i o n  of 

s i gna l s  produced by these  f i  1 t e r s  would n o t  n e c e s s a r i l y  depend s o l e l y  

on t h e  s e n s i t i v i t y  o f  t h e  eye t o  any s p e c i f i c  wavelength.  De tec t i on  

cou ld  perhaps be viewed as t h e  d e t e c t a b i l  i t y  o f  t he  most e a s i l y  

de tec tab le  wavelength passed by these f i l t e r s .  However, whether t h i s  

i s ,  i n  f a c t ,  t h e  case h a s n ' t  been determined. Furthermore t h e  

t h r e s h o l d  s e n s i t i v i t y  va lues a re  a l l  de r i ved  from responses t o  spec i -  

f i c  wavelengths presented t o  t h e  dark  adapted eye a g a i n s t  a b l ack  

background. Even t h e  pho top i c  cu rve  was measured a f t e r  f i v e  minutes 

of dark  adap ta t ion ,  (when t h e  cones a re  f u l l y  dark  adapted) w i t h  

maximum c o n t r a s t  monochromatic s t i m u l  i (Cornsweet, 1970) . To use 



spectral sensi t ivi ty  data, the inference must be made that supra- 
threshold signals will be responded t o  in a similar manner as signals 
presented a t  the threshold of detection. Furthermore, i t  requires 
the assumption that there i s  no difference between responding t o  sig- 
nals on a dark background versus a l ight  or varied background. I t  
would appear tenuous t o  extrapolate from sensi t ivi ty  under these 
condi tions t o  real worl d day and night detectabi 1 i ty . Furthermore, 
a f te r  a review of visual 1 uminous efficiency and spectral sensi t ivi ty  
1 i terature,  Howett, Kelly, and Pierce (1978) concluded that "The 

fundamental point that  needs t o  be stressed here i s  that the condi- 
tions applying to the perception of emergency-vehicle warning l ights 

a t  a distance include peripheral vision and small areas, and we do 
not really know in detail what the sensi t ivi ty  of the eye i s  under 

those conditions." Research i s  needed t o  c lar i fy these issues before 
we proceed i n  drawing inferences from visual spectral sensi t ivi ty  
information. I n  the meantime i t  may be best to  rely upon actual 
visual observations under the relevant viewing conditions . 

The conclusion that blue should not be used as a primary c r i t i -  
cal signal a t  the present time i s  in disagreement with recommenda- 
tions of The Committee on Ambulance Design Criteria which are con- 
tained i n  "Ambul ance Design Criteria" publ ished by the U.S. Department 
of Transportation, NHTSA, f i r s t  edition May 1971, revised January 1973. 

The author believes that this  discrepancy was caused by several fac- 
tors.  Firs t  , the interim years have provided additional publ ished 
data and time to assimilate i t s  importance. Also, National Bureau 
of Standards personnel have assessed the signal color problem and 
provided unpublished information which may not have been available t o  
the committee. Second, a review of the hardware constraints on pro- 
ducing adequate signals ensured that wavelength generation and f i l t e r  
transmittance factors were considered. Thi rd, a thorough review of 
the issue of l ight  signal effectiveness versus human eye sensi t ivi ty  
lead t o  the conclusion that i t  appears tenuous to make extrapolations 
from dark adapted visual threshold detection data on specific wave- 



l eng ths  t o  t he  1  i g h t  adapted c o n s p i c u i t y  o f  broadband wavelength 1  i g h t  

s i g n a l s .  Las t ,  t h e r e  was no p r e d i s p o s i t i o n  t o  f i n d  a  unique s i gna l  

f o r  an ambulance veh i c l e .  However, t he  goal o f  p r o v i d i n g  a  n a t i o n a l l y  

e f f i c i e n t  movement o f  an ambulance through t r a f f i c  v i a  a  "Clear  t he  

Right-of-way" s i gna l  i s  i n  agreement w i t h  t h e  cornmi t t e e ' s  goals .  

Furthermore, i t  i s  agreed t h a t  the  p r imary  ambulance s i gna l  should be 

i n  r e s t r i c t e d  use, so t h a t  an ambulance i s  n o t  mis taken f o r  o t h e r  

veh ic les  w i t h  lower  p r i o r i t y  miss ions which a re  a l lowed t o  d i s p l a y  

s i gna l s  s i m i l a r  o r  i d e n t i c a l  t o  those now on ambulances. 



I n t e n s i t y  

I n  depth analyses s i m i l a r  t o  t he  one above on c o l o r  needs t o  be 

conducted t o  determine i n t e n s i t y  requirements more c l e a r l y  than what 

i s  i n d i c a t e d  i n  the  1  i t e r a t u r e  rev iew.  While t he  1  i t e r a t u r e  rev iew 

showed t h a t  i n t e n s i t y  was a  s i g n i f i c a n t  v a r i a b l e  a f f e c t i n g  d e t e c t i o n  

and t h a t  increased i n t e n s i t y  i s  needed f o r  cond i t i ons  o f  increased 

ambient i 11 uminat ion (day l  i g h t )  , t h e  p r e c i s e  na tu re  o f  de te rmin ing  

how much i n t e n s i t y  would be adequate f o r  v e h i c u l a r  s i g n a l i n g  under 

r e a l  w o r l d  v iewing cond i t i ons  was n o t  c l a r i f i e d  by t he  l i t e r a t u r e  

review. 

Whi le t he  i n t e n s i t y  va lue needed f o r  a  conspicuous s i gna l  i s  

unknown, p resen t  f l a s h i n g  lamps a re  o n l y  r e q u i r e d  a t  t h e  H-V t e s t  

p o i n t  t o  produce a minimum o f  300 candlepower (cp)  r e d  1  i g h t  by SAE 

J595b. A1 though, t h i s  r equ i res  1  i g h t  i n t e n s i t y  above t he  minimum 

80 cp r e q u i r e d  o f  r e d  brake lamps a t  H-V by SAE J586c, i t  i s  o n l y  

h a l f  o f  t h a t  r e q u i r e d  f o r  school bus r e d  s i g n a l  lamps by SAE 5887 

which requ i res  a  minimum 600 cp. SAE 5845 recommends 200 cp o r  more 

f o r  r e d  beacons. C lea r l y ,  emergency warning lamps should be more 

i n tense  than school bus lamps s ince  they  have t o  be de tec ted  and 

recognized w h i l e  moving a t  h i gh  r a t e s  o f  speed aga ins t  a  non-uni form 

background. 

Measurements made a t  H S R I  (1970) revea led  t h a t  f o r  steady r e d  

lamps t o  be r a t e d  as b r i g h t  enough t o  be cons idered as adequate brake 

s i g n a l s  (under day l  i g h t  re1  a t i v e l y  h i gh  background 1 umi nance condi - 
t i o n s )  r e q u i r e d  approx imate ly  2000-4000 cp f o r  lamp areas o f  12.6 t o  

37.8 square inches t o  reach a  8 5 % t i l e  adequancy c r i t e r i a  (Mor t imer  

1970, Table 2.9). A PAR 46 5.75 i n c h  d iameter  lamp has an area of 

26.0 square inches.  According t o  I n d u s t r i a l  Tes t i ng  Labora to r ies  t e s t  

r e p o r t  91228, such a  lamp mounted i n  an emergency v e h i c l e  s i gna l  



housing has an e f f e c t i v e  luminous area o f  approx imate ly  34 square 

inches which i s  a 31  percen t  inc rease  i n  e f f e c t i v e  luminous area. 
2 Assuming t h i s  i nc rease  t o  h o l d  f o r  PAR 36 lamps o f  15.9 i n  area, 

g ives  an e f f e c t i v e  luminous area o f  20.8 square inches.  A r e d  lamp 

i n t e n s i t y  of approx imate ly  3000 cp would be r e q u i r e d  t o  be deemed 

adequately b r i g h t  ( a t  t h e  8 5 % t i l e  l e v e l )  f o r  luminous areas o f  20.8 

t o  34 square inches (Mor t imer ,  1970, F i gu re  2.6); t h i s  i s  t he  

e f f e c t i v e  luminous area range of PAR 36 and 46 lamps. 

Thus, a1 though approx imate ly  3,000 candl  epower (cp)  seems 

necessary t o  produce an adequate steady r e d  v e h i c u l a r  s i g n a l  o f  PAR 

36 o r  46 s i z e  under reasonably  r i go rous  cond i t i ons ,  t h e  c u r r e n t  SAE 

standards r e q u i r e  emergency warn ing lamps o n l y  1/10 o r  1 ess t h i s  

i n t ense .  Lamps m in ima l l y  meet ing t h e  SAE J595b s tandard would be per -  

ce ived  as approx imate ly  1/2 as b r i g h t  (Forbes, 1966) as those r e p o r t e d  

adequate as a t t e n t i o n  a t t r a c t i n g  brake s i g n a l s  by Mor t imer  (1970).  

Whi le  s i m i l a r  exper iments have n o t  been done on t h e  b r i gh tness  

and i n t e n s i t y  o f  emergency v e h i c l e  lamps and surrounds, t he  b e s t  

es t imate  t h a t  can be made a t  t h e  p resen t  t ime  i s  t h a t  emergency 

li j h t s  shou ld  be a t  l e a s t  as i n t ense  as adequate v e h i c u l a r  s i g n a l s ,  

e.g., t h e  e q u i v a l e n t  o f  a 3000 cp r e d  1 i gh t  f o r  PAR 36 and 46 lamps. 

Note, t h a t  t h i s  recommendation i s  based on da ta  f o r  a steady 

(non- f lash ing)  1 i g h t .  Thus, t h i s  shou ld  be cons idered a requi rement  

f o r  3000 " e f f e c t i v e  candlepower. " Th is  would r e q u i r e  a f l a s h i n g  1 i gh t  

t o  have t h e  same s i g n a l  e f fec t i veness  as a r e d  f i x e d  (s teady)  l i g h t  o f  

3000 candlepower. For  f l a s h i n g  l i g h t  u n i t s  t h i s  would r e q u i r e  

". . . c a l c u l a t i o n  of t h e  e f fec t ive i n t e n s i t y ,  which i d e a l l y  i s  t he  

i n t e n s i t y  o f  a f i x e d  l i g h t  o f  t h e  same c o l o r  t h a t  produces t h e  same 

v i s u a l  e f f e c t  f o r  t h e  eye as does t h e  f l a s h i n g  l i g h t .  Ef fec t ive 

i n t e n s i t y  i s  a p a r t i c u l a r l y  usefu l  concept a t  low l e v e l s  o f  i l l u m i n a -  

t i o n  a t  t h e  eye. Any measure o f  e f f e c t i v e  i n t e n s i t y  o f  f l a s h i n g  

l i g h t s  must be r e l a t e d  t o  the  v iew ing  c o n d i t i o n ,  and t h e  use o f  t h e  

concept shou ld  be avoided a t  h i g h  l e v e l s  o f  i l l u m i n a t i o n  [ I1  1 umina t ing  

Engineer ing Soc ie ty ,  1964). " The concept o f  e f f e c t i  ve i n t e n s i t y  was 



crea ted  t o  account f o r  t he  f a c t  t h a t  " a t  near  t h resho ld  l e v e l s ,  the 

v i s u a l  e f f e c t  depends upon t h e  f l 'ash l e n g t h  and t he  shape o f  t h e  

ill uminat ion p r o f i l e  ( i l l u m i n a t i o n  as a  f u n c t i o n  o f  t ime ) .  " 

Support f o r  t h e  need f o r  l i g h t s  w i t h  h i g h  e f f e c t i v e  i n t e n s i t i e s  

f o r  m o t o r i s t  warning can be found i n  Hopkins and Newfell  (1975).  They 

s t a t e  t h a t  "Both t h e o r e t i c a l  cons idera t ions  (Hopkins , 1973) and 

exper imenta l  observat ions (Hopkins, 1974) i n d i c a t e  t h a t  f o r  day use, 

w i t h  margin f o r  severe cond i t i ons ,  e f f e c t i v e  i n t e n s i t i e s  as g rea t  as 

4000 candela a r e  d e s i r a b l e  ( re ferences added)." They f u r t h e r  quan- 

t i f y  t h i s  by s t a t i n g  t h a t  t he  peak candlepower o f  s t r obe  l i g h t s  i s  

n o t  adequate as a  means o f  c h a r a c t e r i z i n g  l i g h t  i n t e n s i t y  s ince  "The 

eye responds n o t  t o  an instantaneous b r i gh tness ,  which may l a s t  f o r  

o n l y  microseconds, b u t  t o  t he  t o t a l  l i g h t  energy rece ived  over  a  t ime  

of the o rde r  of  .1 second - a  1  ong p e r i o d  compared t o  t he  du ra t i on  o f  

the  f l a s h .  Meaningful  s p e c i f i c a t i o n  must t h e r e f o r e  be i n  terms o f  

some form o f  the " e f f e c t i v e  i n t e n s i t y "  concept.. . . " 
As summarized by Howett, K e l l y ,  and P ie r ce  (1978) : 

"It i s  impor tan t  t o  no te  t h a t  the  cond i t i ons  under which 
emergency-vehicle warning 1  i ghts a re  viewed f r e q u e n t l y  
depar t  i n  every p a r t i c u l a r  f rom those t o  which t he  BRD 
formul a  (B l  ondel -Rey-Doug1 as equat ion f o r  e f f e c t i v e  
i n t e n s i t y )  i s  thought  t o  apply ,  and almost always d i f f e r  
f rom t h e  l a t t e r  i n  a t  l e a s t  one respec t .  I n  t he  
emergency-vehicle warning-1 i g h t  s i t u a t i o n s  o f  g r e a t e s t  
i n t e r e s t  ( d e t e c t i o n )  , v iewing i s  p e r i p h e r a l  r a t h e r  than 
fovea l  ; the  background i s  u s u a l l y  spo t t ed  w i t h  o t h e r  
l i g h t s  a t  n i g h t  and i n  t he  daytime may be d a z z l i n g l y  
b r i g h t ,  r a t h e r  than t o t a l l y  dark;  n o t i c i n g  of the  s i g n a l  
r a r e l y  occurs when i t  i s  anywhere near  t he  dimness 
c h a r a c t e r i z i n g  dark-background thresh01 ds ; and, because 
t he  increase o f  t h e  b r igh tness  o f  an approaching 
emergency-vehicle warning s i g n a l  i s  accompanied by an 
inc rease  o f  the angle subtended by t h e  l i g h t  source a t  
t he  t a r g e t  d r i v e r ' s  eye, de tec t i on  o f t e n  takes p l ace  
when t he  l i g h t  i s  no l onge r  a  percep tua l  p o i n t  source, 
b u t  has a  v i s i b l e  d i sk .  Moreover, i n  t h e  c l a s s i c a l  
B l  ondel -Rey s i t u a t i o n ,  t h e  viewer knows t h e  1  i g h t s  a r e  
o u t  t h e r e  and i s  l o o k i n g  f o r  them, o f t e n  i n  an a t  l e a s t  
approx imate ly  known d i r e c t i o n ;  wh i l e ,  i n  con t ras t ,  a  
d r i v e r  i s  r a r e l y  expec t ing  t he  approach o f  an emergency 



v e h i c l e ,  i s  u s u a l l y  concen t ra t i ng  on o t h e r  mat te rs ,  and 
i s  o b l i g e d  t o  mon i t o r  a  f a i r l y  wide cone o f  d i r e c t i o n s  
t h a t  may cover a  f u l l  1800 a t  i n t e r s e c t i o n s .  Some day, 
undoubtedly very  f a r  i n t o  t he  f u t u r e ,  s u f f i c i e n t  
psychophysical  data may have been c o l l e c t e d  t o  p e r m i t  
the "cons tan t "  a  i n  the  BRD formula t o  be rep laced  by a  
f u n c t i o n  o f  a l l - t he  r e l e v a n t  v iewing va r i ab les ,  so t h a t  
r e a l i s t i c  est imates of equ i va len t  s t e a d y - l i g h t  i n t e n s i t y  
can be made regard less  of v iewinq cond i t i ons ,  A t  t h e  
p resen t  t ime, however, i t  i s  not-even known whether t he  
b a s i c  form of t he  BRD equat ion app l i es  t o  v iew ing  condi -  
t i o n s  depa r t i ng  as d r a s t i c a l  l y  f rom the  Blondel -Rey 
s i t u a t i o n  as those assoc ia ted  w i t h  t h e  d e t e c t i o n  o f  
emergency-vehicle warn ing 1 i g h t s  (under1 i n i n g  added f o r  
emphasis); t he  problem o f  c a l c u l a t i n g  equ i va len t  i n t e n -  
s i t y  f o r  purposes o f  pe r i phe ra l  c o n s p i c u i t y  may go 
beyond mere ly  f i n d i n g  an appropr ia te  va lue f o r  a. I n  t h e  
meantime, t h e r e  i s  no obvious p r a c t i c a l  a l t e r n a T i v e  t o  
BRD e f f e c t i v e  i n t e n s i t y  as a  q u a n t i t a t i v e  s p e c i f i c a t i o n  
o f  t he  luminous ou tpu t  o f  a  f l a s h i n g  l i g h t ,  and Eq. (10.6-4) 
i s  con~mnnly used -- because i t  i s  an agreed-upon formal 
measure -- even when i t  i s  known t h a t  t he  f l a s h i n g  
l i g h t  be ing  descr ibed  w i l l  be used under cond i t i ons  t o  
which t h e  va lue o f  a=0.2 does n o t  apply ,  and t o  which 
even t he  bas i c  form o f  t h e  equat ion may n o t  apply .  

Another bas i c  assumption unde r l y i ng  a1 1  t h e  var ious  
forms o f  the  Blondel-Rey equat ion i s  t h a t  i t  i s  s u f f i -  
c i e n t  t o  deal w i t h  t h e  temporal p r o f i l e  o f  a  s i n g l e  
f l a s h ;  t h a t  i s ,  i t  i s  assumed t h a t  t h e  f l a s h  r a t e  i s  
s low enough t h a t  t h e  v i s u a l  e f f ec t i veness  o f  each f l a s h  
i s  n o t  s i g n i f i c a n t l y  i n f l uenced  by e a r l i e r  o r  l a t e r  
f l ashes .  Wi th  b r i e f  f l ashes  (under a  hundredth o f  a  
second) and l ong  dark  i n t e r v a l s  between f lashes  
(severa l  ten ths  o f  a second), t h e  assumption i s  proba- 
b l y  j u s t i f i e d .  When t h e  f l a s h  d u r a t i o n  becomes 
extended and the  dark  p e r i o d  shortened, s i g n i f i c a n t  
i n t e r a c t i o n s  between f lashes  may a r i s e  and t h e  BRD 
formula may g i v e  i naccu ra te  p r e d i c t i o n s . .  . . I t  woul d  
appear reasonable t o  expect t h a t  a  more w ide l y  v a l i d  
formula f o r  e f f e c t i v e  i n t e n s i t y  might  be based on t he  
temporal p r o f i l e  o f  a  complete cyc le ,  i n c l u d i n g  bo th  
the  l i g h t  and dark phases. Un fo r t una te l y ,  no a l l -  
i n c l u s i v e  formula o f  t h a t  k i n d  has y e t  been developed." 

Since e f f e c t i v e  i n t e n s i t y  i s  the  o n l y  w ide l y  accepted concept 

f o r  q u a n t i f y i n g  t he  e f f ec t i veness  o f  a  f l a s h i n g  l i g h t ,  i t  must be 

recommended t h a t  i t  con t inue  t o  be used t o  es t imate  t he  percep tua l  



effect  of various factors which influence the duration of flashes 

of visual l ight  until an alternative i s  found. Fortunately, dis- 

cussions with G .  Howett a t  the National Bureau of Standards (NBS) 

have revealed t h a t  recent work there suggests t h a t  the calculated 

effective intensity of flashing 1 ights also correlates we1 1 with 

observer's impressions of the conspicuity of the l ights  observed 

peripheral ly in the daytime. 

Unfortunately, measurements a t  the National Bureau of Standards 

(1978) have revealed t h a t  few rev01 ving beacon lamp systems in 

use produce over 3,000 effective candlepower of white l igh t  or ( a b o u t  
600 effective candlepower of red l i g h t ) .  Thus, any attempt t o  raise 

o u t p u t  toward 3,000 effective candlepower of red via use of brighter 

quar tz  halogen bulbs, longer flash durations, wider beam spreads or 
increased number of lamps per turntable will require design of new 

lamp systems and near total  replacement of older less effective 

systems. However, requiring the following mi nimum effective candle- 

powers woul d el iminate usage of bul bs substantial 1y 1 ess intense than 
the more intense units measured by the National Bureau of Standards 

while a t  the same time requiring f i l t e r s  t h a t  can produce a rela- 

t ively high subjective daytime effectiveness: 

SAE White - 3,000 

SAE Red - 600 

SAE Yellow - 1,500 

CIE Blue - 400-500 

SAE Signal Blue - 1,700 

These numbers were derived by rounding off the product of the 600 effec- 

t ive candlepower red that  i s  available times the reciprocal of the rela- 

. t ive DPc factor (the reciprocal of DPc i s  the 1 uminance r a t io ) .  The 

DPC values were taken from Table 12, except for signal blue whose 

value of .35 was derived from the SAE d a t a  of Oyler (1977), Recent 

SAE t e s t s  indicate that the luminance rat io  for signal blue may be 

somewhat lower (SAE, November 1978). The above values of effective 



i n t e n s i t y  candl epower would produce n e a r l y  equal l y  s u b j e c t i v e l y  

adequate s i g n a l s .  Note t h a t  t he  b l u e  minimum i s  p robab ly  imposs ib le  

t o  achieve by f i l t e r i n g  wh i t e  l i g h t  sources t y p i c a l l y  found on emer- 

gency veh ic les  due t o  the  low t ransmi t tance  o f  the  b l u e  p o r t i o n  o f  

t he  spectrum. Even advanced f i l t e r s  would be of 1  i t t l e  he lp  as b l ue  

has a  very  low t h e o r e t i c a l  maximum poss ib l e  1 uminous t ransmi t tance  

when i l l u m i n a t e d  by a  s tandard source A (2854' K )  tungsten source 

(Mer ick ,  1971). 

Recent t e s t s  have i n d i c a t e d  t h a t  f o r  e f f e c t i v e  s i g n a l  r e c o g n i t i o n  

of a  360' emergency warning lamp ". . .approx imate ly  7500 cd.. . i n  r e d  

i s  necessary i n  t h e  daytime (Oy le r ,  1977) . "  This  i s  i n  c o n t r a s t  t o  

t he  p resen t  SAE 5845 s p e c i f i c a t i o n  o f  200 minimum candlepower a t  H-V 

i n  red.  Note, t h a t  t he  s i gna l  b l u e  equ i va l en t  o f  a  7500 cd r e d  i s  

approx imate ly  15,000 candlepower because of t he  s i g n a l  b l u e  t o  r e d  

dayt ime equal  e f f e c t i v e n e s s  r a t i o  o f  1.5-2.85/1 discussed e a r l i e r .  

Given t h e  low t ransmi t tance  o f  s i gna l  b lue ,  t h i s  would r e q u i r e  an 

ext remely  h i g h  i n t e n s i t y  b u l b  o f  125,000 candlepower. Unless adequate 

bu lbs of t h i s  i n t e n s i t y  a re  a v a i l a b l e ,  s i g n a l  b l ue  and o t h e r  b lues 

should  n o t  be used as u n i c o l o r  r o t a t i n g  beacons. Note t h a t  t he  values 

repo r t ed  by Oy le r  a re  f o r  candlepower, no t  e f f e c t i v e  candlepower. 

I f  a  r o t a t i n g  beacon produced 90 f lashes  pe r  minute w i t h  2 lamps (as 

d i d  t h e  SAE 360' t e s t  beacon) and conta ined bu lbs w i t h  a  beam spread 

s i m i l a r  t o  #4416 bu lbs which a re  i n  common usage accord ing t o  Howett, 

K e l l y  and P ie r ce  (1978), i t  would have a  f l a s h  d u r a t i o n  o f  .0167 

seconds. The bu lbs would have t o  be 37,500 peak candlepower, t o  

produce t h e  7500 candlepower r e d  s i gna l  found necessary i n  t h e  

s t a t i c  1977 SAE observat ions and would have an e f f e c t i v e  i n t e n s i t y  

of 4.4% o f  peak i n t e n s i t y  o r  330 e f f e c t i v e  candlepower (see Howett, 

K e l l y  and Pierce,  1978, page 115-116 f o r  mathematical r e1  a t i o n s h i p s ) .  

Using 4 s i m i l a r  lamps i n s t e a d  o f  two would g i v e  an e f f e c t i v e  i n t e n -  

s i t y  o f  8.1% o f  peak i n t e n s i t y  o r  608 e f f e c t i v e  candlepower which 

would be more app rop r i a t e  f o r  dynamic v iew ing  o f  r e d  lamps which w i l l  

be s u b j e c t  t o  i n t e n s i t y  reduc t ions  due t o  dus t  and d i r t  accumulat ions.  
Other ways o f  i n c reas ing  t he  e f f e c t i v e  i n t e n s i t y  would be t o  inc rease  

t he  beam spread and/or t o  increase t he  bu lb  i n t e n s i t y .  



On/o f f  f l a s h i n g  lamps do n o t  have a  supra th resho ld  s i gna l  

e f f e c t i  veness t h a t  i s  p r e d i c t e d  by t he  Bondel -Rey " e f f e c t i  ve 

i n t e n s i t y "  formula accord ing t o  Naus ' s  chapter  i n  "The Percept ion 

and A p p l i c a t i o n  o f  F lash ing  L i g h t s "  (1971).  He suggests t h a t  "Any 

1  i g h t  f l a s h i n g  l onge r  than 0.15 second, n o t  i n c l u d i n g  incandescent 

t ime,  should  be cons idered steady burn ing  and assigned the  same 

i n t e n s i t y  as a  steady l i g h t . "  

For e f f ec t i veness  as an adequate o n / o f f  f l a s h i n g  s i g n a l ,  as 

judged by 80% o f  t h e  SAE observers,  Oy le r  (1977) has s t a t e d  t h a t  

"500 candlepower i n  r ed  i s  necessary i n  t he  dayt ime."  Th is  i s  i n  

c o n t r a s t  t o  t h e  p resen t  SAE J595b s p e c i f i c a t i o n  o f  300 minimum candle- 

power a t  H-V i n  r ed  f o r  f l a s h i n g  warning lamps. Furthermore, 1400 cd 

minimum a t  H-V was recommended f o r  SAE s i gna l  b l u e  ". . . t o  overcome, 

as f a r  as p o s s i b l e  t he  extreme tendency o f  b l ue  t o  fade o u t  i n  b r i g h t  

s u n l i g h t .  For improved e f f ec t i veness  b lue ,  i f  used, should  n o t  be 

used e x c l u s i v e l y  , b u t  w i t h  a  s i gna l  o f  another  c o l o r  (Oy le r ,  1977). " 

Thus, i t  appears t h a t  bo th  t h e  c u r r e n t  SAE recommended p r a c t i c e  

of 5845 "360 Deg Emergency Warning Lamp" and SAE Standard J595b 

"F lash ing  Warning Lamps f o r  Author ized Emergency Maintenance and 

Serv ice Veh ic les "  need t o  be upgraded i n  terms o f  i n t e n s i t y  r e q u i r e -  

ments. The i n t e n s i t y  recommendations t abu la ted  above take  i n t o  

account t he  s u b j e c t i v e  e f f ec t i veness  between d i f f e r e n t  c o l o r s .  They 

a re  s u b s t a n t i a l l y  h i ghe r  than c u r r e n t  SAE s p e c i f i c a t i o n s ,  bu t  a re  more 

s i m i l a r  t o  values be ing  i n v e s t i g a t e d  by t h e  SAE. A demonstrat ion o f  

f l a s h i n g  r e d  l i g h t  u n i t s  i n  c u r r e n t  usage, which was p a r t  o f  t he  1978 

November SAE meeting, revea led  t o  t he  au thor  t h a t  i n  d a y l i q h t  u n i t s  

o f  200-300 candlepower (cp )  were t o o  dim w h i l e  u n i t s  o f  500 (cp )  
were s i g n i f i c a n t  improvements. Thus, i t  may be poss ib l e  t o  make 

s i g n i f i c a n t  improvements i n  s u b j e c t i v e  e f fec t i veness  by r e q u i r i n g  

va1 ues somewhat l e s s  than those recommended. Experiments should be 

conducted t o  f u r t h e r  q u a n t i f y  the  i n t e n s i t y  des i r ed  o f  r o t a t i n g  and 

f l ash ing  s i gna l  1  i g h t s .  



The f a c t o r  o f  which lamp t ype  produces a g r e a t e r  e f f e c t i v e  i n t e n -  

s i t y  has been eva lua ted  by NBS personnel  who sought t o  answer the  

f o l l o w i n g  ques t i on :  "Given t h a t  one has a c e r t a i n  amount o f  luminous 

energy t o  p u t  i n t o  a s t r obe  f l a s h  o r  an incandescent f l a s h ,  which 

f l ash  wi  11 produce t he  g r e a t e r  e f f e c t i v e  i n t e n s i t y ? "  A f t e r  computing 

a smal l  (9-18%) e f f e c t i v e  i n t e n s i t y  advantage f o r  s t robes  as opposed 

t o  incandescent lamps, Howe tt , Kel l y  , and P ie r ce  ( 1978) conc l  ude t h a t  

"an i n t e n s i t y  d i f f e r e n c e  o f  9% t o  18% i s  n o t  ve ry  s i g n i f i c a n t  v i s u a l l y ,  

and cou ld  e a s i l y  be outweighed by some o t h e r  v a r i a b l e  i n  which incan-  

descent lamps migh t  be s u p e r i o r  t o  gaseous-discharge 1 amps. The 

problem o f  what t ype  o f  emergency-vehicle warning-1 i g h t  u n i t  i s  b e s t  

i s  go ing  t o  r e q u i r e  percep tua l  exper imenta t ion  t o  f i n d  a s o l u t i o n ;  

t h e  i s sue  ( o f  lamp type)  cannot be s e t t l e d  by e f f e c t i v e - i n t e n s i t y  

computations a1 one (under1 i n i n g  added f o r  emphasis). " 

Furthermore, o t h e r  c a l c u l a t i o n s  by Howett , K e l l y ,  and P ie r ce  

(1978) i n d i c a t e  t h a t  t he  e f f e c t i v e  candlepower o f  a 1 m i l l i o n  candle- 

power (peak) s t r obe  i s  approx imate ly  300 cp s i nce  e f f e c t i v e  s t r obe  

i n t e n s i t y  equals peak i n t e n s i t y  t imes ,0003 (rough approx imat ion ) .  

A1 though s t robes  produce much h i g h e r  peak candl epower va l  ues than  

incandescent lamps w h i l e  drawing l e s s  e l e c t r i c a l  c u r r e n t ,  t he  e f f e c t i v e  

i n t e n s i t y  d i f f e r e n c e  between 1 amp types i s  much smal l e r  than t h e i r  l e s s  

meaningful  peak candlepowers. Thus, t h e r e  i s  no obvious advantage t o  

use condenser-discharge xenon s t r obe  lamps. Other consp icu i  ty f a c t o r s  

besides i n t e n s i t y  w i l l  have t o  be cons idered d e c i s i v e  i n  most s t r obe /  

incandescent compar is i  ons . Cas t l e  k (1974) s u b j e c t i v e  consp icu i  ty 

e v a l u a t i o n  found t h a t  a t w i n  beacon incandescent lamp u n i t  was r a t e d  

above 11 o t h e r  c o n f i g u r a t i o n s  which used s t r obe  l i g h t s .  Recent l e s s  

we1 1 c o n t r o l  l e d  observa t ions  ( ~ o p k i n s  and Hol mstrom, 1976; Hopkins and 

White, 1977; Cal i f o r n i a  Highway P a t r o l  , 1973a) have i n d i c a t e d  t h a t  

s t robes  seemed t o  be h i g h l y  conspicuous. However, s i nce  t he re  i s  

c u r r e n t l y  no adequate data t o  suppor t  a c l e a r  advantage f o r  s t robes ,  

t h e i r  e f f e c t i v e n e s s  r e l a t i v e  t o  o t h e r  lamp types remains unknown. 



An i n t e r e s t i n g  f i n d i n g  o f  Howett, K e l l y ,  and P ie r ce  (1978) i s  

t h a t  f o r  common r o t a t i n g  beacons i n c r e a s i n g  t h e  f l a s h  d u r a t i o n  w h i l e  

keeping t he  f l a s h  r a t e  cons tan t  w i l l  i n c rease  the  e f f e c t i v e  i n t e n -  

s i t y .  Thus, us i ng  a  4 lamp u n i t  a t  t h e  same f l a s h  r a t e  as a  2 lamp 

u n i t  w i l l  i nc rease  ( n e a r l y  double) t he  e f f e c t i v e  i n t e n s i t y .  Con- 

ve rse ly ,  i t  can be shown t h a t  i f  one wanted t o  n e a r l y  double t h e  

f l a s h  r a t e ,  i . e . ,  use 150 fprn i n s t e a d  o f  90 fpm, one would have t o  

double t he  number o f  lamps t o  keep t he  d u r a t i o n  n e a r l y  t h e  same and 

thus,  produce n e a r l y  t h e  same e f f e c t i v e  i n t e n s i t y .  However, even 

though t h e  e f f e c t i v e  i n t e n s i t y  would be n e a r l y  t h e  same i n  a  4 lamp 

150 fpm u n i t  and a 2 lamp 90 fprn u n i t ,  t h e  marked change i n  f l a s h  

r a t e  cou ld  make t h e  150 fprn u n i t  much more conspicuous. Thus, conspicu- 
i t y  shou ld  be eva lua ted  e m p i r i c a l l y  under r e a l i s t i c  v iew ing  cond j t j ons .  

It must be remembered t h a t  t he  c o n s p i c u i t y  o f  a  l i g h t i n g  system 

depends on many fac to rs .  Among these a re :  e f f e c t i v e  i n t e n s i t y ,  

f l a s h  r a t e ,  du ty  cyc l e ,  waveform, c o l o r ,  du ra t i on ,  area, c o n t r a s t ,  

mot ion,  mu1 t i  -lamp con f i gu ra t i on ,  temporal r e l a t i o n s h i p s  (sequence) 

between l i g h t s ,  and how a l l  these fac to rs  i n t e r a c t  w i t h  t h e  back- 

ground. No one y e t  knows how these f a c t o r s  i n t e r a c t  t o  a f f ec t  

conspcui t y  and thus,  u n t i  1  adequate measurements of conspi  c u i  t y  a re  

made, d i r e c t  observa t ions  a re  t o  be r e l i e d  on much more than p r e d i c -  

t i o n s  based on data from o n l y  a  l i m i t e d  number of these f ac to r s .  

F lash  Rate 

F l ash  r a t e s  o f  t he  lower  p o r t i o n  o f  t h e  0 -1  Hz range may be 

viewed as s teady l i g h t s  t h a t  a re  t u rned  o f f  o r  on a f t e r  a  t ime 

i n t e r v a l  and do n o t  have t he  c o n s p i c u i t y  o f  a  f l a s h i n g  1 i g h t .  Brown 

and Gibbs (1958) found t h a t  when an automobi le  t u r n  s i g n a l  i s  n o t  

seen foveal  l y  , a  f l a s h i n g  1  i g h t  has more a t t e n t i o n - g e t t i n g  power. 

Gerathewohl (1953) r epo r t ed  t h a t  a t  1  ow con t ras t s ,  f l a s h i n g  s i g n a l s  

were more conspicuous than  steady 1  i g h t s  even though d i s t r a c t i o n  

1  i ghts  were d o t t e d  around t h e  f i  x a t i o n  area. However, Crawford 

(1962, 1963) r epo r t ed  t h a t  steady l i g h t s  were always more e f f e c t i v e  



when 10% or more of the background l ights  were flashing. This i l l u s -  
t ra tes  the effect  that  could be expected i f  too many distracting 
flashing l ights  are allowed in the visual driving environment. 

Gerathewohl (1957) examined the interactions of flash frequency, 
duration, and signal contrast and found reaction time to decrease with 
increasing flash frequency and flash duration. The effect  of frequency 

was strongest under low contrast conditions where high frequency 
flashes were more conspicuous than low frequency flashes. Within the 
range of the conditions examined, the most conspicuous signal was one 
flashing a t  180 cycles per minute ( 3  Hz) which was a t  leas t  twice as 

bright as i t s  background. 

According to a discussion in "The Perception and Application of 
Flashing Lights" (1971, page 338), a flash rate of 140 fpm was 
reported t o  be the best attention getting signal when a flashing neon 
hazard beacon was viewed both from the ground and the a i r  by a large 
number of observers who viewed frequencies of 20-200 fpm with various 
duty cycl es . 

Similarly, Post (1975) found that  flash rates in the 0-1 Hz 
range produced 1 onger reaction times and greater frequencies of missed 
signals (non-detection) than signals presented a t  flash rates of 2-3 
Hz. Currently, normal vehicle and other t r a f f i c  signals generally flash 
a t  1-2 Hz because of recommendations and standards which were promul- 
gated based on the results of subjective tes t s  conducted by the SAE 

(1953). However, Post 's  work showed that  higher frequencies of 2-3 
Hz are capable of el ic i  ting quick response, even though, subjectively 
they may n o t  be deemed as effective as slower flashing l igh t s ,  
perhaps because of our conditioned stereotype for  f1 ashing 1 ights t o  
appear a t  1-2 Hz. Higher flash rates may be useful as long as fre- 
quencies in the 9-12 Hz range are avoided since they may cause 
"photopic driving" which i s  a brain wave phenomena which can precipi- 
ta te  epi lept ic  seizures. Higher frequencies may produce fusion and 
thus should be avoided. To have an adeuqate safety margin i t  may be 
wise t o  avoid flash rates of 6 Hz or more. Similarly, our stereotype 



f o r  du ty  c y c l e  i s  approx imate ly  a  1:l  r a t i o  f o r  o n / o f f  c yc l es ,  so 

t h a t ,  l i g h t s  w i t h  e i t h e r  r e l a t i v e l y  s h o r t e r  on o r  o f f  t imes migh t  be 

more conspicuous than normal incandescent s i g n a l  s.  

A f l a s h  r a t e  of 150 fpm (2 .5  Hz) would p r o v i d e  a  h i gh  f l a s h  f r e -  

quency which shou ld  r e s u l t  i n  a  low i nc i dence  o f  missed s i g n a l s  and a  

f a s t  r e a c t i o n  t ime. Under t h e  low c o n t r a s t  cond i t i ons  o f t e n  

encountered i n  dayt ime d r i v i n g ,  when t he re  i s  a  v i s u a l  f i e l d  f u l l  o f  

competing s t i m u l i ,  s i g n a l s  f l a s h i n g  a t  t h i s  r a t e  shou ld  be more 

conspicuous than  more s l ow l y  f l a s h i n g  l i g h t s  and steady 1  i g h t s .  

Caut ion must be exerc ised  i n  i n c r e a s i n g  t h e  f l a s h  r a t e  f o r  

f l a s h e d  lamps,as opposed t o  r o t a t i n g  lamps., as h i g h  i n t e n s i t y  

incandescent lamps may have problems i n  m a i n t a i n i n g  an adequate "on" 

t o  " o f f "  l i g h t  o u t p u t  r a t i o  due t o  the  r e l a t i v e l y  l ong  incandescence/ 

n igrescence t imes t h a t  a re  assoc ia ted  w i t h  h i g h  wattage f i l a m e n t s  

(Post ,  1975) .  

A d d i t i o n a l  Conspi c u i  ty  Considerat ions 

A l though t h e  r e l a t i v e  e f f e c t  o f  va r ious  o t h e r  f a c t o r s  i s  

unknown, where poss ib l e ,  a t tempts  shou ld  be made t o  produce a  s i g n a l  

w i t h  inc reased  consp i cu i t y .  Con t ras t  shou ld  be maximized, even 

though t he  magnitude o f  t he  improvement has n o t  been q u a n t i f i e d  under 

r e a l  w o r l d  v iew ing  c o n d i t i o n s  used i n  d r i v i n g .  For  example, SAE 

J595b s t i p u l a t e s  t h a t  "To improve the  e f f ec t i veness  o f  t he  s i g n a l ,  

i t  i s  recommended t h a t ,  where p r a c t i c a l  , t h e  area o f  t he  v e h i c l e  

immediate ly  su r round ing  the  s i g n a l  be p a i n t e d  b l ack .  " The s i g n a l  

shou ld  a l s o  be designed so t h a t  i t  has a  low p r o b a b i l i t y  o f  n a t u r a l  

o r  b a s e l i n e  occurrence t h a t  i s  generated by o t h e r  v e h i c u l a r  o r  non- 

v e h i c u l a r  l i g h t i n g  d i sp l ays .  A d d i t i o n a l l y ,  i t s  design shou ld  be 

such t h a t  i t  can be d i s t i n g u i s h e d  f rom o t h e r  v e h i c u l a r  o r  non- 

v e h i c u l a r  1  i g h t s  t h a t  have one o r  more features i n  common w i t h  it. 

Thus, i t  shou ld  be d i s s i m i l a r  t o  o t h e r  f r equen t l y  o c c u r r i n g  l i g h t s  

i n  t h e  d r i v e r s  environment.  





OTHER SIGNAL DESIGN CONSIDERATIONS 

Data presented i n  the  T r a f f i c  Laws Commentary (Dec. 1975) i n d i -  

cates t h a t  few ( 7 )  s t a t e s  have adopted the  Uni form Veh ic le  Code 

sec t i on  12-218 which would r e q u i r e  r e d  a1 t e r n a t e l y  f l a sh ing  h i gh  

mounted p a i r s  o f  lamps f r o n t  and r e a r  on au tho r i zed  emergency veh ic les  

i n c l u d i n g  ambulances . Seven (7 )  o the r  j u r i s d i c t i o n s  ( 6  s t a tes  and 

Washington, D.C.) r e q u i r e  some type o f  f l a s h i n g  red  l i g h t s .  Only 3 o t h e r  

s t a t e s  have laws r e q u i r i n g  any type o f  s p e c i f i e d  s i gna l  l i g h t s  f o r  

ambulances. Thus, 34 s t a t e s  have no requirements f o r  s p e c i f i e d  s i gna l  

1  i g h t s  a1 though many s t a t e s  pe rm i t  use o f  var ious types o f  1  i g h t s ,  

g e n e r a l l y  o f  r e d  c o l o r .  

According t o  t he  Summary by Co lo r  o f  L i g h t s  t a b l e  i n  the  T r a f f i c  

Laws Commentary (Dec. 1975), 41 s ta tes  mentioned r e d  as t h e  s i n g l e  

c o l o r  which may be used f o r  ambulance l i g h t s  w h i l e  4  s t a t e s  had no 

r e l e v a n t  law o r  c o l o r  s p e c i f i c a t i o n .  Four ( 4 )  o t h e r  s t a t e s  a l lowed 

o n l y  r e d  o r  r e d  and wh i t e  i n  combinat ion t o  be used. Two ( 2 )  add i -  

t i o n a l  s t a t e s  a l lowed red, b u t  a l s o  a l lowed o t h e r  c o l o r s ,  such as 

w h i t e  o r  b l ue  t o  be used s i n g l y  and one o f  them gave r e d  and wh i t e  as 

an o p t i o n  a l so .  Thus, a  t o t a l  o f  47 s ta tes  mentioned t h a t  r e d  cou ld  

be used alone on ambulances w h i l e  6  s t a t e s  a1 lowed red  t o  be combined 

w i t h  o t h e r  co l o r s .  Only 1 s t a t e  mentioned b l ue  as be ing  pe rm iss i b l e  

as a  s i n g l e  c o l o r  and none a l lowed a  b l u e  s i gna l  i n  combinat ion w i t h  

another c o l o r .  Only 1 s t a t e  a l lowed use of w h i t e  as t he  s i n g l e  c o l o r  

f o r  s i gna l  lamps w h i l e  5 s t a tes  a l lowed wh i t e  and red  combinat ion 

s i gna l s .  Preponderant ly then, r e d  was t h e  l e g a l l y  acceptab le  c o l o r  

f o r  ambulance 1  i ghts . 
Thus, r e t a i n i n g  use o f  r e d  as a  c o l o r  f o r  ambulance s i gna l  i n g  

would be benef i  c i a 1  t o  changeover cons idera t ions  of 1  egal po l  i c y  as 

def ined by s t a t e  laws. A d d i t i o n a l l y ,  changeover costs  and t ime cou ld  

perhaps be minimized by r e t a i n i n g  use of many s i g n z l i n g  u n i t s  c u r r e n t l y  

i n  use. 



If  f i r e  and ambulance vehicles were given the same signal to  
convey the message "Clear the Right-of-Way," then red would be a 
good choice legally,  since f i r e  vehicle requirements are very 
similar to  those for ambulances and 47 s ta tes  also permitted red 
to  be used as the single color on f i r e  vehicles, 7 of these also 
permitted red and white combinations. Perhaps, i t  can be recommended 
that  the pol ice signal for  emergency and pursuit use i s  the same as 
for the ambulance and/or f i r e  vehicle "Clear the Right-of-way" 
signal. Thirty-eight (38) s ta tes  allowed use of red as a single 
color pol ice signal while 20 a1 lowed use of blue as a single colored 
signal. Red was a1 so determined to be the most frequent color in 
use by Klaus and Bunten (1973) who assessed the colors of signals 
in use singly or in combination, the number of l ights  per unit ,  
the number of units per vehicle, and the color of the dome via a 

survey of pol ice departments. 

The extent that  financial resources can be saved by specifying 
signals tha t  were allowed by law according to  English, Young and 
Friedland (1972) cannot be ascertained as there i s  no data available 
on the physical specifications of signal units used by ambulance and 
f i r e  vehicles as there i s  for police vehicles (Klaus and Bunten, 
1973). Surveys should be conducted to  determine how colored bulbs, 
colored domes, and s p l i t  domes are used to  generate colored signals 
and how the flashing aspect of signals i s  achieved. This data 
would allow one t o  estimate the amount of bulb, dome, or whole 
1 i g h t  unit replacement tha t  would be necessary to  convent current 
signaling units t o  a new configuration. Without such information 
i t  i s  impossible to  estimate the time required to  convert to  a 
speci f i ed sys tern. 

Pro1 i ferat ion of lamps i s  common on ambulances, with 10 or 
more signal lamps being installed on some ambulances, The electr ical  
current shortage problems which have reportedly plagued some ambu- 
lances can be reduced most easi ly  by restr ic t ing the number of signal 
lamps to  those performing a meaningful function. The u t i l i t y  of 
the three lamps observed along each side of some van type ambulances 



SIGNAL RECOMMENDATIONS 

Since messages F - "Be Prepared t o  Stop" and G - "Stop - Do Not 
Pass" were formulated in response t o  school bus signaling needs, 
design of signals t o  meet these needs will be discussed in a separate 
chapter. There i s  probably l i t t l e  confusion of school bus signals 
with signals o f  other special vehicles because of their  location on 
a vehicle of  standardized color a n d  their  specific mounting require- 
ments. Furthermore, their  usage i s  a1 ready situational ly defined, 
such tha t ,  they are only used in fair ly  well defined situations that 
involve loading or unloading of pupils. Since the usage of school 
bus signals does n o t  often mimic the usage of other special vehicle 
signals, they can best be evaluated in a subsequent chapter, where 
the various aspects of school bus usage can be explored in depth. 

Thus, the remaining messages ( A - E )  are the messages which need 
t o  be developed in such a way t h a t  the needs of several special vehi- 
cle types will be sat isf ied.  Already, these messages have been 
assigned t o  vehicular operations in Table 3 (page 20) in a manner 
which reserves certain messages for particular vehicles. Since these 
messages will be assigned distinctive signals,  i t  i s  important that 
the more urgent missions be associated with the most conspicuous sig- 
nals. Thus, the choice of specific signals will attempt t o  create 
designs whose functionality i s  commensurate with the priority of the 
vehicular mission. Given the classifications assigned in Table 3 

(page 20),  the following priority ranking of messages seems reason- 
able - 

MESSAGE 

1. Clear the Right-of-way 
2 .  Hazard--Vehicle on Right-of-way 
3. Caution--Slow Moving Vehicle 
4 .  Vehicle Present in Hazardous Location 
5. S t o p  - Immediately 



This priority ranking took into account the amount of danger that 

i s  inherent in the missions associated with these messages. Therefore, 
those missions which affect numerous other drivers,  who are going much 
slower or fas te r  than a special vehicle on a public roadway, are con- 
sidered to  be of high pr ior i ty .  Within this  group of missions, 
highest pr ior i ty  was assigned to the "Clear the Right-of-way" message 
since the emergency/pursui t driving mission involves violation of 
other t r a f f i c  control devices by a vehicle which may approach a t  high 
speed from any direction. The "Hazard--Vehicle on Right-of-way" and 
"Caution--Slow Moving Vehicle" messages both involve missions where 
the special vehicle needs to  influence the behavior of drivers who 
come upon the vehicle from a position far ther  back in the t r a f f i c  
stream. I n  th i s  case, a higher pr ior i ty  was assigned t o  the 
special vehicle with the greater speed differential  between i t  and an 
approaching motorist. The "Vehicle Present in Hazardous Location" 
message was assigned a pr ior i ty  above the ''Stop - Immediately" 
message as i t  needs t o  be transmitted to  numerous approaching vehi- 

c les ,  often a t  long distances, such as when a patrol car i s  parked on 
a freeway. In contrast ,  the "Stop - Immediately" message i s  intended 
to be transmitted t o  a particular vehicle a t  relatively short distances 

in order to apprehend a law violator.  

All signal recommendations will be based on maximizing the 
conspicuity of messages in accord with the i r  pr ior i ty .  I t  should 
be noted t h a t  th is  does not ensure t h a t  the signal will be conspicu- 
ous, e .g . ,  easily detectable under various conditions of driver 
a t tent ion,  competing stimul i , or background. I t  should ensure, 
however, that  based upon the current knowledge of vision and detec- 
t ab i l i t y ,  that the l ight  signals will be reasonably detectable and 
recogni zabl e gi ven current hardware cons t ra i  nts . Furthermore, the 
choice of  signal parameters r e s t r i c t s  the parameters, that are now in 
use, t o  values which are better suited for  the i r  intended use than 

those found in many signal l ights  available today. Also, since the 
l ight  signals specified below are associated with messages that are 



assigned to particular vehicles as shown in Table 3 (page 20),  the 

signals are part of a comprehensive signaling scheme which should be 
capable of improving driver communication. 

Clear the Right-of-way 

Use of dual red beacons of 600 effective candlepower synchronized 
to  flash together a t  150 t 25 flashes per minute ( fpm)  i s  recommended 
for  the "Clear the Right-of-way" signal. These beacons should pro- 

duce a forward projecting l ight  signal that covers an area of a t  
leas t  90' to the right and l e f t  of the vehicle centerline. Synchro- 

nization will double the l ight  output toward the observer resulting 
in not only a more intense daytime signal,  b u t  also a more distinc- 
t ive daytime signal,  The dual flash should also avoid some of the 
problems of location and distance estimation which have been shown t o  
occur with some units which alternate side to side flashes. The 
historical stereotype associated with red shall be retained and 
enhanced by prohibiting other classes of vehicles, such as wreckers, 
from displaying flashing red auxiliary signals. In addition, problems 
of nighttime discomfort and disabi l i ty  glare will be minimized; by use 

of red. Furthermore, the higher 150 + 25 fpm flash rate may also 
serve t o  distinguish the signal more readily from the 90 2 30 cpm 
signals used on normal vehicles. Higher flash rates may impart an 
increased sense of urgency and they are associated with shorter 
response times and fewer missed signals. The units should be mounted 
as high and as f a r  apart as practicable near the front of the vehicle. 
When possible, the units shall be mounted so that  a part of the 
vehicle (for example, the patient compartment of a van type ambulance), 
serves as a background. The forward facing surface of this  compart- 
ment should be painted with a large black band t o  increase contrast 
which may improve conspicui ty of the signal considerably. 

In addition, because of the need for signals to be detected in 
rear view mirrors when drivers are ahead of an emergency vehicle 
( ~ o w e t t ,  Kelly and Pierce, 1978), white high beam headlamps should 



perhaps be flashed during the daytime. The location and intensity 

of the headlamps may make them more conspicuous than high mounted 

vehicular signals during the daytime. Choice of an alternating or 

synchronized pattern should be experimentally determined. Commercial 
units are available and have been observed in use which alternately 

flash the l e f t  and r ight high beams in the daylight operation mode. 

Additionally, since fender and  low mounted beacons and spot lamps which 

project forward directed beams are already in use on some ambulances, 

their  su i tab i l i ty  for night and day use should be evaluated. 

Only pol ice ,  f i r e  and ambulance vehicles should be permitted t o  
display th i s  message. 

Hazard-Vehicl e on Ri ght-of-Way 

Use of an upper pair of rear facing red lamps of 600 candlepower 

which shall flash alternately a t  90 flashes per minuted (fpm) plus a 
lower pair of rear turn signal lamps flashing al ternately,  b u t  o u t  of 

phase with the upper lamps, i s  recommended for the "Hazard-Vehicle on 
Ri ght-of-Way" signal . The upper 1 amps should be mounted on the rear 

of an ambulance or f i r e  vehicle as high and  as f a r  apa r t  as practi-  

cable, and should have a black surrounding background. On a police 

vehicle the upper lamps should be roof mounted. Only 600 candlepower 

(not effective candlepower) was recommended here for the upper lamps 

since the vehicle t o  be detected i s  ahead of the driver in his normal 

l ine of sight and because the lamps are t o  be flashed in an on/off 

fashion. Furthermore, implementation i s  enhanced by the current 

avai labi l i ty  of such lighting units. 

Only police, f i r e  and  ambulance vehicles should be permitted t o  
display th i s  message. 

Cauti on--Sl ow Moving Vehicle 

Use of a pair  of rear-mounted ye1 low beacons of 1500 effective 

candlepower flashing (synchronously i f  possible) a t  90 + 15 flashes 

per minute (fpm) i s  recommended for the "Caution - Slow Moving Vehicle 



Signal. These beacons should be mounted so that they are not 
obstructed to the rear by any portion of the vehicle. Furthermore, 
they should be mounted so as to  project the i r  beams parallel t o  the 
ground. Operation of any portion of the vehicle should not change 
the mounting height of the beacons substantially.  In 'addition, a 
roof-top mounted ye1 low beacon of 1500 effective candlepower shall 
be mounted to provide a forward projecting 1 ight when the dual rear 
lamp units are mounted so as to have the forward projecting portion 
of these beams obstructed by any portion of the vehicle or i t s  equip- 
ment. These beacons jointly should produce a l igh t  signal tha t  covers 
360' around the vehicle since the vehicle not only overtakes other 
vehicles, b u t  also merges from medians and i s  overtaken by other 
vehicles. The present stereotype of ye1 low denoting caution and 
service operations i s  retained. This signal should only be allowed 
on wreckers and maintenance vehicles. 

Postal vehicles should continue t o  use a simultaneously flashing 
pair of rear mounted yellow automotive signal lamps to  convey the 
"Cauti on--Slow Moving Vehicle" message. They .are not required to  use 
the three beacon system since the i r  usuage i s  normally during day- 
l ight  hours, in s i tuat ions where there i s  not as great a speed 
differential  as there i s  between wreckers or maintenance vehicles and 
passenger vehicles on freeways. Where a postal vehicle wi 11 be 
required to  stop in urban t r a f f i c ,  a rooftop mounted lamp shall be 
provided capable of projecting 600 effective candlepower of yellow 
l ight  to  the rear.  This l ight  should be pulsed a t  90 + 30 flashes 
per rnfnute. 

Vehicle Present i n  Hazardous Location 

Use of simultaneously flashing yellow rear signals should be 
used to convey the "Vehicle Present in Hazardous Location Signal. " 
The lack of flashing red lamps will help to distinguish this  signal 
from the "Hazard-Vehicle on Right-of-way" signal as will the use of 
simultaneous flashing 1 amps. Furthermore, ye1 1 ow denotes caution 
and simultaneous flashing lamps are also associated with the caution 



message conveyed by vehicular "4-way flashers " or "hazard warning" 

signals. Yellow turn signals may be used for this  function. 

Stop - Immediately 

Use of a blue flashing spotlamp with a unique flash pattern i s  

recommended for  the "Stop - Immediately" message. This signal should 

be limited by law t o  usage on pol ice vehicles only. A 7500 candle- 
power blue spotlight has been used by the Washington State Patrol 

according to the Bl ue Light Study (California Highway Patrol , 1973a). 

Development of th i s  signal should determine whether the CIE or SAE 

signal blue would be a bet ter  color for  this  usage, and the candle- 

power and flash pattern that  will be adequate. 



IMPLEMENTATION MEASURES 

Since ful l  implementation of the recommended si  gnal s may require 
substantial hardware changes, i t  i s  imperative that  interim change- 
over measures be adopted. Adopti on of speci f i  c requi rements and 
recommendations a t  this  time would serve to l imit  the further 
pro1 iferation of dissimilar signals which have come into usage because 
of a lack of adequate guidelines. 

Perhaps the f i r s t  step that  should be taken i s  for  the concept 
of the use of different signals for  different si tuations to be of f i -  
c ia l ly  adopted. Specifically, i t  should be stressed that the current 

0 primary 360 warning signals on emergency vehicles should not be used 
except when i t  i s  necessary to "Clear the Roadway." Preserving the 
primary signals for such usage may have a benefit,, even i f  the primary 
signals in the emergency vehicle population are a heterogeneous s e t ,  
since the public would no longer be exposed to  these signals when 
they are not needed. Thus, unidirectional flashing signals should be 
required to  be used when the emergency vehicle i s  stopped. 

Another step that can be taken prior to requiring conversion t o  
a uniform "Clear the Right-of-way" signal i s  to  l imit  the parameters 
available for usage for th i s  primary warning signal. I t  i s  suggested 
as an interim measure that a 360' flashing signal which incorporates 
red as a component be required and that  blue be prohibited. Further 
intermediate steps to produce a "Clear the Right-of-way" signal would 
be to require two 360' flashing warning l ights  or even dual synchro- 
nized 360' warning 1 ights regardless of candlepower or flash rate.  
However, i f  the change i n  signals i s  n o t  great enough for  the public 
to easily perceive, i t  i s  doubtful that t he i r  driving behavior will 
change even i f  the adopted signals are standardized. For this  
reason, i t  i s  recommended that implementation of the "Clear the 

Right-of-way" signal not proceed in a piecemeal fashion. 

A viable second step toward implementation would be t o  require 
speci f i c  "Hazard-Vehicle on Right-of-Way" and "Vehicle Present in 



Hazardous Loca t ion"  s i g n a l s .  S ince i t  appears t h a t  t he  necessary 

lamps f o r  t he  recommended s i g n a l s  a1 ready e x i s t  on most ambulances, 

o n l y  c i r c u i t r y  changes w i l l  be r e q u i r e d  t o  make these s i g n a l s  opera- 

t i o n a l  f o r  ambulances. Other  spec ia l  v e h i c l e  types w i l l  r e q u i r e  the  

i n s t a l l a t i o n  o f  lamp hardware t h a t  i s  r e a d i l y  a v a i l a b l e .  

The "Caution-Slow-Moving Veh i c l e "  s i g n a l  shou ld  be implemented 

s i nce  i t  o n l y  r e q u i r e s  use o f  hardware t h a t  i s  commonly found on 

maintenance type s e r v i c e  veh i c l es .  Implementat ion of t h i s  s i g n a l  

w i l l  he l p  t o  keep t h e  p resen t  d i s t i n c t i o n  no rma l l y  found between 

maintenance veh i c l es ,  and p o l  i c e ,  f i r e  and ambulance veh i c l es .  Th i s  

d i s t i n c t i o n  i s  u s e f u l  as these veh i c l es  a re  engaged i n  d i s s i m i l a r  

m iss ions .  

Development o f  a  d i s t i n c t i v e l y  f l a s h i n g  s i g n a l  t o  convey t h e  

message "Stop - Immediate ly"  should  be undertaken, so t h a t  a  b l ue  

s p o t l i g h t  t h a t  i s  unique t o  p o l i c e  v e h i c l e  ope ra t i on  i s  a v a i l a b l e  

f o r  c i t i z e n  apprehension. I t  i s  cons idered e s s e n t i a l  t h a t  t h i s  

unique s i g n a l  be developed t o  make impersonat ion o f  p o l i c e  o f f i c e r s  

d i f f i c u l t .  

Research shou ld  be conducted t o  determine whether mount ing a  

s t r obe  (perhaps s i g n a l  b l u e  w i t h  day /n i gh t  i n t e n s i t y  capab i l  i t y )  

between t h e  beacons would inc rease  t he  c o n s p i c u i t y  o f  t h e  s i g n a l .  

Even i f  t he  c o n s p i c u i t y  was n o t  increased,  t h e  acceptance b j  va r ious  

agencies and t h e  d r i v i n g  p u b l i c  of a  new "C lear  t he  Right -o f -way"  

s i gna l  cou ld  perhaps be enhanced by  use o f  a  more novel  s i g n a l  . I n  

a d d i t i o n ,  s i nce  b l u e  i s  used i n  va r i ous  European c o u n t r i e s  as a  

p o l i c e  s i g n a l ,  i n c o r p o r a t i o n  o f  a  b l u e  l i g h t  would make t he  U.S. 

s i g n a l  more i n t e r n a t i o n a l  l y  recogn izab le .  The acceptance of a  new 

s i g n a l  t h a t  i s  p a r t  o f  a  new coding system cou ld  a l s o  perhaps be 

enhanced by a l t e r n a t i n g  r e d  and b l u e  bu lbs  i n  t h e  r e v o l v i n g  beacons 

s i nce  t h i s  would produce a  more nove l  s i g n a l .  A nove l  s i g n a l  may 

f a c i l i t a t e  t he  l e a r n i n g  o f  new d r i v e r  responses, s i n c e  s i g n a l  recog- 

n i  t i o n  o f  t h e  s i g n a l  as a  "new" s i g n a l  which may r e q u i r e  a  new 



response may be enhanced. Agencies may be more wi  11 i n g  t o  accep t  a  

nove l  modern s i g n a l  as " t h e  answer" t o  t h e i r  s i g n a l i n g  needs than  an 

improved v e r s i o n  o f  an o l d  s i g n a l .  Both o f  t hese  o p t i o n s  a r e  a v a i l -  

a b l e  as e v a l u a t i o n a r y  changes t o  t h e  recommended s i g n a l .  It must be 

s t r e s s e d  t h a t  recommendations f o r  s i g n a l i n g  a r e  n e c e s s a r i l y  conserva- 

t i v e  s i n c e  when ev idence i s  l a c k i n g  i t  i s  b e s t  t o  proceed w i t h  

c a u t i o n .  A l though some peop le  may be d isenchanted w i t h  r e d  s i g n a l s  

s i n c e  they  s t i l l  expe r ience  c o l l i s i o n s ,  i t  i s  n o t  j u s t i f i e d  t o  t h i n k  

t h a t  s i m p l y  changing t h e  c o l o r  t o  b l u e ,  o r  a l t e r n a t i n g  r e d  and w h i t e ,  

o r  u s i n g  s t r o b e  l i g h t s  w i l l  m i r a c u l o u s l y  make t h e i r  v e h i c l e  s i g n a l s  

more conspicuous.  Changes can be d e t r i m e n t a l  , as we1 1  as advantageous, 

and u n t i  1  more c o n s p i c u i  t y  research  i s  conducted,  s t a n d a r d i z a t i o n  must  

r e l y  on i n f o r m a t i o n  a v a i l a b l e .  C u r r e n t l y ,  1  i t t l e  advantage i s  seen 

t o  a l t e r n a t i n g  a  r e d  s i g n a l  w i t h  a  w h i t e  s i g n a l  s i n c e  t h e  w h i t e  s i g -  

n a l  would convey g l a r e  e f f e c t s  a t  n i g h t  w h i l e  o n l y  p r o v i d i n g  a  s i g n a l  

n e a r l y  e q u a l l y  adequate t o  t h e  r e d  i n  t h e  dayt ime.  

M o r t i m e r ' s  (1970) assessment of s u p r a t h r e s h o l d  responses o f  

c o l  o r - b l  i n d  observers  showed t h a t  s  i m i  1  a r  1  eve1 s  o f  i n t e n s i t y  were 

r e q u i r e d  t o  produce an adequate r e d  dayt ime s i g n a l  f o r  b o t h  c o l o r -  

b l i n d  and co lo r -no rma l  s u b j e c t s .  A somewhat l e s s  i n t e n s e  w h i t e  was 

needed i n  - d a y l i g h t  f o r  t h e  c o l o r - b l i n d  s u b j e c t s  t o  r a t e  t h e  1  i g h t  as 

adequate, t han  was t h e  case f o r  t h e  co lo r -no rma ls .  However, a t  n i g h t ,  

whereas, t h e  c o l o r - b l i n d  s u b j e c t s  took  h i g h e r  r e d  i n t e n s i t i e s  than  

t h e  co lo r -no rma l  s  be fo re  e x p e r i e n c i n g  " i n t o l e r a b l e "  g l a r e ,  t h e y  

r e p o r t e d  t h a t  t h e  w h i t e  l i g h t  was i n t o l e r a b l e  a t  i n t e n s i t y  l e v e l s  

f a r  below those responded t o  by t h e  co lo r -no rma ls .  Thus, these d a t a  

show t h a t  c o l o r  b l i n d  persons may be even more s u b j e c t  t o  d i s c o m f o r t  

g l a r e  than  co lo r -no rma ls .  Thus, use o f  a  h i g h  i n t e n s i t y  w h i t e  l i g h t  

a t  n i g h t  may c r e a t e  more problems f o r  t h e  c o l o r - b l i n d  (and c o l o r -  

normals)  t han  use o f  such a  l i g h t  m i g h t  a l l e v i a t e  d u r i n g  t h e  dayt ime.  

Se r ious  c o n s i d e r a t i o n  was g i v e n  t o  a l t e r n a t i n g  r e d  and b l u e ,  

however, t h e r e  a r e  d i s t a n c e  p e r c e p t i o n  problems a s s o c i a t e d  w i t h  

s e q u e n t i a l  s i d e  t o  s i d e  a l t e r a t i o n  o f  r e d  and b l u e .  The p o s s i b i l i t y  



of a1 t e r n a t i n g  s imultaneous r e d  f l ashes  w i t h  s imultaneous b l  ue 

f l a shes  was considered, b u t  t h i s  s i g n a l  h a s n ' t  been eva lua ted  f o r  

consp icu i  t y  , d i s t ance  es t ima t i on ,  pe r ce i  ved importance o r  s u b j e c t i  ve 

acceptance. 

Even though s u b j e c t i v e  research i s  r e1  a t i  v e l y  inexpens ive,  

t h e r e  apparen t l y  a re  few, if any, s t ud ies  which have looked a t  t h i ngs  

as s imple as t h e  a s s o c i a t i o n  of pe rce ived  importance w i t h  f l a s h  r a t e .  

The r e l a t i v e  impact o f  s i g n a l  i n g  poss i  b i  1  i t i e s  such as a1 t e r n a t i n g  

incandescent f l a s h  w i t h  s t r o b e  f l a s h  i n s t e a d  o f  hav ing  sequent i  a1 

incandescent o r  s t r obe  f l ashes  cannot even be guessed a t  u n t i l  more 

c o n t r o l  l e d  observa t ions  have been conducted. Even re1  a t i v e l y  s imp le  

t h i n g s ,  such as, p r o v i d i n g  a  f i x e d  h i gh  c o n t r a s t  background has n o t  

been eva lua ted  under r e a l i s t i c  c o n d i t i o n s  s i m i l a r  t o  those imposed 

by r oo f t op  mount ing o f  s i g n a l  lamps. Consp icu i t y  research shou ld  be 

encouraged so t h a t  c o n s p i c u i t y  measures t h a t  can improve s i g n a l  

adequacy can be more f u l  l y  understood. Addi t i o n a l  l y  , t h e r e  appears 

t o  be a  need t o  document t h e  c u r r e n t  s i g n a l i n g  hardware i n  use and 

p r a c t i c e s  o f  s i g n a l  usage be fo re  the  i m p l i c a t i o n s  of changeover t o  

any r e q u i r e d  system can be f u l l y  understood. 

As suggested by Howett, K e l l y ,  and P ie r ce  v i a  personal  communi- 

c a t i o n ,  n e i t h e r  c u r r e n t  s c i e n t i f i c  i n f o r m a t i o n  no r  user  exper ience 

p rov i de  a  c l e a r - c u t  s o l u t i o n  t o  des ign o f  a  l i g h t  s i g n a l  v e h i c u l a r  

warn ing system. They f e l t  t h a t  f o u r  main obs tac les  s tood  i n  t he  way 

o f  an op t ima l  s i g n a l i n g  system: t he  wide v a r i e t y  o f  systems i n  use, 

an o p e r a t i n g  environment whi ch has no s t a n d a r d i z a t i o n  and 1  i ttl e  c o n t r o l  

o f  s i g n a l  usage, t he  need f o r  impo r tan t  s i g n a l  messages t o  be de l i nea ted ,  

and t h e  need t o  understand consp icu i  ty and how i t  depends on physc ia l  l y  

measured v a r i a b l e s  . 
Th i s  r e p o r t  has d e l i n e a t e d  t he  agency miss ions  and v e h i c u l a r  

messages which a re  necessary f o r  d r i v e r  warn ing.  The recommendations 

made should  f a c i  1  i t a t e  s t a n d a r d i z a t i o n  and c o n t r o l  o f  s i g n a l  usage by 

1  i m i  t i  ng c e r t a i n  s i g n a l  s  t o  p a r t i c u l a r  types o f  v e h i c l e s  and sugges t ing  

t h a t  s i gna l  usage be s  t t u a t i o n a l  l y  determined. Adopt ion o f  such 



standardized signaling procedures will reduce the wide variety of 
systems i n  use and increase the consistency of driver communication. 

While none of the recommended signals can be said t o  be optimal 
designs, they are designed based on our current knowledge of 
de tec tab i l i ty  and conspicui;ty t o  be improvements on current systems. 
These signals are not the f inal  answer, b u t  only an interim best 

so7 ution unti 1 research on conspicui ty provides more f i  rrn guide1 ines 
for  system design. 

Standards need t o  be promulgated t o  control the usage and 
qua1 i ty of signal 1 ighting units on authorized vehicles. Uniformity 
between various jur isdic t ions  needs t o  be increased via adoption of 

uniform vehicle codes and equipment standards. Minimum performance 
standards specifying color ,  f lash r a t e ,  f lash sequence and candle- 
power need to  be established for  authorized emergency and other 
special vehicles, as they have been for  school bus s ignals .  FMVSS 108 

should have provisions for  signals used on vehicles manufactured as 
special vehicles. Additional ly , specif icat ions should be developed 
for  equipment o r  vehicles purchased with federal funds and/or used by 
federal agencies. 





CUES FOR SCHOOL BUS IDENTIFICATION 
A N D  D R I V E R  ACTION REQUIREMENTS 

Of the cues used by drivers t o  identify the behaviors required 
of them as they approach a vehicle that  i s  possibly a school bus, 
the most consistently perceived and comprehended cues are probably 
the - 

1. a1 ternating red signal lamps 

2 .  yellow vehicular color, and 

3.  the wording "school bus." 

Driver actions as one approaches a maneuvering bus are probably deter 
mined by these cues in th is  order with the f i r s t  two cues nearly 
always determining the dr iver 's  actions. The written label cue i s  
probably used very infrequently t o  cl arify ambiguous situations . 
Other written instructions used i n  various s ta tes  are probably rarely 
useful in determining driver action in a given s i tuat ion,  although 
they may serve instructional purposes by informing drivers of actions 
that  they may have t o  take a t  sometime i n  the future.  

When viewed under marginal v i s ib i l i t y  conditions such as fog and 
snowstorms, the words "school bus" are probably undetectable. Thus, 
regardless of  the s ize of the bus, the color and a1 ternating flashing 
of l ights  are the aspects most l ikely noticeable. The school bus 
ye1 low color must be retained as i t s  stereotype i s  well established, 
furthermore, ye1 low i s  one of the most easily detectable of colors 
because i t s  wavelengths are near the region in which the human eye i s  
most sensit ive.  Red lamps are similarly stereotypical of important 
messages such as "Danger" and "Stop," Thus, th i s  cue i s  particularly 
well suited for  conveying the messages necessary to  safely conduct 
school bus loading operations. However, red has i t s  problems as an 
effective cue as discussed in the l i t e ra tu re  review and for these 
reasons should be enhanced by the fol l  owing countermeasures - 

1. Ensure that the possibil i ty of color confusion with lamps 



t h a t  f l a s h  i n  a  s i m i l a r  manner are reduced o r  e l i m i n a t e d  . 
2. Ensure t h a t  t h e  r e d  lamps have an e f f e c t i v e  i n t e n s i t y  a t  

l e a s t  equal t o  t h a t  r e q u i r e d  by c u r r e n t  SAE s tandards.  

Note t h a t  many s t r o b e  lamps would produce va lues below 

c u r r e n t  requi rements  because of the  low amount o f  r e d  wave- 

l e n g t h  gen ra t i on  i n  xenon f l a s h  tubes. 

3.  Ensure t h a t  i n t e n s i t y  i s  enhanced by r e q u i r i n g  t h a t  lamps 

be reasonably  aimable and p r o j e c t  a  reasonable e f f e c t i v e  

i n t e n s i t y  i n  t h e  d r i v e r ' s  l i n e  o f  s i g h t .  

4. Ensure t h a t  s i g n a l  lamps a r e  l i k e l y  t o  be l o c a t e d  i n  a  

f r e q u e n t l y  used r e g i o n  o f  t h e  d r i v e r s  l i n e  o f  s i g h t  near  

t h e  r e g i o n  o f  maximum a t t e n t i o n .  

5 .  Maximize c o l o r  c o n t r a s t  around t h e  school  bus s i g n a l i n g  

1  amps. 

The recomended and proposed school  bus s i g n a l  i n g  system i n c o r -  

po ra tes  these f ea tu res  by s p e c i f i c  des ign and v i a  r e fe rence  t o  

a p p r o p r i a t e  s tandards.  



SCHOOL BUS SIGNALING REQUIREMENTS AND RECOMMENDATIONS 

As shown i n  t h e  Ana l ys i s  of S igna l  Requirements s e c t i o n  o f  

t h i s  r e p o r t ,  a  school bus i s  g e n e r a l l y  i n v o l v e d  i n  fou r  ac t i ons  o r  

opera t ions :  s topp ing  i n  r i gh t - o r -way  f o r  l oad ing ,  stopped i n  r i g h t -  

of-way f o r  load ing ,  stopped o f f  r i gh t - o f -way  f o r  1  oading , and 

stopped o f f  t h e  r igh t -o f -way .  The a n a l y s i s  i n d i c a t e d  t h a t  d u r i n g  

these opera t ions  t h e  school bus would most l i k e l y  be i n v o l v e d  i n  one 

of two miss ions ,  STOPPING FOR LOADING (F)  o r  STOPPED FOR LOADING (G),  

and t h e  messages BE PREPARED TO STOP (F )  and STOP-DO NOT PASS (G) 

shou ld  adequate ly  cover  these s i g n a l  i n g  s i t u a t i o n s  . What needs t o  

be developed a r e  s i g n a l  s p e c i f i c a t i o n s  t h a t  can adequately be used 

i n  t h i s  s i t u a t i o n  whi l e  t a k i n g  i n t o  account t h e  ex tenua t ing  c i rcum- 

stances of ex is tence  of o t he r  t r a f f i c  con t ro l s ,  such as crosswal ks, 

and pedes t r i an  "WALK/DON ' T  WALK" s i g n a l s  , t h e  d i r e c t i o n  of t h e  f l  ow 

o f  ad jacen t  l ane  t r a f f i c ,  t h e  ex i s t ence  o f  div-ided highways and 

weather cond i t i ons ,  such as fog (a f requent  r u r a l  occurance) . 

Answering t h e  ques t i on  "should  t h e  f r o n t  lamps on school buses 

f l a s h  a1 t e r n a t i n g  r e d  o r  ye1 low on d i v i d e d  highways?" i n v o l v e s  severa l  

f ac to r s .  F i r s t ,  t he  Uni form Veh i c l e  Code Sec t i on  11-706(d)  s t a t e s  t h a t  

d r i v e r s  need n o t  s t o p  when encounter ing a  bus on a  d i f f e r e n t  roadway 

o f  a  d i v i d e d  highway where pedest ians a re  n o t  pe rm i t t ed  t o  c ross  t h e  

roadway. Therefore,  1  i ttl e  need must have been seen f o r  oncoming 

d r i v e r s  t o  s t op  on a  d i v i d e d  highway under these c o n d i t i o n s .  Secondly, 

accord ing t o  Yaw (1972) a  t o t a l  o f  f o r t y - s i x  (46 )  s t a t e s  pe rm i t  passing 

o f  school buses on 3 o r  more l ane  highways, d i f f e r e n t  roadways, o r  

d i v i d e d  highways. For d r i v e r s  t r a v e l i n g  i n  t he  oppos i t e  d i r e c t i o n  t o  

a  school bus on a  d i v i d e d  highway, 43 s t a t e s  pe rm i t  d r i v e r s  t o  pass t h e  

bus. A  f u l l  35 o f  these 43 s t a t e s  1  i kehise pe rm i t  pass ing even when 

d r i v e r s  a r e  t r a v e l i n g  i n  the same d i r e c t i o n  as t h e  bus, b u t  on a  separate  

roadway. Another 3 s t a t e s  pe rm i t  pass ing o f  school buses t r a v e l i n g  t he  

oppos i te  d i r e c t i o n  even on non-d iv ided  highways. Thus, c u r r e n t  l e g i s l a -  

t i o n  suggests t h a t  t h e r e  may n o t  be a  need f o r  oncoming d r i v e r s  t o  s top  

on d i v i d e d  highways. L a s t l y ,  a1 t e r n a t i v e  school bus r o u t i n g  procedures 

a re  g e n e r a l l y  a v a i l a b l e  so t h a t  any need f o r  pedes t r ians  t o  c ross  a  

d i v i d e d  highway may be obv ia ted  (Shinder  e t .  a1 , 1975).  



In conclusion, there i s  l i t t l e  ( i f  any) perceived need for use 
of forward facing red alternately flashing school bus signals on a 
divided highway. I n  cases where children must cross a divided high- 
way the signals on the bus should n o t  be relied upon, b u t  should be 
supplanted or correlated with the use of other pedestrian crossing 
signal ing measures such as crossing guards or 1 igh t ins t a l l  ations . 

Assuming that  divided highway loading situations are necessary 
t o  transport children in situations where crossing would not be 
required, i t  would be advisable to provide a forward facing 1 ight 
under a l l  ambient 1 ighting conditions t o  warn wrong way drivers of 
an obstacle. For th is  purpose ei ther  headlamps or other lamps, 
other than red flashing lamps, could be used. However, use of yellow 

flashing lamps could additionally provide a caution signal for  on- 
coming drivers and serve as an alerting signal that  could be 
correl ated with the use of other pedestrian protection measures. 

Currently, according t o  the Michigan pub1 ication "What Every 
Driver Must Know" (1976), use of yellow in an overhead t r a f f i c  signal 
requires a driver t o  "slow down and stop" in response to  a steady 
circular  yellow indication as defined in the FHWA 1971 Manual on 
Uniform Traffic Control Devices. A 1  though the MUTCD doesn't define 
the driver action for  the yellow circular  s ignal ,  i t  makes i t  clear 
that  i t  i s  intermediary between the "may proceed" and "shall s top , .  , 
before entering the intersection. " Thus, driver behavior should 
include caution a n d  slowing down, b u t  in no case should include 
speeding up ,  Nevertheless, t h i s  i s  known t o  be a relat ively common 
and seldom enforced t r a f f i c  violation. According to  the MUTCD (1971) 
use of flashing yellow with rapid intermittent flashes,  means that  
drivers of vehicles "may proceed., .past such signal only with caution. " 

Only three s tates  specified duties for drivers approaching a 

school bus with alternately flashing yellow l ights  in operation and 
one other specifies behavior for drivers to  the "stop warning 
signal 1 ights" whether or not they are ye1 low (Yaw, Traffic Laws 



Commentary, 1972). Furthermore, Yaw states  : 

"The Alaska law provides that a driver meeting or over- 
taking a school bus which i s  displaying flashing amber 
l ights  shall slow down and be prepared t o  stop b u t  the 
driver may pass a school bus displaying alternately 
flashing amber l ights provided he can do so safely. 
Iowa provides that a driver meeting a school bus on 
which the amber l ights are in operation i s  required to 
reduce his speed t o  not more than 20 miles per hour and 
t o  bring his vehicle t o  a complete stop when the bus 
stops and a signal arm i s  extended. However, the Iowa 

law provides that a driver overtaking a school bus from 
the rear shall not pass a school bus when red or amber 
l ights are flashing and shall bring his vehicle t o  a 
complete stop when the bus stops and the stop arm i s  
extended. The Montana law provides that the driver of 
a vehicle meeting a school bus preparing t o  stop as 
indicated by amber flashing lights must slow and pro- 
ceed with caution. Nebraska requires that a driver 
approaching any school bus on which the stop warning 
signal l ights are flashing must reduce the speed of his 
vehicle t o  n o t  more that 25 miles per hour and  must 
stop u p o n  the display of the stop arm." 

The ambiguity between various definitions of driver actions 
required by yellow signals mentioned above and more recently by 

Kearney (1978), and the lack of sanctions applied to violators leads 
one to  be cautious of use of  yellow where specific driver behaviors 
are desired. Use of yellow flashing pre-stop lamps on school buses 
may lead t o  potentially unsafe driver acceleration and passing 
behavior since one could thus avoid being delayed by the stopped 
school bus. There should be some re1 uctance t o  require ye1 low pre- 
stop lamps without measured tes t s  to assess the affect on improper 
driver behavior. Among conditions that should be assessed are improper 



passing maneuvers - 
a )  during an a1 ternately flashing yellow pre-stop phase of 

200 fee t ,  

b )  during an alternately flashing red pre-stop phase of 
200 f e e t ,  

c )  without any pre-stop signal for 200 fee t  prior to  stop, 

d )  during the stop phase using red alternately flashing 
1 oadi ng 1 amps, 

e )  during the stop phase using an octangular red stop arm 
with and w i t h o u t  red flashing l ights  attached, 

f )  during the stop phase using both stop arm and red 
a1 ternately flashing loading lamp signals.  

Unt i l  such t e s t s  are conducted i t  i s  d i f f i cu l t  t o  assess the 
relat ive merits of various signal ing procedures for  school buses. 
For example, although stop arms are not required in most s t a t e s ,  
recent t e s t s  have shown them to be effective in reducing i l legal  

passing (School Bus Fleet, Apri 1 /May 1976,  National School Bus Report, 
December 1976, Bequette, 1976). 

Thus, a t  th i s  p o i n t  in time, the effect  of the use of yellow 
pre-stop lamps on school buses i s  not well enough quantified t o  

recommend that ye1 low lamps be required. On the other hand, the use 
of a  pre-warning signal i s  generally considered beneficial ,  as pre- 
stop signals are permitted or required in most s ta tes .  Yellow i s  
authorized or required i n  36 s ta tes  (D. Soule, 1978) while red i s  

similarly specified by 18 s ta tes  plus Wash., D . C .  (Kearney, 1978). 
I f  a viable deceleration signal system should be developed and 
applied to  school buses, i t  could be considered to  be the pre-stop 
warning, thus possibly obviating the need for  yellow or red pre-stop 
a1 ternately flashing warning lamps. While most s ta tes  require use of 
red warning lamps when stopped, many s ta tes  permit the use of special 
vehicle signals prior to the time the bus stops. In  Michigan, for  
example, the red warning lamps are turned on approximately 200 f ee t  
prior t o  the stop point and allowed t o  flash while the vehicle slows 
and a f t e r  i t  i s  stopped for loading. This use of a  red pre-stop 



warning s i g n a l  may obv ia te  t h e  need f o r  y e l l o w  pre-s top warning s i g -  

na l s  and a t  t he  same t ime may reduce v e h i c l e  passing du r i ng  the  

pre-s top phase v i a  t he  assoc ia t i on  o f  r e d  w i t h  s top.  One c r i t i c i s m  

advocated by Yaw (1972)  o f  t h i s  approach i s  t h a t  r e d  i s  no longer  

reserved f o r  t h e  stopped veh i c l e .  Quo t i ng  f rom Yaw (1972 ) :  

"Under t h e  Uniform Veh ic le  Code, these spec ia l  f l a s h i n g  

red  l i g h t s  a re  t o  be used o n l y  a f t e r  t h e  bus has stopped 

as an i n d i c a t i o n  t o  o ther  d r i v e r s  t h a t  they must s top.  

T h e i r  use on a moving school bus i s  a  se r ious  and danger- 

ous depar ture from the  code." 

However, i f  laws r e q u i r e  o f  d r i v e r s  " t h a t  they must s top"  when 

" spec ia l  f l a s h i n g  r e d  l i g h t s "  a re  used w h i l e  a  bus i s  s lowing,  then 

t he  message of the  lamps as s p e c i f i e d  by the  Uni form Veh ic le  Code i s  

preserved, s i nce  d i s p l a y  o f  the  " spec ia l  f l  ashing red  1  i g h t s "  w i l l  

p rov ide  an i n d i c a t i o n  t o  o the r  d r i v e r s  " t h a t  they must s top"  (whether 

o r  n o t  the bus i s  stopped).  Thus, a  l e g a l  s topp ing  requi rement  as 

discussed would seem t o  remove the  ser iousness and dangerousness of 

t he  use o f  a l t e r n a t e l y  f l a s h i n g  spec ia l  r ed  l i g h t s  on moving school 

buses. 

The au thor  would agree t h a t  use o f  such lamps by moving school 

buses w i t h o u t  a  "must s t op "  law as per  Michigan p r a c t i c e  would seem 

t o  cause ambigu i ty  t o  t h e  r e d  f l ash ing  s i g n a l  and r a i s e  the  l e g a l  

ques t ion  o f  whether a  bus d i s p l a y i n g  t he  a1 t e r n a t i n g  f l a s h i n g  spec ia l  

r e d  l i g h t s  was moving o r  stopped when overtaken by another  d r i v e r .  

The l e g a l  ambigu i ty  would a r i s e  because the  ove r t ak i ng  d r i v e r  cou ld  

l e g a l l y  pass t he  bus i f  i t  was moving, bu t  he would be requ i r ed  t o  

s top  if i t  was stopped. 

I t  i s  recommended t h a t  headlamps be considered as running 1 amps 

and t h a t  f r o n t  y e l l o w  t u rn l haza rd  warning o r  h i gh  mounted p re -s top  

lamps ( i f  p resen t )  should o n l y  be used where t he re  i s  a  need t o  

suggest cau t i on  and s lowing behav ior  t o  an oncoming d r i v e r .  

The ye1 low and red  f r o n t  mounted fo rward  p r o j e c t i n g  lamps 

should - n o t  be used on d i v i d e d  highways when t h e r e  i s  no 



pedestrian crossing desired. I n  cases where crossing i s  required, i t  

i s  recommended t h a t  the front yellow lamps be used in conjunction 

with other non-vehi cul ar pedestrian crossing signals . Therefore, the 

normal (non-crossing) meaning of vehicular signals on a divided high- 

way would be identical t o  t h a t  of rural/suburban/urban school bus 

slowing and loading signals.  Thus, the driver action required would 

be uniform in a l l  road situations where the alternately flashing red 

lamps are used and  there would no longer be instances of contradic- 

tory legal requirements and  signal meaning for the front red school 

bus lamps on a divided highway. 

Namely, i t  i s  recommended t h a t  a law requiring t h a t  drivers must 

stop whenever alternately flashing red lamps are in operation as per 

Uniform Vehi c1e Code section 11-706(a) should be implemented in 

conjunction with equipment requirements for  red a1 ternately flashing 

1 amps as per U V C  section 12-228(a), U V C  section 11-706--Overtaking 

and passing school bus s ta tes  in subsection ( a )  ( S u p p .  11, 1976) : 

"The driver of a vehicle meeting or overtaking from e i ther  

direction any school bus stopped on the highway shall stop 

before reaching such school bus when there i s  in operation 

on said school bus the flashing red l ights  specified in 

section 12-228(a) and said driver shall no t  proceed until 

such school bus resumes motion or the flashing red l ights  

are no longer actuated (Revised, 1971 & 1975.) 

while U V C  section 12-228--School buses s ta tes  in subsection ( a )  
(Supp .  11, 1976): 

"Every school bus shall , in addition t o  any other equipment 

and dis t inct ive markings required by th i s  ac t ,  be equipped 

with signal lamps mounted as high a n d  as widely spaced 

la te ra l ly  as practicable, which shall display t o  the front 

two alternately flashing red l ights  located a t  the same 

level and t o  the rear two alternately flashing red l ights  

located a t  the same level ,  and these l ights  shall be vis i -  

ble a t  500 feet  in normal sunlight. (Formerly section 

12-218(b) ; Revised, 1968. ) " 



Perhaps the lamps in U V C  12-228(a) should be required t o  be in 
operation during the Stopping for Loading (Mission F )  and Stopped for 
Loading (Mission G )  vehicular operations in rural and  suburban open 
road and uncontrolled intersection locations as per U V C  11-706(b). 
Thus, to increase safety, drivers would be required t o  heed the " S t o p - -  

Do Not Pass" (Message G )  during both of these operations and no 
distinction would be required of the driver as to whether the vehicle 
was stopping/slowing or stopped. The driver would no longer have t o  
be able t o  distinguish the message Be Prepared t o  S t o p  (Message F)  

from Stop--Do Not Pass (Message G )  and Message F could be eliminated 
simp1 i fying the drivers perceptual and cognitive task. This should 
result in reduced confusion and increased safety during school bus 
operations where specific approaching driver action i s  desirable to 
ensure that the safety o f  pupils i s  not compromised while they are 
crossing the s t r ee t ,  waiting near the s t r ee t ,  and loading the bus. 
This change can be instigated by removing the word "stopped" from 
U V C  11-706(a) [see page 1221 and inserting the words "stopping or" 
into U V C  11-706(b) Overtaking and passing schooZ bus as shown on 
page 124. Before adopting such changes, a1 ternative ways of con- 
t rol l  ing driver behavior during the pre-stop phase should be explored. 

To prevent the use of red visual signal lamps on divided h i g h -  

ways, where no pedestrian crossing i s  required, requires that sub- 
section (b) of U V C  11-706 be changed t o  prohibit use of signals that 
require drivers to  stop, in situations where such usage i s  inappropri- 
a te .  Currently, a driver may pass a school bus in such situations,  
even t h o u g h  the flashing red l ights are operating, as shown in 
U V C  11-706(d) (1968) : 

"The driver of a vehicle upon a highway with separate 
roadways need n o t  stop upon meeting or passing a school 
bus which i s  on a different roadway or when upon a 
controlled-access highway and the school bus i s  stopped 
in a loading zone which is  a part of or adjacent t o  such 
highway and where pedestrians are n o t  permitted t o  cross 
the roadway. (Section Revised, 1954; Renumbered, 1968.)" 



This provision requires the driver to make too many distinctions in 
situations where i t  may be d i f f i cu l t  t o  determine whether the extenu- 
ating conditions ex i s t ,  especially prohibition of pedestrian crossing. 
Deleting the whole subsection "d" and adding a 4th restr ic t ion to 

the signal actuation requirements of  UVC subsection 11-706 ( b )  (as 
shown in i t a l i c s  on the next page) will eliminate the conflict  between 
the desirable driver response ( i  . e . ,  not stopping) and the current 
signal message ( i  . e . ,  stop) in situations where a driver meets a 
school bus that  i s  stopping or stopped for  loading passengers on a 
divided roadway where pedestrian crossing i s  not permitted. 

To further prohibit inappropriate signal messages, i t  i s  
necessary t o  add a 5th restr ic t ion (as shown in i t a l i c s  below) to  
UVC 11-706 ( b )  t o  prevent the use of forward projecting red lamps on 
divided highways, since l i t t l e  need for th is  signal i s  evident and 
use of th i s  signal might give children the idea that  they have the 
uncontested right-of-way where they have t o  cross a divided highway. 
Since oncoming drivers may have trouble seeing signals across a 
median, i t  i s  highly recommended that  any pupil crossing of a divided 
highway rely on crossing guards, ground based signals,  or other means 
to  provide a stop signal to  oncoming t r a f f i c .  

Section ( b )  of U V C  11-706 ( S u p p .  11, 1976) "Overtaking and 
passing school bus" fol lows with suggested revisions in i tal  ics : 

"Every school bus shall be equipped with red visual signals 
meeting the requirements of section 12-228(a) of th i s  ac t ,  
which may be actuated by the driver of said school bus when- 

ever b u t  only whenever such vehicle i s  stopping o r  stopped 
on the highway for the purpose of receiving or discharging 
school children. A school bus driver shall n o t  actuate 
said special visual signals : 

1. In business d i s t r i c t s  and on urban ar te r ia l  s t ree ts  
designated by the (State highway commission) or 
1 ocal authorit ies : 



2 .  At intersections or other places where t r a f f i c  i s  
control led by traffic-control signals or pol ice 
officers ; or 

3. I n  designated school bus loading areas where the 
bus i s  entirely off the roadway. (Revised, 1971.)" 

4 .  fien a schooZ bus i s  stopping or stopped a t  a Zoadivq 

zone which i s  apart of or adjacent t o  a separate 

roahay or divided highway where pedestrian crossing 

i s  not permitted. 

5 .  On the front of the bus when the bus i s  on a highway 

tha t  i s  divided or separated from oncoming t r a f f i c .  

I t  i s  recommended that , because of the effectiveness demonstrated 
1 for  stop arms and the general consideration that signals should be a t  

driver 's  eye level (Allen 1966), the use of a1 ternately flashing brake 
lamps which would flash o u t  of sequence with the upper "loading lamps" 
should be evaluated as well as stop arms. Many school d i s t r i c t s  do  

not feel that  the upper placement of "loading lamps" or adoption of  

the "8-lamp system" has obviated the need for stop arms, presumably 
because they are not only closer t o  the drivers line of s ight ,  and 
use a coding dimension less dependent on redlamber color distinctions,  
b u t  also because the intent of stop arms i s  less ambiguous than that 
of color coded lamp signaling systems. These characteristics are also 
possessed by a four lamp system which flashes red signals in the 
upper l e f t  corner and lower right corner a1 ternately with those in the 
lower l e f t  and upper right corner. This system makes use of the ra i l -  
road stereotype for  horizontal alternately flashing lamps which convey 
a "stop" message when operating. A recent study of improved grade 
crossing warning, Hopkins and Holmstrum (1976) found that the x-shaped 
pattern described n o t  only was i n  keeping with the normal grade cross- 
ing symbol, b u t  was also one of the configurations preferred in pre- 
1 iminary studies. This system has several advantages : 

'school Bus Fleet, Apri 1 /May, 1976; Good Humor Corp. and Suffol k 
Co., New York Police Department as referred t o  by Dunlap and Associ- 
a tes ,  Inc., Model Ice Cream Truck Ordinance (1976) unpublished; 
Bequette, 1976 and National School Bus Report, December 1976. 



1. The lower  s i g n a l  lamps operate  i n  a  f ash ion  redundant t o  

t h e  upper lamps, thus each s e t  of lamps i s  a  back-up f o r  

some m a l f u n c t i o n i n g  problems t h a t  may be exper ienced by 

t h e  o t h e r  se t ,  i .e., lamp burn ou t ,  w i r e  co r ros i on ,  e t c .  

2. A s e t  o f  s i g n a l s  i s  p rov i ded  r e l a t i v e l y  c l ose  t o  t h e  

d r i v e r ' s  l i n e  of s i g h t  which shou ld  p rov i de  more i n t e n -  

s i t y  t o  f o l l o w i n g  d r i v e r s  s i nce  t he  g r e a t e s t  lamp 

i n t e n s i t y  i s  p r o j e c t e d  near  t h e  H-V a x i s  o f  most s i g n a l  

lamps. Also,  i t  i s  l i k e l y  t h a t  t h e  lower  lamps w i l l  have 

a  g r e a t e r  p robab i  1  i t y  o f  de tec t i on .  

3. The h e i g h t  and w i d t h  of t h e  v e h i c l e  w i l l  be d e f i n e d  by t h e  

s imultaneous o p e r a t i o n  of lamps i n  opposing h o r i z o n t a l  and 

v e r t i c a l  co rners  o f  t h e  v e h i c l e .  

An exper imenta l  determinat i 'on shou ld  be made as t o  whether use 

o f  brake lamps which a l t e r n a t e l y  f l a sh  i n  con junc t i on  w i t h  t h e  h i g h  

mounted l o a d i n g  lamps ( b u t  out -o f -phase)  would be e f f e c t i v e  i n  

reduc ing  rear-end impacts which have been found t o  be t h e  most 

p r e v a l e n t  mu1 t i - v e h i c l e  school  bus c o l l  s i o n  by G a r r e t t  e t  a1 . (1974) .  

P r i o r  t o  address ing t h e  i s sue  o f  whether s t op  arms shou ld  be p r o h i -  

b i t e d ,  pe rm i t t ed ,  o r  r equ i r ed ,  t h e  use o f  l ower  r e d  a1 t e r n a t e l y  

f l a s h i n g  lamps cou ld  be adopted s i nce  t h e  b e n e f i t s  a l r eady  o u t l i n e d  

w i l l  accrue w i t h  o n l y  c i r c u i t r y  changes be ing  requ i r ed .  Since no 

a d d i t i o n a l  lamps o r  body cu tou t s  need t o  be i nco rpo ra ted ,  school 

buses shou ld  be ab le  t o  accommodate t h e  change i n  t h e  near  term. I f  

newly manufactured buses a re  r e q u i r e d  t o  adopt such a  s i g n a l  system, 

r e t r o f i t  o f  o l d e r  buses shou ld  be r e q u i r e d  because o f  t h e  l o n g  l i f e  

of school  buses. I t  i s  urged f o r  t h e  sake o f  s i g n a l  u n i f o r m i t y  

(which has p o s i t i v e  s a f e t y  cons ide ra t i ons ) ,  t h a t  if new buses a re  

r e q u i r e d  t o  have any new s i g n a l  system, t h a t  o l d e r  buses be g iven  

s u f f i c i e n t  l e a d  t i m e  t o  conve r t  t h e i r  c i r c u i t r y  ( i n  o r d e r  t o  accomo- 

da te  f i s c a l  and i n s t a l  l a t i o n  c o n s t r a i n t s ) .  Th i s  would p reven t  t h e r e  

be ing  a  l o n g  p e r i o d  o f  mixed systems on t h e  n a t i o n ' s  roads w h i l e  

buses w i t h  t h e  c u r r e n t  s i g n a l  system are  s l o w l y  phased o u t .  



By adding a phrase such as "In addition, the brake lamps shall 

be capable of alternately flashing o u t  of phase la teral ly  with the 

rear high mounted red lamps whenever the l a t t e r  are in operation." 

t o  U V C  12-228 ( a ) - - ~ c h o o ~  buses (for  content of this  section refer 

t o  p g .  122), the required equipment change could be affected. Opera- 

tion of the alternating brake lamps would be required whenever the 

rear high mounted red alternately flashing lamps are operational. 

Since U V C  11-706 ( b )  already specifies actuation requirements for 

the "red visual signals" as specified in U V C  section 12-228(a), no 
change would be required t o  define the operational requirements for 

these signals. This would not compromise the function of the brake 

lamps as they would s t i l l  operate as steady brake lamps in normal 

t r a f f i c  situations as per FMVSS #108, except in instances where a 
school bus slows and stops for loading of passengers; a t  which time 

the 4 rear a1 ternating lamp system would override the steady brake 

signal current. Since during this  vehicle maneuver the vehicle 

signaling i s  enhanced by adding a distinctive flashing pattern, the 

lack of a steady brake signal should not be considered dysfunctional 

t o  conveying the slowing or stopped message normally conveyed by 

brake 1 amps. Thus, FMVSS #I08 $4.1.4 would have t o  be revised 

accordingly, so t h a t  section ( a )  would require the discussed signal 

lamps in addition t o  those a1 ready specified. Since the proposed 

lamp system derives i t s  improved signaling capability from lessening 

the distinctions required by automobile drivers and does n o t  require 

yellow lamps, section ( b )  of FMVSS #I08 S4.1.4 which allows yellow 

signal lamps should be deleted when section ( a )  has been revised 

along with the previously mentioned sections of the Uniform Vehicle 

Code. I f  SAE 5887 were revised t o  include the additional red signal 

lamps in the "General Signal System Recommendations," these lamps 

would be mendatory as pa r t  of the FMVSS #I08 section 4 . 2  Other 

Requirements which sets  forth as mandatory a l l  SAE 5887 recornmenda- 

t ions,  except two provisions t o  be discussed la te r .  



Since SAE standard 5887 r e f e r s  t o  lamp opera t ion  v i a  t he  phrase 

" c o n t r o l l e d  by a  manual ly  operated sw i t ch "  t h i s  i s  a  requi rement  o f  

FMVSS 108 as per  re ference t o  t h a t  s tandard i n  s e c t i o n  4 .1 .4(a) .  I t  
i s  recommended t h a t  t h i s  form o f  ope ra t i on  be r e t a i n e d  s i nce  i t  i s  

r e l a t i v e l y  easy f o r  t he  d r i v e r  t o  operate  t h i s  s w i t c h  t ype  w i t h o u t  

mis take and i n  a d d i t i o n  no  o t h e r  f oo t  and/or door swi tches need t o  

be operated o r  moni tored by t h e  d r i v e r .  Th is  s i m p l i f i e s  t h e  d r i v e r s  
task  s i nce  bo th  of these types o f  swi tches have been known t o  f r eeze  

up i n  w i n t e r  weather cond i t i ons  and may thus r e q u i r e  d r i v e r  v i g i l a n c e  

t o  ensure opera t ion .  The r e q u i r e d  sw i t ch  should  p robab ly  be l a b e l e d  

"RED FLASHING LAMPS" o r  "LOADING LAMPS." To accomodate the  d i v i d e d  

highway s i t u a t i o n  where t he  forward p r o j e c t i n g  r e d  v i s u a l  s i g n a l s  

should  n o t  be used, a  s w i t c h  p o s i t i o n  t h a t  w i l l  p revent  f l a s h i n g  o f  

those lamps should  be p rov ided  f o r  i n  a l l  a p p l i c a b l e  s tandards.  To 

min imize improper usage, t h i s  s w i t c h  should  be c l e a r l y  l a b e l e d  w i t h  

"REAR LAMPS ONLY" and "ALL LAMPS" p o s i t i o n s  and be connected t o  

i 11 uminated i n d i c a t o r s  which would f l a s h  "REAR LAMPS ONLY" o r  "ALL 

LAMPS" t o  p rov i de  d r i v e r  feedback of sys tem s t a t u s  and ope ra t i on .  

F lash ing  il lum ina t i on  o f  e i t h e r  o f  t h e  i n d i c a t o r s  would be assoc i -  

a ted  w i t h  system usage and would p rov i de  feedback t o  t h e  s t a t u s  o f  

the system i n  ope ra t i on .  Whi le  some f i b e r  o p t i c  o r  e l e c t r i c a l  feed- 

back modules a re  a v a i l a b l e  which p rov i de  v i s u a l  feedback o f  t h e  

ope ra t i on  o f  each i n d i v i d u a l  s i g n a l  lamp which f lashes  a1 t e r n a t e l y ,  

t h i s  t ype  o f  d i s p l a y  i s  a t  t h i s  t ime  recommended o n l y  as a  supple- 

mentary measure. Rear 1  amp system redundancy a1 ong w i t h  feedback 

i n d i c a t o r s  and lamp i n s p e c t i o n  measures p r i o r  t o  t r i p  i n i t i a t i o n  make 

such systems super f l  uous . 
A1 though n o t  speci  fi c a l  l y  r equ i  red, t h e  tu rn /hazard  warning 1  amp 

on many school bus veh i c l es  a re  ye1 low. F ron t  fender  mounted y e l l o w  

double fac ing  lamps a re  o f t e n  used i n  combinat ion w i t h  y e l l o w  arrow 

markings on t h e  r e a r  t u r n  i n d i c a t o r s .  For the  sake o f  u n i f o r m i t y ,  

and cons ider ing  t he  c u r r e n t  t r e n d  t o  ye1 low f o r  v e h i c u l a r  t u r n  s i g -  

na l s ,  and c u r r e n t  l e g i s l a t i o n  d i r e c t e d  toward adopt ion o f  a  y e l l o w  



standard f o r  school bus s i g n a l s  (e.g. ,  Rule R340.1213 paragraph 4 ( i i  ) 

of the  Michigan A d m i n i s t r a t i v e  Code as e f f e c t i v e  January 1, 1978), i t  

i s  recommended t h a t  ye1 low be r e q u i r e d  f o r  t u r n  s i gna l s  and hazard 

warning s i g n a l s  on school buses. Var ious research e f f o r t s  have shown 

t h a t  such a change t o  ye l l ow  i s  no t  de t r imenta l  and many r e p o r t s  con- 

c lude  t h a t  use o f  c o l o r  and separa t ion  o f  cod ing dimensions i s  bene- 

f i c i a l  f o r  s i gna l  i n f o rma t i on  t r a n s f e r  (see, a r ecen t  1 i t e r a t u r e  

rev iew by Sivak,  1978). Tables I and 111 as r e f e r r e d  t o  i n  Sect ion 

S4.1.1 of FMVSS $108 may r e q u i r e  r e v i s i o n  so t h a t  t he  r e d  o r  y e l l o w  

r e a r  t u r n  c o l o r  cho ice a v a i l a b l e  v i a  SAE J 588e i s  r e s t r i c t e d  t o  

y e l l o w  f o r  school buses. 

Furthermore, i t i s recormended t h a t  NHTSA recons i der  t he  

exemption i n  S4.2.1 o f  FMVSS #I08 which a l lows  t h a t  t he  b l ack  lamp 

surround and a iming pads recommendations of SAE 5887 a re  n o t  manda- 

t o r y  requirements.  I t  would seem t h a t  p r o j e c t i n g  t h e  des i r ed  

i n t e n s i t y  r equ i r es  proper  aim which i s  f a c i l i t a t e d  by a iming pads. 

The use o f  a h i gh  c o n t r a s t  background i s  we1 1 known t o  enhance 

d e t e c t i o n  and no reason i s  seen f o r  exc lud ing  i t s  mandatory use on 

school  bus s i g n a l i n g  systems. Regula t ion VESC-13 o f  t he  Veh ic le  

Equipment Sa fe ty  Commission goes beyond t h e  requirements o f  FMVSS 108 

i n  adop t ing  a Sec t ion  58.6 t o  r e q u i r e  b l ack  lamp surrounds. The VESC 

obv ious l y  cons iders  c o n t r a s t  t o  be an impor tan t  i s sue  as they a l s o  

spec i f y  lamp hoods i n  Sec t ion  58.5 t o  f u r t h e r  ensure adequate c o n t r a s t .  

I t  i s  recommended t h a t  school bus s i g n a l s  and procedures f o r  

t h e i r  use be un i f o rm  across va r ious  j u r i s d i c t i o n s .  Whi le be ing u n i -  

form across j u r i s d i c t i o n s  the  s i g n a l s  may never the less be operated 

d i f f e r e n t l y  i n  some circumstances than i n  o thers ,  i .e., t he  f r o n t  

lamps should  be operated i n  r u r a l  areas, b u t  no t  on d i v i d e d  highways. 

S i m i l a r l y ,  t he  meaning o f  s i g n a l s  i n  urban areas should  be un i f o rm  

across p o l  i t i c a l  j u r i s d i c t i o n s ,  even though t h e  s p e c i f i c a t i o n  o f  when 

s i gna l s  a re  t o  be operated cou ld  vary  f rom one j u r i s d i c t i o n  t o  another .  

Cu r ren t l y ,  cons iderab le  var iance e x i s t s  i n  some areas i n  regard  t o  t he  

usage and meaning of s i g n a l s  i n  an urban environment.  I t  i s  recommended 



that the decision of when t o  use signals could be l e f t  u p  to local 
areas, as long as they specify that  the signals will operate in a 
manner consistent with the U . V  .C. Consistent driver behavior to 
operating signals should be required by law across various jurisdic- 
tions. Further attention needs t o  be devoted t o  school bus signal- 
ing problems, especial ly those associated with signal usage in an 
urban environment. 



SCHOOL BUS S I G N A L I N G  ERROR ANALYSIS 

I t  should be noted that fa i lure  of the bus driver t o  properly 
operate the proposed signaling system can take several forms - 

1. A bus driver on a divided highway activates the signal 
system in the "ALL LAMPS" position while stopping 
(or stopped) - 

Result: All red lamps will flash as i s  the case 
now and onccming drivers wi 11 perform 
with uncertainty as they do  now. Upon 
correcting the mistake brought t o  the bus 
driver 's  attention via the alerting 
visual feedback, the automobile drivers 
would be presented with a signal consis- 
tent with the behavior desired of them. 

In no  case i s  a worse situation created under these circum- 
stances than that which i s  common now. Upon mastery of the 
switch system, which should occur rapidly due t o  the feed- 
back indicators, oncoming automobile drivers would n o t  have 
t o  contand with the current situation of ambiguous signal 
usage on divided highways. 

2 .  A bus driver does n o t  turn the red flashing 1 amps on via 
the "ALL LAMPS" swi tch pos i ti on during the stopping 
(slowing) phase, b u t  only a f t e r  the bus has stopped - 

Result: The red flashing lamps will operate while 
the bus i s  stopped as normal ly occurs in a1 1 

states  now. Thus, no situation i s  created 
that i s  different than that in effect  now 

when a bus i s  stopped. 

No hazard i s  created since the signal lamps are operating as i s  
now required; however, the pre-stop warning that would have 
been provided by usage of the signal system while the bus was 



in the process of stopping would be los t .  Since operation of a 
yellow pre-stop signal i s  optional under FMVSS #I08 and since 
neither ye1 1 ow nor red pre-stop signals are uniformly required 
under s t a t e  laws, i t  must be concluded that  lack of the pre- 
stop warning i s  not a serious consequence of driver error in 
this  s i tuat ion.  However, as the system comes t o  be used cor- 
rec t ly ,  safety should be enhanced. 

A bus driver operates the switch in the "REAR. LAMPS ONLY" 

position when stopping i n  rural /urban areas - 
Result: Upon operating the signal system during the 

stopping maneuver only the rear lamps will 
f lash ,  however, the bus driver will receive 
visual feedback (which possibly should be 
supplemented with auditory feedback) and can 
correct his mistake, so that  by the time he 
has stopped the front  lamps are operating 

with the. rear lamps. I f  the bus driver did 
not realize his e r ror ,  oncoming cars would 
pass the bus creating a hazardous situation 
since they are  required t o  stop in rural/urban 
areas unless extenuating circumstances apply 
(as per U V C  11-706(b) which specifies s i tua-  
tions where the bus driver should not activate 
the s ignals ) .  

Assuming the typical case in which the signals should operate 
and drivers should stop, each time the driver stops he must 
activate one manual switch to the correct position. Since he 
now operates one manual or foot switch, he would be required 
to  remember t o  activate the proposed switch just  as he i s  now 
required t o  do. Requiring him t o  select  a correct switch 
position on a clearly labeled switch which gives h f m  a flash- 
ing feedback indicator as to his position selection a f t e r  
typical training i n  bus and signal operation should be we1 1 



within his capabi 1 i ty. Clearly distinquishable auditory 
signals could further serve as a warning device t o  alert  
the driver when he i s  using the " R E A R  LAMPS O N L Y . "  Since 
this usage should only occur in divided highway situations, 
the noxious stimulus aspect of the auditory alarm would be 
infrequently experienced by most bus drivers on rural/urban 
routes. This w o u l d  tend t o  ensure t h a t  rural/urban route 
drivers would  be quickly made aware of an incorrect choice 
of switch position. 





SUMMARY OF PROPOSED SCHOOL BUS SIGNALING C H A N G E S  AT 
RESTRICTED AND UNRESTRICTED L E V E L S  OF MODIFICATION 

At the res t r i c ted  modification 1 eve1 (assuming continued use of 

4 and 8 lamp systems), a two poisi t ion ( R E A R  LAMPS ONLY/ALL LAMPS) 

manual switch with feedback indicators should be required on a l l  

school buses. This wil l  bring b o t h  systems into conformity with 

the desired divided highway signal usage. I t  i s  recommended t h a t  

only the rear  lamps be used on a divided highway where no pedestrian 

crossing i s  t o  take place. This will prevent unnecessary "stop" or 

"caution" messages from being communicated t o  oncoming drivers . 
At a semi-restricted level (assuming modifications of a bus 

equipped with a 4 o r  8 lamp system) i t  i s  addit ionally urged t ha t  

a1 te rnate ly  f 1 ashing low mounted 1 amps be considered as previously 

outlined t o  operate in conjunction with the upper rear  lamps, so 

t ha t ,  a 4 lamp rear  array i s  presented. I t  has been proposed tha t  

the red brake lamps may be well suited for  t h i s  purpose because of 

t h e i r  color and  location,  a1 though separate lamps could be used. 

A t  the unrestr icted level i t  should be determined whether 

octangular stop arm configurations o f fe r  any improvement over the 

semi-restricted level a n d  whether additional front  facing signal 

lamps a re  necessary t o  supplement the high mounted lamps, Addi - 
tional l y ,  the need fo r  and u t i l i t y  of white or ye1 low roof mounted 

high in tensi ty  lamps fo r  vehicular marking in severely visually 

degraded weather conditions should be evaluated as some regions are 

already requiring such use. The Iowa Code 1975 Section 321.373 i s  a 
new subsection spelled o u t  in House File 628 of the 66th General 

Assembly which required white rooftop strobes as of January 1, 1977 

on a l l  new school buses p u t  in to  service.  The usage of t h i s  lamp 

when v i s i b i l i t y  i s  r es t r i c ted  i s  outlined in paragraph ( n )  on page 

32 of the pub1 icat ion "TR-B-3R (Revised) 1974--Minimum Standards for  

Construction of School Transportation Equipment. " 





RECOMMENDATIONS FOR RESEARCH 

The a p p l i e d  research reviewed abounds i n  s u b j e c t i v e  comparisons 

o f  c o n s p i c u i t y  o f  s i g n a l s  whose parameters a re  n o t  v a r i e d  sys temat i -  

c a l l y  o r  even s p e c i f i e d  i n  adequate terms. Whi le  an o b j e c t i v e  measure 

o f  consp icu i  t y  i s  d e s i r a b l e  ( i  .e. , e l e c t r o - p h y s i o l o g i c a l  measures o f  

c o r t i c a l  v i s u a l  response, c o r r e l a t i o n  o f  eye movement a c t i v i t y  o r  

r e a c t i o n  t ime  w i t h  v i s u a l  s t i m u l  i ) , such research i s  complex and 

c o s t l y  and would r e q u i r e  a  g r e a t  deal  o f  e f f o r t  t o  q u a n t i f y  t h e  i n f l u -  

ence o f  how var ious  f a c t o r s  a f f e c t  c o n s p i c u i t y .  I t  appears t h a t  sub- 

j e c t i v e  r a t i n g s  o r  measures o f  s i g n a l  d e t e c t i o n  cou ld  y i e l d  va luab le  

i n f o r m a t i o n  i f  such s t u d i e s  a re  conducted under r e a l i s t i c  cond i t i ons  

and f u l l y  s p e c i f y  t h e  s i g n a l s  be ing  used as s t i m u l i .  

The concept o f  " e f f e c t i v e  i n t e n s i t y "  should  be va l  i d a t e d  under 

cond i t i ons  o f  h i gh  i l l u m i n a t i o n .  Also,  methods should  be developed so 

t h a t  e f f e c t i v e  consp icu i  ty  o r  r e 1  a t i  ve e f f e c t i  ve conspi  c u i  ty can be 

assessed. These methods should  be a p p l i e d  t o  the  t ype  o f  l i g h t  s i g n a l -  

i n g  u n i t s  now a v a i l a b l e  and shou ld  i n c l u d e  t h e  range o f  parameter 

values a v a i l a b l e  f o r  s p e c i f i c  types o f  u n i t s .  S p e c i f i c a l l y ,  t h e  

"Clear  t h e  R i  ght-of-Way" s i g n a l  r e q u i r e s  f u r t h e r  eva l  u a t i o n  as t o  

design, and e v o l u t i o n a r y  improvements i n  t h i s  s i g n a l  should  be under- 

taken as a p p l i c a b l e  r e l a t i v e  e f f e c t i v e  consp icu i  t y  data becomes ava i  1 - 
ab le .  However, changes should  n o t  be implemented u n t i l  v a l i d  da ta  a re  

obta ined,  s i nce  any change w i l l  n o t  o n l y  be c o s t l y ,  b u t  w i l l  a l s o  

c rea te  changeover problems and perhaps p rec lude  implementat ion of sub- 

sequent s o l u t i o n s .  

Recent ly  r epo r t ed  advantages (Hopkins and Holmstrom, 1976) and 

disadvantages ( p o t e n t i a l  f o r  evoked se izu res  accord ing  t o  Dr. Stephen 

Solomon i n  p r i v a t e  communications d u r i n g  1977) associat.ed w i t h  t he  

pu l se  shape and i n t e n s i t y  o f  a s t r obe  f l a s h  need t o  be f u r t h e r  q u a n t i -  

f i e d .  G la re  e f f e c t s  produced by t h e  h i ghe r  i n t e n s i t y  s i g n a l s  be ing  

recommended and by much h i g h e r  i n t e n s i t i e s  t h a t  may be adv isab le  i n  

t he  f u tu re  shou ld  be eva lua ted .  The e f f e c t i v e  c o n s p i c u i t y  of s t robe ,  



quartz-halogen , and incandescent 1 amps needs t o  be evaluated, as does 

the effect  of  flashing, rotating, or osci l la t ing the lamps. Similarly, 
signal configurations which entail  combinations of 1 amp types and/or 
colors need t o  be evaluated. 

The effectiveness of various school bus signals needs t o  be 
ascertained both in terms of reducing rear-end accidents and il legal 
or unsafe passing maneuvers. The 2 upper rear red lamp "Stop-Do Not 
Pass" signal required by FMVSS 108 should be compared with a system 
which uses 2 lower rear red lamps in conjunction w i t h  the upper red 
loading lamps. Use of pre-stop signals should be evaluted including 
use of the yellow lamps allowed by FMVSS 108 and use of red pre-stop 
signals.  Note, i n  both cases several levels of signal meaning are 
possible and should be evaluted. Since Bequette (1976) has shown 
that i l legal  passing occurs a t  similar rates for both approaching 
and overtaking drivers and stop-arms are more effective in reducing 
the passing violations of overtaking vehicles, additional counter- 
measures to  control approaching t r a f f i c ,  such as low mounted signal 
lamps, should be evaluated as should signal systems on stop-arms. 

Demonstrations of the various recommended signals and compari- 
sons of other signals could be very informative t o  users of signal 
systems and other interested part ies .  Demonstrations or guide1 ines 
should be provided t o  users as soon as possible to  reduce the l i k e l i -  
hood that  use of inappropriate lighting devices, signal systems, and 
signal configurations will increase. 

Accident data should be coded so that the type of special vehi- 
cle and condition of the l ight signals can be ascertained. This 

would permit determinations of accident rate and type for pol ice ,  
f i r e ,  ambul ance , maintenance and wrecker type vehicles . Such data 
could provide insight into signaling design, signal usage, and driver 
training problems. 



APPENDIX A 

WASHINGTON STATE PATROL 
L I G H T  USAGE TABLE 

R e c e  i ved f rom:  

W i  11 Bachofner, C h i e f  

D e c e m b e r ,  1976 





WASHINGTON STATE PATROL 

L i g h t  Usage 

1 1  Fl icking headlights  from low t o  h i g h  beam i s  used a t  times t o  ge t  the - 
a t t e n t i o n  of a  v i o l a t o r  t o  s top  o r  y i e l d  the  right-of-way f o r  a  patrol  
car .  

2/ The revolving blue 1 i g h t  i s ,  a t  t imes ,  turned of f  and t h e  remaining 
l i g h t s  a r e  l e f t  on. 

31 The rev01 ving blue 1 i gh t  and f l a r e s t a t s  a re  occas ional ly  used, depending - 
on the  circumstances and loca t ion  where the v i o l a t o r  i s  stopped. 
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APPENDIX B 

LISTING OF LIGHTING MANUFACTURERS WHOSE 
PRODUCT INFORMATION WAS OBTAINED 





Mars Signal  Light Co. 
Genera 1 O f f i c e s  
P l a n t  I /Dept.  E 
1224 I n d u s t r i a l  Blvd. 
Nap1 es , Fl o r i  da 33940 
813-774-1811 

R . E .  Die tz  
Emergency Light ing Equip. D i v .  
225 Wi 1 kinson S t r e e t  
Syracuse ,  N .  Y .  13201 

Q Beam 
The Brinkmann Corp. 
4215 McEwen Road 
D a l l a s ,  Texas 75240 
214-387-4939 

Lectric Li tes Co. 
2504 W .  Vickery Blvd. 
F o r t  Worth, Texas 76102 
817-332-7961 

Uni t r o l  
Dunbar-Nunn Corp. 
1108 Raymond Way 
Anaheim, C a l i f o r n i a  90801 
714-871-3336 

Whelen Engineering Co. 
Deep River ,  Conn. 06417 

Signal  Divis ion 
Federal  Signal  Corp . 
136th and Western Ave. 
Blue I s l a n d ,  111. 60406 

Optronics  Inc .  
350 North Wheeler 
F o r t  Gibson , Oklahoma 74434 

Smi t h  & Wesson 
Dept. EL-575 
2100 Roosevel t Ave. 
S p r i n g f i e l d ,  Mass. 01101 

S i  r eno  
ITT Jabsco Products 
1485 Dale Way 
Costa Mesa, Cal i f o r n i a  92626 

P o l i c e  U t i l i t y  Bar Co. 

Signal S t a t  Corp. 
1200 Commerce Avenue 
Union, N .  J .  02083 
201 -964-1576 

Pub1 i c  S a f e t y  Equipment Inc .  
11632 Fai rgrove I n d u s t r i a l  Blvd. 
S t .  Louis ,  NO 63043 
314-432-6200 

North American Signal  Co. 
2700 N. Pulaski  Road 
Chicago, I1 1 i n o i s  60639 
312-278-5171 

Northern Signal  Co. 
350 S .  Tower 
Saukvi 1 l e ,  Wisconsin 53080 

Yankee Metal Products Corp. 
25 Grand S t r e e t  
Norwal k ,  Conn . 06852 
203-847-5841 

Uti 1 i t y  Manufacturing Co. 
1260 North Clybourn Ave. 
Chi cago , I1 1 . 60610 
312-943-5200 

The Doran Manufacturing Co. 
2851 Massachusetts  Ave. 
C i n c i n n a t i ,  Ohio 43225 

School Bus P a r t s  Co. 
62 Trenton Ave, 
Frenchtown, N.J. 08825 
800-631-7687 

Midwest E l e c t r o n i c  I n d u s t r i e s  Inc .  
Manufacturing Divis ion 
4945 West Belmont Ave. 
Chicago, I1 1 . 60641 
312-685-3500 

Aerof lash Signal  Corp ,. 
3900 W .  Palmer S t r e e t  
Chicago , I1 1 . 60647 
312-342-4806 
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ABSTRACT 

Information is presented concerning all aspects of 
emergency vehicle warning lights (EWLs). A survey of the 
present situation includes: the non-uniformity of state EVWL 
laws; the factors entering into the choice of an EVWL 
configuration; a list and photographs of a variety of EVWL 
devices and a list of EWL manufacturers and distributors. 
Background material relating to the perception of E W L  signals 
includes: an analysis of general warning signal perception; a 
description of the visual stimulus pattern confronting a driver 
being approached by an emergency vehicle from various 
directions; and a summary of the characteristics of peripheral 
vision (including luminous efficiency, color perception and 
discrimination, and flicker and movement perception). 
Perceptual factors affecting the conspicuity of EVItL signals 
are discussed, including: effective intensity; flash rate; on- 
off ratio; pulse shape and flash duration; spatial sweep. of 
beam; color; number and spatial pattern of lights; cross- 
sectional area; motion; temporal phase relations;.and the role 
of the background. Physical measurements on EWJL units are 
described, including: - angular intensity distribution and 
beamspread; flash rate; pulse shape and flash duration; 
effective intensity; colbr ; and viriables in rotating devices. 
A glossary, extensive enough to be helpful in reading the 
technical literature, is included. 

KEY WORDS: Color; conspicuity; emergency vehicle; flashing 
light; lights; motor vehicle; photometry; signal light; 
standards; vehicle, emergency; vision, peripheral; warning 
light. 
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